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Lesson 1
Introduction

When you complete this lesson, you will be able to:

m Describe the relationship between Parts, Assemblies and Drawings;
m ldentify the principal components of the SolidWorks user interface;
m  Download and extract the required companion files.
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Using This Book

The SAE Design and Analysis Project with SolidWorks Software
helps you learn the principles of assembly design and structural analysis using
SolidWorks and SolidWorks Simulation as an integral part of a creative and
iterative design process.

For this project, You will “learn by doing” as you complete modeling and
structural analysis lessons.

What is SolidWorks Software?

SolidWorks is design automation software. In SolidWorks, you sketch ideas and
experiment with different designs to create 3D models using the easy to learn
Windows® graphical user interface.

SolidWorks is used by students, designers, engineers and other professionals to
produce single and complex parts, assemblies and drawings.

Prerequisites

Before you begin the SAE Design and Analysis Project with
SolidWorks Software you should complete the following online tutorials that
are integrated in the SolidWorks software:

m Lesson 1 - Parts
m Lesson 2 - Assemblies
m Lesson 3 - Drawings

You can access the online tutorials by clicking Help, SolidWorks Tutorials, All
SolidWorks Tutorials (Set 1). The online tutorial resizes the SolidWorks window
and runs beside it.

As an alternative, you can complete the following lessons from An Introduction to
Engineering Design With SolidWorks:

Lesson 1: Using the Interface

Lesson 2: Basic Functionality

Lesson 3: The 40-Minute Running Start
Lesson 4. Assembly Basics

Lesson 6: Drawing Basics

Using This Book 2
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Conventions Used in This Book

Introduction

This manual uses the following typographical conventions:

Convention Meaning

from the Insert menu.

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

example, Sketchl.

Typewriter Feature names and file names appear in this style. For

17 Do this step. | The steps in the lessons are numbered in sans serif bold.

Before You Begin

If you have not done so already, copy the companion files for the lessons onto

your computer before you begin this project.
1 Start SolidWorks.

Using the Start menu, start the SolidWorks application.

2 SolidWorks Content.
Click Design Library | to open the design library
task pane.

Click on SolidWorks Content to show the
folders below it.

Click on SolidWorks Educator Curriculum.
Click SAE Project Files - English.

Note: There may be more curriculum folders listed in
addition to the SAE Project Files.

The lower pane will display an icon representing a
Zip file that contains the companion files for this
project.

Conventions Used in This Book

CGECEEEY

Design Library 1]
S

5 ﬁ Design Library
? Toolbox
+ o 3D ContentCentral
= Kl salidwarks Content
L7 Blocks
+-7 Routing
=i SolidWorks Educator Curriculum
L7 EDU Curriculum Introduction
Ll S AF Project Files
.~/ C0O2 Car Design Project
L COSMOS Student Guides
.~/ Mountain Board Design Project
_/ Seabotix ROV Design Project
7 Solidworks Student Guide
7 Trebuchet Design Project
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Tip:

Tip:

3

Download the Zip file. aal
Press Ctrl and CIICk the icon. Please select a folder to download the ZIP file to:
You will be prompted for a folder in
which to save the Zip file. Z 3 Soldors Data E
+ SolidWorks Data_SP01
Ask your teacher where you should ® [ SofidWerks Data_SP02
. . # | Z) SW_File_Downloads
save the Zip file. Usually the 2 swoist
C:\Temp folder is a good location. o O e formatn
CIle OK ® [Z) WINDOWS b
Folder: | Temp
. o [ conm
Remember where you saved it.

Open the Zip file.
Browse to the folder where you saved the Zip file in step 3.

Double-click the SAE Project Files.zip file.

Click Extract. ——
Click Extract and Browse to the location where you want to save the 5:@
files. The system will automatically create a folder named
_SAE_Praqject_ENG in the location you specify. For example, you might want
to save it in My Documents. Check with your teacher about where to save the
files.

Extract

You now have a folder named SAE Project Files on your disk. The data in this
folder will be used in the exercises.

Remember where you saved it.

Analyzing a Structure Using SolidWorks and SolidWorks Simulation

Analyzing a Structure Using SolidWorks and SolidWorks Simulation

During this session, you will learn how to analyze a structure using SolidWorks
and SolidWorks Simulation.

Once you have had a chance to see how easy it is to use SolidWorks solid
modeling software, you will use an assembly to check whether components fit
properly.

You will then make a drawing of one of the components, complete with a cut list.
If a printer is available, you can print out a hardcopy of your drawing.
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Lesson 2
Using Assemblies

When you complete this lesson, you will be able to:

Understand the difference between edit assembly and edit part modes;
Create a virtual, in-context part;

Open a part from the assembly;

Create a new instance from an existing instance;

Set the materials in a part;

Use pack and go to manage the files.
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Creating Parts In-Context

A thorough knowledge of how to
work with assemblies is critical to
success with SolidWorks.

In this example, you will create a
virtual part and use in-context
techniques to mode a brake pad using
geometry from both the Rotor -
Cast Iron and Brake Caliper
components.

The component will copied to create
a second instance and it will be mated
into the assembly.

Opening an Assembly with Quick View

Clicking the Quick view / Selective open when you open an assembly allows
you to view only the components that you want to view.

1 Open Brake&Wheel.
Click File, Open and select the assembly Brake&Wheel. Click Quick view /
Selective open and click Open.

Open @
Lok in: | (2 Braketiwheel V| € il s Jpmk [#] Thumbnai
{{ E; =
My Recent =
Documents &
— &)
@ 6 &
Deskiop
Brake Rotor Assembly Hub Assembly
My Documents re
N B o
;f\ Fonflguratlons
,\? File: name: |Brake&WheeI v| [ Open ] v] faul
Favorites : Dizplay States [inked)
Files of type: |Assembly [*.asm;" sldasm) v| [ Cancel ] I e e
‘Q Descriptior;  <Mane> D rot fo:
-
Iy Metwark Quick view / Selective open References
Flaces
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Hiding and Showing Components

Components can be hidden or shown at any time to create an uncluttered display
and make working on the assembly faster.

In addition, components that are hidden before opening the assembly are not
loaded into memory, further decreasing the load on the machine.

Tip:

Using Assemblies

The Quick view / Selective open settings are stored in a Display State.

There are many ways to hide and show components. Here are a few useful
methods and where they are best used.

Hiding Components

Showing Components

Hide Others- Hides all

Show Hidden Components-

'C\:A;?]y onents visible components but the Shows all the hidden
P selected component(s). components for selection.
Single or Hide/Show Components- Hide/Show Components-
Few Hides the selected visible Shows the selected hidden
Components | components. components.
Orientation.

The assembly open in an Isometric orientation. Click in the graphics area and
press Shift+Arrow Up to change the view orientation.

Hide others.

Right-click the Rotor - Cast Iron and select Hide Others.
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4 Show hidden. Show Hidden  [X)
Right-click in the graphics area and select Show Hidden

Components. Click the Brake Caliper component as shown.
Click Exit Show-Hidden to complete the command.

5 Selective open.

Selective Open

Click All components displayed and click Components o opens
Open. These are the only components that we O selected componerts

(® all components displayed

need to view right now.

{using display states and show/hide tools)

6 Message.
A message appears.

Because you used “Selective Open”, hidden components are not
loaded into memory. Therefore, when you first show a hidden
component you might notice a delay while it is loaded. Also, a
new Display State is created corresponding to the “Selective
Open” state. Click OK.

7 Display state. QIEE
The new Display State is stored under the current
configuration Default and is named New Display & " rakeeliheel Cofiguration(s)
||'=iE| Default [ Brakegiwhesl ]
State-1.
The original Display State Default_Display State-1 S
retains the settings of all components visible. @ Default_Display State-1

O Mew Display State-1

Link Display States to Configuration
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8 Save.

Click File, Save || to save the assembly and parts.

9 Orientation changes.
Press the Spacebar and double-click the orientation *Isometric [« ¢z 39 4
from the dialog. Middle (wheel)+click and drag the edge of the “Normal To
Rotor - Cast Iron as shown to rotate the geometry. o

*Left
*Right
*Top
*Bottom

*[somekric
*Trimettic
*Dimetric

10 Zoom.
Click the Brake Caliper
component in the FeatureManager
design tree and click Zoom to

Selection [&)].
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The Assembly FeatureManager design tree

The assembly is comprised of components and mates. The components can be
either part components or assembly components (sub-assemblies). The assembly
FeatureManager design tree shows an accurate snapshot of the assembly using
icons and text to describe the current settings.

9 @ Braketdwheel (Default<New Display State-1>)

+-[A] Arnotations

(] sensors
% Front Plane

& Top Plane Hidden Sub-assembly
P Component

+ @ Upright Assembly - Mirrar <3 (Default)
+ @ (-3 Hub Assembly 1= {Default)

W (-) Brake Rotor Assembly <1 (Default <Def
£ |§| Mates in Brakefiwheel
Sub-assembly +-[A] Annotations
rﬁl Sensors
Component \<§\ Front Plane

%5 Top Plane

%y Right Plane Part Component

I.. Crigin

R (F flat <1 (Default) Component

+ okor - Cast Iron<1 = {Default AL
Hidden _/% (- Rotor Washer <1 ([, InStance

Part % (- Rotor Washer <27 & (Chamfer)
T (-) Rotor Pin<6» {.5)
Component 5 D Mates
#-EE LocalCirPatternt
+ @ (-1 Wheel Assembly <13 (Default) Mate
5 %q (F) Brake Caliper <1 (Default < <Def aylLw

= @@ Mates
© Concentric3 (Face,Face
Mate A Coincident? (Face,Face)
Folder

11 AssemblyXpert.
Click Tools, AssemblyXpert. The dialog lists the number of parts, unique parts,
sub-assemblies and unique sub-assemblies among other things.

B AssemblyXpert g|

@ Total number of components in e
Brake&Wheel:
Parts:
Unique Part Documents:
Unique Parts:
Sub-assemblies:
Unique Sub-assemblies:
Unique Sub-assembly Documents:
Maximum Depth:
MNumber of top level components:

L S T e e L =T I

H
=

Click OK.

10
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Working In-Context

Working in-context means editing a component (part or assembly) while in the
context of the assembly. The mode is toggled between Edit Assembly and Edit
Part.

Edit Assembly Mode vs. Edit Part Mode

Tip:

When an assembly is opened, it opens in the default Edit Assembly mode. To
create or edit a component part in-context, Edit Part is used. You can toggle back

and forth between the modes using Edit Component [@].

Edit Assembly Edit Part

Colors are used to indicate which mode is currently active. See “Why do the
Colors Change?” on page 14 for more information.

Below is a breakdown of some common actions that are typically performed in
each mode:

Edit Assembly Mode Edit Part Mode

Adding new components Creating new sketches
Inserting mates Creating sketch geometry
Moving components Creating bosses or cut features

11
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In-Context Parts and Virtual Parts

In-Context Parts are parts that are created or edited @ res: (oefauk<vefauit_Display state-1)
in the context of the assembly. In-context part names 2 e

+-[A] Annotations

appear in the FeatureManager design tree appended %y Front Plare
i - _ \<§\ Top Plane
with an arrow (In-Context->). %3 Rapt e
Virtual Parts are in-context parts that are saved + %%‘i‘g b sty <t (Defaut <Oefau

within the assembly rather than as separate part files. @ in-context<z> -> Defaul<<Defauit> £
Parts can be both in-context and virtual. Virtual part ~ * %h‘;‘[;ja'-r’awe“]“"DEF‘"”'“‘DEF‘E
names appear in the FeatureManager design tree in

square brackets [Virtual_Part~Test].

Why use In-Context and Virtual Parts?

Tip:

In-Context parts reference other parts in the assembly and change automatically
when the references change.

Virtual Parts are more flexible because they can be renamed, deleted or saved as
external (part) files at any time.

If there are no references, do not create the part in-context.

Setup for Using Edit Part

12

13

14

There are settings under system options that can be used to determine how
assemblies and virtual parts behave in Edit Part mode.

Virtual part setting.
Click Tools, Options, System Options, Assemblies and clear Save new
components to external files.

Do not click OK yet.

In-context appearance setting.

Click Tools, Options, System Options, Display/Selection and select Opaque
Assembly from the pulldown menu under Assembly transparency for in
context edit.

Do not click OK yet.

In-context part setting.

Click Tools, Options, System Options, Colors and click Use specified color
when editing parts in assemblies. That color is listed under the Assembly, Edit
Part setting.

Click OK.

12
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Creating a New Part

15

Creating a in-context new part
requires a few selections including a
planar face or plane for use as a
sketch plane.

The selected face or plane will
establish the orientation and position
of the Front plane of the new virtual
part. This in turn defines the
orientations of the Top and Right
planes.

New part.

Click Insert, Component, New Part (58] and select the face of the Brake
Caliper as shown.

13
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Edit Part Mode

Edit Part Mode is the opposite toggle of Edit Assembly Mode and allows the use
of sketch and feature tools within the assembly. It is triggered by adding a new
part component or editing an existing part in the assembly.

Editing Assembly 8 Editing Part 8

Why do the Colors Change?

Due to the settings made (“Setup for Using Edit Part” on page 12), the appearance
of all the parts remains opaque. The part being edited will appear in the
Assembly, Edit Part color and all others appear in the Assembly, Non-Edit
Parts color.

Controlling the Display

The display includes the visibility and colors of the components in the assembly.
Controlling the display is the first step in managing the assembly itself, and the
Display Pane is one of the best tools.

Display Pane
The Display Pane is a portion of the FeatureManager design tree «BEASH
that has visual controls and is usually hidden. The columns show the
current state of Hide/Show, Display Mode, Appearance and
Transparency and allow you to change them. The options are
described below. S0 >
0o 3o
m Hide/Show - Toggles between Hide Component and Show 53¢ 3
Component. 2 z8 s
m Display Mode - Sets the display to Wireframe, Hidden Lines T é_ o %
Visible, Hidden Lines Removed, Shaded With Edges, al<E

Shaded, or Default Display.

m Appearance - Sets the appearance of the component. The lower triangle
represents the part appearance while the upper triangle represents the
component (assembly level) appearance.

m Transparency - Toggles Transparency on and off.

Note: The display pane works independently of the mode.
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16 Display plane.

