SolidWorks® 2005

Sheet Metal and Weldments

SolidWorks Corporation
300 Baker Avenue
Concord, Massachusetts 01742 USA



© 1995-2004, SolidWorks Corporation

300 Baker Avenue
Concord, Massachusetts 01742 USA
All Rights Reserved

U.S. Patents 5,815,154; 6,219,049; 6,219,055;
6,603,486; and 6,611,725; and certain other foreign
patents, including EP 1,116,190 and JP 3,517,643.
U.S. and foreign patents pending.

SolidWorks Corporation is a Dassault Systemes S.A.
(Nasdaq:DASTY) company.

The information and the software discussed in this
document are subject to change without notice and
should not be considered commitments by
SolidWorks Corporation.

No material may be reproduced or transmitted in any
form or by any means, electronic or mechanical, for
any purpose without the express written permission
of SolidWorks Corporation.

The software discussed in this document is furnished
under a license and may be used or copied only in
accordance with the terms of this license. All
warranties given by SolidWorks Corporation as to
the software and documentation are set forth in the
SolidWorks Corporation License and Subscription
Service Agreement, and nothing stated in, or implied
by, this document or its contents shall be considered
or deemed a modification or amendment of such
warranties.

SolidWorks, PDMWorks, and 3D PartStream.NET,
and the eDrawings logo are registered trademarks of
SolidWorks Corporation.

SolidWorks 2005 is a product name of SolidWorks
Corporation.

COSMOSXpress, DWGEditor, eDrawings, Feature
Palette, PhotoWorks, and XchangeWorks are
trademarks, 3D ContentCentral is a service mark,
and FeatureManager is a jointly owned registered
trademark of SolidWorks Corporation.

COSMOS, COSMOSWorks, COSMOSMoation, and
COSMOSFloWorks are trademarks of Structural
Research and Analysis Corporation.

FeatureWorks is a registered trademark of
Geometric Software Solutions Co. Limited.

ACIS is a registered trademark of Spatial
Corporation.

GLOBEtrotter and FLEXIm are registered
trademarks of Globetrotter Software, Inc.

Other brand or product names are trademarks or
registered trademarks of their respective holders.

Document Number: PMT0044-ENG

COMMERCIAL COMPUTER

SOFTWARE - PROPRIETARY

U.S. Government Restricted Rights. Use,
duplication, or disclosure by the government is
subject to restrictions as set forth in FAR 52.227-19
(Commercial Computer Software - Restricted
Rights), DFARS 227.7202 (Commercial Computer
Software and Commercial Computer Software
Documentation), and in the license agreement, as
applicable.

Contractor/Manufacturer:

SolidWorks Corporation, 300 Baker Avenue,
Concord, Massachusetts 01742 USA

Portions of this software are copyrighted by and are
the property of Electronic Data Systems Corporation
or its subsidiaries

Portions of this software © 1988, 2000 Aladdin
Enterprises.

Portions of this software © 1996, 2001 Artifex
Software, Inc.

Portions of this software © 2001 artofcode LLC.
Portions of this software © 2004 Bluebeam
Software, Inc.

Portions of this software © 1999, 2002-2004
ComponentOne

Portions of this software © 1990-2004 D-Cubed
Limited.

Portions of this product are distributed under license
from DC Micro Development, Copyright © 1994-
2002 DC Micro Development, Inc. All rights
reserved

Portions © eHelp Corporation. All rights reserved.
Portions of this software © 1998-2004 Geometric
Software Solutions Co. Limited.

Portions of this software © 1986-2004 mental
images GmbH & Co. KG

Portions of this software © 1996 Microsoft
Corporation. All Rights Reserved.

Portions of this software © 2004 Priware Limited
Portions of this software © 2001, SIMULOG.
Portions of this software © 1995-2004 Spatial
Corporation.

Portions of this software © 2003-2004, Structural
Research & Analysis Corp.

Portions of this software © 1997-2004 Tech Soft
America.

Portions of this software © 1999-2004 Viewpoint
Corporation.

Portions of this software © 1994-2004, Visual
Kinematics, Inc.

This software is based in part on the work of the
Independent JPEG group.

All Riaghts Reserved



SolidWorks 2005 Training Manual

Introduction

Lesson 1:

Table of Contents

ABOUt ThISCOUISE .« .\ ot 3
PrerequUISites . . ..o 3
Course Design Philosophy .. ....... ... i 3
UsingthisBook ........... . 3
Aboutthe CD ... . 4
WiINdows® 2000. . . ..ot 4
Conventions Used inthisBook ........................... 4

Modeling Sheet Metal Parts

Sheet Metal Methods ............. ... ... ... i 9
Stages iNthe ProCess. . ..o 9
Sheet Metal Toolbar .......... ... . i, 9
Designing with Sheet Metal Features. . ....................... 10
Flanges . ..o 10
Base Flange. . ... 11
Sheet Metal Features. . . ... 13
Sheet-Metal Feature . ........... ... i 13
Flat-Pattern Feature. ... ...t 14
Miter Flange . . ... ..o 14
Edge Flanges. . .. ... 17
AddingaTab. ... 21
Flat Pattern .. ... 22
Flat Pattern Options ..., 23
CULS . ot e 25
Cutsinthe FoldedModel . ........... ... . ... ... 25

Unfoldand Fold ............... . 26



Lesson 2:

SolidWorks 2005 Training Manual

Sheet Metal Forming Tools. .. ... 29
Standard Tools . ... ... 29
Using a Standard Forming Tool . . ........... ... ... ....... 29
How They Work . ... 30
Copy and Modify aForming Tool ........................ 31
Creating a Custom Forming Tool .. ....................... 34

Bend Angles . .. ... 38

Sheet Metal PartsinDrawings . ... ..., 38

Closed Corners and Miter Flanges . . ........... ... .. . ..., 40
Individual Edges with a Miter Flange. . . ................... 41
Closinga Corner. ... 42

DesigninginFlat. . ........ .. . i 43

ExistingRounds . ...... ... .. .. 47
Base Flange. . ... 47

USINg SYMMELIY . . ..ot e 47

Manual Relief Cut. . ... . 48

Break Corner. .. ... 50

JogFeature . ... ... 50
Fix Projected Length. ... ... .o 52

Lofted Bends. . ... 54

Bend Deviation. .. ... 55

Exercise 1: Sheet Metal Bends . . .......... ... ... oLt 57

Exercise 2: Sheet Metal Relief . .......... ... ... ... ... .. ..., 58

Exercise 3: Sheet Metal fromFlat ........................... 60

Exercise 4: Sheet Metal FlangesandBends. ................... 63

Exercise 5: Assorted Framing Hangers ................covvv.. 65

Converting Parts to Sheet Metal

Sheet Metal TOPICS . .. ..o v i 71
Stages iNthe Process. ... 71
Converting Legacy Sheet Metal Parts ........................ 71
Recommended Practices. .. ..., 72
Recognize BendsMethod . ........... ... ... i 73
IMporting . ... 73
Opening IGESFiles . ... ... 73
Document Template . ........... .o 74
ReportFiles. . ... ..o 74
Usingthe RipFeature. . ... i i 75
Adding Bends in Place of Sharp Corners. ..................... 76
Sheet Metal Features. . ...t 78
NeW Features .. ...... ..o 78
Switching Between States. . . ............... ... .. .. .. 79
Making Changes. .. ...t 79
Unrolling Conesand Cylinders. . ........... ..., 83
Process Plans. . ... ... 86
Bends ... .. 86



SolidWorks 2005 Training Manual

Lesson 3:

Configurations . ... 86
Exercise 6: Importing and Converting ........................ 89
Exercise 7: ProcessPlanning .............. .. ..o, 92

Modeling Sheet Metal In the Context of an Assembly

Weldments

Sheet Metal TOPICS . .. ..o i 95
Top-Down Assembly Modeling . ......................... 95
Stagesinthe Process. ... 95

In-Context Sheet Metal Parts . ............ ... ... ... . ..., 96

Adding a New Partintoan Assembly. . ....................... 96
Results of Insert, Component, New Part. . .................. 97

Appearance During Part Editing. ... ........ ... ... ... L. 99
Color of the Part Being Edited . . ......................... 99

Building Edge Flanges InContext .......................... 100

Building Miter Flanges InContext. . ........................ 102
Additional Cut Features . ............o i, 104

Hems . .. 107

Edit Assembly. ... ... 108

Exercise 8: Sheet Metal inan Assembly ..................... 111

Exercise 9:Jogsand Hems .. .......... ... 115

Exercise 10: U-Bolt In-Context ............... ... .. ........ 118

Exercise 11: TubeBrace. .. ...t 119

WeldmeNtS. . ... 125
Weldments Toolbar. . .......... ... i 125
Weldment Feature. .. ... 125

Structural Members. .. ... 126
Corner Treatments . ..., 127
Sketch Considerations. .. ... 129

Trimming Structural Members . ............ ... ... ... ... ... 132

Adding Plates . . ... .. 133

WeldBeads. . ... 134

USINg SYMMEIY . ..o e 135

Gussetsand End Caps. ... ..o v 136
Gusset Profile and Thickness . ...t 136
Locatingthe Gusset ........ ... ... 137
End Cap Parameters ...t 137

Profile Sketches .. ... ... .. 140
Custom Properties. . . ... 140

Working withWeldments . .. ......... .. ... i, 143
Sub-weldments . ... 143
Non-structural Components ............... ... 144
Saving Bodies as Separate Parts. . ....................... 144
Post-assembly Machining Operations .................... 145

Managingthe Cut List ........ ... ... . ... 145
WeldBeads. .. ... 145



SolidWorks 2005 Training Manual

Balloons ... 145
Automatically Generating the Cut List. . .................. 145
Custom Properties. . . ... 146
Listof Properties. . ... 147
Cut List Properties ... 148
Weldment Drawings . . ..o v 148
Drawing Views of Individual Bodies..................... 149
CutListTables......... ... . i 151
Working with Pipesand Tubing . . .......... ... ... .ot 155
3D Sketching. . ... 155
Merge Arc SegmentBodies .. ..., 160
Weldments and Sheet Metal in Assemblies ................... 166
Sheet Metal or Structural Member? ...................... 172
Reusing In-context Parts. . ............ ... ... 173
Exercise 12: CreatingaWeldment. . ........................ 175
Exercise 13: Bent Tubing, Sheet Metal, and Assemblies......... 190



SolidWorks 2005 Training Manual

Introduction



Introduction SolidWorks 2005 Training Manual



SolidWorks 2005 Training Manual Introduction

About This
Course

Prerequisites

Course Design
Philosophy

Using this Book

Laboratory
Exercises

A Note About
Dimensions

About This Course

The goal of this course is to teach you how to build sheet metal parts
using SolidWorks mechanical design automation software.

The sheet metal application in SolidWorks 2005 is so robust and feature
rich that it is impractical to cover every minute detail and still have the
course be a reasonable length. Therefore, the focus of this course is on
the fundamental skills and concepts central to successfully building
sheet metal parts. You should view the training course manual as a
supplement to, not a replacement for, the system documentation and
on-line help. Once you have developed a good foundation in basic
skills, you can refer to the on-line help for information on less
frequently used command options.

Students attending this course are expected to have the following:

Q Mechanical design experience.

Q Completed the course SolidWorks Essentials: Parts and
Assemblies.

Q Experience with the Windows™ operating system.

This course is designed around a process- or task-based approach to
training. Rather than focus on individual features and functions, a
process-based training course emphasizes the processes and procedures
you follow to complete a particular task. By utilizing case studies to
illustrate these processes, you learn the necessary commands, options
and menus in the context of completing a design task.

This training manual is intended to be used in a classroom environment
under the guidance of an experienced SolidWorks instructor. It is not
intended to be a self-paced tutorial. The examples and case studies are
designed to be demonstrated “live” by the instructor.

Laboratory exercises give you the opportunity to apply and practice the
material covered during the lecture/demonstration portion of the
course. They are designed to represent typical design and modeling
situations while being modest enough to be completed during class
time. You should note that many students work at different paces.
Therefore, we have included more lab exercises than you can
reasonably expect to complete during the course. This ensures that even
the fastest student will not run out of exercises.

The drawings and dimensions given in the lab exercises are not intended
to reflect any particular drafting standard. In fact, sometimes dimensions
are given in a fashion that would never be considered acceptable in
industry. The reason for this is the labs are designed to encourage you to
apply the information covered in class and to employ and reinforce
certain techniques in modeling. As a result, the drawings and dimensions
in the exercises are done in a way that compliments this objective.
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Bound inside the rear cover is a CD containing copies of the various files
that are used throughout this course. They are organized by lesson
number. The Case Study folder within each lesson contains the files
your instructor uses while presenting the lessons. The Exercises
folder contains any files that are required for doing the laboratory
exercises.

The screen shots in this manual were made using SolidWorks 2005
running on Windows® 2000. If you are running on a different version of
Windows, you may notice subtle differences in the appearance of the
menus and windows. These differences do not affect the performance
of the software.

This manual uses the following typographic conventions:

Convention Meaning

Bold Sans Serif SolidWorks commands and options appear in
this style. For example, Insert, Boss means
choose the Boss option from the Insert menu.

Typewriter Feature names and file names appear in this
style. For example, Sketchl.

Double lines precede and follow sections of
17 Do this step the procedures. This provides separation
between the steps of the procedure and large
blocks of explanatory text. The steps
themselves are numbered in sans serif bold.

The SolidWorks 2005 user interface makes =
extensive use of color to highlight selected
geometry and to provide you with visual

feedback. This greatly increases the intuitiveness

and ease of use of SolidWorks 2005. To take o
maximum advantage of this, the training manuals

are printed in full color.

Also, in many cases, we have used additional
color in the illustrations to communicate concepts,
identify features, and otherwise convey important
information. For example, we might show the
result of an operation in a different color, even though by default, the
SolidWorks software would not display the results in that way.

About This Course
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Displaying Sketch
Relations

About This Course

SolidWorks 2005 has the capability to
automatically display graphic representations
of sketch relations as shown in the illustration
at the right. These can be turned on and off
using the command View, Sketch Relations.

In most of the examples in this book, the
graphic display of the sketch relations has been
turned off.

Introduction
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Lesson 1
Modeling Sheet Metal Parts

Upon successful completion of this lesson, you will be able to:
Q Create a sheet metal part using a base flange.

Q Add the sheet metal specific flange features such as the edge and
miter flanges.

Q Close corners by extending faces.

Q Use forming tools and the Design Library to create formed features
such as ribs, louvers, and lances.

Q Create your own custom forming tools.

@ Design sheet metal parts in the flat and add bends using sketched
bends.
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Sheet Metal
Methods

Stages in the
Process

Sheet Metal
Toolbar

Sheet Metal Methods

Modeling Sheet Metal Parts

Fundamentally, there are two approaches for building sheet metal parts:
Q@ Modeling the part as a sheet metal part from the very beginning,

starting with the very first feature — the base flange feature. This method

takes advantage of all the functionality and specialized
tools, commands, and options in the sheet metal application. This is
the preferred method for almost all parts and that is what this lesson
Ccovers.

Q@ Transforming a part that was built conventionally into a sheet metal
part so it can be flattened, and so that sheet metal-specific features
can be applied to it. Converting an imported part into a sheet metal
part is a typical example of when this approach makes sense. This
method is covered in Lesson 2: Converting Parts to Sheet Metal.

Some key stages in the modeling process are given in the following list.
Each of these topics comprises a section in the lesson.

Designing with Sheet Metal Features
Features that are specifically sheet metal are used to create parts. These
include several types of flanges, tabs, added bends and flattening tools.

Using Forming Tools
Use forming tools to shape the sheet metal part. The tools can be used
as is, modified, or created from scratch.

Sheet Metal Drawings
Creating a drawing using a sheet metal part has some unique options.

Using Symmetry
Symmetric models can be created as partial models and mirrored using
Mirror Bodies.

Existing Rounds
Sketches that contain rounds are processed by the base flange feature
and converted to bends.

Designing in the Flat
Sheet metal parts can be designed as a flat pattern and folded later.

The Sheet Metal toolbar contains shortcuts for all the sheet metal
commands. These commands can also be accessed via the Insert,
Sheet Metal menu.

=
WeETFTeiHsra R |ILU=D | ID
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Designing with
Sheet Metal
Features

Flanges
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Sheet Metal parts constitute a very specific type of solid model. They
have the characteristics of being thin walled with rounded corners. The
wall thickness is constant throughout the model and the bends are
applied using a selected bend radius value. When relief is needed, it is
added automatically. SolidWorks takes care of these requirements for
you using specific sheet metal tools.

The fundamental sheet metal feature is a flange. In this example,
different types of flanges will be used to construct a sheet metal part. A
description of the different flange types is offered below.

SolidWorks Sheet Metal has four different types of flanges that can be
used to create parts. The flanges add material of predefined thickness in
different ways.

The Base Flange is
used to create the base
feature for the sheet
metal part. It works
similarly to the
Extrude feature but it
automatically adds
bends using a specific
Bend Radius.

Base Flange

The Miter Flange is
used to create flanges
that connect at an angle
to existing edges of the
model. It has options to
follow a tangent set of
edges, create rips
where needed or offset
the ends.

Miter Flange

Designing with Sheet Metal Features
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Edge Flange An Edge Flange adds
material to create a
single flange at an
angle to an existing
edge. The angle and the
profile sketch can be
modified.

Tab A Tab can be used to
(Boss Flange) | add a boss feature that
is always the same
thickness as the rest of
the model. The tab is
sketched on an existing
face.

Procedure The model to be created is a cover for a
stereo receiver. It uses all four types of
flanges, as well as cuts and forming tools.

Base Flange The Base Flange is the base feature of a sheet metal part. It creates the
initial solid and defines the settings that are used for subsequent sheet
metal features. The feature is a variation on the familiar Boss Extrude
feature.

1 New part.
Create a new part with units inches. Name the part Cover.

2 Sketch. 14,500
Sketch a rectangle L
using the Front
plane. Change the 2000 T
bottom line to T - J
construction
geometry. Relate the
bottom line to the Origin using a Midpoint relation.

Designing with Sheet Metal Features 11
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Where to Find It
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The Base Flange is used to create the base feature of a sheet metal
part. The flange is created as an extrusion with a Thickness value and
Bend Radius. An open contour is treated like a thin feature extrusion.
A closed contour is treated as the outline of a flat plate. This is useful if
you want to design sheet metal parts from a flat pattern.

Q@ From the menu choose: Insert, Sheet Metal, Base Flange....
Q Or, click the tool on the Sheet Metal toolbar.

12

Base Flange.
Click the Base Flange tool and
change the settings.

Q End Condition = Blind

o [«B] (Depth) =95
Q (Thickness) = 0.0359"

Q ﬂ (Bend Radius) =0.1"
Verify that the thickness is applied
to the outside of the sketch. If it is
not, use Reverse Direction to
change it.

‘\ Sreest Mntal Poarameter s -

N o

Click OK @ to create the flange.

B Partl

Annotations

]--@ Design Binder

gE Material <not specified >

£ [si] Lighting

Completed base flange.
The base flange is listed in
the FeatureManager as
Base-Flangel. Note

that two other features ifﬁ o)
have also beenadded: T o % Frort Plane
Sheet-Metall and X poppre
Flat-Patternl.These ¥ L, orign
features will be explained E;@ hect et
on the following pages. 5[5 Flat-Pattern

Designing with Sheet Metal Features
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Sheet Metal
Features

Sheet-Metal
Feature

Shest-Metall

Explaining the Bend
Parameters

Sheet Metal Features

Modeling Sheet Metal Parts

Certain specialized features are generated with the Base Flange that
occur only in sheet metal parts. They are used for default settings and
control of the part.

The Sheet-Metal feature contains the settings . Sheot-Mutnl
used for the part. This includes the default bend f;:_, (%) s'{_.}_,
radius, the material thickness, how the bend e .
allowance is calculated, and how automatic bend ¢
relief is generated. The information comes from the b ™ 2

choices made in the base flange and other default P T T
settinas. Use Edit Feature to chanae it.

¥ Ernd Alewaanes a
|:|'Z Facter -

=

K [0 500000 i
¥ S Rkl -
Reclanpda -

'-—..'I

[FSELEELI) =

For Bend Allowance there are four options:

Q Bend Table is a material specific (steel, aluminum, etc.) table that
contains bend calculations based on thickness and bend radius.
Bend tables are Excel files and have the * . x1s file extension. Use
Insert, Sheet Metal, Bend Table, From File or New to add one.
They can also be chosen from the Use bend table pull-down in the
Sheet-Metal dialog.

You can create your own Bend Tables
using one of the sample files and Excel. ;
Samples can be found under the installation |, ..
directory and: 1ang\ <language
name>\Sheetmetal Bend Tables.
There are two folders of three sample files
each for the Bend Allowance and Bend
Deduction methods.

LAl

Q K-Factor is a constant used in the bend calculations. It is the ratio

that represents the location of the neutral sheet, measured from the
inside, with respect to the thickness of the sheet metal.

Q Bend Allowance and Bend Deduction allow you to enter a value

based on your experience and shop practices.

13
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Examining the Auto
Relief Options

Flat-Pattern
Feature
2 Flat-Patternt

Miter Flange
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For Auto Relief there are three options:

Q Rectangular (top picture) creates a rectangular
shaped cut around the edges that require bend
relief.

Q Tear (middle picture) creates a rip or tear relief
that creates torn edges and faces, but no cut.

Q Obround (bottom picture) creates a rounded
end cut around the edges that require bend
relief.

The Offset Ratio relates the size of a rectangular or
obround relief cut to the material thickness. The
default ratio of 0.5 means the relief cut will be ¥ of
the material thickness. For example, if the thickness
of the sheet metal part is 0.5mm, the relief cut will
be 0.25mm. In the illustrations at the right, the
Offset Ratio was set to 1.0 so that the relief cuts
would be more visible.

The Fixed edge or face: selection identifies the
face or edge that remains stationary during
flattening. This selection is blank when you build a
sheet metal part using the base flange feature. It is only used in special
cases such as unrolling a cone or cylinder, or converting a conventional
part to a sheet metal part. See Unrolling Cones and Cylinders on

page 83 for more information.

This feature is used to switch between the folded and flattened states of
the model. It is suppressed by default.

Q Suppressed = the part is shown in its folded state.
Q Unsuppressed = the part is shown in its flattened state.

The Miter Flange is used to add flanges that connect and automatically
create the necessary corner rips. You have to sketch the profile of the
flange on a plane that is normal to the edge.

TEEY

Miter Flange Examples

Miter
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Flip the part over.