_ «HOSE
Click Show Display Pane » to expand the (T~ )
display plane and change the appearance of ?i"ef“’t"“' (Defaudtetion §
ComponentS. -[] Sensors

----- % Front Plane &
Expand the Brake Rotor Assembly folder. - & Top Plane &
Click the Rotor - Cast Iron componentinthe X ferere &
Hide/Show column as shown to hide it. T @ (7 Upright Assembly - virre ) ()

EJ---@ W (-) Hub Assembly <1 = (Def @ ’
EJ---@ W (-) Brake Rotor Assembly < @ ’
[J--@ Mates in Brakedwheel
[J-- Annotations
Sensors
----- %Sy Fronk Plane
----- %5 Top Plane
----- %5y Right Flane
..... L, origin
..... Ty @ (F) Rotor Hat<1 (D
..... Ty @ Rotor - Cast Iron<1> { "G )
----- % (-} Rotor Washer <1 (Def % ’
..... % W (-) Rotor Washer <27 % ’
..... T @Y (-) Ratar Pin<e> (.5<« T (g
7]
7]
1]

[J--@@ Mates

- LocalCirPatternt

J@ﬁ (-1 wheel Assembly <1 (D1 @
3% W (F) Brake Caliper <1 (Defz %
£ [ Partd~Brakeaiwhesl 1<1> (L B

J@@ Mates

Click Hide Display Pane '« to close the display pane.
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17 Convert entities.
Click Convert Entities [@ and select the face and click ¥ % o
twice. | Entities to Convert |

Face<1>@Brake Caliper-1

[ select chain

Tip:  If you see small green icons on the geometry of the sketch, you are seeing sketch
relations. Click View, Sketch Relations to shut off their display.

18 Delete.
Delete three entities to open the end

of the sketch.

Note: There is one large arc and two small ones connected to it. Only one small arc is
shown here.
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19 Convert edge.
Click Show Display Pane » and show the Rotor - Cast Iron component.
Click Convert Entities [@] and select the edge of the Rotor - Cast Iron
component. Click « twice.

20 Sketch fillets.
Click Tools, Sketch Tools, Fillet )], set the Fillet Radius « % @

to 2.5mm, and select the first set of geometry by selecting  [message
the geometry inside of where they would intersect. Select a sketch vertex or entities

to fillet.

-

2 z
=)
Keep constrained
Corners

[ oimension each fillet

Repeat the selections for the similar geometry on the opposite side. Click «
twice.



SolidWorks

Engineering Design and Technology Series

21

22

23

View normal to.

Click View Normal To [4] and
zoom in as shown.

Delete.

Box select from upper left to lower
right as shown to select the three
entities.

Delete the three selected entities.

Drag endpoints.
Drag the endpoint of the vertical line
outside the geometry as shown.

Repeat for the other vertical line and
stop where the endpoints are
horizontal.

Using Assemblies
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24 Tangent Arc.
Click Tools, Sketch Entities,

Tangent Arc [®] and create the arc
between the two endpoints as
shown.

25 Drag and drop.
Drag the centerpoint of the arc to the
edge of the circular edge. Drop it on
the centerpoint that appears.

26 Previous view.

Click Previous View [%] to go back to previous views and zoom states. Return to
the zoomed isometric view.
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27 Extrude.

Using Assemblies

W Boss-Extrude

Click Extrude [@] and set the Depth to 3mm. Click « . v R 65

Draft outward

Understanding the Color Coding

The part turns blue when the extrusion is completed. The reason was explained
earlier (“Why do the Colors Change?” on page 14) but until there is a solid body,
it is difficult to notice. This is the Assembly, Edit Part color and it appears in
both the graphics and in the FeatureManager design tree.

R W Brakefwheel (Default<MNew C
|::|-- Annotations

Sensors

----- %Sy Fronk Plane

----- %5 Top Plane

----- %5y Right Flane

..... L, origin

E]---@ W (F) Upright Assembly - Mirn
E]---@ W (-) Hub Assembly <1 = (Def
E]---@ W (-) Brake Rotor Assembly <
£
£
&

]@ W (-) Whesl Assembly <1 (T
]% W (F) Brake Caliper <1 (Defz
o §® [ Part1 Brakedivheel |15
[]--@ Mates in Brakedwhesl
Sensars

|::|-- Annokations

8= Material <not specified >
----- % Front Plane

----- % Top Plane

----- % Right Plane

..... L, origin

- Boss-Extrudel -=

-|::|-- Mates
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28 New sketch.
Select the face and click Sketch [€].

29 Convert entities.
Click Convert Entities [@] and select
the edge as shown. Click « .
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30 Offset entities.

Offset Entities

Hide the Rotor - Cast Iron component. Click Offset & X 4

Entities [ and set the Offset Distance to 2mm. Select the

edge, click Reverse and click « . & [200m =
Add dimensions
Repeat the procedure for the opposite side. lreverse

Select: chain
[IBi-directional

Make base
construction

Cap ends

*Arcs

Lines

31 Convert.
Show the Rotor - Cast Iron
component. Select the edge as shown

and click Convert Entities [@]. Click
W,
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32 Drag.
Drag the open endpoints out beyond
the converted edge.

33 Trim.
Click Trim Entities [2E], Power trim

). Click+Drag across the sections
of geometry using the paths shown to
trim away excess geometry.
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34 Sketch fillets.
Add sketch fillets Radius 1mm as
shown.

Tip:  If corners are trimmed to a single
endpoint, select the endpoint to add
the fillet.

Extrusions In-Context

Extrusions can also be created in-context when external
generator is referenced. In this example, the depth of an
extrusion is measured as an offset from an existing face.

35 Extrude
Click Extrude [@] and set the End Condition to Offset v R 63

from Surface. Set the Offset Distance to 1.5mm. Click in
Face/Plane field.

(2 [offsetFrom surfece ]
}I

P
[reverse offset
[ Translate surface
Merge result
]

Draft outward
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36 Select other.
Right-click the face as shown and select Select Other. Click the top selection,
Face@[Brake Rotor Assembly<1>/Rotor - Cast Iron<1>].

. Face@[Part1~Brakewhesl <1 =]
. Face@[Part1~Brakewhesl <1 =]
. Face@[Erake Caliper<13]
. Face@[Erake Caliper<13]

/ 4| ! ] >

Tip:  The top selection at the cursor is not listed. Why? It is assumed that if you wanted
to select that face you would have selected it directly.

37 Offset distance.
Check the direction and click « . J

25



SolidWorks

Using Assemblies

Engineering Design and Technology Series

Edit Assembly Mode

Edit Assembly Mode is the opposite toggle of Edit Part Mode and is the default
state of the assembly where you can add components and mates. It is triggered by
exiting the editing of a part in the assembly or opening of an assembly file.

Editing Assembly 8
Edit assembly.
Click Edit Component [®| or the confirmation corner Q’@ to edit the assembly.

This returns you to edit assembly mode and all the colors return to their original
settings.

Working with Virtual Parts

The virtual part has been stored inside the assembly since it was created. Now that
it nearly complete, we will save it externally and make it a real part.

Renaming a Virtual Part

2

Tip:

Rename.
Right-click the [Part1ABrake&Wheel] component and select Rename Part.

Type the name Brake Pad.

Although the part has been renamed, it remains a virtual part.
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Saving a Virtual Part as an External Part
The virtual part requires a location on disk to store the new *.sldprt file.

3 Save as external file.
Right-click the part and select
SaVe Part (| n EXtern a.l F| Ie) . The Select one or more paths below and specify the location using buttons
file Brake Pad.sldprt is added File Name Path
to the assembly folder. A ciTemprsiesihest

Save As |X|

Click Same As Assembly and
OK.

il | =

L]
[ Same As Assembly ] [ Specify Path ] [ Internal To Assembly ]

L Ok ] [ Cancel ]

Tip:  The part name appears without the square brackets.

Adding Component Instances and Mating

Components can be added to the assembly in several ways. If there is already an
instance of that component in the assembly, additional instances can be added
using control+drag and drop.

4 Copy an instance.
Click and Control+drag the Brake Pad<1> component. Drop the component
outside the Brake Caliper as shown.

Adding Component Instances and Mating 27



SolidWorks Using Assemblies

Engineering Design and Technology Series

5 Hide component.
Click the Rotor - Cast Iron component and click Hide Components [&).

6 First mate.
Press Shift+Up Arrow key. Click Insert, Mate (S| and select the faces as shown.

Click Coincident (£] and Anti-Aligned [%]. Click « .
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7 Second mate.
Press the Down Arrow key. Select the faces as shown, click Coincident (£ and
click « .

8 Third mate.
Hide the Brake Caliper
component. Select the faces as
shown, click Coincident [<] and click
7,

Show the Brake Caliper component.
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Viewing the Mates of a Component

Note:

9

The mates used to constrain a component can be listed and viewed using View
Mates. It is a useful tool in understanding how components are used in the
assembly.

The arrow symbol 4 indicates a path to ground. Mates marked like this are the
ones that hold the component in place.

View mates. Brake Pad-2 ®
CI[Ck the BPa,ke Pa,d_<2> and V| ew Mates ) A,*( _oincident11 (Brake Caliper<1 = Brake Pad<2>

A 4 Caincident12 (Brake Caliper <1 Brake Pad<2:>|

A . Coincident13 (Brake Pad=<1>,Brake Pad<2:)
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In-Context Part Editing

10

11

12

Any component part can be edited in the assembly whether it was created in the
context of the assembly or not. Toggling back to edit part mode uses the same
command; Edit Part.

Edit part.

Click Brake Pad<1> and Edit Part [®).

New sketch.

Click the face and click Insert Sketch [E€]. A new sketch has been created on the
face.

Convert edge.
Click Convert Entities [@. Click the circular edge as
shown. Click « .

Exit the sketch.
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Opening a Part from an Assembly

In this example, we will create a slot is to match up with the
hole in the Brake Pad component. The slot will be
constructed from an existing hole and makes for easier fit

up.

1 Open Brake Pad.
Click on the Brake Pad<2> in the FeatureManager design tree and select Open
&

2 Edit a sketch.
Right-click on Sketch3-> in the FeatureManager
design tree and select Edit Sketch [&].

3 Construction.
Click the circle and click for construction to make it dashed.
4  Slot.

Click Tools, Sketch Entities, Centerpoint Straight Slot and place the
cursor at the center of the circle. Drag the cursor horizontally and click to create

the centerline. Drag vertically and click to create the height. Click « .
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5 Relations.
Click the circle and a horizontal line

of the slot. Add a Tangent &/
relation.

6 Dimension and cut.
Add a dimension as shown to fully define the sketch.
Create a cut using a Through All end condition.

Multi-body Materials
In order to have different materials in the same part there must be multiple solid
bodies (multi-bodies) within that part.
This part is currently made up of three features; two bosses and one cut feature.
They are listed in their order of creation. There is just one solid body because by
default new boss features are merged to the current body. The part will be edited
to create multi-bodies.

L

Boss-Extrudel-> Boss-Extrude2-> Cut-Extrudel->

Multi-body Materials 33
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Reordering Features

Features can be reordered in the Feature Manager design tree using drag and drop.
The rule to remember is that you cannot reorder a child feature before the parent
feature. So how can you determine the parent/child relationships?

Parent/Child Relationships

The Parent/Child tool is used to determine the parents and children of any
feature. In this case it will be used to determine the limits of where a feature can
be reordered.

7 Parent/child.
Right-click the Cut-Extrudel feature

&1 Parent/Child Relationships

Parents Children
and select Parent/Child. The dialog tells = [@ Cut-Extrudel -» (&) Cut Extrudet =
you that the Boss-Extrudel and [ Shetchs ->

+ @ Boss-Extrudel -

Sketch4 features are the parents of the
selected feature. This also means that the
Boss-Extrude? feature is not. This

means that the child can be moved to a

position between the boss features. Click Close.

Note: The Sketch4 feature is embedded in the Cut-Extrudel feature.

[ Close ] [ Help

8 Reorder.
Drag the Cut-Extrudel feature and drop it on the Boss-Extrudel feature.
This places it between the boss features.

% Brake Pad {Default<<Default>_C % Brake Pad {Default<<Default>_C % Brake Pad {Default<<Default>_C

@l Sensors rﬁl Sensors |ﬁ| Sensors
+ |_£| Annotations + |_£| Annotations + |_£| Annotations
8= Material <not specified:> 8= Material <not specified:> 8= Material <not specified:>
% Front Plane % Front Plane % Front Plane
% Top Plane % Top Plane % Top Plane
% Right Plane % Right Plane % Right Plane
I.. Crigin I.. Crigin I.. Crigin
+ @ Boss-Extrudel - { + @ Boss-Extrudel -

+ @ Boss-Extrudez - £ @ ss-ExtrudeZ == £ Cut-Extrudel -
+ Cub-Extrudel -» £ Cut-Extrudel - £ @ Boss-Extrudez -
9 Folder. % _Brake Pad (Default<<Default> T
Right-click the first feature Boss-Extrudel, % neors
. + nnotations
Control+click the second feature Cut-Extrudel and $= Material <not specisd>
select Add to New Folder. Name the folder Backing. g:;f'
> Top Plane
% Right Plane
I.. Crigin
=[] Backing

+ @ Boss-Extrudel -
+ Cut-Extrudel -
+ @ Boss-Extrudez -
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10 Edit feature.

Click Boss-Extrude? and Edit Feature [@). Clear Merge result and click « .
There are now two solid bodies named Cut-Extrudel and Boss-Extrudel.
Rename them to Plate and Pad as shown.

Using Assemblies

% Brake Pad {Default<<Default>_C % Brake Pad {Default<<Default=_Di
@ Sensors @ Sensors

Annokations Annokations

= [@] Solid Badies(z) = [@] Solid Badies(z)

E Cub-Extrudel
E Boss-Extrudez
8= Material <not specified:>

E Plate
E Pad

8= Material <not specified:>

% Front Plane % Front Plane

% Top Plane % Top Plane
% Right Plane % Right Plane
I.. Crigin I.. Crigin

[T Backing
@ Boss-Extrudez -

[T Backing
@ Boss-Extrudez -

Tip:  The default names were taken from the last feature that was applied to the body.

Materials

Materials can be added to the entire part or to selected solid bodies within the part.
In this case we will take advantage of the multi-body format to assign different
materials to each body.

11 Material for the Plate.
Right-click the body Plate and select Material, Edit
Material. Under Steel, select 1023 Carbon Steel Sheet
(SS). Click Apply and Close.