Hold down the Shift key, and press the
up arrow twice. Then zoom in on the
area indicated.

Sketch normal to a curve.

Normally, you have to create a plane normal to
the curve, and then open a sketch on that plane.
However, there is a shortcut.

Select the outer edge and click Insert, Sketch.
A sketch is automatically created normal to the
nearest endpoint. When you exit the sketch,
the system will create the plane and add it to
the FeatureManager design tree.

Flange profile.

Sketch a horizontal line 0.625” long,
attached to the outside vertex. This is
the profile of the miter flange.

Note Note that the sketch can be more

complex than just a single line.

However, it must form an open profile.
Introducing: The Miter Flange is used to create one or more interconnected flanges.
Miter Flange The flanges can be attached to multiple edges and are automatically

Where to Find It

Miter Flange

ripped to allow unfolding of the part. Settings allow the flanges to be
placed inside or outside of the model.

Q@ From the menu choose: Insert, Sheet Metal, Miter Flange....
Q Or, click the tool on the Sheet Metal toolbar.
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Note

Flange Positions

Start/End Offsets

Custom Bend
Allowance

16

Flange
propogation.

Click the Miter
Flange tool and a
preview of the
flange appears.
Click the Propagate
marker [& to
automatically select
tangent edges and
continue the flange
around the edge of
the part.

The Propagate marker acts as a toggle. It is cyan if the Propagate
option is turned off. It is magenta [@when it is turned on.

Miter Flange settings.
In the PropertyManager, set the following:

Q Use default radius = On

q Flange position =

Q Gap distance =0.01"

There are three options for positioning the flange:
Q Material Inside [I]

Q Material Outside

Q@ Bend Outside

There are two options for offsetting the start or end
distance:

Q Start Offset Distance
Q End Offset Distance

A Custom Bend Allowance, differing from the
default, can be set for the bends of this feature.

Cl—)

», L Wﬂa

JO*""_.:

Thenge podibion

(i
™ Tom zide bercs
Gap chatapee

ﬁ‘lizl
@ﬁ'slij
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StatErd Dftsed
] !u_:l
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10 Click OK to create the miter Miter Flange1

flange. e cketche
The Miter Flange command ) Miterbend1
creates the flanges and bends.
Although it is a single feature,
each bend can be unfolded
individually.

Gaps and bend relief are created
where the flanges meet.

Edge Flanges

Introducing:
Edage Flange

Where to Find It

Edge Flanges

The Edge Flange tool can be used to
dynamically add flanges to sheet metal
edges. A selected edge can be dragged

to set the size and direction of the ’
flange. Settings allow you to change:

Q Edge flange profile
Q Angle

Q Flange length

Q Flange position

Default setting for the Relief type and Bend radius can be overridden.
There are many variations on the use of the Edge Flange. Here are
some possibilities.

(ALY

The Edge Flange adds a single flange to an edge.

Q@ From the menu choose: Insert, Sheet Metal, Edge Flange....
Q Or, click the tool on the Sheet Metal toolbar.

17
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11

12

Change the view.
Return to a standard
Isometric view.
Zoom in on the area

indicated. ’

Flange direction.

Select one of the vertical
edges and click the Edge
Flange tool . Drag the
cursor to the and set the
flange length at 0.90".

Edge Flanges
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13 Flange parameters.
Settings for the Angle and Flange Position are set
through the PropertyManager.

Q Angle =90°
Q Flange position = [E5]Material outside

Q Flange length = [Z] measured to the Inner
Virtual Sharp

The Flange length will be Blind and the shape will
be determined by using the Edit flange profile
option.

Custom Bend Allowances and Relief Types are
also available.

The Trim side bends option is used when an edge
flange contacts an existing flange. In the examples
below, the option is off for the example on the left;
on for the one on the right.

14 Flange profile.
Click Edit flange profile to change the default
rectangular shape. The Profile Sketch dialog
appears.

Note The sketch will always include a line segment
converted from the existing edge that lies in the
direction of the flange, regardless of the edge you
selected in step 12.

Edge Flanges

(v)(%)(2)

Flange P AreRe a i

i [Edee 1>
Edde Flange Profln |
P Use dol sl r5e

o EE—"

Eﬁmﬂl

Aiws E

o e —
ol T

Fange Foafinn . a

LILLL

[ Trim siies hends
[ Cffant

I Custom Barsd filoiwoncs, % |

[T Custom Pebel Type |~ |
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Fully define the sketch. -
Drag the geometry and add dimensions and sketch e
fillets to fully define it as shown.

Continue.
Click Back on the Profile Sketch dialog. This takes ¢ 5z
you out of edit sketch mode, leaving the :
PropertyManager open so you can set any other f b
parameters for the flange. 1 "10:'

Click OK to create the flange and close the £
PropertyManager. g

If you click Finish on the Profile Sketch dialog, it
will automatically exit the sketch, create the flange,
and close the PropertyManager. If you then need to make changes to
the other parameters of the flange, right-click the flange, and select
Edit Feature.

Completed edge flange.
Like any SolidWorks feature, the edge flange can be
edited using Edit Feature.

Second flange. T—
Add another Edge

Flange on the opposite

side of the part using a ’
similar procedure. Notice

that the position of the

|
profile is slightly
different.

\\— k250

AED

20

Edge Flanges



SolidWorks 2005 Training Manual Lesson 1

Adding a Tab

Introducing: Tab

Where to Find It

Modeling Sheet Metal Parts

The Tab or Boss Flange is used to add a boss that is sketched on a face
and extruded the thickness of the sheet metal. There is no dialog
because the extrusion direction and thickness are known.

The Tab adds a boss to a face.

Q From the menu choose: Insert, Sheet Metal, Tab....
@ Or, click Base-Flange/Tab [&§on the Sheet Metal toolbar.

19

20

21

New sketch.

Select the upper face formed
by the miter flange and insert
a sketch.

Circular profile.

Sketch a circle whose center is
coincident with the edge of the flange.
Dimensioned it as shown.

Tab.
Click Base-Flange/Tab

to create the tab
feature. The direction of
the extrusion and the depth
are determined from the
model.

Adding a Tab
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Flat Pattern

22

Note

23
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The flat pattern can be seen at any time during the modeling process.
Simply unsuppress the last feature in the FeatureManager design tree
—the Flat-Pattern feature.

Unsuppress Flat-Patternl.

Unsuppressing a feature can be done in several ways. One way is to
right-click the Flat -Patterni feature, and choose Unsuppress
from the shortcut menu.

The Flattened tool can be used to perform the same unsuppress/
suppress procedure.
Flat pattern.

The flat pattern, complete with bend lines, appears true size and shape
in the Top view orientation.

Flat
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Flat Pattern
Options

Flat Pattern

Modeling Sheet Metal Parts

The Flat-Pattern feature includes several options for the
appearance and treatment of the flat pattern. To access these options,
right-click on the Flat - Pattern feature, and choose Edit Feature.
Q Merge faces
When the Merge faces option is .
selected, faces that are planar and \/
coincident in the flat pattern are
merged. No edges are shown in the bend regions.
If you clear this check box, the tangent
edges of the flattened bends appear.

o~

..\

Q Simplify bends 4

When Simplify Bends is enabled, curves in the bend region are
represented as linear edges in the flat pattern, simplifying the model
geometry. When this option is not selected, compound curves
remain in the flat pattern.

Q Corner treatment
When you flatten a sheet metal part
by unsuppressing the Flat - Ve
Pattern feature, corner treatments \/"
are automatically applied to create a clean, flattened sheet metal
part. The corner treatments are applied so the flat pattern is correct
for manufacturing.

If you clear this check box, the flat
pattern is shown without the corner
treatments. \'-5 |/_

Q Add corner-trim

Selecting the Add corner-trim check box adds a
new feature to the tree, positioned after the Flat - & Flat-Patternt
Pattern feature and dependent upon it. -3 Corner-Trim1

This feature can be used to add break
corners and relief options to the flat
pattern.
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24

25

26

Flat pattern options.
Right-click the
Flat-Patternl feature, and
select Edit Feature. There are
three options that are selected by
default:

Q Merge faces

Q Simplify bends

Q Corner treatment

Clicking Add corner-trim brings

up settings for using Break
corners and Relief types.

Corner-trim settings.

SolidWorks 2005 Training Manual

1010,

Parameters -~

Fixed Face:

& e

¥ Merge faces

V¥ Simplify bends
Come (kLo b

V¥ Comer Treatment

™ Add Cormer-Trim

Editing the definition of the Corner-Triml
feature allows you to change individual corners.

Q Break Corners

Break selected edges with fillets or chamfers and
optionally filter Internal corners only.

Q Relief Options

Set relief shapes for edges. The available types
are Circular, Square or Bend Waist.

NN

Suppress.

Go back to the folded model by suppressing the

Flat-Patternl feature.

(%2
Pasameters -
Fed Face

¥ Menges bacma
FF Simpiy henrh
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Modeling Sheet Metal Parts
Cuts So far, all the tools we have used have created flanges (bosses) and
added material to the part. Cuts can be made to the “folded” or
“flattened” versions of the model.

Cuts in the Folded

Cuts that are made to the folded model can be made at any time on any
Model

face of the model. No special precautions are needed.

27 Sketch face. .
Select the face indicated and click

Insert, Sketch.

28 Sketch.
Sketch a 0.25” diameter circle

concentric to the circular edge.

29 Normal cut.

Create a Blind cut using the
default Normal cut option and
Link to thickness. These options
ensure that the cut is normal to the

sheet metal and the same

Note

thickness as the material.

The end condition Through All
may cut through other areas of the
model, creating an undesirable
result.

v) (%) (@2

R =

Caresction 1
A

8 |
1
F Lkt thickiess

[ i e s et
el cut

-

T Dwecton - |

Selnctnd Contoirs -” J

Cond i slaons - :

Cuts
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Unfold and Fold

Introducing: Unfold

Where to Find It

Note
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Any cuts that must occur in the flattened model will need a pair of
additional features. The Unfold and Fold commands precede and
follow the cut feature. This allows the part to be unfolded locally, cut,
and then refolded.

Unfold is used to flatten one or more bends. It is used in conjunction
with Fold to temporarily flatten a portion of the model.

Q From the menu choose: Insert, Sheet Metal, Unfold....
Q Or, click the tool on the Sheet Metal toolbar.

The Unfold and Fold features are used in the design portion of the
model. For features that are specifically for the manufacturing of the
model (such as corner treatments) use the Flat - Pattern feature.
Unsuppress the Flat -Pattern feature and add the manufacturing-
specific features. The features will be added after that feature and will
be children of it. Suppressing the Flat - Pattern feature again will
suppress the added features as well.

26

30

31

Unfold.
Click the Ur_lfold tool _, aqd r’ﬂr’y{’y
select the Fixed face. Click in - —
Bends to unfold and select the Fonndl lac
bend indicated. & “““”\
Click OK. &

Collact a Dasedy
Result.

The selected bend is flattened, keeping the
fixed face in position.
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32 Sketch.

Sketch on the fixed face using the dimensions
shown.

33 Cut.

Extrude the sketch as a Blind cut using Link to
thickness.

Introducing: Fold Fold is used to refold one or more unfolded bends. It is usually used in

conjunction with Unfold.

Where to Find It Q From the menu choose: Insert, Sheet Metal, Fold....

Q Or, click the tool on the Sheet Metal toolbar.

Cuts
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34 Fold. P
Refold the bend using Fold @t’y-fy
Select the same Fixed face that was — -
used in the unfold operation. Rather emdim
than selecting individual bends, click ~ ® ="

Binneds bo folr

Collect All Bends to have the system &
identify the bends. -
Click OK.

Colect 8l Derrds
P ———— |

35 Resulting cut.
The cut that was made across the bend then
refolded.

Note Cuts across bends canbe "=~
made without unfolding. "
If the cut does not require
the model to be in the
flattened state during the 730 |
cut, it can be sketched
directly on a face of the

:;.

model. i

In this example, a rectan-

gular cut is made from 375
the flange through the

bend, depth 0.5”.
The flat pattern processes

the cut and flattens it. \/

28
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Sheet Metal
Forming Tools

Standard Tools

Using a Standard
Forming Tool

Modeling Sheet Metal Parts

Forming tools are used to bend, stretch, or otherwise form sheet metal.
SolidWorks supplies a number of sample tools in the Design Library. In
addition, you can edit existing tools or create new tools.

You were introduced to the Design Library in the course SolidWorks
Essentials: Parts and Assemblies.

A set of forming tools is included with Sheet Metal Feature
the SolidWorks software. The set
includes embosses, extruded
flanges, louvers, ribs and
lances. You can add more of your
own design.

/:orming Tool

Standard features refer to those that come with the software, whether
they are parts or library features. In this example, a standard sheet
metal forming tool will be added to our part.

The individual forming tools are parts specially designed for use in
creating form features. They are intended to be used like other library
features: to be dragged and dropped onto a face of a model. However,
forming tools can only be dropped into sheet metal parts.

In general, there are five steps to adding a forming tool using the
Design Library:

1. Drag the tool from the Design Library onto the appropriate face of
the model.

2. Use the Tab key to reverse the direction of the form, if necessary.

3. Drop the tool by releasing the mouse button.

4. Edit the sketch. This includes repairing dangling relations/
dimensions or adding new relations/dimensions. The sketch is
generally fully defined at the end of this stage.

5. Form features are not sized interactively as you add them to the
model. After editing the sketch, they are added at their default size.
You can edit the definition of the form feature to change its
dimensions.

Sheet Metal Forming Tools 29
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How They Work

Drag and Drop

Push or Pull?

SolidWorks 2005 Training Manual

Forming tools act as dies that bend, stretch, or otherwise deform sheet
metal. The face to which you apply the forming tool corresponds to the
stopping surface of the tool itself. By default, the tool travels inward
towards the face. The material is deformed when the tool strikes the
face where it is dropped.

The drag and drop operation is very simple. Just drag the feature from
the Design Library onto the face of the active part and drop it. A
preview of the feature on the face is shown at the cursor.

Form features can be pushed through from the face on which they are
dropped or pulled out from the opposite side of the material. By
default, SolidWorks will push them into the face on which they are
dropped. If you press the Tab key before you drop the feature, the form
feature will be pulled out. Pressing Tab key repeatedly will toggle this
behavior with the preview graphics updating accordingly. Observe the
preview as you toggle the direction.

Note

30

36

37

Sheet metal forming tools. R e——
Expand the Forming Tools folderinthe Design s & o — =
Library to see the available folders. Click the el Bl
Embosses folder. il den ey
Forming tools and regular SolidWorks part files {—ghing

both have the same * . s1dprt file extension. In iy ’j‘%

the Design Library, * . s1dprt files are treated as 8 s Hurger
regular part files unless you mark the folder as a 9 dacrs
forming tools folder. By default, when you install < 3 pts

the SolidWorks software, the folder s1dworks 1T iy TR

\data\Design Library\Forming Tools O“”‘”"“’*
and its sub-folders are already marked as forming

courder sk snbuss
tools folders. >

¢Sy ol sink evibuss?
To manually mark a folder as a forming tools @ o
folder, right-click the folder in the Design Library
window and select Forming Tools Folder from
the shortcut menu.

@drafted rectangular emboss

g extrisded hoke

Drag and drop.
Drag the counter sink emboss onto
the model face.

Check the orientation of the feature. Since
we want to push the form feature into the
target face, there is no need to press the Tab
key.

Drop the feature by releasing the mouse
button.

Sheet Metal Forming Tools
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38

39

40

Modeling Sheet Metal Parts

Edit the sketch. Fostion formfeatwre

You are now in Edit Blesan tian dmentineing and thedch moly okt i plae s feem Innluar Hede fhot
the tkatch moves &t & whols when dimerimons of offvar actiong ans appled 1o i
Sketch mode. A

message box appears
asking you to posi- ek [T ] et || b
tion the form feature.
The profile of the feature and two centerlines (for positioning) appear.

Do not click Finish yet.

Locate. ~
Locate the sketch from the edges of the .
model using the dimensions shown.

Click Finish on the Position form feature
dialog.

Completed form feature.
The form feature is added to the model
oriented in the chosen direction.

Copy and Modify a
Forming Tool

Sheet Metal Forming Tools

The existing forming tools cover a wide range of types but you cannot
interactively edit their size as you add them. After they are added, the
dimensions can be changed to resize them. If the forming tool will be
used multiple times, it may be better to make a modified version with
the correct dimensions. It is generally easier to modify a copy of a tool
than to create a new tool from scratch.

31
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41

42

43

44

45

46
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Edit the tool.

To open and edit a forming tool, right-click the
icon, and choose Open. In this example, choose
the Louvers folder and the 1ouver feature.

Save As.

Save a copy of the 1ouver forming tool as
LongLouver. By default, the new part is saved in
the same folder as the original.

Click Save.

To refresh the Design Library so you can see the
LongLouver, click Reload 3] on the toolbar
in the Design Library.

Units.
Change the units to inches.

Enlarge base feature.

e B %
e I E

- -ﬂdesml-bnﬂy
LT aretalione
0 et
i i Feabhures
=41 Forming Books
10 el
) extruded fanges
O lences
0 lervens
L ribs

+- 7 parts

Tindlazs
3 30 Conbent Crntral

Make Base-Extrude long enough to enclose the updated Layout

Sketch; at least 4.5 inches.

Edit Sketch.

Edit Layout Sketch
and resize the length and
width as indicated.

Exit the sketch. %,

Fillet.

Change the fillet radius to
0.10” and rebuild the
model. =

R.100

Save and Close the
modified part.

Sheet Metal Forming Tools
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47 Design Library. [ e ———
Refresh the Design Library using the button. & "? = &
The updated image of the modified forming tool, = 3

=) destan Mbrary
LongLouver, appears. £ avkaios

I} T arssnmblies

-4 Festures
=T orimireg Lok
I erbosses
) eatruded Aanges
0 e
I kokrwers
3 nbs
0 pals

T
* I Content Certral
~ @
boirwer

Lorrglonver

48 Drag and drop on face.
Drag the LongLouver
from the Design Library I%

onto the top face of the
part. b’

Use the Tab key to ensure
that the louver opening is
above the top face.

49 Modify Sketch.
Use Tools, Sketch Tools,
Modify... to rotate the N~
sketch so that the straight >

edge of the sketch faces
the rear of the model.

You can rotate the sketch
either 270° or -90°.

50 Dimensions. fe 425
Dimensions and relations :
can be used to fully define .
the sketch. Use the l
construction geometry I " i s
within the sketch to orient
and locate sketch.

Click Finish to complete the process.

Sheet Metal Forming Tools 33
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Note

Creating a Custom
Forming Tool

Note

34

51

52

53
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Completed form feature.
The part shows the form feature
placed on the upper face.

Unlike a library feature, the
dimensions of a forming tool can
only be changed after you com-
plete the process of inserting it.
To change the dimensions of a
form feature after it has been
applied, double-click the feature, either in the graphics window or the
FeatureManager design tree. The available dimensions will appear.
Change their values and rebuild the part.

Pattern.

Pattern the louver using 1”
spacing and a total of 4
instances.

The face to which you apply the forming tool corresponds to the
stopping surface of the tool itself. The direction of travel of the tool is
normal to the stopping surface. When you create a forming tool, you
must keep these facts in mind.

The forming tool is created by building a specialized part that represents
the shape of the forming die. The horizontal plane (the Top reference
plane) of this part is the stopping surface of the forming tool. The
direction of travel of the forming tool is along the vertical axis, normal
to the Top reference plane. When you build the forming tool, the entire
tool must lie entirely on one side of the stopping surface. Finally, give
some thought to the relationship between the forming tool and the origin
of the part in which you build it. The origin determines where on the
sheet metal face the tool drons when vou aoplv it to a sheet metal part.

For the next portion of this example, you can use the partially
completed part PartialFormFeat.

Open PartialFormFeat.
The part contains boss and fillet features.

Sheet Metal Forming Tools
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Important! When adding fillets, keep in mind that the minimum radius of curvature
of the forming tool must be greater than the thickness of the sheet metal
part to which the tool is applied. To determine the minimum radius of
curvature, use Tools, Check.

Introducing: Insert, Curve, Split Lines uses one or more curves to split one model
Split Lines face into two. The curves are sketched on a plane and project onto the
faces to be split.

Where to Find It Q From the Insert menu, select Curve, Split Line....
Q@ Or from the Curves toolbar, click the Split Line tool.

54 Split Line.
Create a sketch for the Split Line function. Use the sketch to split and

create a new face. This new face will be marked to represent a cut in the
form feature.

1010

Typoof Spkt i ]
£ chhounttes

55 Face color.
Color the new face red.

This indicates to the SolidWorks
software that the face punches a
hole in the sheet metal it is
applied to.

Note The color must be pure red
(255, 0, 0) in order to work

properly.

Sheet Metal Forming Tools 35
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Tip

Tip

Another Tip

Note

36

56

57

58
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Remove base geometry.
Using a cut, slice off the base feature geometry
from the model.

An easy way to remove the base feature is to
select the stopping face of the forming tool —
the upper face of the base feature — open a
sketch and click Convert Entities. Extrude a cut away from the
forming tool, using the Through All end condition.

Positioning sketch.

A useful feature is a positioning sketch that
shows the outline of the forming tool and uses
centerlines to denote the positive directions of
the horizontal and vertical axes of the feature.
These may help in placing and orienting the
feature.

One method of creating the positing sketch is to open a sketch on the
face of the forming tool and use Convert Entities to replicate the
outline of the feature.

It is a good idea to (a) rename the positioning sketch and (b) hide the
positioning sketch so that it does not appear in the thumbnail graphic of
the forming tool displayed in the Design Library.

Save.

Save the part as Keyhole in the sldworks\data\Design
Library\Forming Tools\embosses folder. This is one of the
standard folders that is created and used by the SolidWorks software.

Forming tools and regular SolidWorks part files both have the same

*  sldprt file extension. In the Design Library, * . s1dprt files are
treated as regular part files unless you mark the folder as a forming
tools folder. By default, when you install the SolidWorks software, the
folder sldworks\data\Design Library\Forming Tools
and its sub-folders are already marked as forming tools folders.

To manually mark a folder as a forming tools folder, right-click the
folder in the Design Library window and select Forming Tools Folder
from the shortcut menu.

Sheet Metal Forming Tools
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59 Drag and drop.
Drag and drop the Keyhole
from the embosses folder
onto the model.

60 Orientation, relations and
dimensions.
Use Modify Sketch to orient
the feature. Show the sketch of
the counter sink-
emboss1 and add a Collinear
relation between the
centerlines of the two features.
Add a dimension to fully
define the sketch.