12 Material for the pad body.
Right-click the body Boss-Extrude? and select
Material. Under Other Non-metals, select Ceramic
Porelain. Click Apply and Close.

Note: Custom materials and custom material libraries can be

created.
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13 Open assembly.
Press Control+Tab and move the cursor to the assembly.

(@ ™

-

This message appears:
Models contained within the assembly have changed. Would you
like to rebuild the assembly now? Click Yes.

14 Edit assembly.

Click Edit Component [®). Hide the Brake Caliper
and Rotor - Cast Iron components.

15 Display state.
Select the original Display State Default_Display State-1 to have all the
components visible.
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Pack and Go

Pack and Go is utility that can be used to copy all files used by the assembly into
a new folder or zip file, consolidating the file set into one location.

New
Folder

Work Flow

The work flow using Pack and Go creates multiple backups, using the last backup
to start the next work session.

Creating a Zip File

Creating a zip file is a good way to consolidate the files and generate a backup in
one step. The zip file can be used to start the next session and then be stored away.
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1 Pack and go.

Using Assemblies

Click File, Pack and Go and click Save to Zip file. Using Browse, set the
location to a temporary folder, name the file Backup_1.zip and click Save.

% Pack and Go

Select files to be zaved ta the specified Pack and Go folder.

[ Include drawings [ Include simulation results

() Mested view

O Flat view

|Name |In Falder |Save To Name

Sizﬂ Type

@Elrake\u’_\lheel.SLDASM

%Elrake Caliper SLOPRT

B%Elrake Pad sldprt
@Elrake\u’_\lheel.SLDASM

B@Elrake Rotor Assembly SLDASM
%Ro{or - Cast lron SLDPRT

Brakefwheel SLDASM

Brake Caliper,SLOPRT

Brake Pad.sldprt

Brakefwheel SLDASM

Brake Rotor Assembly, SLDASHM
Raotor - Cast Iron, SLDPRT

i\ TempBrake
i\ TempBrake
i\ TempBrake
i\ TempBrake
i\ TempBrake
i\ TempBrake

*IRRRREREE

@ Rotor Hat SLDPRT Ci\Temp\Brake Rotor Hat,SLDPRT
W, Rotor Fin SLDPRT 4 TemniRrake [Roknre Fin.SIDPRT
@ Azsemblies: 5 % Parts: 17 Drawings: 0 [#] Other. 0 -5 Totak 22
() Save to folder:
() Save to Zip file: C:ATemptBackup_1.zip
[ &dd prefis: [ &dd suffi:

Flatten to single folder ] Email after packaging

[ Save ] [ Cancel

1260 K | Solidworks Assembly Docy
1080 K | Solidwarks Part Docurmenl
255 KB |Solidworks Part Documenl
1260 K | Solidworks Assembly Docy
810 KB | Solidworks Assembly Docy
766 KB |Solidworks Part Documenl
563 KB |Solidworks Part Documenl
277 KR [Snlidwnrks Part Dinn |mP.>nI ¥

Select / Replace...

2 Unazip.

At the start of the next session, unzip the file to a new folder and begin working.
More files may be added from external drives or different folders.

Repeat the process.

At the start of the next session, unzip to a new folder and begin working. Repeat

the process each time to keep all the files together.

Adding to File Names

If you want to rename the files with each new backup, the Add prefix and Add

suffix options can be used.

For example, the file name Brake Caliper could become Brake Caliper_2

or 2-Hub Assembly with a suffix or prefix added.

Note: Using a prefix or suffix changes the name. It is not the same as using the
SolidWorks Data Management product.
Materials
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4 Appending the names.
Use the same settings as in the previous step 1 but click Add suffix and type _1
in the box. Click Save.

% Pack and Go

Select files to be zaved ta the specified Pack and Go folder.

[ Include drawings [ Include simulation results (&) Mested view () Flat view
|Name |In Folder |Save To Mame | Sizﬂ Type ~
@Brake\’_\ﬁheel.SLDASM C\TempiBrake |Brakesdvheel_2,5L0ASM 1260 K |Salidworks Assembly Docu
@, Brake Caliper SLOPRT C:\Temp\Brake |Brake Caliper_2, SLDPRT 1080 K |Solidwaorks Part Documenl
B%Elrake Pad =ldprt C:\TempiBrake |Brake Pad_2.sldprt 255 KE |Solidworks Part Documenl
@ Erakelihesl SLDASM i\ TempiBrake |Braketwhesl_2, SLDASM 1260 K |Solidwarks Assembly Docy
S WBrake Rotor Assembly SLDASM |\ TemplErake |Brake Rotor Assembly_2,5L0A5M | 810 KB |Solidwaorks Assembly Dot
@, Rotor - Cast Iron . SLOPRT C:\Temp!Brake |Rotor - Cast Iron_2,SLOPRT 766 KB |Solidworks Part Documen
@ Rotor Hat SLDPRT C:\Temp!Brake |Rotor Hat_2,SLOPRT 563 KE |Solidworks Part Documen
<l7| @ Rotor Pin SLOPRT i TemniFrake |Rabor Fin 2.5 DPRT I 573 KR | Snlidwinrks Part Don |mP.>nI ¥

@ Azsemblies: 5 % Parts: 17 Drawings: 0 [#] Other. 0 -5 Totak 22 Selact / Replace...

() Save to folder: | |

() Save to Zip file: |C:\Temp\Backup_2.zip | [ Browse. . ]
Oleddpefic | | Al sulfis
Flatten to single folder ] Email after packaging

(o) (o)

Tip:  Virtual parts that have not been saved as external files will appear greyed in the
list with <internal to assembly> as the folder. They are stored within the
assembly that was active when they were created.

5 Save and close all files.
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Lesson 3
Creating a Weldment

When you complete this lesson, you will be able to:

Creating weldment parts;
Using 3D sketches;

Working with sub-assemblies;
Creating custom profiles;
Adding structural members;
Trimming structural members;
Editing structural members.
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Creating Weldment Parts

The Frame will be built as a in-context Weldment using references from
existing assemblies. The weldment process includes creating sketches, adding
structural members and trimming the structural members.

Planes and Sketches

Planes and sketches, both 2D and 3D, are
used to define the locations of the
structural members in the weldment.

Structural Members

The structural members, square and
round tubes in this example, are added to
the lines and arcs of the sketches. After
they are added they are trimmed to fit.
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Weldments

A Weldment is a multi-body part composed of structural members. The
centerlines of the structural members are sketched and profiles are selected from a
library and are applied to the sketches.

Tip: Most of the work to create a weldment is invested in the creation of the weldment
sketches.

Creating a Weldment

Creating a typical weldment involves several
steps to create and trim the weldment
members.

For example, this weldment is made up of
five structural members; two of the longer
length and three of the shorter length.

The following chart defines the basic steps in
creating a weldment part.

Create a new sketch that
defines the centerlines of
the weldment profiles.
Sketch The sketch can be a 2D or
3D sketch.
Close the sketch.
Click Structural
Member [@ and select
Create P
Structural geometry. _ P _
Members Select a profile from the P _
library for use with the <
geometry. - [
Click Trim/Extend [&
and trim or extend the
Trim and length of structural
Extend members to planes or
Structural other structural members.
Members
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Some Important Points about Weldments
Here are some important points to remember about weldments:

m  Weldment parts are multi-body parts. Each structural member is an individual
solid body.

m The profiles used are selected from a library. You must create your own
profiles and library folders if the standard profiles are not what you need.

m  Weldments can make use of symmetry. Structural members can be patterned
using Mirror with the Bodies to Pattern option.

m A Cut-List folder is created to store information about the structural
members and their lengths of the structural members. They can also be sorted
by equal lengths.

m A Weldment Cut List table can be generated in a drawing of the weldment.

m The drawing can also have balloons like a BOM.

Some Details About Weldment Sketches

Weldment sketches are used to define the centerlines of beams used in the
weldment. Continuous beams should be created using single pieces of geometry.
If they are not, smaller separate pieces will be created.

Sketches used for weldments may be different than sketches used for other
features. For example, the sketch shown here would not be useful for a boss
extrude or revolve.

Single Line Multiple Lines
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1

2

Note:

Open Frame&Suspension.
Click File, Open and select the assembly Frame&Suspension.

Show sketches. '
Open any instance of the A-Arm Spherical Ball
component. |

Right-click Sketch1 and select Show.
Return to the assembly.

The A-Arm Spherical Ball components can be rotated for a better view of the
sketch.
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Using Different Planes and Sketches

Note:

In the process of adding a new part in-context, planar face or plane must be
selected. This plane is used as a sketch plane and a new sketch is opened. In fact,
several things happen at once when the plane is selected:

A new in-context part is created.

The new part is being edited.

A new sketch is created on the selected plane.

The new sketch is open.

The selected plane becomes the Front plane of the new part.

The new sketch may not be sketch you want. Although it is a requirement to select
something, you do not have to use the sketch. You can just exit the sketch and
create the plane or sketch that you need.

New part.

Click Insert, Component, New Part and select the plane Ground. A new
sketch, in the new part, is automatically started on the selected plane. See
“Creating a New Part” on page 13 for more information.

The Ground plane is selected, but in theory any plane or planar face could have
been selected because none of the existing planes or planar faces is sufficient.

Exit sketch.

Right-click in the graphics area and select Exit Sketch [€] to leave the current
sketch. You are still editing the new part.
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5 Reference plane.
Click Insert, Reference Geometry, Plane [].

Select the plane Front plane from the active part
[Part1lAFramed&eSuspension]<1> and Parallel.

Select the centerpoint of an arc from a A-Arm Spherical P

Ball component of the A-arm - Upper assembly as
shown. Click ¥ and rename the plane Upper_Arm.

6 Lower plane.
Using the same procedure as the previous step, create a
new plane using the plane Front and a centerpoint of
an arc from a A-Arm Spherical Ball component of

the A-arm - Lower assembly. Click « and rename
the plane Lower_Arm.

Creating a Weldment

< Planel ?
R

Message P
Fully defined

First Reference -3

S] Parallel

|J_| Perpendicular

|i| Coincident
B ]
7 | —
|/£/| Mid Plane

Second Reference 2

D IPoinlll@Sketchl@A-Ann

@ Coincident
|§| Project

@ W A-arm - Upper <2 = (right <right_D
@ W] A-arm - Lower <2 = (Left Side<Lef
@ W@ Unspring Mass Assembly - Right <
@ W (-) Tie Rod Assembly <1 = (Default
@ W Steering Wheel<1> (Default <Def
@ W Steering Rack and Shaft Assembly
% W (-) A-Arm Spherical Ball<1> (Defa
% W (-) A-Arm Spherical Ball <2 (Defa
% W (-) A-Arm Spherical Ball <3 (Defa
% W (-) A-Arm Spherical Ball<4 = (Defa
= % [ Part1~Frame&Suspension ] <1 -=>
Mates in Frame&Suspension
@ Sensors
Annotations

8= Material <not specified=>

\<§\ Front Plane

\<§\ Top Plane

\<§\ Right Plane

I.. Origin

Q Upper_Arm -=

Q Lower_Arm -=

ﬁ Mates
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Using 2D Sketches
A series of 2D sketches will be created to form the
basic shape of the frame. )
y \t“
J

3D sketches will be used to fill in much of the ||
bracing and support structure after the basic shapes ) , ' ;F _

are complete.

Note: Many of the 2D sketches, like this one, will require the creation of new planes.

7 New sketch.
Right-click the plane Lower_Arm and Sketch [E].

8 Rectangle.
Click Rectangle [3] and sketch as shown.
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9 Reference to existing geometry.
Add dimensions between the centerpoint of the arc and the edge of the rectangle
as shown. Set the values to 35mm and 30mm. Selection of A-Arm Spherical
Ball geometry for the dimensions creates external references to that component.

10 Centering geometry.
Sketch a centerline connecting the midpoint of the line and the origin as shown.

Add a Horizontal (=] relation.
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11 Added line and dimension.
Add the line and dimensions 720mm and 430mm as shown.

12 Exit sketch.

Right-click in the graphics area and select Exit Sketch [€] to leave the current
sketch. Rename the sketch Main.

13 New plane.
Control+drag the plane Lower_Arm downwards. In the Plane dialog set the
offset to 115mm. Rename the plane Lower_Frame.
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14 Hide components.
Hide the Steering Wheel Steering Rack and Shaft Assembly
assemblies.

15 New sketch.
Create a new sketch on the plane Lower_Frame. Sketch the lines and a
centerline connecting the midpoints of both lines as shown.

_lemoq

=YY

i

16 Symmetry.

Add a Horizontal (—| relation to the centerline. The two angled
lines are now symmetric to each other.

17 Relation to inactive sketch.
Select the centerline of the current sketch, control+select the

centerline of the inactive sketch and add a Collinear |
relation.
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18 Complete sketch.
Add the dimensions as shown. Rename the sketch Lower Frame _sketch.

- :
|
|
!
& | =
!
!
!
B
H

Sle

- —

Renaming and Opening a Virtual Part

It is easier to work on the part outside the assembly provided that the assembly
geometry is not being referenced. The part can be opened even though it is a
virtual part.

1 Rename the virtual part.
Right-click the virtual part Part1lAFrame&Suspension in the
FeatureManager design tree and select Rename Part. Type Frame.

2 Open the virtual part.
Right-click the virtual part Frame/Framed&Suspension and select Open

Part [
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Why is the View Orientation Different?

When a new part is created in-context, the initial plane or planar face selected
defines the position and orientation of the Front plane of the new part. This may
cause the new part to an unexpected orientation, different than that of the
assembly. Saving a view state is a great solution.

3 Orientation.
Click View, Modify, Rotate and rotate the view orientation so that it looks
similar to that of the assembly.

<>

4 Save aview state.
In order to save the view orientation and zoom, save

Named View

. . View name:
a view state. Press the Spacebar and click the New |
- . . . -_Cancel
View % icon on the Orientation dialog. (]
_Help

Type the name ISO and click OK.
The view name ISO will be added to the list and can recalled by double-clicking.
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5

Note:

Tip:

Plane.

Create a new plane using Right and Parallel for the First Reference and the
endpoint of the Main sketch as the Second Reference. Rename the plane
Bulkheadl.