61 Finished feature.
Click Finish to complete the
addition of the Keyhole feature.

62 Mirroring the features.
Mirror the Keyhole and
counter sink embossl
features using the Right
reference plane.

63 Save the part.

Sheet Metal Forming Tools 37
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Bend Angles

Sheet Metal
Parts in
Drawinas

38
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How you edit the bends in the part
depends on how they were created. For -—— A
example, consider the bends in this
part:

Bend A: These angles are controlled
by the sketch of the Base Flange. To B

change the angle, edit the sketch. If it \
was sketched with horizontal, vertical,

or similar relations, you would have to delete the relations and add
angular dimensions instead.

Bend B: The angle of these bends is determined by the fact that we
created an Edge Flange. By default the flange is perpendicular to the
top face of the part, so this angle is set at 90°. But can be changed to
any value.

Bend C: The three flanges that
comprise the Miter Flange depend on
the angle of the sketch used. To change
the angle, edit the sketch.

Sheet Metal parts can be unfolded at any time during the design
process. In addition, when you create a drawing of a sheet metal part,
the system automatically makes a configuration of the flattened part.
This configuration can be used to make a flat pattern view.

New drawing.
Using Make Drawing from Part/Assembly, create a new drawing size
A-Landscape (279.4 mm x 215.9 mm) with no sheet format. The scale
should be 1:5.

Bend
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Tip

Note

3 Views.

Select the Front view of
the Cover and place it on
the sheet. Drag and place
Top and Right projection
views as well.

Flat Pattern view.

Add a new Model view to
the drawing. Choose the
Flat Pattern view.
This choice automatically
uses the configuration
DefaultSM-Flat-
Pattern that was
created by the software.

Lesson 1

Modeling Sheet Metal Parts

If you do not like the default orientation of the flat pattern view, you
can easily rotate the view. One method is to select the view and click
Rotate View . A dialog box will appear in which you enter the

angle of rotatio

Reference Dimensions.

Dimensions can be imported or

added as driven (reference)
dimensions.

Bend lines can be dimensioned to

like any other model edge.

Sheet Metal Parts in Drawings

= usually positive or negative 90°.

m

(.6

@

b e
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Additional view.

Additional views ’_[ 3 )
such as details, ¢> @ ® 1 [
sections or cropped . )

views can be

added. L6 )=

Save and close.
Save and close the
files.

il

SDCiri.&I%]HAE <|) ) -
: ] '
| e -] []
- N—

Closed Corners
and Miter
Flanaes

Adding a Miter Flange leaves a gap between the individual flanges.
Although the gap distance can be set within the miter flange dialog,
some amount of gap must be created.

These gaps can be closed using the Closed Corner dialog. It allows
three types of corners to be created from the gap.

Note

40

Base Flange.

Create a rectangle
centered on the Origin and
sized as shown. Use it to
insert a Base Flange with
1mm thickness.

When making a base
flange from a closed
contour, only the
thickness option is
available.

Closed Corners and Miter Flanges
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Sheet Metal Feature.
The Bend Radius has assumed a default value. e
Edit the Sheet-Metall feature. Set the Default W‘-':*’ P _

bend radius to 1.5mm. @. _

Click OK. A [t =
& [ |

.« Gheet-Metall

Plane and sketch.
Create a new plane
and sketch normal to
the edge of the solid.
Sketch a single line
for the profile of the
miter flange.

Individual Edges
with a Miter Flange

Like fillets, the miter flange can be made to propagate along tangent
edges. When edges are not tangent but are continuous, they can be
selected individually.

Miter selections.

Select three connected edges
of the model to continue the
path of the miter flange
around two sharp corners.
Set the Gap distance to
Imm.

Use Material Outside for the
flange position, and click OK.

Closed Corners and Miter Flanges 41
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5 Corners.
The corners created between the
miter flanges use the gap setting.

Closing a Corner The closed corner option changes the open corner to a closed one by
extending either or both of the existing faces, and trimming them to the
corner. You can choose from three possible results:

Q Butt vV
Q Overlap

Q Underlap [N¥]

Introducing: Closed Corner is used to extend one or both faces to the theoretical
Closed Corner corner.
Where to Find It Q From the menu choose: Insert, Sheet Metal, Closed Corner....

Q Or, click the @ tool on the Sheet Metal toolbar.

6 Select Face.
Select one planar face at the corner and
set the Corner type to Butt @

Click OK.

7 Completed corner.

8 Close.
Close the file without saving the changes.

42 Closed Corners and Miter Flanges
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Designing in Many times it is desirable to design

Flat sheet metal parts in the flat rather than
bent state. For example, consider this
tapered, bent bracket shown at the right.
If we were to model this in its bent
state, the flat pattern would look
something like:

By modeling it in the flat we can — —_—
simplify the shape of the blank, o
reducing manufacturing costs. We

are able to do this because

SolidWorks allows you to work

from a flat piece of material, - — — -
adding bends as you go. This

simple example will show the method used to design in the flat and
develop the folded model.

1 Open the part. P
Open the part sheet
metal flat. It contains
a sketch.

2 Base flange.
Select the sketch and use
Insert, Sheet Metal,
Base Flange with a ~._ -
thickness of 4mm.

Designing in Flat 43
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Note

Introducing:
Sketched Bends

Where to Find It

44
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Sheet metal feature.
Edit the Sheet -Metall feature. Set the Default
bend radius to 4mm.

Click OK.

- ;:} ( }J o -F?_'JI
¢
A o =
o [T
& Bend lewance -
K [osoom
¥ Ao Buskel -

Tex -

First bend line. A
Create a new sketch on the top -
face and add a bend line to the
flat model. Use a vertical line
dimensioned from the edge of
the model

Bend lines can be added to any
sheet metal part in the same

way. If multiple bend lines are /

used in the same sketch, all the bends will be in the same direction.

Sketched Bend is used to add a bend line to a flat portion of a sheet
metal part. An existing sketch with one or more bend lines must be
used.

Q From the menu choose: Insert, Sheet Metal, Sketched Bend....
Q O, click Sketched Bend [&]on the Sheet Metal toolbar.

Sketched Bend.

&
Click the Sketched Bend tool @@Gj

Eend position:

i (L

@ 50.00deq j

¥ Uz default radivs
=
A |4.DDmm =

[~ Custom Bend Allowance

Designing in Flat
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6 Fixed face.
Given a rectangular
plate with a bend line
dividing it, which of
the two faces remains
stationary? A fixed
face will be chosen to
determine this.

o

This? Or this?

7 Settings.
Select the smaller area as the
Fixed face. A symbol @
appears indicating the selection.
Set the bend angle to 75°. The
arrow indicates the direction of
the bend. Use the @ button to
reverse the direction of the bend,
if desired.

Set the Bend position to Bend centerline []Zland check Use default
radius.

Click OK.

8 Bend.
The selected portion of the face remains
stationary as the other bends upwards at an
angle of 75°.

Designing in Flat 45
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9 Second bend.
Add a second bend line.

Select the center section as the Fixed face and use the same angle,
radius, and bend position as before. Bend in the opposite direction.

10 Results.
The complimentary
bend angles force the
center section to be

angled and the ends to -
be horizontal.
Tip You can use Link

Values to keep the bend \\
angles equal. e

11 Exit the part.
You can save or discard
the changes, as you —1

wish.
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Existing
Rounds

Base Flange

Using
Symmetry

Existing Rounds

Modeling Sheet Metal Parts

If a sketch has arcs in it, SolidWorks will convert them to sheet metal
bends and flatten them. The value of the arc radius is used in place of
the default Bend Radius value.

The Base Flange uses a
standard open contour sketch
for extrusion.

If the sketch contains arc
shapes, they are interpreted
as bends.

The bends are flattened
in the same way as
bends that were created
from sharp corners.

Parts that are symmetrical can be
created as “half-models” and
completed using Insert, Pattern/
Mirror, Mirror... and selecting the
Bodies to Mirror option. The Flat
Pattern will recognize the mirrored
features.
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Manual Relief
Cut
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Open part.

Open the part SM_Symmetry. It is a sheet
metal part that contains the base flange and
edge flange features.

To avoid problems in flattening, it is sometimes necessary to add bend
relief cuts manually.

Sketch.
Sketch a rectangle using vertices and edges to
fully define it.

Use Shaded with Edges view mode to help
with edge selection.

Extrude Normal Cut.

Using the Normal cut and Link to thickness
options, create a cut feature. The cut is made
normal to the model faces.

Manual Relief
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4  Flat Pattern.
Show the flat pattern of the part.

5 Mirror.
Refold the part, and
use Insert, Pattern/
Mirror, Mirror...
with the Bodies to
Mirror option. Note
in the inset picture,
which face is used
for the mirror
plane.

The flat pattern
updates
accordingly.

6 Tab.
Add a tab, sketching on the left vertical flange.

r—*-——l
| B
L.

Manual Relief Cut 49
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Tombstone relief cut.
Create a relief cut using the shape shown. Set
the end condition to Blind and use Link to

thickness. j
‘_f Sbi———

Break Corner

Introducing:
Break Corner

Where to Find It

Use Break Corner command to create chamfered or filleted corners.

Break Corner is used to add rounds or chamfers to the sheet metal part.
The command is easier to use than the Fillet or Chamfer commands
because it makes edge selection easier and it only removes material.

@ From the menu choose: Insert, Sheet Metal, Break Corner....
Q Or, click Break Corner on the Sheet Metal toolbar.

Chamfers.

Click Break Corner , and (QJ&J(}J
select the Chamfer option. Set the i

Distance to 7mm and select the
short edges as shown.

Click OK.

& w4 |

Jog Feature

50

The Jog feature is used to add a jog or an offset to an existing flange. A
jog is also sometimes referred to as an offset or a joggle.

Jog and Offset Examples

Break
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Introducing: Jog

Where to Find It

Modeling Sheet Metal Parts

Jog is used to add a pair of bends and a flat to a flange. A sketched line
is used to position it with a Jog Offset distance.

@ From the menu choose: Insert, Sheet Metal, Jog....
Q Or, click Joa on the Sheet Metal toolbar.

Jog Feature

9

10

11

Sketch for Jog. 25 -
Create a sketch on the flat face created by the r i
tab and sketch a vertical line. Add a
dimension to position it relative to the edge
of the tab.

Face selection.

Click Jog , and select the face to the
left of the sketched line. The arrow
should point in the direction shown.

Jog settings.
In the PropertyManager, set the following:

Q Use default radius = Off

Q Radius value =0.5mm
™ Use et it r s
Q End condition = Blind B <onm 5
= g Cffsat a
Q Depth 0.5mm e
q Dimension position o [T500mn =
Distosribti o Ricn;
Q Fix projected length = On o @ o
¥ Foe prnjected length |

@ Jog position [IL] = Bend Centerline

Jodg Fosihon -
ml LI
Q Jog Angle =30° B
B Angid -
Click OK. 0 oo 2
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12 Result.

The resulting Jog feature, .~ 1og1, creates bends and flats in the
flange.

B, ||

Fix Projected
Length

52

The option Fix projected length is useful when
designing parts in their folded, 3D state. For
example, in step 6, we defined overall width of the
tab to be 45mm. That is our design intent — even
after we add the jog. Rather than trying to
calculate how much additional material is needed
for the jog, the option Fix projected length keeps
the overall dimension correct after the jog is
added.

Consider the jog shown below. The preview shows the difference
between having the option Fix projected length on, or off.

~—

R[]

T

On Off

If you use Tools, Measure on the two different
results, having the Fix projected length option
on gives a Delta X distance of 100mm and a
length along the edges (use Select Tangency)
of 119.741mm.

With the option off, Delta X is 80.259mm but
the length measured along the edges is 100mm.

Jog



SolidWorks 2005 Training Manual Lesson 1
Modeling Sheet Metal Parts

13 Tab. 14 - ..l
Add another Tab using the right vertical |
flange for the sketch plane. Dimension
the overlap.

L

14 Copy and paste feature.
Features in Sheet Metal parts cannot be
mirrored individually. To make another
tombstone relief cut, copy and paste the
existing cut (step 7) and repair the
dangling relation.

15 Break corners.
Also, add chamfers using Break
Corner.

16 Add holes.
Sketch as shown and extrude using
the Through All end condition.

17 Cut.
Sketch and extrude a Blind cut as
shown. Use Link to thickness.

Jog Feature
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Mirror.

Using Mirror again, the part is
completed.

Exit the part.

You can save or discard the changes, as
you wish.

Lofted Bends

Introducing: Lofted
Bends

Where to Find It

The Lofted Bends tool is used to create a sheet metal part through a
lofting process. The resulting part can be flattened and unflattened.
This feature has the following requirements:

Q Only open contours may be used as sketch profiles.

The gaps in the profiles should be aligned for flat pattern accuracy.
The sketches cannot contain sharp corners.

No more than two sketch profiles are allowed.

Guide curve lofts are not supported.

Centerline lofts are not supported.

o D0 D 0 D0

Lofted Bends uses two open contour sketch profiles to create a sheet
metal loft feature. For more information on loft features, see Basic
Lofting in the Lofts lesson of the Advanced Part Modeling manual.

The Design Library contains several pre-made sheet metal parts created
with lofted bends. These parts are located in the
parts\sheetmetal\lofted bends folder.

Q From the Sheet Metal toolbar choose the Lofted Bends tool
Q Or, click Insert, Sheet Metal, Lofted Bends....

54

Open the part named

Lofted Bends.

The part Lofted Bends consists of two
sketches and a related plane.

Lofted Bends
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2 Click Lofted Bends

Modeling Sheet Metal Parts

v)(%)(%)
Marfies

Select the profiles near
common points to orient the
loft. Set the Thickness to
0.15inches.

Click OK.

Completed feature.
The completed feature is shaped like a
thin walled loft.

Bend Deviation

Generally, lofted bends create deformations in the flat pattern. You can
measure these deformations in the Bend Deviation PropertyManager.
The Bend Deviation PropertyManager displays the surface area and
curve lengths of the lofted bend.

Bend Deviation

uUnsuppress.

Right-click on Flat-Patternl in the FeatureManager and select
Unsuppress.
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5 Bend Deviation.

Right-click on Flatten-<FreeForm Bend>1 and select Bend

Deviation.

In the graphics area, the corresponding values are displayed for the

bend deviation of each edge.

Falded: 5.020501 035in
Flat: 5.020801 0Min
Devigtion:  |-0.00000002in
Percentage: |0.00000033

Folde: 15 6774641 2in
Flat: 15 679957020
Deviation:  |0.00252253in

Percentage: [0.01609249

Flat: 2534112850
Devigtion:  [0.0149794in
Percentage: [0.059146

\

>

’T:Dlded: 25326149090

The Bend Deviation PropertyManager appears and
displays the following:

Bend Surface Area

Q Folded
Surface area of the lofted bend when in the
folded state.

Q Flat
Surface area of the lofted bend when in the
flattened state.

Q Deviation
Flat value minus the Folded value.

Q Percentage change (%)
Deviation value divided by the Folded value,
multiplied by 100.

Curve Lengths
Q Max Deviation Only

Falded: 5.020801 035in
Flat: 5.0205801 035in
Deviation: | 0in

Percentags: [0

(v)(%)()

Freefarm Bend1

Bend Surface Area -

123.58845809in"2

Flat:

125.17255802in"2

Deeviation:

1.58409393in"2

Percentage change [%]

1.28175334

Select this check box to show only the maximum deviation of each

edge.
6 Click OK.

7 Exit the part.
You can save or discard the changes, as you wish.

Bend Deviation
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Exercise 1:
Sheet Metal
Bends

Design Intent

Dimensioned
Views

Exercise 1

Create this part using the dimensions
provided. Use relations and equations
where applicable to maintain the design
intent.

This lab uses the following skills:
Q Sheet Metal

Q Base Flange

Units: millimeters

The design intent for this part is as follows:

1. Material thickness is constant 2mm.

2. Part is symmetrical.

3. Round holes are equal diameter and placement.
4. Bend radius 2mm.

Use the following graphics with the design intent to create the part.
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Sheet Metal
Relief

Design Intent

Lab Steps
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Create this part using the dimensions
provided. Use relations and equations
where applicable to maintain the
design intent.

This lab uses the following skills:
Q Sheet Metal

Q Base Flange
Q@ Edge Flange

Units: millimeters

The design intent for this part is as follows:

1. Partis formed from a single sheet.

2. Four mounting holes are equal diameter and are located with
respect to the ends of the bracket.

3. Bends are equal.

4. Tab is added with bend relief.

Open a new part using the Part MM template.

Profile sketch. 45
Using the Front reference
plane, sketch the full profile of
the part as single lines.

;—-n-—-—-—-—-—-q

=18
Base flange.

Extrude the Base Flange to a depth of
30mm. Use a Default Bend Radius of
3mm and a K Factor of 0.5.

The Thickness is 1.0mm, offset to the
inside of the profile.

Sketch holes. @5

Using relations, sketch and _ ‘ PL"‘CES‘E
dimension four 5mm circles as )

shown.

------

]

Exercise
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4 Create cuts.
Extrude the sketch Up to Next to
create the holes.

5 Add an edge flange.
Use the Edge Flange
tool and add a flange
using the dimensions
shown at right.

The material is inside
the model.

6 Add cut.
Create a circular cut through the tab.
Dimension the circle as shown.

7 Flat pattern.
The flat pattern (shown rotated) should
appear as illustrated below.

O

o -
o]

8 Save and close the file.

Exercise 2 59
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Sheet Metal
from Flat

Design Intent

Lab Steps
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Create this part using the dimensions
provided. This is a sheet metal part that is
designed in the flat.

This lab uses the following skills:
Q Sheet Metal

Q Base Flange

Q Form Features

Units: millimeters

The design intent for this part is as follows:

1. Partis formed from a single sheet.
2. Part is designed in the flat.
3. A form feature is used to create the lance.

Open a new part using the Part MM template.

Profile sketch. 100
Using the Front referenpe q . ~ i
plane, sketch the full profile ‘ : 2
of the flat pattern. Use a R ; }
centerline and mirroring to i 00
create the geometry. ] i 18
F— k5

110

145

185

Extrusion.
Extrude the Base Flange sketch to a depth
of 2mm.

Edit Sheet Metal feature.
Set the Default bend radius to 2mm.

Exercise
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4 Add bend lines. o |
Select the top face of
the model and sketch
bend lines.

|
|

—1—-1—3)

5 Create sketched bends.
Click the Sketched Bends tool

and choose the center portion
of the face as the Fixed face.

All the bends are added as 90°
bends, bending up.

6 Cuts.
Add circular cuts to the small end
faces.

7 Forming tools.
Open the folder Forming Tools
and the sub-folder Lances. One of
the lance features, lance & form
shovel, will be used. 25

8 Drag and drop feature.
Drag the 1ance & form shovel
feature onto the front face of the part;
don’t drop it yet.

Exercise 3 61
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Use the Tab key to reverse the direction of the form feature, so that it
enters from the opposite side.

9 Sketch.
Use Modify Sketch to rotate the . I
sketch. Fully define the sketch by . S L
adding a relation to center it and a 15

dimension, as shown.
Click Finish to add the feature.

10 Save and close the file.
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Exercise 4:
Sheet Metal
Flanges and
Bends

Design Intent

Lab Steps

Exercise 4

Create this part using the dimensions
provided. Use relations and equations
where applicable to maintain the
design intent.

This lab uses the following skills:
Base Flange

Miter Flange
Edge Flange
Fold

Unfold

3D Bends

Units: millimeters

Q
Q
Q
Q
Q
Q

The design intent for this part is as follows:

1. All bends are equal radius (1mm).
2. Tabs are added with bend relief
3. Part is asymmetrical.

Open a new part using the Part MM template.

Base flange. .
Create the geometry shown - -
using a base flange. The
thickness is Imm upwards.

Edit Sheet Metal feature.
Set the Default bend radius to
Imm.

Miter flange.

Add a miter flange using the
dimension provided. The flange is
applied to three sides of the model.
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Edge flange.

Add an edge flange using the
dimensions provided. The tab
is flush with the top of the
model.

Rounded flange.

Using the standard rectangular
flange, modify the sketch to
have a rounded end.

Sketched bends.
Create the bend line as dimensioned. Use it to
bend the flange.

Cut across a bend.
Use Fold and Unfold to flatten a
bend of the model and add a cut.

Save and close the file.

Exercise



SolidWorks 2005 Training Manual

Exercise 5: Create these parts using the
Assorted drawings provided and your
Framing own dimensions. Use sheet
Hanaers metal features.

This lab uses the following

skills:

Q Sheet Metal features
Directions For the following exercises, use the accompanying graphics to create

the part. Add as many or as few details as you wish. Only a few

approximate dimensions are given. You should improvise the rest.
Post Cap " 5

a a
a a
a a
a
Q 2]
a9 Q
a a
o APHEECE | QAP ]
‘ Q Q
2 Q
Apgpec 100enm
‘ a o
Q L]

Exercise 5 65
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Heavy Duty Joist 5o o = = =©
Hanger

Standard Joist
Hanger

Apgmox, 180

End Clip

Bopese, Faonn | 0y a0

Mppmen, Hrmm
H r a \] Appies . 12
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Roof Bracket

Exercise 5

B | Faem

e fieris. | Sren

Appes, Pomm |

MHI}A.SSI'II!I]

Mg, | ¥rmm

B, w0 *
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Lesson 2
Converting Parts to Sheet
Metal

Upon successful completion of this lesson, you will be able to:

Q

Q
Q
Q

Convert a legacy sheet metal part.
Import an IGES file into SolidWorks.
Recognize the bends in a non-sheet metal part.

Rip the corners of a thin-walled part so that it can be recognized as
a sheet metal part.

Display the bend sequence using configurations.
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Sheet Metal
Topics

Stages in the
Process

Converting
Legacy Sheet
Metal Parts

Note

Sheet Metal Topics

Converting Parts to Sheet Metal

This lesson deals with the conversion of parts to sheet metal. These
parts are modeled using conventional techniques, and then converted to
sheet metal parts by recognizing the bends in the part.

Some key stages in the modeling process are shown in the following
list. Each of these topics comprises a section in the lesson.

Converting legacy sheet metal parts

Sheet Metal parts created before SolidWorks 2001 contain different
sheet metal features than those created with the Base Flange, but they
can be converted. This method is useful for parts that were created with
shells, cylinders, or cones.

IGES files

When an IGES file is opened in SolidWorks, it is converted to a solid
model if possible. The model is a “dumb” solid that is made up of a
single monolithic feature with no parametric data.

Rip feature
The Rip tool breaks a solid along a corner to make it suitable for adding
bends.