Sketch geometry.
Create a new sketch on the plane Bulkheadl. Add lines to the existing
endpoints of the Main sketch. Select the centerline, control+select the endpoints

and add a Symmetric (@] relation.

Endpoints or geometry can be selected for the addition of a symmetry relation.

Dimensions and fillets.
Add the three linear dimensions (440mm,
215mm and 420mm) as shown.

Click Sketch Fillet [0 and set the Fillet
Radius to 100mm. Select four corners as

shown. Click « .

If this message appears: At least one
segment being filleted has a midpoint
or equal length relation. Geometry
may have to move to satisfy this
relation when the fillet is created. Do
you want to continue? Click Yes.

Close the sketch and rename it to
Bulkheadl Sketch.
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Additional Planes and 2D Sketches
A series of small 2D sketches are needed to define the shape of the frame.

Bulkhead3_sketch | : Seat_Angle_sketch

Z Engine2_sketch

Enginel_sketch

Bulkhead2 sketch

Through_Point_Sketch

8 Bulkhead2 and Bulkhead3 planes and sketches.
Create planes parallel to Right through the endpoints in the Main sketch and
create the following sketches.

Bulkhead?2_sketch Bulkhead3_sketch
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9 Seat position and angle.
Create a new plane using Right and Parallel for the First Reference and the
endpoint of the Main sketch as the Second Reference. Rename to
Seat_Position.

Using Seat_Position and the sketch line as shown, create a new plane. Click
Angle and use 10 degrees. Rename to Seat_Angle.

Create the sketch and rename it to Seat_Angle_sketch.

Tip:  Add the 200mm sketch fillets before the 90mm and 500mm dimensions.
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Sketching with Pierce Relations

Note:

10

11

So far, we have connected geometry to endpoints and midpoints. But what if the
structural members are connected to an arc or elbow shape? This method utilizes a
lesser known relation called Pierce. The pierce relation positions an endpoint
where the sketch plane intersects (pieces) the selected geometry.

Sometimes it is necessary to create a bracing member in order to create bulkheads
and other sketches. In this case the position of the bracing member is required to
sketch the position of a bulkhead.

Edit sketch.

Edit the sketch Bulkheadl Sketch. Click Point
and add a point near the arc. Add a Midpoint relation
between the point and the arc as shown.

Plane through point.
Create a new plane using Front and Parallel for the First Reference and the
point as the Second Reference. Rename to Through_Point.
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12 Pierce.
Create a new sketch on the Through_Point plane. Sketch a line from the point
towards the arc as shown. Select the endpoint and the arc and add a Pierce [
relation. Rename to Through_Point_Sketch.

13 Planes.
Create a new plane offset 550mm from the Seat_Position plane. Rename to
Enginel. Offset 300mm from the Enginel to create Enginel.
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14 Converting a single sketch entity.
Create a new sketch on the Enginel plane. Click Convert Entities [@ and select
the centerline in the Seat_Angle_sketch as shown. Click « and % . Click the

line and select Construction Geometry (2. Add the lines to the centerline as
shown.

15 Mirror in the sketch.

Creating a Weldment

Click Tools, Sketch Tools, Mirror [£] and select the three  « % 4=

sketched lines. Right-click and select the centerline and
click ¢ .

Message ]
Select entities to mirror and a sketch
line or linear model edge to mirrar
about

Options ]

Entities ta mirrar:
I [Unert
Linel0
Lined
Copy
Mirrar about:
it
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16 Collinear with a plane.
Add a Collinear /] relation between the
Through_Point plane and the top line and

add the dimensions as shown. Rename to
Enginel_sketch.

775

17 Converting an entire sketch.

=T @
Create a new sketch on the |

Convert Entities ? +
Enginel_sketch plane. Yy
Click Convert Entities [ and select | Enitiesto Convert &
the sketch Enginel_sketch using [
the flyout FeatureManager design tree
as shown. Click ¢ and % .
[ select chain

| PP )

Creating a Weldment

Part1~Frame&Suspension (D...
@ Sensors

(&]
§E Material <not specified:=
\<> Front Plane

\<> Top Plane

\<> Right Plane

I—» Crigin

\<> Upper_arm -=

\<> Lower_Arm -=

e Main -

\<> Lower_Frame

e Lower_Frame_sketch
\<> Bulkhead1

& Bulkhead! _sketch

\<> Bulkheadz

e Bulkheadz _sketch

\<> Bulkhead3

e Bulkhead3_sketch

\<> Seat_Position

\<> Seat_Angle

e Seat_angle_sketch

\<> Through_Paint

e Through_Paint Sketch
\<> Enginel

\<> Engine2

Annotations

B () skatchiz

59



SolidWorks Creating a Weldment

Engineering Design and Technology Series

Adding Bracing to the Frame

Bracing is added between the existing sketches using more sketches. The best
practice is to use the type that is most suitable in the situation, 2D or 3D. For more
information regarding 3D sketches, see “Using 3D Sketches” on page 61.

Tip:  All of the previous sketches could have been created as 3D sketches.

18 Sketch.
Create a new sketch on the Through_Point plane. Add the two centerlines,
three lines and two dimensions as shown. Rename to Engine_Mount. Exit the
sketch in an under defined state.

Note: This sketch is another example of a valid weldment sketch that would be
unsuitable for a standard extrusion. For more information, see “Some Details
About Weldment Sketches” on page 43.
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Using 3D Sketches
3D sketches are very useful in creating sketch geometry that does not lie on an
existing or easily definable plane. Bracing lines that cross through 3D space
between existing endpoints are best created using 3D sketches.

Sketching in the X, Y and Z Directions
The Space Handles that appear in a 3D sketch when creating lines can be used to
sketch along the X, Y and Z directions. The direction is shown at the cursor.

82,42

«1
< 856,147

oLl

Note: The space handles can be ignored to sketch between endpoints in 3D space.

How do you know if you are in a 3D sketch?
Look at the Status Bar near the bottom right corner of the window. It will say
Editing 3DSketch1 for a 3D sketch or Editing Sketch6 for a 2D sketch.
19 3D sketch.

Click Insert, 3D Sketch |&] and add a line. Start the line at the lower endpoint and
end it on the angled line as shown. A Coincident relation is added in the process.
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3D Sketch Dimensions

Note:

Creating a Weldment

The Tab key can be pressed while creating a dimension to switch between the true

distance (absolute) and distances along the X, Y and Z axes.

Select the line and place the dimension... (Absolute)

Select the line and...

press Tab once (Along | Press Tab twice press Tab three times
X) (Along Y) (Along 2)

Once created, you can use Edit Sketch [E] to edit either a 2D or 3D sketch.
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20 Dimension.

21

22

23

24

25

Add an absolute dimension of 350mm that defines the true length of the line. Exit
the sketch.

Assembly.

Press Ctrl+Tab and click the assembly. At the message: Models contained
within the assembly have changed. Would you like to rebuild the
assembly now? Click Yes.

Edit assembly.
Edit the assembly by right-clicking in the graphics area and selecting Edit
Assembly: FrameSuspension.

Save.

Save the assembly and click Save All. At the message: This assembly
contains unsaved virtual components which must be saved click
Save internally (inside the assembly) click OK.

Show display state.
There are many components that have been hidden. They will be shown now.

Click the ConfigurationManager tab (2] in the FeatureManager design tree and
double-click the display state FULIL,_Display State-1. Click the

FeatureManager design tree tab [®].

Hide planes.
If there are planes visible, click View, Planes to turn of the display.
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Placing a Component Using Sketch Geometry

The geometry of the frame, an in-context
virtual part, can be used to create mates as
well as place and orient components.

26 Insert component and mate.

Click Insert, Component, Existing Part/Assembly [£®] and select the ENGINE
part.

Mate the Right plane of the ENGINE and the Centerline plane of the
assembly using a Coincident mate.

Note: Use the Aligned and Anti-Aligned options to get the mate alignment as shown.
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27 Concentric mate.
Select the cylindrical face of the engine and the sketch line as shown. Add a
Concentric mate between them.

28 Rotate.
Rotate the under defined component as shown.
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Making Changes

With the addition of the ENGINE, we can see that it appears to be too close to the
Enginel_gketch (inside right box). One solution may be to pull the attachment
point back by shortening the length of a line in the Engine_Mount sketch
(inside left box).

29 Change dimension value.
Return to the part by pressing Ctrl+Tab and clicking the part.

Double-click the Engine_Mount sketch in the FeatureManager design tree and
change the dimension to 50mm as shown. Click Rebuild 8 .
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30 Return to the assembly.
Press Ctrl+Tab and click the assembly. With the change in the sketch geometry,
the engine has been pulled back to a better position within the frame as shown.

Working With Sub-Assemblies

Large assemblies often have multiple sub-assemblies ) ®] Frameasuspension (RIDE<Ful
within them. This is good practice and helps make the %:“
assembly easier to work with, shortening the & Ground
FeatureManager design tree and breaking the components g;tt;I
into logical groups. 1, orgn

Axles
This section will show how to open a sub-assembly from ga fide

s, CL Rear Axle

@ W] A-arm - Upper <2 3= (right <
9 8 A-arm - Lower <2 (Left Si
@ W Unspring Mass Assembly -
@ W (-) Tie Rod Assembly <1 =

9 @ Steering Wheel<1> (Defa
W Steering Rack and Shaft &
W (-) A-Arm Spherical Ball<1:

the main assembly and set Component Properties.

Opening a Sub-assembly from the Assembly
Sub-assembly components can be opened directly from the assembly
FeaureManager design tree like part components.

Tip:  Right-clicking a component part in the sub-assembly and trying to open it will
open the part only.

31 Open sub-assembly.
Right-click the sub-assembly Rear Axle Assembly from the FeatureManager

design tree and select Open assembly [/,
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Rigid vs. Flexible Sub-Assemblies

All sub-assemblies have the option of being solved as Rigid or Flexible. The
Component Properties dialog is used to toggle between them.

Rigid
Rigid @ treats the entire sub-assembly as a single rigid component when used as a
sub-assembly. Rigid is the default condition for all sub-assemblies.

Flexible

Flexible £ allows the components that can move or rotate in the assembly to
move or rotate when used as a sub-assembly.

1 Testcomponent.
The assembly is designed so that the
Sprocket is free to move along the ~ -LRecr 4
axis CL. Rear Axle. Moveitasmall
amount to test it.

Close the sub-assembly without and
return to the main assembly.
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2 Warning.
To line up the Sprocket with the engine output, select the faces indicated and try
to add a Coincident mate. A warning saying that the coincident mate cannot be

added will appear. Click % .

Why Does the Warning Appear?
The sub-assembly is solved as the default rigid condition which does not allow

components in the sub-assembly to move independently.

3 Component properties.
Right-click the Rear Axle

Agssembly and select Component
Properties [EF|. Under Solve as, "
click Flexible and OK. Using the

same procedure as in step 2, add the
Coincident mate. i |
@lel@le®
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Bracing Sketches

There are several more planes and sketches required to complete the frame
geometry.

4  Open part.
Open to the virtual part frame.

5 Pierce relation sketches.

Create a new plane through endpoint indicated and Parallel to Front plane. Use
the plane to create two new sketches.

In the each sketch, use one Coincident and one Pierce relation.

Note: The pierce relation in the first sketch uses an arc, the second uses a line.
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Remaining Sketches

The remaining sketches are all 3D sketches and will be presented with a brief
description and an image as shown below.

Two lines and
Coincident relations.

Two lines,
Coincident and
Midpoint relations.

One line and
Coincident relations.
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Four lines and
Coincident relations.

Why is the Bracing One Sided?

The resulting structural members will be mirrored across a plane to create the
bracing on the opposite side. For more information, see “Mirroring Structural
Members” on page 86.
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Weldment Structural Members
Weldments use standard profile shapes that are applied s i

to sketch geometry to create structural members. Each "L{\\\ : /
structural member is a separate sold body in the multi- Pl /
body part. \\*/
. 9
Weldments also track the quantities and lengths of the - 4

structural members using a weldment cut-list.

A Quick Look at the Standard Profiles

The weldment profiles are divided into two Standard folders: ansi inch and
iso. Profiles must be library features and be present in the folders to be used. The
standard profiles use these shapes:

N
[ I| J|
\
rectangular .
_ . s section or
angle iron | ¢ channel pipe Or square sb beam
tube

Weldment Cut List
The Weldment Cut List tracks the structural member types and lengths.

= B Cutist(e) = B Cut lst(e) TEMNO. QY. LENGTH
@ Structural Member1[1] =-{__] Cut-List-Tkem4{2) 1 o 175
@ Structural Member1[2] E Structural Member1[1] o o 505
@ Structural Member1[3] E Structural Member1[3] 3 5 T85.805
@ Structural Member1[4] = _| Cuk-Lisk-IkemS(2) -
@ Structural Member 1[5] E Structural Member1[2]
@ Structural Member 1[6] E Structural Member1[4]
§E Material <not specified = = _| Cuk-Lisk-Ikema(z)
\<§\ Front Plane E Structural Member 1[5]
\<§\ Top Plane E Structural Member 1[6] \
\<§\ Right Plane §E Material <not specified =
1. origin % Front Plane | |
M ‘Weldment \<§\ Top Plane (@:
= sketchi % Right Plane =
+ Structural Member1 I.. Crigin
M Weldment
= sketchi .Ir

+ Structural Member1 ., I|I
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Creating Custom Profiles

We need two profiles: a round (pipe) tube and a square
tube each with an outside measurement of 25.4mm.

This size is different than the standard sizes, so they ,J ,,l
will need to be created and placed in the proper
folders Round Tubes Square Tubes

1 Open anew part.
Open a new part with mm units.

2 Sketch.
Create a new sketch on the Front plane and sketch a 25.4mm circle and
dimension as shown.

Add an offset of 2.4mm as shown and exit the sketch.

©25.400
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3 Save as library feature.
Select the sketch Sketchl. Click File, Save As.

Type the file name 25.4mm Dia, select the Save as type Lib Feat Part
(*.sldlfp) and click Save.

For Save in, navigate to the default weldment library folder located in the
<Install Directory>\Program Files\SolidWorks Corp
\SolidWorks\data\weldment profiles folder.

Save As @@
Y Save in: | I weldment profiles v QO ¥ El,
inch
My Recent dénﬂ e
Documents Diso
7__.%%
Desklop
My Documents
R
,\? File name: 25.4mm Dig v Z]
Favorites
Save as type: | Lib Feat Part [*.sldifp) v
‘:‘] Drescription:
Myprﬁait:f'k [ 5ave as copy

Note: The weldment profiles are set to that specific folder by the Tools, Options, File
Locations and Weldment Profiles.