Recognizing bends
The Recognize bends method takes an existing solid and converts it
into a sheet metal part. In doing this bends are added to the model.

SolidWorks parts that were built prior to SolidWorks 2001 used a
different method of representing sheet metal features. These parts can
be converted to the current method by simply adding a sheet metal-
specific feature such as an edge flange or miter flange. Flattening will
then be controlled by the Flat-Patterni feature.

Each legacy part contains three sheet metal specific ;[ sase-Extrude-Thin
features: Sheet-Metal, Flatten-Bends and w-{@] cut-Extrudel
Process-Bends. These features control the i (@] Cut-Extrudez
“sharp”, “flat” and “bent” states of the model. g shest-Metall

. . . . -2 Flatten-Bends1
The Recognize Bends method will be discussed in ., B pracess-gendst

detail in the following section.

Open LegacySM.

The LegacySM part was created as a
sheet metal part prior to SolidWorks
2001.
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Add an Edge Flange.

Add a Edge Flange to the model. The
size and position is not important at this
time.

FeatureManager. @ Base-Extrude-Thin
Two features are added to the model: - [@) cut-Extrude1
Edge-Flangel and w-{[@) Cut-Extrudez
Flat-Patternl. All of the bendsinthe B shest-Metalt
part have been converted and are listed --ll:ﬁ Flatten-Bends1
under the Flat-Patternl feature. The [ Process-Bendst
two legacy bends are listed with the '"% Edge-Flange1
SharpBend suffix. = Flat-Patterni
@ (-1 Bend-Lines1

@ Flatten- <SharpBendl =

1@ Flatten- <SharpBendz =

..... 1@ Flatten-<EdgeBend] =1

Flatten.

Now the part has been
converted and it can be R
flattened by unsuppressing the O |
Flat-Patternl feature.

Recommended
Practices

72

Once a legacy sheet metal part has been converted to the current
format, there are some things you should, and should not, do when
making modifications.

1. Adding more bends: Although you can do

this by editing Flat - Sketchl which is
located under the Process-Bends1
feature, it is not recommended. First of
all, editing Flat - Sketchl rolls the
part back before the Edge Flange, so the
flattened representation of the part is incomplete. This can lead to
errors in your design work. Secondly, performance is reduced
because you have to wait for the rollback operation.
Recommended practice: Use the Sketched Bend feature to add
bends.

Converting Legacy Sheet Metal Parts



SolidWorks 2005 Training Manual Lesson 2

Recognize
Bends Method

Note

Importing

Opening IGES
Files

Recognize Bends Method

Converting Parts to Sheet Metal

2. Editing legacy bend radii: The bends that were
part of the legacy part are controlled by the

SharpBend features that are embedded
under Flatten-Bendsl.

Recommended practice: Edit the definition of
the SharpBend you want to change.

Another method of creating sheet metal parts is the Recognize Bends
method. This method has existed within SolidWorks since SolidWorks
97 and uses three standard sheet metal features to control the states of
the sheet metal process. Models never began as sheet metal parts, they
were converted to them.

This method is still suited for:

Q Importing geometry for sheet metal
Q Shelled SolidWorks parts for sheet metal

Legacy SolidWorks sheet metal parts (pre-SolidWorks 2001) can be
converted to the SolidWorks 2001 format as was shown in the
preceding example. The addition of a sheet metal feature (Edge Flange,
Miter Flange, etc.) completes the conversion automatically.

In the next example, we will import a neutral format file (IGES) and
modify it so that it can be processed as a sheet metal part. The
following are the major topics in this example:

Opening an IGES file
Using the Rip feature
Recognizing bends
Sheet Metal part
Auto Relief

Adding features

Q Additional bends

o 0 0 0 0D

Files created in, or saved as, other formats can be opened in
SolidWorks and edited. SolidWorks uses the standard Open dialog to
access these files. This example uses an IGES format file that consists
of surfaces that are intended to describe a solid.

Open an IGES file.
Click File, Open, and set Files of type to IGES (*.igs; *iges).
Select the file IGESimport, but do not click Open yet.

Options.

Click the Options button and use the following settings: Surface/solid
entities, Try forming solid(s), and Perform full entity check and
repair errors. Click OK.

73



Lesson 2 SolidWorks 2005 Training Manual

Converting Parts to Sheet Metal

Note These options can be set for all imports using Tools, Options, Import
Options.

3 Open.
Click Open to open the file as a SolidWorks part. The Progress...
window appears and status messages are displayed.

Document Importing an IGES file creates a new SolidWorks part document.
Template Somehow, the system has to determine which template to use. There
are two choices:

1. You will be prompted to select a template, just as if you were
opening a new part document.
2. Or, the system will use a predetermined template.

Which of these events occurs is controlled by Tools, Options, System
Options, Default Templates.

Report Files Whenever a file is imported into SolidWorks, a file is generated: the
Report File (filename.RPT). If there are errors during the import
process, a second file is created: the Error File (filename . ERR).
Both files are text files and can be read with any text editor.

The examples below are from an IGES file that opened in SolidWorks
but failed to construct a solid.

Contents of the The Error File will list any errors that occurred during the open
Error File process. Suggestions and settings are also listed.

An error would typically have a line like that below:
WARNING: Unable to create solid from trimmed
surfaces.

Contents of the The Report File contains:

Report File o General information about the IGES file

Q Entity processing information

Q A analysis of the IGES file

Q An entity summary showing the quantity of each type of entity and
how many were converted

Q A results summary
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4

Imported solid.

The surfaces have been
knitted into a single solid.
The single feature is listed
as Importedl.

W IGESimport

Annotations

[3--@ Design Binder

3= Material <not specified >
- J2%] Lighting

(@] Solid Bodies(1}

n

----- » Fronk

..... {9\ Top

----- 5 Right

----- I_. Origin
@ Importedl

The solid is considered a “dumb” solid because it contains no
parametric information or individual features. However you can still
add to it using standard SolidWorks sketches and features.

Using the Rip
Feature

Introducing: Insert
Rip
Where to Find It

The Rip feature can be used to
open a box by cutting the corners
of the solid with a very tiny gap

(0.05 times the material

thickness) allowing the part to be flattened as a sheet metal part. The rip
feature can create three types of corners: shortening either wall or both
at the edge where it is applied.

Insert Rip is used to rip edges of the model. Rips can also be created
from within the Insert Bends command.

Q From the menu, click Insert, Sheet Metal, Rip....
o From the Sheet Metal toolbar, click the Insert Rip [}ool.

Using the Rip Feature

Edge selection.

Click the Rip tool and select
the edges identified on the
right.

Note that all the edges are
inside edges of the model.
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Before initiating the Rip operation, click Tools, Options. On the
System Options tab, click Display/Selection. Select the Allow
selection in HLR and shaded modes check box. This will allow you
to select the inside edges of the model even though they are hidden
from view.

You will probably want to turn this option off when you are done
ripping the model.

Settings.

Use the default settings on the dialog. The change
direction button is used to switch between the three
types of joints. The default “both” will be used.
Click OK.

Change Dirsctinn

F use defuak gan

Resulting rips.

The select edges are ripped
with both flanges being
shortened to a common
corner.

Adding Bends
in Place of
Sharp Corners

Introducing:
Insert Bends

Where to Find It

76

The next step will be to add bends to the sharp cornered part. During
this process you will determine how the bend allowance is calculated
and specify the default bend radius.

Insert Bends creates a Sheet Metal part from a thin feature or shelled
part. The Sheet Metal, Flatten Bend and Process Bend
features are added by this command. These features make editing the
bends and flat pattern possible.

Q From the menu choose: Insert, Sheet Metal, Bends....
Q Or, click Insert Bends on the Sheet Metal toolbar.

Adding Bends in Place of Sharp Corners
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8 Insert Bends.
Select the face indicated
as the Fixed face.

Click Insert, Sheet
Metal, Bends.

When the system unfolds
the sheet metal part, the
other faces will be rotated
to lie in the plane of the
selected stationary face.

9 Sheet Metal settings.
The settings used are as follows:

Bend Radius = 2mm

Bend allowance = k-factor of 0.5 = s '
Auto Relief = On o ld‘”Lj
Rectangular i tEe————Igl
Offset ratio = 0.5mm W Berd Mdoviancs & |
K-Fator il
Note The Rip Parameters have the same functionas the [osom = |
Rip command. This allows you to rip the corners P—'
and recognize the bends all in one operation. Since “”l—_l”‘” ™
we already ripped the corners of this part, this option l% -
will not be used in this step. e
Bend Allowance To review the options for Bend Allowance, see — '
Explaining the Bend Parameters on page 13.
Click OK.
10 Message.
The corners created by the rip need E_ &
relief in order to be folded. The () aueoretefces ware mas for oneor e bers.
system adds the relief automatically
where it is needed. -
11 Results.

B8 Sheet-Metalt
|_:_||]=E Flatten-Bends1
[ (- sharp-sketchi
& SharpBendl
& SharpBendz
& SharpBend3
@ SharpBend4
& SharpBends
& RoundBendl
=-[8 Process-Bends1
L () Rlak-sketchi

Three features (Sheet-Metall,
Flatten-Bendsl and Process-Bendsl)
have been added to the part. They will be
explained in the following section.

Adding Bends in Place of Sharp Corners 77
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Sheet Metal
Features

New Features

g8l sheet-Metall

mﬁ Flattern-Bends1

78

The imported part has been processed or converted into a sheet metal
part. To continue working with it, there are a few things you should
know. Specifically, what are the specialized sheet metal features, and
what do they do?

Sharp corners are converted into SharpBend sub-features, using the
default Bend Radius value. Existing bends are converted into
RoundBend sub-features, using their current radii. Both types of bends
are found under the Flatten-Bends feature.

Auto Relief

/— Round Bend

Sharp

Bends

As aresult of the Insert Bends operation, several 8 sheet-Metalt
new features appear in the FeatureManager design - [8f Flatter-Bends1
tree. These represent what can be thought of as a -2 Process-Bendsi

process plan for the sheet metal part. The system

applied two distinct operations to the sheet metal part. First, it
calculated the bends and created the flat pattern. Then it re-folded the
flat pattern to produce the formed representation of the part.

This feature represents the Insert Bends operation. You use Edit
Definition on this feature to regain access to the Sheet Metal dialog
and makes any changes to the default bend radius, method of
calculating the bend allowance, default type of bend relief, or to change
which face or edge remains stationary during flattening and folding.
This feature represents the flattened part. Thisis .

where the system stores information related to = 18 Flatten-Bends1

the “conversion” of the Sharp and Round % (S-liaﬁrl;;;pn-dﬁllaetcm
corners into the Bends. If you expand the listing ) SharpBend?

of this feature you will see features for each of

1@ SharpBend3
the bends that replaced the sharp and rounded -y SharpBend

corners. @ SharpBends
@ RoundBendl

Editing a Sharp Bend feature gives you access
to the Bend From Sharp dialog where you can override the default
bend parameters.

Sheet Metal Features
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Bef Frocess-Bendst This represents the transformation of the flat pattern into the finished,
formed part.

Switching There are two ways to move around within the chronology of the sheet

Between States metal process and to switch among the sharp corner, the flattened and

the processed states of the part.

@ Use Rollback: Dragging the rollback bar before the L2f Fiatten-Bends1
feature represents the part in its sharp corner state. Rolling back to
before the P pracess-Bendst feature represents the part in its flattened
state.

Q Use tools on the Sheet Metal toolbar. The No Bends [gy| tool rolls
the part back to its sharp corner state. The Flatten 0ol rolls the
part back to its flattened state. The nice thing abo@sing the tools
is that they act like toggles. Clicking them once rolls the part back.
Clicking them a second time rolls the part forward again.

This part requires some modifica-

Making tions. When you have to make

Changes changes to legacy type sheet metal
parts, there is a simple rule you
should follow:

Rule: Make the changes that utilize
the new sheet metal features first. For
example, in the illustration at the
right, add the edge flange before attempting to make the rectangular cut
across the bends. This converts the part to the new sheet metal format
and makes creating the rectangular cut a great deal easier.

12 Edge flange.
Insert an Edge Flange. Edit the
flange profile sketch as shown.
Settings for the Angle and
Flange Position are set through
the PropertyManager.

Q Angle=90°
Q Flange position =

Material inside
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The Flange Length will be Blind. However, notice .. =
that the Reverse Direction button and the Length (e =
field have disappeared from the PropertyManager.

This is because these aspects of the flange are now controlled by the
35mm dimension in the flange profile sketch.

Results.
The system creates the flange and
adds the appropriate bend relief.
In addition, the system converts
the part to the new sheet metal
format. This is evident by the
?Eapti?;ance of the B Flat-Patternt
@ Importedl
g Ripl

----- g8 sheet-Metall
E]--H:E Flatten-Bends1
E]--Eﬂ Process-Bends1
E]---E; Edge-Flange1
G-y Flat-Patternt

Open a sketch on the
indicated face. ‘

Sketch.

Switch to a Top view, and
sketch a rectangle using o
the dimensions shown.

125

125
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16

17

18

19

Converting Parts to Sheet Metal

Cut.
Use Through All end condition.

Flatten.

Click to show the
part in its flattened
state. Because the part
has been converted to
the new sheet metal
format, the cut is
automatically
positioned in the
correct location in the
FeatureManager design tree so that it is represented in the flat pattern.
Refold the part.

Measure.

Zoom in on the bent tab
and measure the dis-
tance between it and the
upper edge of the part.
The normal distance is
10mm.

Turn off the Measure tool.

Sketch a bend line.

Zoom in on the other tab, with the hole in it. =
Open a sketch on the inside face of the part, and Cj} )
sketch a line as shown. ~
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Sketched Bend.

Click the Sketched Bend tool Use the
default radius. Select the inside face of the part as
the Fixed face.

For the Bend position, click Material
Inside. This means that after the tab is bent, its
upper or outside face will line up with the sketched bend line.

Results.

Use Tools, Measure to
verify that the tab is in fact,
10mm above the upper
edge of the part.

'1".1!!]'““'._ "

Finished part.

The illustration at the
right shows the finished
part after the three
modifications have been
made.

Save and close the
part.

82

Making Changes



SolidWorks 2005 Training Manual

Unrolling Cones
and Cvlinders
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To “unroll” a conical or cylindrical shape, the Recognize Bends
method must be used. A cut of minimal thickness must be made in the
direction of the cone’s center axis and through a wall. The “fixed face”
must be an edge for the unrolling operation to work.

Open the part Unrol I.

The Unroll part contains an arc
that was extruded as a thin feature.
The arc has a 1° gap, creating a gap
in the wall of the cylinder.

Recognize bends.

Click Insert Bends and select
the model edge indicated. This is
the Fixed edge or face. The Bend
radius and the Auto Relief options
have no bearing on this example.
Click OK.

Flattened.

Click Flatten to show
the part in its ned
state. Notice that the part is
rolled back to before the
Process-Bendsl
feature.

Copy a sketch.

Open the part Pattern
Sketch. It contains a
sketch that will be used for
a sketch driven pattern.

Select the sketch and copy it to the clipboard. You can use Edit, Copy,
or press Ctrl+C.

] * * * * * = *
[

1.500 i-—:-——\‘p— ----- - - — — = - = - -
y

!'; * * * * * = T

£ 00 i
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5 Paste the sketch.
Switch back to the unrolled cylinder part window.
Change to a Front view.

Click the flattened face, and paste the sketch.

6 Edit the sketch.
Add a Midpoint relation between the leftmost end of the horizontal
centerline and the leftmost vertical edge of the part.

L L] L] L ¥ ¥ Ll L}
[
1500 ?‘7""""“'"“"*"‘*"‘*"‘*"

. 7000 |

7 Delete the dimensions.
Delete the two dimensions. Drag one of the sketch points to understand
what geometric relations are present, and how the sketch behaves.

%, - bl * - w + *

bt

|

| \

" [T o CRSEE TR SRR, ® .- PR Roery TR e r n ]
I i
|

i " " W " " ‘Q
.a%-h

8 Midpoint relation and dimension.
Add a Midpoint relation between the rightmost end of the horizontal
centerline and the rightmost vertical edge of the part.

Add a linear dimension as shown. The sketch is fully defined.

9 Exit the sketch.
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10 Sketch.

11

12

Select the flat face of the part and insert a new sketch. Sketch a circle
and dimension it as shown.

Cut.
Extrude the circle as a cut. Use Link to thickness.

L £ - £ £ - Ed -
L {“._E ______ SR iy S SR e
[ -

- £ - E £ - Ed -
Pattern.

Click Insert, Pattern/Mirror, Sketch Driven Pattern, or click Sketch
Driven Pattern on the Features toolbar.

For Features to Pattern, select the cut you made in the previous step.
Click in the Selections list, and select the pattern sketch.

Click OK.

1_.| - | I " j' I. | I:'/ . | | \J I: . JI ll‘ .
— _ - — _ — _ —_— . e
E__-t-__}_._.-l'-:i-__?!_._-t_-'_f-'!_-_.-l'-\.i-_.-:!_._.{.'_j_-_ .'Lr J:_._..il.l.._f]'-_J
y © © © © © O <
[ |

13 Results.

14 Save and close.

Hide the pattern sketch, and click
Flatten to re-roll the part.
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Process Plans

Bends

Configurations

86

Adding configurations to the sheet metal part allows you to suppress or

unsuppress one or more bends at a time.

Bends are created in many sheet metal features. They are listed as
either Bends or Flange-Bends in the FeatureManager design tree.

Where are the bends?

Open the part ProcessPlan.
Expand the features to find the bends.
The bends Bend1 and Bend?2 created
under the Base-Flange feature are
converted sharp bends.

The bend under Edge-Flangel
named Flange-Bend1 is an
additional bend added by the Edge
Flange tool.

Bend3 was created during the
Sketched Bend procedure.

The bends are linked to those listed
under the Flat-Patternl feature.
The arrows show that Bend1 is the
same bend as Flatten-<Bendl>1.

...... .8 sheet-Metalt
E| QB Base-Flange

[ sketchz

_,_, ﬁg Bendil

‘5 Bendz

E| E; Edge-Flangel
- sketchie

: $ Flange-Bendl
. @ Cut-Extrudel

; @ Cuk-ExtrudeZ
- J@ Tabi

@ Cub-Extruded
@ Cuk-Extruded
é--w?g Sketched Bendl
) sketchiz
‘B Bend3

E| m Flat-Patternt

@ (-1 Bend-Lines1
-~y Flatten-<Bend1>1

-ntl) Flatten-<Bend2 =1
‘5 Flatten- <Flange-Bend1 =1
-nckl) Flatten-<Bend3=1

Configurations are used to capture different representations of the sheet

metal part.

Configurations.

The only configuration in the part is
FOLDED.

Make a new configuration.

Add a configuration and name it
FLAT.

Flatten the part.

Click [z to flatten the part.
This unsuppresses the
Flat-Patternl feature.
There are now two
configurations — FLAT and
FOLDED.

Process Plans
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5 Copy the FLAT configuration.
Make three copies of the FLAT configuration. Name them:

Q STEP1
Q STEP2
Q STEP3

6 Create STEPL.
Make STEP1 the active
configuration. The part should
still be in its flattened state.
Suppress the

Flatten-<Bendls>1
feature.

7 Create STEP2.
Make STEP2 the active
configuration.

Suppress:
Flatten-<Bendl>1
Flatten-<Bend2>1

8 Create STEP3.
Make STEP3 the active
configuration.

Suppress:

Flatten-<Bendl>1
Flatten-<Bend2>1
Flatten-<Flange-Bendl>1
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Exercise 6: Use an existing IGES
Importing and file and create a sheet
Converting metal part.

This lab reinforces
the following skills:
Q Import

Q Recognizing
Bends

Q Converting Sheet
Metal models

Q Corner Trim

Procedure Use the following procedure.

1 Open an existing IGES
file.
Open the existing IGES file
named igesLab using the
default setting of Try
Forming Solid(s).

A thin walled solid is
created.

2 Units.
Set the units of the model to
inches.

3 Rips.
Rip the two rear corners of
the solid. The rips should
cut both flanges.

Exercise 6 89



SolidWorks 2005 Training Manual

Recognize Bends.

Use the Insert Bends tool to
recognize the bends using a Bend
Radius of 1/16".

Note the auto relief cuts have been
made in addition to the bends.

Flat Pattern.
Click Flatten [&]to flatten the part.
The flat pattern appears. B |

Click Flatten again to refold the F
part. i {| =

Modifications.
Break the corners with a
0.25” chamfer.

Use the Edge Flange tool to
add three flanges.

Use flanges that are 1/2”
wide with Bends Outside.

Flatten.

Click Flatten to
flatten the part.

Exercise
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8 Corner-Trim.
Add a Corner-Trim
feature with Circular

Relief Type as shown.

Use a diameter of
0.125".

9 Save and close.

Exercise 6

- L.
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Modify this part to add configurations that
represent the process plan. Suppress and
unsuppress features and bends to create the
differences between the configurations.
This lab uses the following skills:

Q@ Adding configurations
Q Suppressing and unsuppressing features

i

FLAT STEP1 STEP2 FOLDED

Open the existing part named ProcessPlanning.

Bends.

Locate the bends within the FeatureManager tree.
Expand the Flat-Patternl feature to see them.
There are three bend features.

Configurations.
Create configurations (see above) to capture stages of
the bending process.

Individual configurations.

In each new configuration, unsuppress the Flat -
Patterni feature and suppress the bends that you
want to see.

Save and close the file.

@ FrocessPlanning

[A] Arnotstions

g Dk Dinder

3= mastensl anot specfied

- Lighting
#1-{ E]| Equabons
&1l Sobd Bodes(L)

i Froen

Dy top

D wight

L orign

i sheet-Metal

w1 Ry vase-Tlarge
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Lesson 3

Modeling Sheet Metal In the
Context of an Assembly

Upon successful completion of this lesson, you will be able to:

Q

Q
Q
Q

Create new sheet metal parts in the context of an assembly.
Add edge flanges with in-context references.

Add hems to edges.
Edit miter flanges and modify the start and end offsets.
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Sheet Metal This lesson deals with creating sheet metal parts in the context of an

Topics assembly. Sheet metal features use some of the same in-context options
as standard features.

Top-Down SolidWorks supports two assembly modeling methods: Bottom-Up and

Assembly Top-Down. Bottom-Up assembly modeling was covered in the basic

Modeling course SolidWorks Essentials: Parts and Assemblies, and consists of

assembling pre-built parts in an assembly file.

There is considerable power and advantage to being able to design and
model parts in the context of the assembly where they will be used.
This is called Top-Down assembly modeling.