Library Feature Folders and Icons

The library feature is a different file type and uses
different icons for the top level component and the
sketch.

4 Close library feature.
Close the library feature part.

25.4mm Dia {Default<<Default=_Di
[7] meferences
|:| Dimensions
@l Sensors
@ Annotations
8= Material <not specified:>
% Front Plane
% Top Plane
% Right Plane
I.. Crigin
Sketchl
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5 Create new Folders.
Adding the weldment profile to the weldment profiles folder is not enough to
make use of it.

Create a new folder FSAE in the

<Install Directory>\Program Files\SolidWorks Corp
\SolidWorks\data\weldment profiles folder. Open that folder and create
two folders named Square Tubes and Round Tubes.

Move the 25.4mm Dia.SLDLFP file into the Round Tubes folder.

Address |13 Ci\Program Files| SolidWorks CorplSolidworksidatalweldment profiles)FSAE

Folders £
= |2) weldment. profiles - ) )
* | ) ansiinch IJ IJ
= OEA
|) Round Tubes
|2 Square Tubes
T [ isa Round Tubes Square Tubes

6 Move existing file.
Move the existing 8mm Sides.SLDLFP file into the Square Tubes folder.

Why Do Some Profiles Contain Points?

Profiles formed using lines typically contain points at 1250 —
the corners like this tube. They are useful in moving s
the profile to a position other than the centerline. T i
< L —- 1425

Z‘ e
R1.250
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Adding Structural Members

Adding the structural members is the simplest part of the process. Selecting the
existing sketch geometry gives the structural members position and length.

It is helpful to keep all the related features together in the FeatureManager design
tree for future editing. In order to do this, it is best to rollback. See “Using
Folders” on page 84 for more information.

1. Move the rollback bar to a position after the sketch feature that you want to
use for creating structural members.

2. Select the geometry of inactive sketches to define the centerlines of the
structural members.

3. Add only structural members of the same type in the same feature.

1 RO I I baCk. g Weldment
Right-click the Bulkhead? plane and select Rollback [/ gt“’f::;
This will place the Structural Member feature just after the g o e
Bulkheadl_Sketch sketch, near the related plane. g Loﬁr_zrame_skebm

» Bulkhead1

E Bulkhead1_sketch

%, Bulkhead2

The Weldment feature (& is added to the part automatically.
This defines the part as a weldment part.
2 Structural member.

Click Insert, Weldments, Structural Member [@ andthe « s ==
following options:

Message
Select sketch segments for defining

Standard FSAE, Type Round Tubes and Size 25.4mm path. You can rotate the profile by a

b3

spedfied angle.
Dia.
Selections 3
Select all the lines and arcs as shown and click « . Standard:
FSAE L3
Type:
Round Tubes w
Size:
25.4mm Dia -

Groups:

Settings ]
Path segments:
Line 1@Bulkhead1_Sketch ~
Arc1@Bulkhead1_Sketch
Line2@Bulkhead1_Sketch
Arc4@Bulkhead1_Sketch
o Line3@Bulkheadl Sketch b

Rename the structural member feature to Structural Member Bulkheadl.
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Corner Treatments

The Corner Treatments End Miter (), End Buttl [F| or End Butt2 [F| are used
to determine the trimming of the members meeting at a corner within the same
feature.

All (i)

Corner treatments are applied to all corners in
the Structural Member dialog and individually

Individual corner treatments can be set by
clicking the circular corner markers and setting
the dialog that appears.

[C]5et corner specific weld gaps

o=
Trim Order: |:|—
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3 Rollback.
Drag the rollback bar to a position after the
Bulkhead?2_sketch.

4  Structural member.
Click Insert, Weldments, Structural Member and the
following options:

Standard FSAE, Type Square Tubes and Size 25mm
Sides.

Make sure Apply corner treatment and End Miter [i]
are clicked. In this example, all corner treatments will
remain as end miters.

Select all the lines of the sketch as shown and click + .

Working With Sub-Assemblies

Creating a Weldment

----- Weldment
----- \<§\ Upper_Arm -=

----- s Lower_Arm -=

@ Main -

..... % Lower_Frame

@ Lower_Frame_sketch
..... \<§\ Bulkhead1

[ Bukhead1_Sketch
[]-- Struckural Member 1
..... \<§\ Bulkheadz

g Bulkheadz _sketch
", Bulhead3

T Structural Member

« R =
|Message ¥ |
Selections A
Standard:

|Fsae |
Type:

|Square Tubes w |
Size:

|25mm Sides v |
GEroups:

b3

Settings

Path segments:

Linel@BulkheadZ_sketch
Linez@Bulkheadz_sketch
Line3@Bulkheadz_sketch
Line4@Bulkheadz_sketch
LineS@BulkheadZ sketch

>

[£4

Apply corner treatment

(EHE0E
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Using Groups

The Group option allows you to select multiple “groups” of edges in the same
dialog. The structural members of each group are automatically trimmed against
each other; for example the members of Group1 are trimmed by the members of

S
N

Note: The use of groups may limit the selection of corner treatments.

5 ROI I baCk ..... ‘Weldment
Drag the rollback bar to a position after the Main-> sketch. X Upper_frm -

----- s Lower_Arm -=

e Main -

Groupl
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6 Structural member.

\@ Structural Member 7

Click Insert, Weldments, Structural Member and the < X =5

following options:

Message ]

Standard FSAE, Type Square Tubes and Size 25mm Seletle sty

defining path. ¥ou can rotate the
- profile by a specified angle.
Sides.

Selections
Standard:
|Fsae |

b3

Type:
|Square Tubes w |

Size:
|25mm Sides v |

GEroups:

These selections are added to for Groupl. Settings A
Path segments:
Line 1@Main
Line3@Main
7 Group.
Click New Group and select the three remaining edges for Group?.
Click « .
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Using Trim/Extend

The Trim/Extend [& tool is used to a trim the end of a structural member against
a face/plane or one or more other structural members.

It is helpful to keep the related trim/extend features together with the in the
FeatureManager design tree. In order to do this, it is best to rollback first similar to
adding structural members. See “Using Folders” on page 84 for more information.

1. Move the rollback bar to a position after the Structural Member feature
that you want to trim.

2. Add one trim/extend feature for each end of the structural member. In the
simplest cases, the trim/extend feature may include both ends of the structural
member.

Trimming Boundary

Tip:

The trimming boundary can be either a Face/Plane or other Bodies. Options with
other bodies include Simple cut between bodies and Coped cut between
bodies.

Bodies Bodies Face / Plane
Simple cut between Coped cut between

bodies ‘i‘ bodies ‘%‘

The Trim/Extend tool eliminates interferences between solid bodies by shaping
the ends and creating the correct fit. Interferences between solid bodies in the
multibody part can be checked at the assembly level. For more information, see
“Checking Clearances” on page 94.
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8 T” m. “® Trim/ Extend2
Drag the rollback bar to a position after the Structural s

Member Bulkheadl feature. comer Tvme

Click Trim/Extend [&] and click End Trim (i), HEEE
Select the Bodies to be Trimmed and Trimming Eeciesininiinmetemnt

Boundary Bodies as shown. IS‘Tucmral enber
Click Simple cut between bodies ‘% and ¢ .

b3

Allow extension

b3

dary
() Face [ Plane
(%) Bodies

\
Body 1, 1:[keep

. Structural Member 1[2]
Bodies to

be Trimmed

Preview
Allow extension

[weld gap

Trimming
Boundary

The Bodies to be Trimmed is shortened using the Trimming Boundary body.
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Using Folders

Note:

Rollback was used in the previous steps to place the trim/extend feature just after
the structural member being trimmed. This allows us to group a series of related
features into a Folder, effectively reducing the length of the FeatureManager
design tree.

Features can also be dragged and dropped into the folder but they must remain in
the same sequential order.

Add folder.
Shift+select the sequence of features as shown. Right-click and select Add to
New Folder, naming the folder Bulkhead_1 Folder.

+ |:| Bulkhead_1 Folder = |:| Bulkhead_1 Folder
w: Bulkheadz % Bulkhead!

[ Bulkhead1_sketch
+ Structural Member_Bulkhead:
)gj Trim/Extend1
w: Bulkheadz )gj Trim/Extend2

w: Bulkheadz
If this procedure is used throughout the FeatureManager @ Frame~FrametSuspension (1

@l Sensors
+ |_£| Annotations
= B Cut list(59)

8= Material <not specified:>

% Front Plane

% Top Plane

% Right Plane

I.. Crigin

g Weldment

\<§\ Upper_Arm -=

\<§\ Lower_Arm -=
- Main Folder
#- | Bulkhead_1 Folder
#-[ | Bulkhead_2 Folder
#- | Bulkhead_3 Folder
-] Seat Folder
-] Through Poink Folder
+-[ Engine 182 Folder
+ |:| Engine_Mount Folder
-] Lower Brace Folder
- ¥ Brace 1 Folder
- ¥ Brace 2 Folder
#-[ Connection 1 Folder
- Rear Bracing Folder

design tree it will significantly shorten the length.
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Map for Structural Member Types and Trim/Extend

The structural member types are either FSAE, Round Tubes, 25.4mm Dia ()

or

Square Tubes, 25mm Sides | |. Create them and add the trimming and folders
using the map below or the included eDrawings files (below). Use End Trim [iF]

and Trimming Boundary Bodies for all features.

@)

A

\‘
AA-/

,\ X

]

eDrawings File for Member Types and Trim/Extend

Double-click the eDrawings
flle fPa:me.eth @’J or the @—J File Wiew Tools ‘Window Help

html file frame.html g. | :
This will open an eDrawing | Pl ® LI

or browser that can be Q O«I@H’ |§|ﬁ kL
zoomed, scrolled and &d
rotated using the same tools | #
as in SolidWorks. 2

Use the eDrawing to L
visually determine the type |
of structural member used 2
for each sketch and how it
is to be trimmed.

+E SolidWorks eDrawings Professional - [frame.eprt]

o

»

—=|@ DRAWINGS® ~ @
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Mirroring Structural Members

Mirror can be used to pattern features, faces or bodies across a plane. In this
example solid bodies will be mirrored to complete the frame.

10 Mirror bodies. L \Mirror 2
Click Insert, Pattern/mirror, Mirror || and click the Top « %

plane as the Mirror Face/Plane. Click Bodies to Mirror Mirror Face/Plane A

and select the bodies shown in blue. Click « . e
[Features to Mirror ¥
[Faces to Mirror ¥
Bodies to Mirror ]

6) Struckural Membera[2] &
Struckural Member9[1]
Trim/Extend15 =

Structural Members[4] v

Options ]
[IMerge solids
[CJknit surfaces

Propagate visual
properties

N O Full preview
% (%) Partial preview

Note: Mirroring the bodies after trimming eliminates the need to trim the mirrored
bodies.
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Editing

A big advantage of creating geometry in SolidWorks is the editing capability. You

can edit sketches and features to change the design at any time. In this section,
several types of changes will be introduced.

Editing the Corner Treatment

The corner treatments used on some of the earlier structural members may seem
inadequate after all the bracing is added. In this case, an open end makes the
connection with the brace difficult.

11 Zoom in.
Zoom in on the are as shown. This area shows a potential problem where the brace
member connects to an open face of a square tube.

12 Edit structural member feature.
It is not necessary to know the name of the feature. Right-click on a face of any

structural member of the feature and select Edit Feature [@).

v %
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13 Corner treatment.
Click the corner marker as shown. In the Corner Treatment dialog, set the Trim

Order to 2 and click ¢ . Repeat the process for the other corner and click « in
the main dialog. This changes the selections to mitered corners.

Group: 10f2 @

[]set corner spedific weld gaps "

Sl = d
Trim Order: é -

Note: The potential changes that can be made are limited by how the feature was
created. This feature was created using groups so miters are the only other choice.

Editing the Trimming

With the changes to mitered corners, the trimming can now be changed. In this
case a planar face will be used instead of a body.

14 Edit trim feature.

Right-click the face of the structural member shown and select Edit Feature [@).
Under Trimming Boundary, click Face / Plane and select the face as shown.

Click + .

Body 1, 1:[discard]
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Editing the Type of Structural Member

The standard, type or size of the structural member can be changed. In this
example, structural members that will have plates attached will be changed to
square profiles.

15 Edit feature.
Right-click the face of the structural member shown and select Edit Feature [@&.

Click Standard FSAE, Type Square Tubes and Size 25mm Sides. Click ¢ .

Using Locate Profile

In creating all of the structural members so far,
the profiles have been placed directly at the
default center position.

Consider a case where structural members of the
same type and size are stacked on top of one
another. Is it necessary to sketch a centerline
offset by the exact amount?

Locate Profile allows you to place the profile within the sketch using the points
built into the profile. For more information see “Why Do Some Profiles Contain
Points?” on page 76.
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16 Find the parents.
Right-click a face of the structural member as
shown and select Parent/Child. The Parents
and Children of the feature are listed. Click

Close.

17 Show sketch.

Creating a Weldment

&1 Parent/Child Relations hips

Children

(=1 Structural Member,
)EJ TrimJExtend?
)EJ TrimJExtends
X Trim{Extendz1
X Trim{Extendzs

< | @

] [ Help ]

Right-click the Lower_Frame_sketch in the dialog and select Show.

18 New sketch.

Right-click the top face of the structural member and select Sketch [E].

Working With Sub-Assemblies
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19 Convert.

Click Convert Entities @ and select the
centerline of the visible sketch. Exit the
sketch and drag the endpoints outside the
structural members. Add relations to span
the full width as shown.

Close the sketch.

20 Locate profile.
Click Insert, Weldments, Structural Member and the following options:
Standard FSAE, Type Square Tubes and Size 25mm Sides. Select the line and
click Locate Profile. Click the point at the lower center position on the profile.
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21 Measure.
Click Tools, Measure and select the two faces shown.

Measure - Frame-""‘-Frame&Susp...El

G- B @ (2]

¥

Face<1>
Far

>

The two selected items are parallel,
Mormal Distance: 78, 35mm
308.07mm = — | Distance: 309.07mm

Delta ¥: 291.25mm
Delta ¥: 78,35mm
Delta Z: 67.50mm
Total area: 27196.88 milimeters~2

78 35mm
291 .25mm

67 50mm

Repeat the measurement on the opposite side to ensure that the structural member
is centered.