There is More to Designing and building component parts in the context of an assembly

Learn is a broad topic. There is much more to assembly-centric design than is
covered in this lesson. For a more in-depth exploration of top-down
assembly design, you should take the course Advanced Assembly

Modeling.
Stages in the Some key stages in the modeling process are shown in the following
Process list. Each of these topics comprises a section in the lesson.

Q Insert New Parts
Sheet metal parts can be created in context like other SolidWorks parts.

Q Edit Component
Edit Component is used to access the sheet metal features from the
assembly context.

Q Base Flange
Base flanges have the same end conditions as a standard extrusion. Up
to Next, Up To Surface and Offset From Surface are available.

Q Edge Flange.
Using the Offset option allows you to attach an edge flange to existing
faces in the assembly.

Q Flange position
The Flange position options for miter and edge flanges allow you to
position the flanges relative to the part.
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In-Context
Sheet Metal
Parts

Adding a New
Part into an
Assembly

Introducing:
Insert Combponent

Where to Find It

Default Template

96

Sheet Metal parts can have in-context features or be created in the
context of an assembly. The advantages of using the top down approach
are apparent with sheet metal. There are also some special
considerations you should keep in mind.

In this example, an enclosure for a disk and floppy drive is created. The
enclosure is a sheet metal part that is attached to the TowerFront and
Partition components.

Open assembly.

o Partition
Open the existing assembly DiskDrive
TopDownSM. It contains four
components. FloppyDrive

Hide the TowerFront
Component.

Towe rFront—/

New parts can be added to an assembly as needed. These new parts can
be created in the context of the assembly, using the geometry and
locations of existing parts to build upon. They will appear in the
FeatureManager design tree as component parts, with a full listing of
their features.

Insert, Component, New Part creates a new part and component in
the assembly. The new part is named and then mated to a plane or
planar face of an existing part in the assembly.

Q From the menu choose: Insert, Component, New Part....
Q Or, click New Part on the Assembly toolbar.

Since this command creates a new part document, you have the option
of specifying a template or allowing the system to use the default
template. This choice is determined by means of Tools, Options,
System Options, Default Templates.

In-Context Sheet Metal Parts
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2 Click Insert, Component, New Part...
The Save As dialog box opens. Enter the name Enclosure in the
File Name field. You can also create and change directories to put the
file in, if required.

Click Save.
2
Savmin | 3 Case Sty =] + [ = EB-
Dk Dnive, SLFRT gpau”-amr
el oot Dries SLOPRT Towetal ront, SLOFRT
s« 4P artition. SLOGAT
o T ot rond, LLDFRLT
Cedlrae . 5L DPRT
FlopgryDrie. SLOPAT
Flerame  [Frekowe | Sawe ||
LT [T =l Cancal |
Degerpln. |
[ Save a2 eopy Hdum..l

[T S elirawng dals

Helu:d:'. Fioldess

3 The face/plane cursor. Q@

A new cursor appears, indicating that a plane or planar face must be
selected. In the next step, a planar face will be selected.

4 Plane selection.
Select the front face of the
DiskDrive. This plane will
correspond to the Front plane of the

new part.
Results of Insert, When a new part is inserted into an assembly, several things happen:
ggrfp ponent, New o The new part is created.

Q The new part appears in the FeatureManager as a component of the
assembly.
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Q The Front reference plane of the new part is made coincident with

the face or plane that you selected.

You are switched into edit part mode.

A new sketch is opened on the selected face.

Q Anew mate, named InPlacel, is added fully defining the
comoonent.

o D

Important!

Tip

Sketch. : - 1
Click [] shaded with
Edges. L
Sketch the Enclosure | I
. o

profile using edges of the
existing components.

Base Flange.
Extrude the sketch Up To Surface

(Partition) using the Base
Flange tool.

Thickness = 1mm

Make sure the material is added to
the outside of the sketch. Otherwise,
the flange will interfere with the
DiskDrive.

Bend Radius = 1mm

The external references created
between components are listed as
features at the bottom of the
FeatureManager design tree

pdate Sketchl in Enclosure They are
called Update Holders.

The display of the Update Holders can be toggled on and off. While in
Edit Assembly mode, right-click the top-level assembly icon *® | and
select Hide Update Holders from the shortcut menu.

98
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Appearance
During Part
Editina

Color of the Part
Being Edited

Modeling Sheet Metal In the Context of an Assembly

You can control the appearance of the parts that are not being edited.
The assembly can either be opaque or transparent. If some components
already have transparency applied to them, that can be maintained
giving a mixture of opaque and transparent components.

To switch between opaque and transparent displays, click Assembly
Transparency @ on the Assembly toolbar and from the menu, select
either:

Q Opaque
Q Maintain Transparency
Q Force Transparency

Or, right-click any blank area in the graphics window and click
Assembly Transparency. On the shortcut menu select Opaque,
Maintain Transparency, or Force Transparency

To set the degree of transparency, click Tools, Options, System
Options, Display/Selection. Under Assembly transparency for in-
context edit, select Force assembly transparency, and move the
slider to the desired transparency level. The illustration above shows
90% transparency.

To change the color of the part being edited:

1. Click Tools, Options, System Options, Colors. In the list of
System colors, scroll down and select Assembly, Edit Part.
Click Edit and select the desired color.

Click OK to close the color palette.

Select Use specified colors when editing parts in assemblies.
Click OK to close the Options dialog box.

agbrown
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Building Edge Edge flanges can be created in context by using external references for
Flanges In the flange profile and offset position. Next we will add an Edge Flange
Context to the Enclosure.

7 Edge Flange.
Show the TowerFront and zoom
in on the upper boss.

Select the lower edge of the

Enclosure, and click to

create an edge flange.

8 Direction.
Drag the edge flange out away from
the model.

9 Flange Position. p—— .

Expand the flange position ]| fjiim
section and change the settings: I Tt ke arsde
ot
Position = [E] Material UcToSwhes MBI
Outside Ly [Face cI@TnwerFront 1

Offset = Enabled

End Condition = Up To
Surface

L1 (Surface) = Click the top
face of the circular boss.
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10 Flange Profile.

11

12

13

Modeling Sheet Metal In the Context of an Assembly

Click Edit flange profile, and
center the flange profile over the
circular boss.

Use Convert Entities to copy the
edge of the hole in the boss into
the sketch of the flange profile.
Click OK.

Completed edge flange.
The completed flange is
shown at right. Itincludes a
circular hole that is the
same size as the hole in the
boss.

Second flange.

Create a second edge flange on the
opposite side. Use the same procedure and
settings.

Top flange.

Add an edge flange on the top
edge of the part. Use the Offset
and Up To Surface options
(select the inside face of the
TowerFront part), and a
Flange Length of 25mm.
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Building Miter
Flanges In
Context

Miter Flanges can also be created in context. Although the flanges
cannot be offset like the edge flange, the position of the flange can be
controlled relative to the material of the part.

Note

102

14

15

Zoom n.

Switch back to the standard
isometric view and zoom in on
the rear of the part.

Remember that the base flange of
the Enclosure was extruded
Up to Surface. It ends at the face
of the Partition.

The TowerFront is hidden in
this and the following
illustrations.

Flange sketch.
Create a single line sketch for the miter flange. Propagate the flanges
around all three sides of the Enclosure.

Building Miter Flanges In Context
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16 Flange Position.
Change to a Top orientation to choose a Flange Position.
The three options are:

Q Material Inside E _Eﬁ

Q Material Outside __ﬁ
Q Bend Outside I=

The Material Inside option is the correct one.

17 Completed miter flange.
Click OK to create the flange.
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18 In-context holes.
Add in-context holes to the flanges. Convert the edges of the holes in
the Partition and extrude a cut using the options Blind and Link to
thickness.

Additional Cut Some additional cut features and patterns will be added to the part.

Features These features have no external references and can be done either in the
context of the assembly, or from within the part itself. Since there is no
real advantage to making these features in the context of the assembly,
we will open the part.

The first cut is across bend lines but does not require the model to be
flattened. The second uses a standard Design Library shape.

19 Open the part named
Enclosure.
Right-click the Enclosure,
and select Open Part from
the short-cut menu.

Insert a sketch on the top face.
Add a rectangle and use
ordinate dimensions to fully D
define it.
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20 Cut.

Extrude the cut 20mm into the [=
solid.

21 Design Library. I DabmUeary AR
Open the Design Library to Features and the @ o a
Sheetmetal folder. SRR
Choose the feature sw-a203 from the list. ﬂﬂ:ﬁb

o |
22 Drag and drop. -f- ‘:"':‘*;'jl‘
Drag and drop the feature onto the side face of the D e
model. Position the sketch as shown. B om0
@ L perts
Tk

30 Conbenl Cenlral

wwe-alil| vl
RS R 1
O E Ol

b el e aweaddl

o | -

TN swhil |0 sw-hiid?

Click Back. E E

wehiM3 swhi?n

. . . : =
Click Override dimension value and change the
values of dimensions:
B = 5mm St Dmenons -
R = 1mm W Creerride dimension valin
A =8mm ———
Fl ||
Note Many library features contain multiple il il
configurations although this one does not. When _ |

you override the dimensions of the active
configuration, the system creates a new, custom configuration.
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23 Click OK.

This sheet metal feature uses the
end condition Up to Next. This
makes sense. Up to Next ensures
that the feature cuts through the

material regardless of its

thickness. However, we want the
feature to cut all the way through

both sides of the part.

Edit the feature and change the end

condition to Through all.

24 Change the part color.
Because gray is boring.

25 Pattern.
Pattern both cuts using a

Linear Pattern with spacing of

51mm.

26 Modify the Miter Flange.
Use Edit Feature to modify

the Miter Flangel feature.

Set both Start/End Offset
values to 10mm.

Click OK.

Shortening the miter flanges
leaves room for the next
feature, a hem.
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Hems

Introducing: Hem

Where to Find It

The Hem tool is used to fold over an edge of the model using one of
several shapes. Hems are applied to existing edges. Here are some
additional items to note about the Hem tool:

Q The selected edge must be linear.

Q@ Mitered corners are automatically added to intersecting hems.

Q Ifyou select multiple edges to add a hem, the edges must lie on the
same face.

Hem Examples

The Hem is used to add a bend at an edge, doubling the material
thickness there. Hems can be applied to multiple edges.

qQ From the menu choose: Insert, Sheet Metal, Hem.....
Q Or, click Hem on the Sheet Metal toolbar.

Positioning

Hem Type and Size

Hems

27

Click Hem . or click Insert, Sheet Metal, Hem.
In the PropertyManager, set the following:

Q Position =
Q Type=
Q Angle = [ 200°

= &

Q Radius = [@&] 0.50mm — -
Select the two bottom outside edges. ecce
There are two options for how the hem is added to g %j
the edge: — -
Q Material Inside :% ﬁTj
q Bend Outside [ St Movren ©
There are four options for the shape of the hem:

Q Closed Q Teardrop[g]

Q Open Q@ Rolled
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28 Click OK to complete the
hem.

Both selected edges receive
hems on the outside.

Review The hem is applied to the
edge you select. If you want
the hem on the outside, pick
the outside edge or click
Reverse Direction [4]

>

29 Return to the assembly.
Save the changes to the part and return to the
assembly document.

The changes to the Enclosure propagate to
the assembly.

Note We are still in edit part mode.

Edit Assembly Two commands, Edit Component and Edit Assembly, are used to
switch back and forth between editing one component in an assembly
and editing the assembly itself. A component of an assembly can either
be a single part or a sub-assembly. When we inserted the new part, the
Enclosure, we were automatically placed in edit part mode. Now we
need to leave edit part mode and return to editina the assemblv.

Introducing: Edit Assembly is used to switch between editing a part, and editing the
Edit Assembly assembly itself.
Where to Find It Q Right-click the top-level node or in the graphics window, and select

Edit Assembly from the shortcut menu.
Q Or, from the Assembly toolbar, click Edit Component

Tip Edit Component is a toggle. It switches you between Edit Part or
Edit Sub-assembly mode and Edit Assembly mode. It also acts as a
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visual indicator of which mode you are in. It is depressed or pushed in
when you are in Edit Part/Edit Sub-assembly mode.

Edit Assembly

30

31

32 Redefine the Fixed Face.

Switch to Edit Assembly mode.
Right-click in the graphics area, and select Edit Assembly from the
short-cut menu.

Finished.
Switch back to the Enclosure window and flatten the part.

Notice how the part is flattened, and the orientation of the result. This is
controlled by the face that is defined as the Fixed Face.

Before After

Edit the definition of the
Flat-Patternl feature, and select
the face shown as the Fixed Face.
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33 Flatten the part.
This is a better result.

34 Refold the part.

35 Save and close all files.
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Exercise 8:
Sheet Metal in
an Assembly

Procedure

Building the Plate

Units

Exercise 8

2

Use an existing assembly to
form in-context parts. Two
plates are added to connect the
end pieces in the assembly.
This lab reinforces the
following skills:

Q Inserta new part into an
assembly

Q Sheet metal in context

Q@ Hems
Q@ Propagating changes through parts to the assembly

Use the following procedure.

Open an existing assembly -
named SheetMetalAssy. The

assembly consists of three -
components mated as shown at the 8.000
right.

Build the cover plate using in-context sketches based on model edges.

Insert new part.

Insert a new part named TopPlate into the
assembly. Position it on the indicated face of the
LeftEndPlate. An Inplace mate is created and
you are ready to sketch.

Although the assembly units are inches, the
TopPlate is modeled in millimeters.

Sketch the TopP late profile.

Create the profile using existing edges. The
profile is as high and as wide as the
LeftEndPlate.
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4 Extrude a base flange.
Extrude the sketch as a Base
Flange whose length equals
the distance between the
outside faces of the two end
plates.

Use a thickness and bend
radius of 1mm. Orient the
thickness away from the
existing end plates.

5 Hems.
Add hems that are Closed and Length
16mm to both ends.

6 Add in-context holes.
Add holes that are the
same size, shape, and
location as those on the
two end plates and the
CenterBrace.
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Changes to the End
Plates

Exercise 8

10 Save and Close the part.

Changes to the existing end plates will cause changes in the cover plate.
The in-context references will keep the design intent intact.

Open Part.
Switch from editing the TopPlate to working on the Right End
Plate. Right-click the component RightEndP late, and select
Open Part.

Modify the RightEndP late part.
The RightEndPlate part is also the
master for the LeftEndPlate part.
Make the changes shown to the part’s
overall size (Base-Flange and
Miter-Flangel features).

Save and Close the part.

Modify the CenterBrace part.

Change from editing the RightEndPlate to
working on the CenterBrace by right-clicking
on the component, and selecting Open Part.
Make the change to the part’s overall size as
indicated by the underlined text.
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11 Result.
The resulting assembly shows
the results of the changes
made to the
RightEndPlate and
CenterBrace parts.

12 Optional.
Reposition the CenterBrace component between the
RightEndPlate and LeftEndPlate to a distance of 11”.

The in-context cuts should update to reflect the new position.
13 Save and close the assembly.
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Exercise 9:
Joas and Hems

Procedure

Exercise 9

Use the Jog and Hem features to create a

sheet metal part.

This lab reinforces the following skills:

Q Base and Edge Flanges
Q Jog Feature
Q Hem Feature

Use the following procedure.

Open a new part.
Open a new part with units inches.

Base Flange.

Create a sketch and base flange
using Thickness and Bend Radius
of 0.0625".

The thickness is applied to the
outside of the sketch and the Depth
is 3.5".

Cut.
Create a cut as shown.
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4 Rightmost edge flange.
Add an edge flange as shown using:

Q Use default radius

Q Angle =90°

Q Flange Length =2"

Q Flange Position = Material Outside

Note The length of the flange is dimensioned from
the outside face of the model. If you choose to
define the flange length within the Edge
Flange dialog rather than by adding a
dimension through Edit sketch profile, then
Outer virtual sharp should be used.

5 Jog. —| 5w
Sketch the Jog line on the flange. Position the

line 0.5” from the edge of the flange.
Create the jog using:

Use default radius

Offset Distance = 0.188”

Dimension position = Outside offset
Fix projected length = On

Jog Position = Bend centerline

Jog Angle = 70°

o0 000D

6 Leftmost edge flange.
Add an edge flange as shown using:

Q Use default radius

Q Angle =90°

Q Flange length =2”

Q Flange position = Material outside

Note The length of the flange is dimensioned from
the outside face of the model, as before.
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7 Hem.
Add a hem to the outside edge of the
flange using:

Q

Q
Q
Q

Material inside

Type = Open

Length =0.375"

Gap Distance = 0.03"

8 Holes.

Create two circular holes through the hem

and the jog.

9 Save and close the part.

Exercise 9

=125

3.250
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U-Bolt In-
Context

Design Intent

Procedure
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Add an in-context sheet metal
component to this assembly.

This lab uses the following skills:
Q@ New part in-context

Q Base Flange

Q Break Corner Chamfer

Q

In-context features

The design intent for this part is as follows:

1. All bends are equal radius. Bend Radius = 2mm.
2. Part is symmetrical.

Open an existing assembly named UboltAssy. Use the dimensions
below to create the UboltClamp component in-context.

] /—\\ /_f_‘.hr_lrrlll.:l Jrnmxds®

; ¥
[;‘I )
Ll Pipe Diarmelar }
- 100 -
-~ Hele Tmim barger
9 .-'(_ ar L
| \ | ) fhr Lot b —\ |
AN =
) 3 {++ s
o i

o — —

e
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Exercise 11:

Tube Brace

Procedure

Building the
Connector

Units

Note

Exercise 11

Use an existing assembly to form
an in-context part.

This lab reinforces the following
skills:

Q Building sheet metal in-
context

Q Interference Detection
Q Usina Mirror All
Use the following procedure.

Open an existing assembly named Hand leAssy.
The assembly consists of four components mated as
shown at the right.

Build the Connector using in-context sketches based on model
edges.

Insert new part.

Insert a new part named Connector into the assembly. Position it on
the reference plane TubeSurface of the Tube<1> component. An
Innlace mate is created and vou are readv to sketch.

The Connector is modeled in millimeters.

Sketch.

Create a sketch for the Base Flange of the
Connector. Create lines Collinear with
the silhouette edges of the tubes.

The 350mm dimension measures to the
bottom of the Tube.
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4 Base Flange.

Create the base flange using a
Bend Radius and Thickness
of 2mm. The direction of the
extrusion is away from the
tubes.

Miter Flange.

Add a miter flange along the
outer edge of the base feature.
Set the material to the outside
and the depth the same as the
tube. Use a Gap of 1mm.
Interference.

Check the interferences using
all components in the
assembly. There are

interferences near the bend
line between the Tube and
the part being edited.

Cut.
Create a cut to
remove the
interferences.

Offset the silhouette
edge of the bend in

the Tube.

Cut using the
Through All end
condition.
Recheck for
interferences.

Exercise
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8 Open part.
Switch to editing the
assembly and open the
Connector part.

Use Mirror Bodies to
create the other half of
the part. Check the flat
pattern.

9 In-context cuts.
Optionally add in-
context cuts for drilled
holes through the
Connector and
Tubes.

All holes are 5mm
diameter, 6mm from
the edges of the
flanges, and centered
on the centerline of
the tubes.

10 Save and close.

Exercise 11
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Lesson 4
Weldments

Upon successful completion of this lesson, you will be able to:

o o O O O O O ©

o

Create weldments.

Create library parts for structural member profiles.

Manage corner treatments and trimming of structural members.
Create fillet weld beads.

Create gussets and end caps.

Represent post-assembly machining operations.

Manage custom properties.

Incorporate non-structural member components such as castings
and sheet metal brackets into weldments.

Create and manage sub-weldments.
Create drawings of weldments.
Create a cut list table for a weldment drawing.
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Weldments
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Weldments

Weldments
Toolbar

Weldment Feature

Where to Find It

Weldments

Weldments

A weldment is an object made up of several parts welded together.
Although it is really an assembly, many prefer to represent it as a single
part for BOM purposes. To achieve this, we will model weldments as
multibody parts. A special Weldment feature designates a multibody
part as a weldment. This enables the weldment environment giving you
access to a number of specialized tools and capabilities. You can:

Q Insert structural members, gussets, end caps, and fillet weld beads.

Q Use a special-purpose tool for trimming or extending structural
members.

Q@ Manage cut lists and create cut lists on drawings.

Q@ Group bodies as sub-weldments.

The specialized weldment commands are " x|

grouped on the Weldments toolbar. They = —
are also accessible via Insert, k® T b i

Weldments.

Adding the weldment feature to a part does the following:

Q Configurations: The description <As Machined> is added to the
active configuration. A new derived configuration with the same
name is added with the description <As Welded>. Once the part is
marked as a weldment, any subsequent top level configurations you
create automatically have a corresponding <As Welded> derived
configuration.

Q The Merge Result check box is automatically cleared for all
subsequent features that use this option. This way when you create
solid bodies representing components in the weldment they remain
as separate discrete bodies.

Q@ Custom properties: The weldment feature acts as a holder for a
default list of custom properties that are inherited by each cut list
item.

Q The specialized weldment commands are enabled.

You can insert only one weldment feature per part. It will always
appear as the first feature regardless of when you insert it.

qQ Click weldment on the Weldments toolbar.
Q Or, click Insert, Weldments, Weldment.

Open part.

Open the existing part Conveyor Frame.
This part already contains some layout
sketches that will be used to create the
structural members.
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2 Weldment feature.
Click Weldment on the Weldments toolbar.

The weldment feature is added to the FeatureManager design tree.

Tip If you do not insert the weldment feature, one will be added
automatically when you insert the first structural member.

Structural You insert structural members using line and arc segments in 2D and

Members 3D sketches. This technique lets you create a wireframe layout of the
structural members. Inserting a structural member follows this general
procedure:

1. Specify a profile.

2. Select the sketch segments.

3. Specify the orientation and position of the profile if necessary.
4. Specify the corner conditions between structural members.

The available profiles are shown in the following table. You can also
create your own library of profiles.

Angle Iron ' C Channel

Rectangular

TiithA . Plpe

S Section ’ Square Tube .

Tee ’

=

Introducing: Insert Use a combination of 2D and 3D sketches to lay out the paths for the
Structural Member structural members.
Where to Find It Q Click Structural Member on the Weldments toolbar.

Q Or, click Insert, Weldments, Structural Member.
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3 Inserting a structural member.
Click Structural Member |f@|or, click Insert, (v)(%)(3)(=)
Weldments, Structural Member. Mrssnge D
. Sebect shelch egments
For Standard, select ansi inch. R J
For Type, select square tube. = &
. arzi e -
For Size, select 3 x 3 x 0.25. Mo .
[ramente =]
J:a:‘i.hﬂ.l.?h "‘I
Piath segmaniz
4 Select the first path segment. T~
The system creates a plane normal f,f-’/ | T~
to the segment and applies the o L \“\_\
sketch of the profile to it. A < ;
preview of the structural member “\)
appears. o

5 Select the remaining
segments.
Select the remaining three
segments that define the top of
the frame.

Select the Apply corner
treatment check box and select
End Butt2 E

Settings -

Aoty conrmer tresbmen,

FrF
mfnm ill

lmml

:Frtlm_l of Fram

I Botl | Legs
Front ol Frame Bl

.Ulir..:-mm legs

Corner Treatments

You may want the corner treatments for some corners to be different

Structural Members

than the default, system applied corner treatment. To do this you can
override the default corner treatment individually.
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Click the sphere that appears at the corner. A =~
toolbar appears. Select the appropriate corner ﬁ EIFTFE]
treatment and click OK .

128

Corner treatment.
Change the corner treatments to match the illustration below.

i._TnF’ of Frome

) | : Bottom of lage
rrBI‘ﬂ ?r Fraume
]

Locating the profile.

By default the profile sketch is located with its sketch origin on the
path. You can reposition the profile so that any sketch point or vertex is
aligned with the path segment.

Click Locate Profile. The display zooms in to show the profile sketch.
Click the reference point located at the virtual sharp of the upper-right
corner. The sketch profile is repositioned.

Structural Members
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8 Click OK.
The system creates the four
structural members as individual
solid bodies.

9 Zoom to Fit and hide the
Upper Frame sketch.

Botl I'L
Frisnt of Frame TR LR

Sketch There are some things you should keep in mind about layout sketches
Considerations and how they can be used for structural members.

Q You can use 2D, 3D, or a combination of both types of sketches.

Q You have to balance the ease of
sketching against any benefit
that might come from having all
the paths in one sketch. For
example, the conveyor frame we
are working on has two 2D
sketches: one for the top of the
frame, and one for the legs. This
could have been done in a single
3D sketch.

Q Path segments must be either:
1. Connected.
2. Disconnected but parallel to each other.

Connected Disconnected but parallel

=
-
PNy
.-""f " ‘l\‘
t\"'-\
T s
- - ",
- ;
g .-d"'--‘>
x“x -~
et -~
o
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Q How path segments are divided determines how the structural
members will be trimmed at their intersections. For example, in the
illustration below, the two blue lines are each one segment. The two
green lines are divided at the intersection with the first blue line, but
not the second.

Green lines divided here... but not here.

Trimmed Not Trimmed

Q Inorder for path segments to be considered connected, they must be
in the same sketch.

Q@ You cannot select more than two path segments that share a
common vertex in a single operation. To create the corner shown
below, you will have to insert two structural member features.

e - i
e -\_\_\__\_\_\_- =

Q One layout sketch can be used for several structural member
features.
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Q The profile is positioned at
the start point of the path seg-
ment. This has implications
when working with asymmet-
rical profiles. For example,
consider the 3 x 2 angle iron
in the upper illustration at the
right. The Locate Profile
option allows you to rotate
and/or position the profile. It
does not allow you to mirror
the profile. If the result you
want looks like the lower
illustration, you have two
options:

1. Sketch the path segment
going in the opposite
direction.

2. Create a mirrored version
of the profile sketch.

10 Create the leg and brace.
Click Structural Member
For Standard, select ansi inch.
For Type, select square tube.
For Size, select 3 x 3 x 0.25.

Select the vertical sketch segment, and
then the angled one.

Note The order in which you select the sketch
segments is important. The endpoint of
the second segment must touch the first
segment. Picking the angled segment
first would not have worked because the
endpoints of the vertical segment do not
touch the analed one.
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11 Position the profile.
Click Locate Profile, and select
the midpoint of the edge.

12 Click OK.
The results are shown at the

Trimming When structural members are inserted as part of a single feature,
Structural trimming is done automatically. However, many times structural
Members members are inserted during separate operations. When this happens it

is usually necessary to trim these structural members with respect to the
existing structural members.

Introducing: Trim/Extend trims structural members. The same set of corner

Trim/Extend treatments that were available when inserting structural members are
available for trimming. You can trim a structural member to the
intersection of the solid body of an existing structural member, or to the
intersection of a planar face.

Where to Find It Q Click Trim/Extend [Pon the Weldments toolbar.
Q Or, click Insert, Weldments, Trim/Extend.
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Weldments

13 Trimming structural members.

Click Trim/Extend ﬁ or, click Insert, Weldments, Trim/Extend.

For Corner treatment, select End Trim

For Bodies to be Trimmed, select the leg and the angled brace.

For Trimming Boundary, click Planar face and select the planar face
on the underside of the horizontal square tube.

Click OK.

Adding Plates

Not all the components in a weldment are structural members. In this
section we will create a simple plate. Later in this lesson we will
examine how to deal with castings and fabricated items like brackets.

Adding Plates

14

15

Sketch the plate.

Select the plane Bot tom of Legs and
open a sketch. Sketch a rectangle as
shown. -

Py

b

Extrude.
Use the end condition Blind and a Depth of 0.75".
Extrude downward, away from the legs.

Name the feature Plate.
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16 Add the holes.
Use the Hole Wizard to add two
clearance holes for 0.75” bolts.
Locate the holes as shown in the
illustration.

Weld Beads The weld bead is a solid body and as such is included in operations
such as mass property calculations. At this time only fillet weld beads
are supported.

Introducing: You can have a gap between selected faces or bodies as long as the gap
Fillet Bead is smaller than the specified weld bead size.

You can specify whether you want a full length or intermittent weld
bead. You can weld one side or both sides. It is possible to combine full
length and intermittent weld beads on opposite sides. If you create
intermittent beads on both sides, you can stagger them if desired.

Some examples of weld beads are shown in the following table. Note
that the vertical plate has been made transparent for illustration
purposes.

Arrow Side: Full Length
Other Side: None

BE

Arrow Side: Full Length
Other Side: Intermittent

i

::I
Arrow Side: Intermittent
Other Side: Intermittent
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Arrow Side: Staggered
Other Side: Staggered

You can suppress all weld beads in the part by right-clicking the
Weldment feature and selecting Suppress Weld Beads.

o Click Fillet Bead [[]on the Weldments toolbar.

Q Or, click Insert, Weldments, Fillet Bead.

17

18

19

Tip

Fillet weld bead.

Click Fillet Bead [[a|on the Weldments toolbar, or click Insert,
Weldments, Fillet Bead.

Under Arrow Side, select the following:

Q Bead type = Full length
Q Fillet size = 0.25”
Q Tangent propagation: selected

Select faces.

For Face Set1 select the front,

flat face of the leg. For Face

Set2 select the upper face of Face Set2
the Plate.

Face Setl

Click OK.
The results are shown at the right.

When you insert a weld bead, the display
of annotations is automatically turned on.
You can turn them off by clicking Tools,
Options, Document Properties,
Annotations Display. Under Display
filter, clear the Welds check box.

Using
Symmetry

Using Symmetry

Structural members can be mirrored and patterned in the same way as
any other solid bodly.
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20

21

Mirror.

Click Mirror . For the
Mirror Face/Plane, select the
Right reference plane.

Under Bodies to Mirror, select
the leg, the angled brace, the
weld bead, and the plate.

Click OK.

Mirror again.

Use the Front reference plane
to mirror the front legs as
shown.

Gussets and
End Caps

Introducing: Gusset

Gusset Profile and
Thickness

136

Gussets and end caps are common features in weldments. Building
them manually is tedious. The weldment environment has specialized
tools that greatly simplify and speed up creating these features.

To insert a gusset you must select two planar faces whose included
angle is defined as: 0° < included angle < 180°. The faces must touch

each other.

There are two gusset profiles. You

specify the dimensions via the
PropertyManager.

The thickness of the gusset is set in
the same manner as for a rib feature:

Polygonal Triangular

Inner Side ¥ Both Sides [/~ Outer Side |/

Gussets and End Caps
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Locating the
Gusset

Note

Where to Find It

Introducing:
End Cap

End Cap
Parameters

Where to Find It

Note

Gussets and End Caps

Weldments

When you select two planar faces, the
system computes their virtual intersection.
The gusset is located along that
intersection. There are three possible Face 2
positions:

Face 1

Virtual intersection

Start Point Mid Point End Point

In addition, you can specify an offset distance from whatever position
you select.

The use of gussets is not limited to weldment type parts. You can use
the gusset feature in any part whether multibody or not. The gusset will
be created as a separate solid body.

Q Click Gusset on the Weldments toolbar.
Q Or, click Insert, Weldments, Gusset.

End caps are metal plates that are welded across the openings of square
or rectangular tubes. They are used to close off the openings of the
tubes keeping out dirt, debris or other contaminants.

The size and shape of the end cap is determined by the following:

Q Size — determined by offsetting the
outside wall of the tube. The default
offset is one half of the wall thickness.

Q Thickness — specify the thickness in
the PropertyManager.

Q Corners —you can chamfer the corners
or not. If chamfered, specify the size
of the chamfer.

Offset

Q Click End Cap on the Weldments toolbar.
Q Or, click Insert, Weldments, End Cap.

Gussets and end caps are children of the structural members they
reference. Deleting a structural member deletes any associated gussets
or end caps.
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22 Insert a gusset.
CI_ick Gusset [f]] on the Weldments toolbar, or ) (%))
click Insert, Weldments, Gusset. S eaiee Fo a

Click Polygonal Profile

Set d1 and d2 to 5.0 inches.
Set d3 to 1.0 inch.
Set Profile Angle (a) to 45°.

Set Gusset Thickness to 0.375 inches and click

Both Sides ) : -
For Location, click Mid Point =] 2, ‘:‘:M“ 3

Select the faces shown in the illustration below.
Tip If you use Select Other, be careful not to select the = =
inside face of the tube. P snrters -

HEH

T

|

i

23 Click OK.
The results are shown in the illustration at the right.
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24 Insert an end cap.

Click End Cap [i@|on the Weldments toolbar, or
click Insert, Weldments, End Cap.

Set Thickness to 0.25 inches.

Under Offset, select Use thickness ratio and verify
that the Thickness Ratio is set to 0.5.

Select Chamfer corners and set the Chamfer
Distance to 0.25 inches.

Select the end face of the tube as shown in the
illustration below. Then click OK.

Lesson 4
Weldments

(v)(%)(2)

Nel T —
- i <

el -
[ Llze Hricfoneas rafin

o 05

W Chamies coenen

M

€<

25 Reorder.

Drag the Gusset1 and End cap1 features so they come before the

Mirrorl feature in the FeatureManager design tree.

26 Edit the Mirror features.
Edit the definition of both
Mirror features and include
the gusset and end cap in the
Bodies to Mirror list.

Gussets and End Caps
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Profile
Sketches

Tip

Custom Properties

140

27

28

29

30
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The profile sketch for a structural member is a library feature part that
contains only a sketch. You can create your own profiles to supplement
those provided with the system. The search path for weldment profiles
is controlled by Tools, Options, System Options, File Locations,
Weldment Profiles. The default weldment profiles supplied with the
software are located in install directory\data\weldment
profiles.

If you customize the weldment profiles or create new ones, it is good
practice to store the weldment profiles outside of the SolidWorks
installation directory. When performing a clean installation of
SolidWorks, the files in the installation directory will be deleted. If the
weldment profiles are stored outside this directory, they will not be
deleted and will still be available for use in the new installation.

The profile library parts should carry any custom properties that are
commonly used, unique to the profile, and that should be imported into
the cut list. For example, the profiles supplied with the software have a
custom property named Description.

Sketch.

Select the reference plane Top
of Frame and insert a sketch.
Sketch two lines as shown. Use
mirroring to make them
symmetrical with respect to the
origin.

Exit the sketch.

Insert a structural member.

Click Structural Member or,
click Insert, Weldments, Structural Member.

For Standard, select ansi inch and for Type, select angle iron.

Check the list of available sizes. The size we want is 3 x 3 x 0.25 but it
is not listed.

Click Cancel to close the PropertyManager.
Open the library part.
Click Open or click File, Open.

Set Files of type to Lib Feat Part (*.l1fp,*.sldlfp) and
browse to the folder: data\weldment profiles\ansi
inch\angle iron Selectthe part 3 x 2 x 0.25 and click
Open.

Profile
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Note

Profile Sketches

31

32

33
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Edit the sketch. ™~
Change the horizontal dimension |
from 2.00" to 3.00”. N

Sketch a centerline tangent to the \\
two arcs. 300 [ 1 \\

Insert a point at the midpoint of the
centerline.

Exit the sketch.

The centerline and point will be
used to position the structural
member later in this case study.

File, Save As.
Save the modified library partas 3 x 3 x 0.25.s1d1fp.

Custom properties.
Click File, Properties. Click the Custom tab.

Examine the information for the property name DESCRIPTION. In

the Value / Text Expression field, notice the use of associative

dimensions. This is what caused the description to update automatically
when the dimension was changed.

[ Swnnary Inloewation =lol
Surtmary.  Custom | Configuration Spechs |
[ | Bl Lt
Pruperly Same | Type | Walue / Text Ergression | Evihsated ¥alue |
BEEE [Test | DSkelchld = 2 % 0.25.5L0PRT % H_epdStell 3,00 X 3.00 % 25 |

=

o | ceed | e |
p

It is important to have a description associated with the profile because
this custom property will be used when the cut list is generated.

For more information about custom properties, see Custom Properties
on paae 146.
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Close the library part.

Insert a structural member.

Click Structural Member
Structural Member.

f@|or, click Insert, Weldments,

For Standard, select ansi inch.
For Type, select angle iron.
For Size, select 3 x 3 x 0.25. This is the profile we just created.

Select the path segments.

Click Locate Profile.
The profile sketch is shown in
color for clarity.

Rotate the profile.
Under Settings, enter 135° for the
Rotation Angle.

Position the profile.
Select the point that is at the midpoint of
the centerline.

Profile



SolidWorks 2005 Training Manual Lesson 4

Weldments

40 Click OK.

Working with
Weldments

Sub-weldments

Introducing: Create
Sub-weldment

Where to Find It

Tip

Working with Weldments

The results are shown in the illustration below.

This section addresses several topics:

Q Creating sub-weldments.

o Dealing with components that are not structural members such as
castings and bent metal brackets.

Q Saving solid bodies out to parts — whether individual bodies or sub-
weldments.

Sometimes it is necessary to break large weldments into smaller
sections. Typically this is done to facilitate transportation. These
smaller sections are called sub-weldments.

Sub-weldments are folders into which you put the associated solid
bodies. You can save a sub-weldment as a separate multibody part. You
can then make a drawing of the sub-weldment.

Q Right-click one or more solid bodies and select Create Sub-
weldment.

If you right-click on a body in the graphics area, Create Sub-
weldment does not appear on the shortcut menu. However, if you turn
on Filter Solid Bodies it will appear, and then you can create sub-
weldments directly from the graphics window. Since this is so handy,
you might want to customize the Weldments toolbar by adding the
Filter Solid Bodies [&]button.

Make sure the Weldments toolbar is visible on the screen. Click Tools,
Customize, Commands. Select Selection Filter from the Categories
list. Drag the Filter Solid Bodies button onto the Weldments
toolbar and click OK.
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Saving Bodies as
Separate Parts

Introducing: Insert
into New Part

Default Templates

Note

Where to Find It
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To incorporate components that are not structural members into a
weldment you should make an assembly. The weldment part would be
the first component in the assembly. Then you add the other
components such as castings or bent metal brackets. You use this
procedure for several reasons:

Q Castings. Castings are treated as separate parts, not bodies within a
part. It is much easier to produce the necessary drawings of a
casting if it is a separate part.

Q@ Bent metal brackets. In order to take advantage of the sheet metal
capabilities of the SolidWorks software, bent metal brackets should
be modeled as separate parts, not as a bodies within a weldment
part. This allows you to take advantage of the unfolding and flat
pattern tools within the sheet metal application. It also facilitates
making the necessary drawings of the brackets.

Q Bill of materials. The weldment, castings, and brackets would all be
listed as single items on a bill of materials.

You can save any solid body as a separate part file. You can also save a
sub-weldment folder as a multibody part.

Insert into New Part allows you to save individual structural members
(solid bodies) as separate part files. Each resulting part file is linked by
an external reference back to the source part - the weldment. A
Stock-<source part name> feature appears in the saved part.
This features carries the external reference. For more information about
external references, refer to the Advanced Assembly Modeling training
course.

Insert into New Part creates a new SolidWorks part. You have the
option of specifying a document template or allowing the system to use
the default template. This choice is determined by the settings in Tools,
Options, System Options, Default Templates.

If you select multiple structural members, the Cut List folder, or a
Sub-weldment folder, the saved part will be a multibody part with a
Stock feature for each body. This enables you to save a sub-weldment
as a separate part.

Any changes you make to the source part will propagate to the saved
parts.

Q Right-click what you want to save — the structural member or the

folder — and select Insert into New Part from the shortcut menu.

For more information about saving solid bodies as parts and
assemblies, see Saving Solid Bodies as Parts and Assemblies in the
Advanced Part Modeling book.

Working with Weldments
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Post-assembly
Machining
Operations

Feature Scope

Important!

Managing the
Cut List

Weld Beads
Balloons

Automatically
Generating the Cut
List

Introducing: Update
Cut List

Where to Find It

Note

Managing the Cut List

Lesson 4
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Use traditional cut features to remove material representing post-
assembly machining operations. Use the feature scope to control which
solid bodies are affected.

The Feature Scope allows you to select which e
bodies are affected by a feature. The Feature " &l bodin
Scope option exists in the following commands:

q Extrude Q@ Revolve @ =
Q Sweep Q Loft |
Q Cut with Surface qQ Thicken

Expand the Feature Scope group box. Clear the Auto-select check
box. Select the bottom half of the clamp and click OK.

For more information about feature scope, refer to the topic Feature
Scope in the Advanced Part Modeling book.

Be sure to suppress the cut features in the As Welded configuration.

A cut list is like a bill of materials for a multibody part. Like items are
grouped together in a special folder called a cut list item. These folders
inherit properties from the sketch profiles and the weldment feature. In
addition you can assign other properties as needed. For example, the
description of a structural member comes from the profile sketch.
Gussets do not have sketches. Therefore, to add a description for a
gusset, you add it as a custom property of the cut list item.

Weld beads are not put in a cut list item because you do not want them
listed in the cut list table on the drawing.

In order to create balloons on the drawing, the bodies must belong to a
cut list item.

SolidWorks can automatically generate the cut list. The system
identifies the bodies that are the same — have the same profile, length,
corner treatment, etc. — and groups them into cut list items.

In the weldment part you create one or more cut list items. This enables
you to insert a cut list table on the drawing and create balloons calling
out the various items on the drawing. The process of putting solid
bodies into cut list folders is automatic.

Q@ Right-click the cut List feature in the FeatureManager design
tree, and select Update from the shortcut menu.

If the resulting cut list is not as you want it, you can manually make
changes by dragging and dropping solid bodies from one folder to
another. However, this will cause the system to disable the automatic
update. You will still be able to manually create cut list items by right-
clicking one or more solid bodies and selecting Create cut list item
from the shortcut menu.
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41 Generate the cut list.

Right-click the cut List feature in the

FeatureManager design tree, and select Update from
the shortcut menu.

The system automatically generates the cut list items.

42 Renaming the cut list items.

The default cut list item names are not very descriptive.
Use the following table as a guide for renaming the cut

list items.

= B e ustion
5 ] Cutis-lmema{z)
5] Cut-is-lania2)
B ] Cutis-lan4)
3] CutLis-mema4)
2 ] Cuttim-mans{4)
5] Cutbist-leni4)
B ] Cutis-lam A4
B ] Cutis-Tani()

] Fiber et
[ mrreei]
[ mrrcet]
[ marcrctu]

Name of Cut List Item

Selected Bodies

Name of Cut List Item

Selected Bodies

SIDE TUBES

FRONT/REAR TUBES

ANGLED BRACES

LEGS

FPr
B
B
B

RAILS BASE PLATES
END CAPS GUSSETS
Custom Custom properties can be assigned and controlled from three different
Properties sources:

Q The profile sketch: You should assign to the profile sketch any
properties that are commonly used, unique to the profile, and that
you want inherited by the cut list item. An example is
DESCRIPTION as was seen in step 33 on page 141.
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Q The weldment feature: The properties assigned to the weldment
feature are inherited by all cut list items. This allows you to assign a
property with a “default” value. Then you can simply edit the value
for each cut list item. An example would be COST with a value of
TBD (to be determined).

Q The cut list item: The cut list item inherits custom properties from
the profile sketch and weldment feature. You can assign additional
properties or edit the values of the existing ones. For example, you
can add the property WEIGHT and link it to the part’s mass
properties. The system correctly computes the weight of the first
solid body in the cut list item. In addition, the system computes and
adds the properties LENGTH and ANGLE.

In SolidWorks 2005 only one material can be assigned to a part. It is
not possible to assign different materials to separate bodies. This single
material will be used in all calculations involving density.

The list of properties associated with weldments is maintained in the
weldmentproperties.txt file. Itis located in
install directory\lang\<language>\weldments.

Most drafting departments have standards regarding capitalization of
text in tables and other annotations. The format of the weldment
properties text file determines how the properties appear in the cut list
table on the drawing. If necessary, reformat the text file to meet your
needs.

Define the material.
Right-click Material feature in the FeatureManager design tree, and
select Plain Carbon Steel from the shortcut menu.

Custom properties.

Right-click the cut list item Angled Braces and select Properties.
The LENGTH property was computed automatically and added by the
system. This represents the cut length of the structural member. You
cannot change it or delete it. Likewise the ANGLE properties were
computed and added by the system.

The DESCRIPTION property is inherited from the sketch profile.
Click in the empty cell in the Property Name column and select
WEIGHT from the list of properties. In the Value / Text Expression
field, select Mass. The field will be filled in with the expression:
"SW-Mass@@@Angled Braces@Conveyor Frame.SLDPRT".
The Evaluated Value reads 6.965.

Click OK.
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Add the WEIGHT property to the remaining cut list items. If you do
not, the weights of the other cut list items will not be displayed in the
cut list table on the drawing (see step 55). Only the Angled Braces
cut list item will have a weight displayed.

Description for Base Plates cut list
item.

Right-click the Base Plates cut list item
and select Properties.

From the list of properties select
DESCRIPTION. Click in the Value field.
Double-click the P1ate feature to display its
dimensions.

Select the .750" dimension. Type a space. Then
type: IN. PLATE.