22 Save.
Save the part and close it. Return to the assembly and click Yes to rebuild the

assembly.

Using Instant 3D

Instant 3D can be used to make dynamic changes to a model by dragging or
directly changing dimensions.

Single-click a dimension to change
the value.

Drag the dimension handle "¢ near = aun

the ruler to lock onto whole number — a0

ruler values. — sae
%l!l

620
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23 Change dimensions.
Click Instant 3D (%] and double-click the feature shown. Right-click the Frame

part and select Edit Part [®]. Double-click the feature and drag the handles on the
dimensions to resize them to the values 80mm and 300mm as shown.

Double-click the feature and drag the handles on the dimensions to resize them to
350mm and 530mm as shown.
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Checking Clearances

Creating a Weldment

What is the minimum clearance between the Sprocket and frame? This

question can be using Clearance Verification [Z] tool.
24 Edit the Assembly.

Click confirmation corner % P to edit the assembly.

25 Clearance.
Click Tools, Clearance Verification [£].

Click Selected Items and select the Sprocket and
frame.

Type Omm in Minimum Acceptable Clearance and click
Calculate. The clearance is close to 18mm. Click « .

T Clearance Yerificati... 7

R

1G Py

Rear Axle Assembly-1@f

= Frame“Frame&Suspensi
13 ) 3
Check dearance between:
() selected items

e Selected items and the
rest of the assembly

= [ 0.0000mm =

Caloulate

A

= K Cearance1 - 17.9825m
! Frame “Frame&Sus
. % Sprocket-1 (Defaul’

Note: A visual check shows that there is no interference between the Sprocket and
frame components, but they can be checked. For more information, see

“Interference Detection” on page 97.
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Fully Defining a Component

The ENGINE component remains under defined, still able to rotate freely. It
should be fully defined to prevent inadvertent movement.

26 Open the ENGINE.
Right-click the ENGINE component and select Open Part [/

27 Add new plane.

Click View, Temporary Axes. Add a Parallel plane @ 3 &
between the selected face and the temporary axis through N
the hole as shown. Fully defined

First Reference

m IFace< 1=
Parallel

[;] Perpendicular

[g] Coincident

(o o |
(") [10-000mm |
[/Z/] Mid Plane

Second Reference

g IAxis<1.>

[é] Perpendicular

Coincident

B o

»

»

Filtering the FeatureManager Design Tree

The FeatureManager design tree filter can be used to filter by name. Typing a
name into the filter will result in a list of only the features, sketches, components
or mates that use those characters.

28 Filter. (F + engine %)
Return to the assembly. Click in the filter at the top of the =~ Frameasuspension RE<Ful 4
FeatureManager design tree and type engine. o Smlipn—

Right-click Enginel_sketch and select Show.
Click “x” to stop the filter.

...... %, () ENGINE<1> (Default<<
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29 Mate.
Add a Coincident mate between the plane and the line in the sketch.
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Interference Detection

Tip:

Tip:

30

31

Interference Detection is useful in finding interferences or clashes, between
static component parts in the assembly. The results show the interfering volumes
in red.

To check interferences between solid bodies in the same multibody part, select the
multibody part only and click Include multibody part interferences.

Interferences. |- Interference Detec... ?
Click Tools, Interference Detection [t4]. ¢ R
By default, the entire assembly is selected for interference lected G S—
detection, so right-click in the Selected Components field | S igramessmenson
and select Clear Selections. < | bd
Select the ENGINE and frame components and click
Calculate. I A
i A . [ Interference1 - 509, 7983
A total of four interferences are found combined into two [ Interference2 - 537.5183
. . [ Interferences - 538.0832r
symmetrical sets. Click + . (4 Interference - 908, 7583

|~

| >

|:| Component view

Options
0 Treat coinddence as
interference

b3

[ show ignored interferences

0 Treat subassemblies as
components

0 Indude multibody part
interferences

Make interfering parts
transparent

[ create fasteners folder

Edit sketch.
Click in the filter at the top of the FeatureManager design tree and as before type
engine. Right-click the under defined (-) Engine_Mount and select Edit

Sketch []. Click “x” to stop the filter.

This is a shortcut that puts you in Edit Part and Edit Sketch mode directly.
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32 Drag.
Drag the open endpoint short of the ENGINE
component.

33 Dimension.
Add a dimension between the edge of the
ENGINE and the endpoint as shown.

34 Edit assembly.

Click Edit Component [®] to exit the
sketch and return to edit assembly mode.

Note: The sketch name has changed to Engine_Mount-> denoting that it is fully
defined and contains external references.
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Mounting Plates

The frame is currently placed with reference to
the suspension points, but it is not attached. To
create an actual attachment, mounting tab plates are
required.

Creating a Reusable Sketch

Note:

The mounting tabs used to attach the suspension to the frame are plates that are
rounded on one end. Although all the tabs have a similar shape, the length and
ends may vary. For this reason, creating a sketch that can be easily copied and
modified is a good solution.

New part.
Open a new part with units mm. Create a new sketch on the Front plane.

Geometry and dimensions. ®20 7
Create the geometry and dimensions

using these guidelines: ‘
‘b

1. Create a centerline from the origin ),
on a slight angle.

2. Offset the centerline with the bi-
directional option (add dimensions
off) to create the sides.

3. Add atangent arc to close the upper
end.

4. Add a line between endpoints to

close the lower end.

Add a circle.

6. Add dimensions.

o

The centerline is on a slight angle (not horizontal or vertical) and under defined to
make the placement flexible.
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3 Drag. @20
Drag the lower corner endpoint. The

under defined sketch should rotate but
maintain the shape.

4 Save.
Save the part as TAB_Sketch.

Exit the sketch but do not close the part.

5 Copy sketch. § TAB_Sketch (Default<<Default> [
Select the Sketchl feature in the FeatureManager design E po
tree and Ed|t, COpy 8= Material <not specified=>
% Front Plane
%> Top Plane
% Right Plane
I.. Crigin

e (- Sketcl

Pasting the Sketch

After editing the frame part, the sketch will be pasted onto the face of a
structural member.

Tip: A common mistake in this situation is to paste the sketch before editing the part.
The sketch can be pasted, but is only useful as an assembly feature. An assembly
feature is a feature that exists only at the assembly level and can only be used to
create a cut.

6 Edit part.
Return to the assembly, right-click the Frame part and select Edit Part @],
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7 Paste.
Select the face of the structural member as indicated. Click Edit, Paste.

8 Edit sketch.
Right-click an edge of the sketch and select Edit Sketch &
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9 Temporary axes.
Show the temporary axes by clicking View, Temporary Axes. Select the
centerline and the temporary axis and add a Parallel relation.

10 Concentric.
Select the circular edge and the circle and add a Concentric relation.
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11 Extrude.
Extrude the sketch 3mm as shown.

Note: This part has been marked as a weldment Ji wedment , SO the Merge Result option in
extrude remains cleared.
12

Select the bottom face and create a new sketch. Convert edges from the previous
body to create the sketch and extrude the sketch 3mm as in the previous step.

Repeat for the remaining tabs on the same side and mirror.
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13 Paste sketch.
Show Enginel_sketch. Select the face, click Edit, Paste and edit the sketch.
Add a Concentric relation between the arc and circular edge as shown.

A

14 Point.
Add a point on the centerline. Add a Coincident relation between the centerline
and the point. Use the point to add a Pierce relation between the point and the
inactive sketch line.

~
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15 Trim and extrude.
Create the front edge of the structural member
using Convert Entity. Trim the geometry
leaving the centerline and point intact as
shown.

Extrude the sketch 3mm.

16 Plane.
Click Insert, Reference Geometry, Plane, select the faces and click Mid Plane.
Rename the plane Centered.

17 Mirror.
Mirror the body using the in-context plane.
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Weldment Cut Lists

The Cut list folder list of all structural members in the %) Frame ~Framessuspension (Dt
@ Sensors
weldment. Annotations
= B cutlist(@4)

E Structural Member5[1]
E Structural Member5[2]
ﬁ Structural MemberS[3
E Structural Member5[4]
E Structural Member5[5]
E Structural Members[1]
E Structural Members[2]
E Structural Members[3]
E Structural Members[4]

Note: In a non-weldment multi-body part the folder is named Solid Bodies.

18 Updating the folder.
Right-click the folder and select Update to group similar ) Frame AFramesSuspension (e
structural members in folders. (@] sensors
Annotations
=-BR cutlist{s4)
=[] CutdistItem1(2)
Skruckural Member4]
ﬁ Skruckural Member4]
[T cut-istTtem2(;
[ cutdistItem3(1)
[T cutdistItem4(2)
[ cutdistItems(2)
[T cutdistItems(1)
[T cutdistItem7(2)
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Cut List Properties

The Cut-List Properties can be used to view detailed information about the
individual structural members including lengths and angles.

Cut-List Properties

CutList Summary |Properﬁes Summary | Cut List Table
BOM quantity:
e —

= ~ Property Name Type | Value [ Text Exp i | Eval i Value |
D cutdistItem2 1 |LENGTH Text XJ LENGTH@@@Cut-List-Item 1@Frame~F  |232.23

5 cutdistitem3 |2 |anGLEL [Text vl "ANGLEl@@@Cutlistiteml@Frame~F |26.90

5 cutdistitems | 3 |anGLE2 [Text  »|ANGLE2@@@CutListitem1@Frame~F |0.00

1= cutList-Items | 4 |MATERIAL | Text | MATERIAL@ @ @CUtList Ttem1@Frame  |Material <not spedf
5 cutdistItems | 5 |Description [Text ~ ' | |

5 cutdistitem7 6| [ ~

I cutdist-Itema T )

I cutdist-Items
I cutdist-Ttem10

[ cutdistItem11

I cutdistItem12

I cutdistItem13
2 cutdistItem14

[ cutdistItem15

I cutdist-Item1s

155 cutdist-Item17 -

[ ok ][ cCancel |[ Hep |

For example, Cut-List-Item 1 the following property values and are listed:
LENGTH = 232.23

ANGLEI = 26.90

A drawing of the structural member would look like this:

26.V
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Save as External File

The virtual part can be saved externally, creating a part file outside of the
assembly file.

Note: You cannot create a drawing of the virtual part until it is saved to an external file.
19 Edit the Assembly.

Click confirmation corner '3@ to edit the assembly.

20 Save external.
Right-click the virtual part and select Save Part (in External File). Click Same
As Assembly and OK.

Note: The name changes slightly. The braces surrounding the name ([,]) are removed.

21 Save and close all files.
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Lesson 4
Using Molds and Surfaces

When you complete this lesson, you will be able to:

Understand the loft feature;

Describe the bodies created using the mold tools;
Use surfaces to add to the mold tools;

Use symmetry to create additional molds.
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Molds and Surfaces
The Mold Tools commands can be used to create the mold tooling for a part. The
mold tooling is created using a set of surface and solid bodies in the same part.
Like the weldment, it is a multibody part.

1 Open assembly.
Open the assembly Intake Assembly from the Mold folder.

restrictor
intake _ ~z/ @
connection 4
boot ol
2 Open assembly.
Open the assembly Framed&Suspension
from the Framed&Suspension folder.
This is the assembly used in the previous
lesson.
Add the Intake Assembly sub-assembly N
to the main assembly. Mate the sub- 7 '
assembly using one concentric and two J - e
coincident mates.
B
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3 Open runner.
Right-click one of the instances of the part runner and select Open Part 2.

The runner part

The actual runner part is created in two pieces, a right and a left, that are later
assembled into one. Each piece requires a mold.
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Features in the Part

The model of the runner part is created using three main boss features: the Bell,
the Straight Boot Section and the Center Guide Curve.

The revolve feature named Bell is used to connect the runner
components to the plenum.

The extrude feature named Straight Boot Section is used to
connect the runner components to the intake connection
boot components.

This feature must fit inside the intake connection boot.

The loft feature named Center Guide
Curve smoothly connects the revolve
and extrude features.

For more information about loft features, see “Anatomy of a Loft” on page 113.
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Anatomy of a Loft
The loft feature is used to transition between different profile shapes. In this
example, the starting profile is a slot shape that transitions to a circular shape.
Profiles

Profiles represent the starting, ending and optionally intermediate shapes along
the loft. They are closed contour sketches or curves.

CenterlinefSketchd)

Guide CurvelSketchE)
Profile(Sketchl =4=)

Guides

A centerline is a guide used to orient the profiles in transition. A guide curve is
used to shape the loft. Guide curves are open contour sketches or curves.

CerterlinelSketchd) Centerline(Sketch)

Guide CurvelSketchE)

Loft with Guide Loft without Guide
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Creating Mold Tooling

SolidWorks contains a series of mold tools that
can be used to analyze and create mold tooling
starting with the molded part.

If carbon fiber is used, the cavity solid body is
the desired mold. When the carbon fiber is
created, the thickness will be applied to the
inside maintaining the outside dimensions that
fit into the intake connection boot
components.

This example assumes carbon fiber is used.

Surface and Solid Bodies

The mold tool procedure creates multiple bodies, including
sets of both surfaces and solids, in a single part file. For
more information see “Surface and Solid Bodies” on

page 114.

‘ﬁ@ Surface Bodies

Solid Bodies

Note: A multibody part, like a weldment, is created.

Creating Mold Tooling

= [@] Solid Badies(3)
[ Parting Line1[1]
[ Tosling Spit1[1]
[ Tosling spit1[2]
= [EI Surface Bodies(3)
= [EI Cavity Surface Bodies(1)
&> Parting Line1[3]
= [EI Core Surface Bodies(1)
&> Parting Line1[2]
= [EI Parting Surface Bodies{1}
@ Surface-knitl
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Description of the Bodies

Using Molds and Surfaces

Each of the resulting solid and surface bodies are created for a specific purpose.

They are described below.

Molded Part Parting Surface
// /\“\\
i
// ///-"—' _j__h--““‘m,\ \\\
4 /\E“"’”B
\\//.

Cavity Solid Cavity Surface
Core Solid Core Surface

Creating Mold Tooling

115



SolidWorks Using Molds and Surfaces
Engineering Design and Technology Series

Mold Tools

The mold tools are designed for use with plastic injection molding, but they can
be adapted for use with other manufacturing methods. The sequence shown here
is typically used. The result is a multibody part with bodies representing the
molded part, the core, and the cavity.