The value should read: 4000
"Dl@Plate@Conveyor Frame.SLDPRT" IN. PLATE.
Click OK.

At this time you would continue this process to add or edit any of the
properties associated with the cut list items. For example, you would
add descriptions to the gussets and end caps. Since they have no profile
sketches a description is not supplied automatically.

Descriptions for End Caps and Gussets cut list items.
Repeat the procedure in step 45 for the End Caps and Gussets cut
list items. The end caps are .25” thick and the gussets are .375”.

Making a drawing of a weldment is the same as making a drawing of
any other part but with two exceptions:

@ Adding views of individual solid bodies.
Q@ Adding a cut list table.

This section is not intended to be a comprehensive treatment of
drawing production. The intent is only to illustrate those topics that are
unique to weldments. For a thorough discussion of creating engineering
drawings you should attend the course SolidWorks Essentials:
Drawings.

148
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Setup.
Click Tools, Options, System Options, Drawings, Display Style.
For Tangent edges in new views, select Use font.

Click OK.

Weldment Drawings
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48 Create a drawing.
Click Make Drawing from Part on the Standard toolbar. Click the
Training Templates tab. Select the C_Size ANSI Inch template
and click OK.

Under Orientation select Isometric. Under Scale, click Use custom
scale and set the scale to 1:4.

Position the view on the drawing. Click Shaded with Edges

[] [] 1 B

vl or gy |

o

Drawing Views of When you create a relative view, if you select both orientation faces
Individual Bodies from the same body, you specify whether you want the view to be of
the selected body or the entire part. The default is the selected body.

49 Relative view.
Click Relative View on the
Drawing toolbar.

Press Ctrl+Tab to switch back to the
part document window.

Make sure First orientation is set to
Front and select the front face of the
angled brace as shown.

Weldment Drawings 149
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50 Second orientation.
Set Second orientation to Bottom.
Rotate the view and select the face
shown.

Click OK.

The drawing document window
automatically appears.

51 Scale.
Select Use custom scale and set the scale to 1:4.

Position the view on the drawing as shown below and click OK to close
the Relative View PropertyManager.

[] [] ] [] [ [] [] 1 [

S o or Fromey -

e

Note Currently Insert, Model Items does not work on single body views.
This is because dimensions are associated with a feature, not a bodly.
For example, in step 10 on page 131 when we created the leg and
angled brace, one structural member feature created two solid bodies.
Subsequently, the angled brace was mirrored creating a total of 4 solid
bodies. At this time there is no way to associate the dimensions from
the profile sketch (which was normal to the path segment of the leg)
and display them correctly in a drawing view of the angled brace.
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52 Projected view.

Click Projected View on the Drawing toolbar. Select the view of
the angled brace and position the projected view above it as shown
below.

! ‘
Pt vy Frame |
T

i

Cut List Tables

Where to Find It

Insert a cut list table to create a list of the components in the weldment.
The properties associated with the cut list items are imported into the
table.

Q Click Weldment Cut List n the Table toolbar.
Q Or, click Insert, Tables, Weldment Cut List.

Weldment Drawings

53

54

Setup.
Click Tools, Options, Document Properties, Annotations Font.
Click Tables and set the font to 14 pt. Century Gothic. Click OK.

Cut list table.
Click Weldment Cut List on the Table toolbar, or click Insert,
Tables, Weldment Cut List.

Select the isometric view of the weldment.

Under Table Anchor, select Top Left [E]and select Attach to
anchor.

Click OK.
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The table appears in the upper left corner of the drawing.

In step 44, if you did not add the WEIGHT property to all the cut list
items, then only Angled Braces, will have a weight displayed in the

table.

e O Fogemig |

o

Cut List Table
Commands

152

There are several specialized commands for working with cut list
tables. They are accessed by right-clicking in the table and selecting the
command from the shortcut menu. The commands are:

Q Insert Q Select
Column Right Table
Column Left Column
Row Above Row
Row Below
Q Delete Formatting
Table Column Width
Column Row Height
Q Sort Split
Ascending Horizontally Above
Descending Horizontally Below
Vertically Left
Vertically Right
Q Merge Save as Template

Weldment Drawings
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56 Add acolumn to the table.

Right-click in the column labeled LENGTH and select Insert, Column
Right.

In the PropertyManager, click Cut list item property and select
WEIGHT from the list.

57

Click OK.
ITERA N O, QTY. DESCRIPTION LEMGTH WEIGHT
| 2 TURBE, S0 LARE 2,00 X 2,00 ¥ 25 2%.5 21577 |
2 2 TUBE, S(3UARE 2.00 X 2,00 X 25 30 21557
3 4 TUBE. S UARE 2,00 X 2,00 X 25 12544 L.9ER
4 4 TUBE. S UARE 3.00 X 300 X 25 16,25 115546
5 4 00 INLPLATE 4.8
[ 4 AT5S M. PLATE 1.7%6
T 4 R0 IN. PLATE 0,524
-3 2 L300 X 300 X 25 34 14.574

Add a second column to the table.
Right-click in the column labeled DESCRIPTION and select Insert,
Column Left.

In the PropertyManager, select Cut list item name.
In the Title field edit the text if desired and click OK.

MERA M, QT . CUT LIST HARME DESCRIFTION LEMGTH WEIS HT

I 1 2 SIDE TUBES TUBE, SCIUARE 3.00 ¥ 3,00 X 25 225 2102
2 2 FROMT/REAR TUBES TUBE. St UARE 2,00 ¥ 300 X .25 20 21887

| 3 4 AMGLEL BEACES TUBE, SCIUARE 3.00 X 3,00 X 25 12.544 6.P60
4 A LEGS TUBE St UARE 2,00 ¥ 300 X .25 16,25 11056

I 5 4 BAZSE PLATES 500 IM.PLATE 4. BT
& 4 CFUESETS 380 M. FLATE 1.794

I 7 4 EMD CAPE 250 |M. PLATE 0.5
8 K FAILS L 300 ¥ 300 X i 14.524

Formatting the Table

Tip

Weldment Drawings

There are two ways to change the height of a row and the width of a
column. You can:

@ Drag the cell boundary lines. Position the cursor over the cell

boundary line. The cursor changes to I##1 if you are resizing the

i

column width, or £ if you are resizing the row height. Drag the cell
boundary line to the desired position.

Right-click in the cell and select Formatting, Column Width or
Formatting, Row Height. A dialog box will appear. Enter the

appropriate value and click OK.

To change the height of all the rows at once, select the table. Right-
click in the blue border. Select Formatting, Row Height. The value
will be applied to all the rows except the header.
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58 Resize columns and rows and desired.

ITEM N, 158 CIUT LIST MARE DESCRIPTION LEMGTH WEIGHT
1 F SIDE TURES TLIRE, SGLUAKE SU00 X 300 X 20 a 2102
2 2 FROMT/REAR TUBES TUBE, SGUARE 3,00 X 300 X .25 30 21887
a 4 ARG LED BEACES TLIHE, S(2LUAKE GU00 X 300 X 25 124046 ]
4 4 LEIGS TUBE, S UARE 3,00 X 300 X .23 16,25 11836
5 4 BASE PLATES S00 IM_PLATE 4 BT
i 4 SUSSETS gl FLATE 1776
7 4 EMD CAFS 250 1M, PLATE 0724
[} i A LS LS00 X300 K 3D i 14,504

59 Set up balloon options.
Click Tools, Options, Document Properties, Balloons.
Under Single balloon, click Circular Split Line.

Under Balloon text, set Upper to Item Number and set Lower to
Quantity.
Click OK.

60 Add balloons.

Click Balloon __on the Annotation toolbar. Add balloons to the
isometric view arrange them as desired.

-
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61 Save and close all files.
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Pipes and
Tubing

3D Sketching

Subset of Sketch
Entities and
Relations

Space Handle

Reference Planes

Where to Find It

In this section we will examine some final aspects
of weldments:

Q 3D sketching

Q Benttubes

Q Special trimming situations

@ Combining sheet metal and weldments
@ Intearatina weldments into assemblies

As the name implies, the entities in a 3D sketch are not constrained to a
single plane as they are in a traditional 2D sketch. This makes 3D
sketches very useful for applications such as weldments. However, 3D
sketching can sometimes be a bit of a challenge.

There are fewer entities and sketch relations available in 3D sketches
compared to 2D sketches. For example, only lines, sketch fillets, sketch
chamfers, reference points, and splines are available in 3D sketches.
The circle, arc, and rectangle tools not available nor is mirroring.
Likewise, certain sketch relations such as the equal relation are not
available in 3D sketches. However, other relations such as ParallelYZ,
ParallelzX and AlongZ are only available in a 3D sketch.

When working in a 3D sketch, a graphical assistant is
provided to help you maintain your orientation while : ;%
you sketch on several planes. This assistant is called a __u;'
Space Handle. The space handle appears when the
first point of a line or spline is defined on a selected

plane. Using the space handle, you can select the axis along which you
want to sketch.

By default, you sketch relative to the default coordinate system
(Front reference plane) in the model. To switch to one of the other
two default planes, press Tab while the sketch tool is active. The origin
of the current sketch plane is displayed.

One of the keys to successful 3D sketching is to plan ahead and
predefine a number of reference planes that will help vou sketch.

o Click 3D Sketch [#2]on the Sketch toolbar.
Q Orclick Insert, 3D Sketch.

New part.
Create a new part with units inches.
Name the part Frame.
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Reference planes. T
Create three reference planes as shown in the . Pidnel
illustration at the right. Notice the use of Link
Values for Plane2 and Plane3.

Open a new 3D sketch.

Click the 3D Sketch tool to start a new 51 500
sketch.

Select the reference plane.

Select P1ane2. Preselecting the plane shifts the
space handle to that plane from the default iy
plane. S

e B

< Plaad

@ 12500 |-
e

[

Sketching aline.

Flcire |
Click the Line tool . The space handle appears niz
on Plane2. Starting at the origin of the space !
handle, sketch a vertical line approximately 40"
long.

Plamed
Angled line. g
Sketch a second line at an angle to the first as L S
shown in the illustration. We are still sketchingon |/ = .
Plane2. L, ldine]
+
]
Plornakd
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7 Reorient the space handle. . b
Press the Tab key to orient the space h
handle as shown. Sketch a line .
approximately 25” long. )(H

Note The X axis of the space handle is oriented /S pidnen Ty e
parallel to the Z axis of Plane2. Thisis Vi
why the inference symbol next to the
cursor indicates the relation AlongZ %

Plearsd

8 Add relations.
Add a Horizontal relation between the bottom R
end of the first line and the part’s origin. =

Add a Coincident relation between the third riane]
line and Planel.

Add a Coincident relation between the end of
the third line and P1lane3s.

xs

Note The graphics have been enhanced for
illustration purposes. Only the callouts for the
relations being applied in this step are shown.

[ erz

Plr:u'f?
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9 Resume sketching.
Select P1ane3. The space handle appears
on Plane3s.

Click the Line tool . The space handle
appears on Plane3. Starting at the origin
of the space handle, sketch a vertical line
approximately 40" long.

Sketch a second angled line ending it so
that it is Coincident with the end of the
horizontal line.

NE rigid

10 Add relations.
Add a Horizontal relation between the bottom
end of the vertical line and the part’s origin.
Verify that a Coincident relation exists between
the endpoint of the vertical line and P1ane3.
Add a Horizontal relation between the
uppermost ends of the two vertical lines.

Add a Parallel relation between the two angled
lines.

Note The graphics have been enhanced for illustration
purposes.

Flgre2

Plefires

Llgried
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11 Add dimensions.
Add the dimensions shown to fully define
the sketch.

A2 000

12 Add fillets. R iy —,
Fillet the four sharp corners with 4”

radius fillets.

. . . R 00
Note The reason there is a dimension on

each of the fillets is because 3D
sketches do not have the Equal
relation.

13 Exit the sketch. 42000 -

14 Weldment profile.
Rather than take the time to create a
custom weldment profile, copy the
seamless tube folder from the ’
Case Study folder of this lesson and
put it in the data/weldment
profiles folder in the SolidWorks installation directory.

Note To review creating a custom profile, please see Profile Sketches on
page 140.

15 Preselect the path.
Right-click the vertical line and select Select Chain from the shortcut
menu.
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Insert the structural member.

Click Structural Member or, click Insert,
Weldments, Structural Member.

For Standard, select ansi inch.
For Type, select seamless tube.

For Size, select 1.050 o0.d. x 0.100 wall.
Since the path segments were preselected, the
preview appears automatically.

Select the Merge arc segment bodies
checkbox.
Then click OK to create the structural member.

When the path consists of a series of lines and arcs, the option Merge
arc segment bodies appears in the PropertyManager. Whether or not
this option should be checked depends on how the weldment will be
fabricated.

If the weldment is fabricated using bent tubing, the option should be
checked. This will give you a model where each bent tube is a separate
solid body.

If the weldment is fabricated using elbows and straight tubes, the
option should be cleared. This will give you a model where each
straight segment is a separate body and each arc segment (elbow) is a
separate body.

Next Step

160

18

Results.
The structural member is represented as a single
solid body.

Next we will create the sketch for the second
structural member.

(€
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19

20

21

22

23

Reference planes.

Create three reference planes as shown in
the illustration at the right. Notice the use of
Link Values for Plane6 and Plane?7.

2D sketch.
Select P1ane6 and open a 2D sketch.

Hide solid bodies and show sketch.
Right-click the cut List folder and select
Hide Bodies from the shortcut menu.
Verify that the 3D sketch is showing.

Change view.
Change to the Right view.

a4 500

F..r !-i_lf f
(" lﬂlc na?

Sketch a circle. »
Sketch a 1.050” diameter circle and position it as 4
shown. The center of the circle is Coincident /
with the vertical line in the 3D sketch.

The hand truck has a movable platform (the fold
nose extension) that folds up as shown below.

The circle will be used to determine the angle of
the structural member so it is bent back far @B 1050 ——
enough to provide clearance when the platform is \
in the up position.

20500

Extension in down position Extension in up position
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24 Continue sketching.
Starting at the sketch origin, sketch a
vertical line approximately 5” long.
Then sketch the remaining lines and
tangent arc as shown.

=

1050 =

25 Add relations. ‘
Add a Coradial relation between the tangent PN
arc and the 4” fillet in the 3D sketch. I ~

Add a Parallel relation between the uppermost ' \ ¢
line and the angled line in the 3D sketch. B ,

Add a Pierce relation between the end of the }
angled line and the horizontal line in the 3D {
sketch.

Note Only the relations being added are shown in this illustration. Other
relation callouts such as Tangent were removed for clarity.

26 Fully define the sketch.
Add a Coincident relation between the
uppermost sharp corner and Planes.
Dimension the vertical line so it is 4”
long.

Insert 4” fillets on the two sharp
corners. Be sure the option Keep
constrained corners is selected.

27 Exit the sketch. @
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28 Derived sketch.
Select the 2D sketch and Plane?7.
Click Insert, Derived Sketch.

29 Fully define the sketch
Add a Coincident relation between the lowermost
end of the vertical line and the origin.

Add a Collinear relation between the vertical line
and the Front reference plane.

30 Exit the sketch.

31 Insert two structural members using 1.050” o.d.
seamless tube.

This has to be done in two operations because the
paths are not connected to each other.

Tip Preselect the path by right-clicking the first path segment and picking
Select Chain from the shortcut menu.

32 Trimming structural members.

Click Trim/Extend E or, click Insert,
Weldments, Trim/Extend. ¥

For Corner treatment, select End TrirEI

For Bodies to be Trimmed, select Structural
Member2 and Structural Member3 that were
created in the previous step.

For Trimming Boundary, click Bodies and select
Structural Memberl.

Click OK. The results are shown below.

Close-up of trimmed body
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New 2D sketch.

Right-click the cut List folder and select Hide
Bodies from the shortcut menu.

Verify that the three path sketches are showing.
Select P1anes5 and open a 2D sketch.

Sketch three lines as shown. The ends of the lines
are constrained to the 3D sketch and the arcs in the
two 2D sketches using Pierce relations.

Structural member.
Exit the sketch and insert a structural member using
1.050” o0.d. seamless tube.

Trimming structural
members.

Click Trim/Extend [EP|or, click
Insert, Weldments, Trim/
Extend.

For Corner treatment, select
End Trim .

For Bodies to be Trimmed,
select body as shown in the
illustration.

For Trimming Boundary, click
Bodies and select the three
bodies as shown in the
illustration.

Click OK.

Structural Member4 consists of three separate solid bodies. When
they were created they were automatically trimmed with respect to
each other. (Picture #1) When you trim one of the bodies in a structural
member, you must select all the bodies that intersect with it. If you do
not, vou will get the result shown in Picture #3.

Body to be trimmed

Picture #1 Picture #2 Picture #3
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36 Repeat trimming.
Trim the remaining two segments of Structural Member4.

Trimming bodies Trimming bodies

Body to be trimmed Body to be trimmed

37 New 2D sketch.
Select the Right reference plane and
create the sketch shown in the illustration
at the right. R4 000

38 Insert a structural member and trim.
Once again use 1.050” o0.d. seamless tube.

39 Pivot hole.
Create a sketch on the Right reference
plane as shown. Extrude a Through All cut
in both directions.

i 28F ——.

— 2Ed
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Note

41

42
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Create a sketch on the Right reference
plane as shown. Extrude a Through All cut
in both directions.

w188

The solid bodies were made transparent for
illustration purposes.

Hole for retaining pin. @® 245
Create a 2D sketch on P1lane2 as
shown. The center of the circle is
Coincident with the Front
reference plane and 15.125"
above the Top reference plane.
Extrude a cut using the Up To
Next end condition in both
directions.

Save the part. Front Pl

l- T8RP lar=

Weldments and
Sheet Metal in

Weldments can be built using top-down assembly modeling techniques
in the same was as any other part.

Assemblies
43 New part.
Create a new part with units inches.
Name the part Toe Plate.
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44 Sketch.
Create a sketch on the Front reference
plane as shown. Front Plane

10 S0

8000 1

45 Base flange.
Extrude a base flange a depth of
26" using the Mid Plane end
condition. For Thickness use
0.125". For the default Bend
Radius, use 0.125".

The material should be added to the
inside of the sketch as shown
below.

46 Cutout.
Create a cutout in the Toe Plate
as shown. Use the end condition
Blind with the Link to thickness
option.

47 Create an assembly.
Click Make Assembly from Part/
Assembly and select the
Assembl template.

In the Part/Assembly to Insert
list, make sure the Toe Plate is selected.
Click OK to insert the component at the origin.

48 Save the assembly.
Name the file Extra Wide Fold Nose Truck.
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49 Insert a component.

Click Insert Components Add the Frame

component to the assembly and mate it as follows:

Q Right reference plane of the Frame is
Coincident with the Front reference plane of
the assembly.

Q Vertical face of the Toe Plate is Tangent to
the cylindrical face of the Frame.

Q Horizontal face of the Toe Plate is
Coincident to the bottom face of the structural
member of the Frame.

50 Insert a component.

Click Insert Components Click Browse and
select the Fold Nose Extension.

Mate the component as follows:

Q Right reference plane of the Fold Nose
Extension is Coincident with the Front
reference plane of the assembly.

Q The hole in the bottom of the Frame is
Concentric with the hole in the Fold Nose
Extension as shown below.

51 Collision detection.

Click Move Component
Under Options, select ]
Collision Detection. Verify
that the Stop at collision
option is also selected.

Drag the Fold Nose
Extension between its
lower and upper limits of
motion.

Leave the Fold Nose
Extension in its uppermost
position and turn off the Move Component command.
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52

53

54

55

56

57

58
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Add a mate.

Add an Angle mate of 0° between the Top reference pane of the Fold
Nose Extension and the Right reference plane of the assembly.
This ensures the Fold Nose Extension is in the correct position
prior to making the hole for the retaining pin.

Test the mate.

Change the angle value to 90°. Be sure the Fold Nose Extension
moves to the correct position when you rebuild the assembly. If it
moves the wrong direction, flip the direction of the dimension.

When finished testing, change the value back to 0°.
Edit the part.
Select the Fold Nose Extension and click Edit Component

Hole for retaining pin.
Create a 2D sketch on
Plane2 as shown.

In the FeatureManager design
tree, expand the listing of the
Frame and select the sketch
for the retaining pin hole.

Click Convert Entities

to copy the selected sketch
into the active sketch as
shown below.

FJ |{El |

Extrude a cut.
Use the Up To Next end condition in both directions.

Edit assembly.
Click Edit Component to switch back to Edit Assembly mode.

Suppress the mate.
Suppress the Angle mate that was created in step step 52.
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59

60

61

62

63

64

65

66
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Drag the component.

Drag the Fold Nose Extension and
rebuild the assembly. The cut feature for
the retaining pin hole in the Fold Nose
Extension is flagged with an error.
This is because the location of the hole
was defined in the context of the
assembly. While in-context features are
very handy, they can cause some problems if the components they are
in are supposed to move.

The solution is to remove the external references on the cut feature.

Unsuppress the Angle mate.
This returns the Fold Nose Extension to its upright position and
the cut feature rebuilds correctly.

Open the Fold Nose Extension.
Right-click the Fold Nose Extension and select Open Part from
the shortcut menu.

Edit sketch.

Edit the sketch of the

cut feature (the

retaining pin hole). |
Click Display/Delete

Relations . Thereis

only one reJéipn: On

Edge.

Remove the external

references.

Delete the On Edge relation. The Fold Nose Extension now has
no external references.

Fully define the
sketch.

Dimension the sketch as
shown. In addition, add
a Coincident relation
between the center of
the circle and the Top
reference plane.

Save and close the
part.

Return to the assembly.
Change the value of the Angle mate to 90°.
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67 Insert a sub-assembly.

Click Insert Components Click Browse and select the Wwheel
and Axel Assembly.

Mate the sub-assembly as follows:

Q Front reference plane of the Wheel and Axel Assembly IS
Coincident with the Front reference plane of the top-level
assembly.

Q Top reference plane of the Wheel and Axel Assembly isa
Distance of 5.5” from the Top reference plane of the top-level
assembly.

Q Right reference plane of the Wheel and Axel Assembly isa
Distance of 5.5” from the Right reference plane of the top-level
assemblv.

68 Insert a component.

Click Insert Components
Add the Brace component to the
assembly and mate it as follows:

Q Cylindrical face of the Brace is
Concentric with the cylindrical
face of the Axel.

Q Front reference plane of the
Brace is Coincident with
Plane?2 of the Frame.

Q Top reference plane of the
Brace is Parallel with the Top
reference plane of the assembly.