Scales the molded part to account for
Scale shrinkage in some materials. Not used
in this example.

Draft Analysis [/ and Undercut

Analysis [£ are used to see if the part
Analysis Tools can be removed from the mold.

Parting Line Analysis [&/ is used to
visualize potential parting lines.

Breaks up model faces by addin
Split Line edges. P y g

Uses model geometry to define the
Parting Lines [&/ parting line edges that define the
parting surface.

Adds surfaces to close holes in some

Shut-off Surfaces &) molded parts. Not used in this
example.
Surfaces created from the parting
Parting Surfaces &/ lines to separate the mold cavity from
the core.

Many surfaces types can be used to
supplement or replace the parting
surface depending on the complexity
of the model.

Surfaces

Creates both the core and cavity solid

Tooling Split = bodies by splitting a solid.

Note: The options scale and shut-off surfaces are not used in this example.
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4 Configuration.

" . P"- Add Configuration
Create a new configuration, Mold, to hold all the mold ¢ X

features. Make sure that Suppress new features and .=
mates under Advanced Options is checked. The new | corfiquration name:
features will be suppressed in the Default configuration. |k |

Descripkion:

[Juse in bill of materials

Comment:
| Bill of Materials Dptions ¥

Advanced Dptions ]
Suppress features

[Use configuration specific color

Colar...

5 Draft analysis.
Click View, Display, Draft Analysis [@ and select the 7 R
Right plane. Set the Draft Angle to 1deg and click « . Analysis Parameters A
(2] ErEr—
AT

[ adjustment triad

[Face classification

Color Settings
[ Gradual transition

b3

Paositive draft:

- Edit Color...

Requires draft:

I:I Edit Color...

Megative draft:

- Edit Color...

What Does This Mean?

This means that the angle between the Right plane and the
yellow faces is 1deg or less. It is in fact 0deg because they
are perpendicular.

Note: This small undrafted area is not a problem using carbon
fiber, but it would cause problems for other materials.

6 Display off.
Click View, Display, Draft Analysis [B).
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7 Undercut Analysis.

8 Split line.
Click Split Line [B] and click Intersection. Select Right
plane and the faces that intersect that plane. Click « .

Creating Mold Tooling

Using Molds and Surfaces

Undercut Analysis 7

Click View, Display, Undercut Analysis [#| and select the « %

Right plane. Click % . This confirms that the mold should
be created in two pieces.

A

[ Coordinate input
Q] |

[ Adjustment triad

Highlight ocduded

regions

Undercut Faces

Direction1 undercut:

@) I Caccoer

Direction2 undercut:

carcomr

Ocduded undercut:

@) Bl oo

Straddle undercut:

O e

Mo undercut:

@) E oo

b3

{7 Split Line

R

Type of Split

b3

(O silhouette
O Projection

@ Inkersection

Selections A

S
NI

Face<10> E
Face<il> =
Face<12> bt

Surface Split Dptions ]

[ 5plit al

(%) Matural
O Linear
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9 Parting line. = parting Line

Click Insert, Molds, Parting Line [/, Select Right plane « %
and set the Draft Angle to 1deg Message A

Select edges that form a closed
loop.

Mold Parameters A

@ I Right Plane
[ [1.00deq =
Draft Analysis

|

Use for Core/Cavity
Split

[15plit Fares
Ak +j- draft transition

Ak specified angle

10 Edge selections.
Select the starting edge as shown.

Click Select Next Edge (2] (or type “n”) and then Add
Selected Edge (%] (or type “y™).

Continue the selections using the
selection tools.
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Continue selecting edges to complete the loop of selections as shown. Click « .

11 Parting surface.

“ Parting Surfacel

Click Insert, Molds, Parting Surface [&] and select v %
Perpendicular to pull. Set the Distance to 30mm and click  [vid parameters A
Knit all surfaces. Click Sharp [| and click « . OTangent to sufsce

() Mormal ta surface

(%) Perpendicular ko pull

Right Plg

Parting Line

@ I| Parting Line1

Partlng Surface

30 Q0rmm
L; 30.00deq

Smoothing:

& =
P Y e —

Options
Knit all surfaces

[Minimum radius of Curvature: 13541 m

b3

e a o Show preview

Note: The parting surface is not always large enough to be able to split the mold.

Creating Mold Tooling 120



SolidWorks Using Molds and Surfaces

Engineering Design and Technology Series
Using Surfaces

Surfaces often must be used to fill in or complete the surface geometry started by
parting and shut-off surfaces. Here is a partial list of surface tools found in the
Insert, Surface menu.

Extruded Planar Ruled ¥/
Revolved Knit Filled &
Swept Extend Offset [y
Lofted Trim

12 Extend edges. ##: Surface-Extend1
Click Insert, Surface, Extend [&], select three edges as @ %
shown. Click Distance, set the value to 30mm and click Edges;Fates to Extend A
&

Edge<l=
Edge<2=
Edge<3z

Repeat the process for five edges on the opposite end.

End Condition:

@ Distance
O Up to poink
() Up to surface

& [momm 2

Extension Type ]

b3

(%) 5ame surface

O Linear
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13 Planes.
Create planes offset 1770mm from the Front and 60mm from the Top as shown.

Using Molds and Surfaces

14 Trim. % Surface-Trim1
Click Insert, Surface, Trim |£| and select Standard. Select « %
the Planed, Keep selections and select inside the plane.  [rimype
Click « . Repeat the process for the opposite end. @ el

TMutual

b3

Selections

b3

Trim tool:
% Flaned

g
L
&

(%) Keep selections
(O Remove selections

% Surface-Extend2-Trim0

Surface Split Dptions
[ 5plit al
(%) Matural
O Linear

b3
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15 Sketches.

Right-click the parting surface and select Sketch [E]. Using converted entities and
lines, create the two sketches as shown. Exit both sketches.

16 Planar surfaces.

# Planar Surface

Click Insert, Surface, Planar |©] and select a sketch. Press « % 4=
Return to repeat the command and repeat the procedure.

Bounding Entities

O [

b3
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17 Knit surface.

Y Surface-knit1
Click Insert, Surface, Knit Surface || and select the three « %
surfaces. Click Merge entities and click « .

Selections

W

b3

Surface-Trimz
Surface-Planel
Surface-Planed

Try to Form solid

Merge entities

18 Drag and drop.

Drag and drop the Surface-Knit1 body into the Parting Surface Bodies
folder as shown.

% unner {Mold<Display State-7=) ‘
; Annotations

'®] Solid Bodies( 1)

{EI Surface Bodies(3)

{EI Cavity Surface Bodies(1)

{EI Core Surface Bodies(1)

runner (Mold<Dis)

. Annotations

(@] Solid Bodies(1)

E{EI Surface Bodies(3)

{EI Cavity Surface Bodies(1)
{EI Core Surface Bodies(1)
E|--{—§| Parting Surface Bodies{1}

----- & Surface-Knit1
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19 Tooling split sketch.

Click Tooling Split [ and select the knitted surface as the sketch plane. Create

the sketch and dimensions as shown.

20 Tooling split sizing.
Exit the sketch. Set the Depth In Direction1 and Depth In

Direction2 to 50mm as shown. Click + .

Creating Mold Tooling

+« Tooling Split
R

Block Size

T —
T —

[Jinterlock surface

II II »

b3

Core

N

Parting Line1[2]

b3

Cavity

N

Parting Line1[3]

Partlng Surface

I Surface-knitl
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21 Test measurements.
Right-click the first (Parting Linel) solid body in the Solid Bodies folder
and select Isolate. Click Tools, Measure and measure the distance between
endpoints as shown. The key dimension is Dist 56.45mm as shown.

ERgl 54.55mm

22 Exitisolate.
Click Exit Isolate on the Isolate dialog. .
23 Isolate cavity solid.

Right-click the third solid body in the Solid Bodies folder and select Isolate.
The key dimension is the again Dist 56.45mm as shown.

Dist:

[ 14 .51 mm

This shows that the outside faces are used to create the mold. Click Exit Isolate.

Creating Mold Tooling 126



SolidWorks Using Molds and Surfaces

Engineering Design and Technology Series

Making Use of Symmetry

Note:

24

Individual bodies can be saved into new part files. This creates an external
reference from that single body to the part file.

The other half of the mold is symmetric to the current one. It can be created using
a mirrored part. The mirrored part is derived from the original part but mirrored
using a plane or planar face.

runner -> mirrored part

N#

runner-> runner-Cav_1-> runner-Cav_2->

The if the other mold is not symmetrical to the first, a similar procedure can be
followed using slightly different selections in the Parting Line feature.

Stock feature.
Right-click the cavity solid body and select Insert into New Part. Use the name
runner-Cav_1. A stock feature Stock-runner-1 is created.

%
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25 Mirror part,

Select the Right plane and click Insert, Mirror Part. Click s

Solid bodies, Surface bodies and Planes. Click « . —

Solid bodies

Surface bodies

|:| Axes

Flanes

[ Cosmetic threads

[] Absorbed sketches
[Junabsorbed sketches

b3

Use the name runner-Cav_2.

|:| Custom properties
[ Coordinate systems
[1Model dimensions

Link X
[1Break link to original part

26 Holes.
Return to the runner part. Select the outer face and click  [reature scope =
Insert, Features, Hole, Wizard [@. Add 10mm through 8:2|::f;:5bodies
all holes placed as shown and select the two mold bodies [auto-select

with the Feature Scope. Click « .

rQO
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27 New assembly.
Create a new assembly and add the runner-Cav_1 and runner-Cav_2 parts.
The holes have been transferred to these parts using the external references.

28 Save and close all files.
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Lesson 5
Brake Rotor Analysis

When you complete this lesson, you will be able to:

Set up and run a thermal analysis;

Post process thermal results;

Set up and run a static analysis;

Apply thermal loading to structural analysis;
Post process static analysis.
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Brake Rotor Design

When a vehicle is in motion, it is said to have

kinetic energy. Brakes are designed to stop the
vehicle by absorbing the kinetic energy of the

vehicle and dissipating it in the form of heat.

The kinetic energy of a vehicle is given by the
following equation:
1 .2

KE= =m
> \Y;

where m is the mass of the vehicle and v is the velocity of the vehicle. If the mass
of the vehicle or the velocity is large, this can amount to a large amount of energy
dissipated in the form of heat. The braking mechanism must be able to withstand
both the temperatures generated by this heating as well as the forces incurred
during breaking.

In this lesson, we will investigate the design of the braking rotor. The vehicle will
be moving at full speed and will be braked to a complete stop. First, a thermal
analysis will be run to calculate the temperature distribution in the brake rotor
during braking. Next, a static analysis will be run to see the affect of the thermal
load as well as the forces that come with the brake pads.

1 Open Brake Rotor Assembly.
Click File, Open and select the assembly Brake Rotor Assembly. Click
Open to open the assembly.

Activate the configuration called Split Line. It contains the model with
necessary changes so that we can run the analysis properly.

2 Start SolidWorks Simulation. m
Click Tools, Add-Ins. Select SolidWorks Simulation. | ez =
= SoldWorks Premium Add-ins
- art E
Click OK. 0
o
o
o
!\7:
T > 0
SolidWorks Toolbon Browser I_
s Uilties (]
O SolidWorks Workgroup POM 2010 O
CIE] Tolanatys (=]
SolidWorks Add-ins
[ Autotrace (W]
I_' SolidWorks 20 Emulator I_
B SolidWorks Flow Simulation 2010 =]
[0 Solidworks MTS 0
I_' SolidWorks XPS Drver I_
OK l Cancel j
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SolidWorks Simulation Interface

SolidWorks Simulation functions are accessed in the same way as SolidWorks.
When a simulation study is created, a Simulation Study tree appears beneath the
FeatureManager design tree. Each new study that gets created is represented by a
tab at the bottom of the screen. Like SolidWorks functions, Simulation functions
can be accessed from the Simulation toolbar, CommandManager, or Simulation
drop-down menu. Additionally, functions can be selected by right-clicking
geometry or items in the Simulation Study tree.

@salidworks § - -l e Etll - @G L skt SoPT = (oW e s - & X
& g o 4 i N b EEEbe  ow I
| e, DT, B IR S ISR e e | S Analysis Library
= £ X T = iz |l Repart = =~
RAASNE I~ 8 9 0d L e ey ]
&%Eimlﬁ_l_ ____________ [ m— @@ o
= TR L brackst Confguration(s) (mo fled  Shucy name: mean!
S e Shaie noud st Shraee D) Sobworts Cantant
R ot ity ek et CommandManager tab 8 v s
[ e
< ¥ = ary
SEm® - Toolbar \ i
e - RS
By Lokt e Pt AFhE 5367 Be =007 [ L Lead
B mans - Aimez
.:Jlurmu E®RE = lsﬁrm-wr L Em:;“m
: {ijhrm\'wum‘fm TR LTS —— 4 @ 30 Cortrrecariral
L e d e e S W
She w 2w 8§ 8§ 8
T - Sl oo e ——a T
ey Hd o l smesnter] @ ® 2
-:l M 5 h s‘ ":::I = ’: : N BasBe =0T L
L1 Surtseetn?]  WIRCH DSt BeSCADES yOUr
niwracion?
frochi (e b | Hem
[0 it (LS 4] I pps——— > LT
“I'al“m Delarmatos srder gwn
) bl .
=¥ Fisture-1 & Vi girengeh 3 G
Py B
e . . [ J—
e Simulation Study B sonern
a'bmcm:xfw tabs . . B srmiooenn
Simulation 3. I Simulation 5 e
Study tree ‘I I Advisor .
- 1|
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3 Create a study.

From the Simulation drop-down menu, select Study.

Select Thermal as the Type.

Enter Temperature Distribution as the Name.

Click ¢ .

The FeatureManager design tree will split and a Simulation
study tree will be created below the FeatureManager design

tree.

The setup of the study is done using the Simulation study

tree.
4  Adjust study properties.

Right-click the study name at the top of the Simulation

study tree and select Properties.

Under Options, select Transient and enter 3 sec as the

Total time.
Click OK.

Options | Remark

Solution type

@ Transient:

Total time: 3 sec

Time increment: 01 seC

[ Initial temperatures from themal study

temperature dis

Fluid convection option

SolidWorks model name
Corfiguration name
Flow iteration no.