69 Edit the part.
Select the Brace and click Edit Component
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70 Create a 2D sketch on the Front ]
reference plane of the Brace.

Select the outside edge of the cylinder and a
click Convert Entities . ‘
Sketch two lines Tangent to the _ ~ \
converted edge and Coincident to the 1700 i i
silhouette edge of the Frame. /' 3 1
Trim the converted edge as shown: /f N

A part such as the Brace can be modeled as a structural
member (a weldment) or as a sheet metal part. In fact, the
sketch we just created can be used either to extrude a base
flange or as the path for a structural member. So based on
sketching requirements, there is no difference between the
two approaches. So, which approach is better?

Q How is the part going to be fabricated?
Generally weldments consist of multiple structural
members that are cut and then welded together. The
weldment tools in SolidWorks excel at creating the
complex cuts such as we saw in the tubing of the
frame of the hand truck.

This part would be a single structural member —a
piece of bar stock or strap iron, cut to some length and
bent at some radius and angle. No trimming is required.

Q What are the drawing requirements?
Is a flat pattern required? As a sheet metal part we can easily create
the flat pattern.

So in this case, using a weldment offers no advantages whereas a sheet
metal part aives us the added benefit of the flat pattern.
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71 Base flange.
Extrude a base flange a depth of 1" using
the Mid Plane end condition. For
Thickness use 0.25”. For the default
Bend Radius, use whatever value
appears by default. The bend radius is
determined by the radius of the arc in the
sketch.

Clear the Merge result checkbox.
The material should be added to the
outside of the sketch as shown below.

Reusing In-context  You must use caution when reusing parts that are modeled in the

Parts context of an assembly. If the Brace was to be used in another hand
truck, changes to the assembly where it was built would cause
unexpected changes to the instance of the Brace in the other
assembly.

Important! If a component is going to be used in several different assemblies, you
should not create external references.

In this case, a second instance of the Brace is going to be added in the
same orientation as the first — just located on the opposite side of the
hand truck. So a change such as changing the distance mates on the
Wheel and Axel Assembly will not cause any problems. Both
instances will chanae toaether.
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72 Insert a component.

Click Insert Components
Add the Brace component to the
assembly and mate it as follows:

Q Cylindrical face of the Brace is
Concentric with the cylindrical
face of the Axel.

Q Front reference plane of the
Brace is Coincident with
Plane3 of the Frame.

Q Top reference plane of the
Brace is Parallel with the Top
reference plane of the assembly.

73 Results.

74 Save and close all files.
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Exercise 12:
Creating a
Weldment

Procedure

Exercise 12

Create this evaporator support weldment by following the steps given.

This lab reinforces the following skills:

Creating structural members.

Modifying profile sketches for structural members.
Creating sub-weldments.

Creating cut list items.

Q Creating drawings of weldments.

Units: Feet & Inches

Q
Q
Q
Q

Open a new part using the Part IN template. Change the units to
Feet & Inches.

Define sketch plane.
Create a reference plane offset 3'-3” above the Top reference plane.

3D sketch for top of frame and one leg.
Sketch a rectangle for the top of the frame and a line for the leg as
shown in the illustration below.

-2
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3 Structural member - C Channel.
Use ANSI 5 x 6.7 C channel and insert a structural

member using the rectangle in the 3D sketch. T’ ~ay

Rotate and locate the profile as shown.

Depending on how you drew the lines the profile may
be positioned at the other end of the line.

5

4 Select remaining .

sketch segments. _
Clear the Apply corner e
treatment check box. y

Click OK.

5 Profile sketch. —~

The legs are 3x 3 x 0.25
angle iron. This is not one
of the default profiles. You
will have to create the
profile.

Open the library part for
the 3 x 2 x 0.25 profile.
Modify the sketch as
shown and save it as a /

library part named \/ ? —l 0002 —

3x3x0.25. -\L
Make sure the file - — ' ]
properties correctly reflect = . T B
the new dimensions and new file name.
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Note

Exercise 12

6

Insert the structural member for the leg.

Use the 3 x 3 x 0.25 angle iron profile that

was created in the previous step.
Locate the sketch as shown.

The sketch is shown in color for clarity.

Make the reinforcing plate.
A gusset feature will not work here
for two reasons:

Q The shape of the profile doesn’t
match either of the two that are
available with the gusset
feature.

Q To insert a gusset you must
select two planar faces whose
included angle is between 0°
and 180°. The faces must touch
each other and must belong to
separate bodies. Those
conditions do not exist in this
situation.

Create the sketch as shown.
Extrude it to a depth of 1/4”.

459
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8 Sketch for the angled brace.
Open a sketch on the rear face of the reinforcing plate. Sketch a line as
shown below. Note the various geometric relations necessary to fully
define the sketch.

9 Structural member.
Use 2 x 2 x 0.125 angle iron.

Note the orientation of the profile as shown
in the reverse isometric view below.

10 Foot pad.
Create a foot pad using the

dimensions shown at the 15
right. lj“u,
Optional Add a weld bead between f 4..f

the foot pad and the leg.

. ‘{‘f
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Note

Exercise 12

11

12

13

Mirror.
Mirror the leg components with respect to the Front reference plane.
The results are shown in the illustration below.

From Elane

Cross brace. 1"
Sketch a polygon and 1

dimension it as shown. T ﬁ

Extrude it to a depth of 1/4”. L A

The cross brace could have g

been created as a structural

member. However, that

would have required creating 12
a profile sketch and adding it .

to the weldment
profiles folder. Also, the o
sketch for the path would f
have been a single line, not a rectangle.

Repeat.

Make a second cross brace on the
inside face of the legs.

5 l |
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14 Hole Wizard.
Use the Hole Wizard to make a clearance
hole for a 7716” bolt through the two cross
braces.

15 Mirror.
Mirror both sets of leg components with respect to the Right
reference plane.

The results are shown in the illustration below.

Fight Flane

180 Exercise



SolidWorks 2005 Training Manual

16 Bolt holes. .
Use the Hole Wizard to =
add clearance holes for
7/16” bolts as shown in I
the illustration below.

Note The Hole Wizard does not
have a feature scope to
control which bodies are
affected by the holes.
Therefore, do not use the
end condition Through
All. Use a Blind hole with
a Depth of 1”.

ottt ot i e it il o gl

17 Mirror the bolt holes.
This requires two mirroring operations. Once with respect to the
Front plane and once with respect to the Right plane.

Note The leg components and the bolt holes have to be mirrored separately
because the Mirror command does not support mirroring solid bodies
and features in the same operation.

Exercise 12 181



182

18 Sub-weldment.

Create a sub-weldment of the
bodies that are shown highlighted
in the illustration at the right. The
sub-weldment consists of:

19

Q

o 0 0 0 DO

The 2°-9” long C channel that
forms the end of the upper
frame.

Two legs.

Two reinforcing plates.

Two cross braces.

Two foot pads.

Any associated weld beads.

Repeat.

Create a second sub-weldment
identical to the first using the
components at the other end of the
evaporator support.

SolidWorks 2005 Training Manual
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20 Generate the cut list items.
There should be three cut list items as shown in the following

illustrations.

In order for the sub-weldments to be listed in 5] Leg Sub-weldments
the cut list table on the drawing, they have to be -] Sub-weldment 1(5)
in a cut list item. -] Sub-weldment 209

Q@ Name the cut list item shown below Leg Sub-weldments.

Q Name the cut list item shown below Front /Rear Rails.

Exercise 12
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Q@ Name the cut list item shown below Angled Braces.

21 Add the material.
Assign the material Plain Carbon Steel to the weldment.

22 Properties.
Verify that the properties associated with the cut list items are correct.
DESCRIPTION should be imported from the profile sketch of the
structural members. LENGTH is computed by the system when the cut
list items are created.

Add the property WEIGHT to the cut list items.

23 Properties.
The cut list item containing the sub-weldments does not inherit any
properties. Manually add the property DESCRIPTION and give it the
value “LEG ASSEMBLY”.
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24 Create a drawing.

Click Make Drawing from Part on the Standard toolbar. Click the
Training Templates tab. Select the C Size ANSI Inch template

and click OK.

Under Orientation select Dimetric. Under Scale, click Use custom
scale and set the scale to 1:8.

Eveminaton Supgean | B

| -} Y t‘ir"ww: I-II-I:
25 Add the cut list table.
MEAA MO, Q. DESCRIPTICON LEMTH WEIGHT
1 o O CHAMMEL 5% 6.7 A 44,318
z 4 Lo" 2™ w /e 1ug" 2A47
a z LED ASSEMBLY
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26 Add balloons.

------

ey ponaton pgeat |

i

27 Save the sub-weldment as a separate file.
Switch back to the weldment part.

Expand the cut list item that contains the two sub-weldments.
Right-click one of the sub-weldments and select Save to File.

Name the file Evaporator Support - Leg Sub-weldment.
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28 Make a drawing of the sub-weldment.
Add a C-size sheet to the existing drawing.

Add three orthographic views and a dimetric view of the sub-
weldment. Use a Scale of 1:8.

]

¥ = T - T - .3 ¥ T = 1.3

29 Add arelative view of the reinforcing plate.
Use a Scale of 1:2.

]
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30 Create cut list items for sub-weldment.

Switch to the sub-weldment part document and generate the cut list.
Use the following table as a guide for renaming the cut list items.

Name of Cut List

Name of Cut List

Selected Bodies Selected Bodies
ltem ltem
SIDE RATIL, LEGS
UPPER FRAME
CROSS BRACES FOOT PADS

REINFORCING
PLATES

Properties on Sub-
weldments

188

Currently the custom properties such as Length and Description that
are normally associated cut list items do not propagate to the part that is
derived from the sub-weldment. Therefore, you have to add the
properties manually in order to properly generate the cut list table on
the drawing.
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31 Add properties.
Add the properties DESCRIPTION, LENGTH, and WEIGHT.

32 Add acut list table to the sub-weldment drawing.

=T v i | W

4|4

L]

o
o
-

33 Add balloons.

(&
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Exercise 13: Create this set of moveable warehouse steps by following the
Bent Tubing, procedure given.
Sheet Metal,

and Assemblies

This lab reinforces the following skills:

Creating structural members for bent pipe and tubing
Solving special trimming situations

Creating sheet metal parts

Combining sheet metal and weldments

Integrating weldments into assemblies

Units: Inches

o 0 O 0O

o

Procedure The first part we will create is the stair tread. It will have two
configurations: one 10 inches deep and one 7 inches deep.

1 New part.
Create a new part with units inches. Name the part Tread.
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Extrude.

Sketch a rectangle 10
inches by 24 inches.
Extrude it a depth of 1
inch.

Shell.

Shell the part using a
thickness of 0.0625".
Remove the face from the
underside of the part.

Rip.

Rip the part, creating gaps
at the four corners as shown
in the illustration. Use a gap
of 0.125".

Insert bends.

Select the face shown and
click Insert Bends \
For Bend Radius u
0.0625".

Edge flange.

Create an edge flange 0.375” long at an
angle of 90° as shown. Be sure to position
the flange so the material is inside so as not
to exceed the 1” height of the tread.

Fixed Face
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7 Configurations.
Make a new configuration
and modify the
dimensions so that the
tread measures 7" by 24”.

8 Save the part.

Optional Metal stair treads
typically have some sort
of formed feature to
provide a non-slip
surface. You can drag and
drop a counter sink
emboss feature from the
Design Library and
pattern it. However, for
performance purposes, it
is wise to make two additional, derived configurations that have these
features suppressed.

The Frame The next part we will
build is the frame for the
stairs. We will build one
side frame, mirror it, and
then add the structural
members that connect the
two sides.

1 New part.
Create a new part with units inches.
Name the part Frame.

192 Exercise



SolidWorks 2005 Training Manual

2 Reference plane.
Create a reference plane as Rightfiane
shown in the illustration at the I .
right. —_ I

3 Sketch.
Create a sketch on Plane1l as shown below.

2 100 —e——na 200

T ;

o

I/

1 =

15000

20 000

1.00] —ad |

.Klﬂ—l l

LI |
- - J
T. o e

Tip Stairs are usually specified by their rise and run rather than by some
odd angle dimension. An easy way to do this is to sketch a triangle
using construction geometry and dimension the rise and run. Then
make the stringer of the stairs parallel to the hypotenuse of the triangle.
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4 Sketch fillets.
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Add six sketch fillets with a radius of 3" as shown below.

H0 000 o

,

& PLACES

R0 = 0000

-\I‘

+

= 1 80 -

S 000

1] ——-

L7 00

!

1

5 Finish sketching.

A

Complete the sketch by adding
the geometry as shown at the

right.

The sketch fillets are 2”, not 3” as

they were in step 4.

6 Exit the sketch.
Name the sketch Frame
Sketch.

4 —

F2 000

2 PLACES ",

-

= 46000
— 2 :

S0
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7 Structural members.

9

Exercise 13

Insert structural members
as shown below. This will
require several separate
operations due to the rules
governing path segments.
Use ANSI 1.000” o. d. x
0.125” wall seamless tube.
Trim the structural
members as necessary.

Extrude a cut.

Select P1anel and open a sketch.
Sketch a 0.375” circle as shown.
Extrude a cut using the end
condition Through All in both
directions.

Bars

Add the foot pads.

Select the bottom face of the
vertical structural member and
open a sketch. Sketch a 3" diameter
circle concentric with the bottom
end of each vertical segment.
Extrude the sketch 0.5”.
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10 Mirror the side frame.
Select the Right reference plane
and mirror all the bodies to create
the second side frame.

11 Sketch the path segments for
the crosspieces.
You can sketch this as a 3D or 2D
sketch. One technique using a 2D
sketch is to:

1. Create a reference plane
parallel to the Front plane
and coincident with one of the
endpoints of the Frame
Sketch. This way if the
dimensions of the Frame
change, the position of the
reference plane will update.

2. Select this new plane an open
a 2D sketch.

3. Sketch a centerline and make
it coincident with the Right reference plane.

4. Sketch three lines for the horizontal path segments. Make their
starting endpoints coincident with the ends of the path segments in
the Frame Sketch.

5. Make the midpoints of the three lines coincident with the
centerline.

6. Finallv. sketch the diaconal path seament.
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Exercise 13

12

13

14

15

16

Create the structural members
and trim them.

Exit the sketch and create the
structural members using ANSI
1.000” 0. d. x 0.125” wall seamless
tube.

Trim the structural members as
necessary.

Save the part.

Create an assembly.

Click Make Assembly from Part/
Assembly - and select the
Assembly—EN template.

In the Part/Assembly to Insert list, make sure the Frame is selected.

Click OK to insert the component at the origin.

Save the assembly.
Name the file Moveable Steps.

Insert a component.

Click Insert Components F‘J
Add the Tread componentlethe
assembly. Make sure the 10 in. x
24 in. configuration is active.
Using the section view below as a
guide, mate the Tread as follows:
Q The uppermost face of the
Tread is Tangent to the
cylindrical face of the middle
crosspiece.
Q The rear face of the Tread is
Tangent to the cylindrical face
of the crosspiece.

Q The uppermost face of the Tread is Parallel to the Top reference

plane of the assembly.

Q The Right reference plane of the Tread is Coincident with the

Right reference plane of the assembly.
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17

18

19

Insert two more copies of the
Tread.

These instances also use the

10 in. x 24 in. configuration.
Mate the treads so they are fully
defined and positioned as shown
in the illustration at the right.

Add the components for the
steps.

These instances use the 7 in. x
24 in. configuration.

Mate the components as follows:

Q Use a Distance mate of 10"
to control the spacing
between the uppermost faces
of the Tread components.

Q The rear face of the Tread is
Coincident to the front face
of the Tread above it.

Q The Right reference plane
of the Tread is Coincident
with the Right reference
plane of the assembly.

Add the wheels.
Add two instances of the
Wheel - 4 in component.

Mate them Concentric to the holes

and Tangent to the Frame as
shown in the illustration.

SolidWorks 2005 Training Manual

Exercise



SolidWorks 2005 Training Manual

20 Results.

Optional Q Generate the cut list for the Frame.
Q Make a drawing of the Frame and insert a cut list table.
Q@ Make an assembly drawing of the Moveable Steps complete
with a bill of materials.
21 Save and close all the files.
Exercise 13
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Numerics
3D sketching 155
space handle 155

A
adding bend lines 44, 82
alongZ 157
assemblies
adding components 96, 168
adding sub-assemblies 171
collision detection 168
combining sheet metal and
weldments 166
edit assembly 108
edit component 108
edit part 108
make assembly from part/
assembly 167
propagating changes 108
removing external references 170
reusing in-context parts 173
top-down design 95-110
update holders 98
assembly-centric design 95-110
removing external references 170
reusing in-context parts 173
auto relief 14

B
base flange 10-12, 98
bend allowance
bend tables 13
K-factor 13
bend angles 38, 45
bend deviation 55-56
bend lines 44, 82
bend parameters 13, 78
bend relief 14, 17
manual methods 48
obround 14
offset ratio 14
rectangular 14
tear 14
bends
fold 26
insert 76
lofted 54
sketched 44, 82
suppress and unsuppress 86-87
unfold 26

Sheet Metal

boss flange 11, 21
break corner 50

C
closed corners 40, 42
collision detection in assemblies 168
color, face color in forming tools 35
components

adding existing 168

adding new 96
cones, unrolling 83-85

See also lofted bends
configurations 86-87, 192
converting legacy sheet metal parts 71

recommended practices 72, 79
corner treatment

in flat patterns 23

in weldments 127

corners
closed 40, 42
gaps 17
relief 17
rip 75-76
curves
split lines 35
custom properties 140, 148
cut list

folder 144-145

tables 151-154

weldments 145
cuts across bends 26-28, 81
cuts in sheet metal parts 25
cylinders, unrolling 83-85

D

data exchange 73

derived sketches 163

Design Library 29, 105

document templates 74, 96

drag and drop 30

drawings
sheet metal parts 38-40
views of individual bodies 149
weldment cut list tables 145, 151—

154

weldments 148-154

E
edge flange 11, 17-20, 79, 100-101
edit flange profile 19, 79

Index

Index

offset 100
trim side bends 19
edit
assembly 108
bend angles 38
component 108
material 147
part 108
sub-assembly 108
end caps, weldments 136
Excel, bend tables 13
extend structural member 132, 164—
165
external references 170
extrude
base flange 12
cuts 25
tabs on sheet metal parts 11, 21

F
feature scope 145, 181
FeatureManager design tree
cut list folder 144-145
materialweldments
material 147
sheet metal features 13, 78
sub-weldment folder 143-144
features
break corner 50
end cap 136
flanges 10
flat pattern 14
flatten-bends 78
formed, sheet metal 29-37
gusset 136
hems 107
jog 50
process-bends 79
rip 75-76
sheet metal 13, 78
split lines 35
structural member 126
file extensions, XLS 13
fillet welds 134, 145
flange profile 19, 79
flanges 10
base flange 10-12, 98
boss flange 11, 21
edge flange 11, 17-20, 79, 100-101
miter flange 10, 14-15, 40, 42, 102—
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103
position of 16
flat patterns 22-24
corner treatments 23
feature 14
in drawings 38-40
merge faces 23
fold 26
folders
cut list 144-145
cut list item 145
sub-weldment 143-144
formed features 29-37

G

geometric relations
alongz 157

gussets, weldments 136

H
hems 107

|

IGES 73
report files 74

importing a file 73

in-context design 95-110
removing external references 170

insert
bends 76
components into an assembly 168
solid body into new part 144
split line 35
structural member 126
weldment 125

insert component, new 96

J
jog 50

fix projected length 52
joggle, See jog

L
locate profile (weldments) 128
lofted bends 54

M
make assembly from part/
assembly 167
material, in weldments 147
merge
arc segment bodies 160
faces 23
result 125
methodology 9
mirroring
sheet metal parts and features 37, 47,
49
weldments 135, 139, 179-181, 196
miter flange 10, 14-15, 102-103
closed corners 40, 42
propagate along edges 16
multibody parts
feature scope 145, 181

202

merge arc segment bodies 160
merge result 125
weldments 125-174

N
neutral files 73

(0]

offset ratio 14
offset, See jog
options 144

P
parts
inserting a solid body into a new
part 144
saving a solid body 144
patterns
mirror 135, 139, 179-181, 196
sketch driven 85
pipes 155
merge arc segment bodies 160
plane, normal to curve 15
position profile (weldments), See locate
profile
process plans 86-87
properties 140, 148

R
relations
alongz 157
relief, bend 14
reusing in-context parts 173
rip feature 75-76
rollback in sheet metal parts 79

S
saving solid body as a part 144
sheet metal
adding bends 76
bend allowance 13
bend angles 38
bend parameters 13
bend relief 14
bend table 13
converting legacy parts 71
designing in the flat 43-46
feature 13,78
flat pattern 86-87
flatten-bends feature 78
formed features 29-37
hems 107
in-context design 95-110
jog 50
K-factor 13
process plans 86-87
process-bends feature 79
rip feature 75-76
rollback 79
sheet metal feature 13
Shift key 15
sketch driven patterns 85
sketch relations
alongz 157

SolidWorks 2005 Training Manual

sketched bends 44, 82
sketches
3D 155
derived 163
normal to curve 15
weldment profiles 140
weldments 129
space handle 155
split line 35
stock feature 144
structural members 126, 132, 164-165
corner treatments 127
locate profile 128
profile sketch 140
saving as parts 144
sketch considerations 129
trimming 132, 164-165
sub-assemblies 171
sub-weldments 143
folder 143-144
saving as multibody parts 144
suppress bends 86-87
symmetry 135, 139, 179-181, 196

Tab key 30
tabs 11, 21
tear relief 14
templates, document 74, 96
toolbar 9
tools, options 144
top-down design 95-110
removing external references 170
reusing in-context parts 173
trimming
structural members in
weldments 132, 164-165
tubing 155
merge arc segment bodies 160

u

unfold 26

unrolling cones and cylinders 83-85
unsuppress bends 86-87

update holders 98

w

weld beads 134, 145

weldments 125-174
bent tubes and pipes 155
corner treatments 127
custom properties 140, 148
cut list tables on drawings 151-154
cut lists 145
drawings of 148-154
end caps 136
feature scope 145, 181
gussets 136
locate profile 128
non-structural components 144
pipes 155
post-assembly machining

operations 145, 181

profile sketch 140

Sheet Metal
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properties 140, 148

sketch considerations 129

structural members 126, 132, 164—
165

sub-weldments 143

trimming structural members 132,
164-165

tubing 155

weld beads 134, 145

weldment feature 125

working with legacy data 71
IGES 73
recommended practices 72, 79

X
XLS file extension 13

Sheet Metal 203
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