() Steady state:

1

[ Include fluid convection effects from SalidWaorks Flow Simulation

Solver
() Automatic
() Direct sparse
@ FFEFIus
Results folder C:\mderov_work \ED Projects’2010-20114 E]
Advanced Options...
[ ok [ cancel |[ Hep

Brake Rotor Analysis

« ¥ 42

|Mﬁsage ¥|

Name A

| Temperature Distribution

Type %
|§ | Static
|@| Frequency

|§| Buckling

i Thermal |

|E| Drop Test
|§| Fatigue
|§| Monlinear

|@| Linear Dynamic

|§| Pressure Vessel Design
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Transient Thermal Analysis

This model is run as a transient analysis because we want to study the heat
distribution during braking from a speed of 22 m/s to a complete stop. We can
easily calculate the time it takes to stop by first calculating the force it takes to
stop the vehicle. We know that the vehicle is 275 kg and we assume the coefficient
of friction between asphalt and rubber is 0.72. To stop the vehicle in the shortest
time, the maximum breaking force can not be larger than the maximum friction
force between the tires and the ground, which can be transmitted to the ground.
This maximum friction force is calculated as follows.

Fr=p-m-g= (0.72)(275kg)(9.81mz): 1942.4N
S

Now that we know the friction force, we can calculate the average acceleration of
the car during braking.

F
_ P _19424N_ o om
X m 275kg §2

Finally, we can calculate the time it takes to stop.

m
22
Vv
t=X= 2 =35
% 7067
S

5 Apply material.
Right-click the Parts folder and select Apply Material to All.

Select Gray Cast Iron under Iron as the material. Click Apply, then Close.
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Thermal Boundary Conditions

SolidWorks Simulation solves for the temperature distribution in the solid using
the conduction equations and boundary conditions applied to the boundaries of the
model. SolidWorks Simulation has several thermal boundary conditions that can
be applied to thermal studies.

m Temperature
Allows for the definition of a temperature on a certain entity or body.
m Convection
Applies a convection boundary condition to the selected faces. The
convection coefficient and ambient temperature are specified and the heat lost
due to convection is calculated automatically.
m Heat Flux
Applies some amount of heat into a face per unit area.
m Heat Power
Applies some amount of heat to a vertex, edge, face or component.
m Radiation
Allows surface-to-surface or surface-to-ambient radiation.

In our model, we will apply convection to all faces because all of the faces will be
exposed to the air. In addition, we will apply a heat power to the faces that the
brake pads touch.

Convection

Convection is the transfer of thermal energy between a surface and a fluid. The
amount of heat transferred through conduction is proportitional to the convection
coefficient, h, the surface area, A, and the temperature difference between the
surface and the surrounding fluid.

Qconvection: hA(Ts - Tf)

In this lesson, we will assume a convection coefficient of 90 W/m”2.K and an
ambient temperature of 20°C, which are approximations. Actual convection
coefficients and ambient temperature could be computed by running a CFD
analysis in SolidWorks Flow Simulation or from experiments.
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6 Apply thermal Ioad . Q:BTemperature Distributionl (-Split Line-)
Right-click Thermal Loads in the Simulation g -
Study tree and select Convection.

hermal Loads

H Hide All
Select Select all exposed faces in the Show Al
Convection PropertyManager. This will choose § |Temperature...
all of the exposed faces for the convection | 8| Convection..

boundary condition.
Enter 90 W/m~ 2.K as the Convection Coefficient.
Enter 293 Kelvin as the Bulk Ambient Temperature.

Convection Coefficient (Wm"2 K

a0

w x 4= Bulk Ambient Temperature (Kelviny: (293
Type F;iq
Selected Entities A
m Face<1l>@Rotor-C »

Face<1>@Rotor - Cl:l

Face<2>@Rotor - C

Face<2>@Rotor - C

Face<3>@Rotor - C

Fare<3= @Rotor - €~

Units P
L F‘\Am_

=

H 90 v W/mA2.K)
12| [ edit.. | crapn

12| Edit... Graph
Bulk Ambient Temperature 3
m
12| Edit... Graph
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7 Edit Time Curve.
Click Use Time Curve and select Edit.

Column X denotes the time and column Y denotes the multiplication factor that
will be applied to the convection coefficient that was entered.

Enter (0, 1) and (3, 1) in the table. This will represent the convection always being
turned ON.

Click OK.

Curve infarmation Preview

Mame Time curve

Shape Uszer Defined -

Curve data
Units | sec -] [hea -

Fairits| jis

| Get curve... |

Save curve...
Wigw

End time = 3 sec

[ u]. ] | Cancel | | Help

Click ¢ .

Note: Similar to the time dependence of the loading using time curves, any thermal load
can be made temperature dependent using temperature curves. Solutions with
temperature curves are significantly more time consuming as convergence
iterations are required because each finite element can generate a different level of
heat power based on its average temperature.
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Heat Power

As the vehicle is braked, the rotor is spinning and the brake pads are rubbing
against the surface of the rotor, creating friction and heat energy. Much of the
kinetic energy of the car is being transferred to thermal energy through the brake
pads. The heat power will be applied to the brake rotors in the area that the pads
touch.

The amount of heat power can be calculated from the amount of kinetic energy
carried by the car. If we assume the mass of the car is 275 kg and the car is
travelling at 25 m/s, the kinetic energy of the car is as follows:

1 -1 m\?_
KE= Zmy2= 2(275kg)(228) = 66.55kJ

If we assume all of that kinetic energy is transferred to thermal energy during
braking that lasts 3seconds, we can calculate the heat power.

KE_ 66.55kJ_

AL 3s 22.18kW

HeatPower=

Since we will analyze only one pad, and about 60% of the mass of the vehicle will
be on the front, the heat power is reduced.
42.95kW(0.60) _

HeatPower= > = 6.66kW

8 Apply thermal load.
Right-click Thermal Loads in the Simulation Study tree g
and select Heat Power. cnen

Select the four faces of the rotor that the brake pads touch. e
Enter 6660 W as the Heat Power. [ | Face<1>@Rotor - cast

Face<2>@Rotor - Cast

b3

Face<3>@Rotor - Cast

Se|eCt TOtal . Face<4>@Rotor - Cast

Select all exposed
faces

() Per item

Heat Power A

N

Py -

I:‘Re\rerse direction

||g| Edit...
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9 Edit Time Curve.

Brake Rotor Analysis

10

Click Use Time Curve and select Edit.

Column X denotes the time and column Y denotes the multiplication factor that

will be applied to the heat power that was entered.

Enter (0, 1) and (3, 1) in the table. This will represent the heat power always being

turned ON.
Click OK.

Curve infarmation Preview

Mame Time curve

Shape Uszer Defined -

Curve data
Units | sec -] [hea -

Paints |
1 £
2

| Get curve... |

Save curve...
Wigw
End time = 3 sec
[ u]. ] | Cancel | | Help

Click ¢ .

Initial temperature.
Right-click Thermal Loads in the Simulation Study tree and select
Temperature.

Select Initial temperature.
Select the assembly from the fly-out FeatureManager design tree.
Enter 25 C as the Temperature.

Click + .

Transient Thermal Analysis
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11 Mesh the model.
Right-click Mesh in the Simulation Study tree
and select Create Mesh.

Click ¢ .

12 Run the study.
Click Run from the Simulation drop-down menu.

Note: The study should take several minutes to run. A calculation is performed at each
time step as specified in the study properties. Results will be available for each
time step performed.

Tip:  Be careful when specifying the time step magnitude so that accurate resolution of
your loading curve is obtained.

Post Processing

We will not look at the various post processing options associated with transient
thermal analysis.

13 Plot Temperature distribution.
Right-click the Thermall plot of the temperature

YLl ¥ % 4=
distribution and select Edit Definition. — —
Change the Units to Celsius. L
:

Make sure the Plot Step is set as 30. H e

|Mvanced0ptk>ns ¥|
Click « . Plot Step A

=) &)

@35&:

R =0 3
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Temp (Celsius)
1.4058e+002

1.311e+002

_1.214e+002
. 1A Te+002
. 1.020e+002
. 9.229e+001
. §.298e+001
_ T.287e+001
. B.316e+001
. 9.346e+001
4.375e+001

3.404e+001

2.433e+001

14 Probe. [ ProbeResult __ ? |

Right-click on the temperature plot in the Result folder < X =5
and select Probe.

Options ]
Select any location on the brake rotor. @ Atloation
From sensors
Click the Response button 2] under Report Options. (BT SRR T
Results 3

A plot of temperature vs. time will appear.

Mode |Value [Celsius) | X (in)
12001 1.401e+002 1.2299

Study name: Temperature Distribution
Plot type: Thermal Thermall

160007 e TERRRREEE EEERREEE [EERREER

140.00

4 | i | b

120.00

Report Options ]

A==

100007~

Temp [Celsius|

80.0071--

60.00

40.00

20,00 : : : : : :
0.10 0.68 1.26 1.84 242 3.00 358

Time (sec)

Click « .
Note: You can do this with any of your created plots in a transient thermal analysis.
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15 Plot Resultant Heat Flux.

Tip:

Note:

Static

Brake Rotor Analysis

Right-click Results in the Simulation Study tree and select Define Thermal

Plot.
Select HFLUXN: Resultant Heat Flux as the Component.
Make sure the Plot Step is set as 30.

Click + .

HFILi:R (in*2)
£ 200e+005

5 B83e+005

. 9.167e+005

. 4.E30e+005

. 4.133e+005

. 3E17e+005

3.100e+005

. 2.583e+005
. 2067e+005

. 1.530e+005
1.033e+005
9.167e+004
2.109e+000

You can also select Plot Bounds across All Steps from the
Plot Step menu. This will look through all solution time
steps and plot the maximum or minimum values.

You can also plot the temperature gradient. In addition, you
can plot the directional components of each thermal result
guantity. You are encouraged to try these plots.

Study

Plot Step
=)

@ Maximum

b3

() Minimum

() Absolute Maximum

We now know the temperature distribution after the vehicle brakes from 22 m/s to
a complete stop. This temperature distribution will be transferred into our static
study as a thermal loading condition and the material will be allowed to expand or
contract as a result of the temperature distribution. In addition, we will apply a
loading condition to simulate the load that the brake pad would apply to the rotor.
We want to insure that the brake pad will not warp significantly during this

extreme braking situation.

Static Study
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Tip:

16

17

Create a study.
From the Simulation drop-down menu, select Study.

Select Static as the Type.
Enter Thermal Stress as the Name.
Click # .

Apply material.
Right-click the Parts folder and select Apply Material to All.

Select Gray Cast Iron under Iron as the material. Click Apply, then Close.
You can also copy the materials from the thermal study by selecting the Parts

folder in the thermal study, then drag and drop it onto the static study. Other study
parameters can be copied similarly.

Temperature Dependent Material Properties

Material properties are often temperature dependent. You can make your material
properties temperature dependent in SolidWorks Simulation by creating a custom
defined material and selecting Temperature Dependent under where you enter
the parameter value.

Fixtures

Fixtures

The fixtures in your study will represent how the structure is attached to the real
world. It is always best to pick the type of fixture that best represents the
attachment to the real world. The following type of fixtures are available in
SolidWorks Simulation:

m Fixed Geometry
Fixes all degrees of freedom. Also known as a rigid support.

m Roller/Slider
Specifies that a planar face can move freely in the plane, but is restrained
normal to the plane.

m Fixed hinge
Can be applied to a cylindrical face and only allows movement about the axis
of the cylindrical face.

m Advanced Fixtures
Allows for different types of restraints in various directions. Feel free to
review the help menu to investigate these types.
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18

Note:

19

Apply fixture.
Right-click Fixtures in the Simulation
Study tree and select Fixed Geometry.

Select the face on the inner diameter of the
rotor hub where it would be mounted to a
shaft.

Click «.

Brake Rotor Analysis

We are applying a rigid restraint to the shaft mounting location. With this, comes
the assumption that the shaft will not deform under any applied loading
transferred through this mounting location. For this example, we are assuming the
shaft is much more rigid than the rotor hub. If we expect the shaft to deform, we

would need to include it in the analysis.

Apply fixture.
Right-click Fixtures in the Simulation
Study tree and select Roller/Slider.

Select the split face on one side of the rotor

where the fixed brake pad will rub the rotor.

Click ¢ .

Discussion

Fixtures

Typically, the brake calipers are designed such that one pad applies a load to the
rotor to push it into the other pad. With this restraint, we are simulating the
stationary pad and assuming that the pad will not deform under the loading. We

will now apply the loading.
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Loading
Like the fixtures, the loading in your structure should best represent the in-service

20

Loading

loading conditions. The following types of structural loading is available in
SolidWorks Simulation.

m Force
Applies a force to an edge, face, or vertex in the direction defined by
reference geometry.
m Torque
Applies a torque about a reference axis.
m Pressure
Applies a pressure to a face.
m  Gravity
Applies linear acceleration to parts or assemblies.
m Centrifugal Force
Applies an angular velocity and acceleration.
m Bearing Load
Defined between contacting cylindrical faces.

Brake Rotor Analysis

Apply load. Pressure
Right-click External Loads in the Simulation Study tree > g
and select Pressure. (R

Select the split face where the brake pad will push against

Type

A

the rOtOI’. (@ Mormal to selected face

() Use reference geometry

Enter 1e6 N/m~ 2 as the Pressure Value. This value can be

known from experiments.

@ Face<1>@Rotor - Cast

Pressure Value

A

El [maz -

Wl 1e-006 - pymr2

|:| Reverse direction

Click ¢ .
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Braking Force

In addition to the load applied to the rotor through the brake pad, there is also a
frictional component of the braking force that in the circumfrential direction. If
we know the normal load applied to the bracket (1 MPa) and the friction
coefficient between the rotor and pads (0.6), the frictional force can be calculated
using the area of the pad application.

Fr=un-Fy = (0.6)-(1x106l\'§-8.2781><10‘4m2) = 497N
m

Note: The frictional coefficient between the pad and rotor can often vary depending on
the temperature. Using 0.6 as the friction coefficient is a simplification made in
this example.

21 Apply load.

Right-click External Loads in the Simulation Study tree > g
and select Force.

Select the two split faces on the rotor where the brake pads — -
make contact. @ o

Select Selected Direction. (& rorque

Select Axis1 of the Rotor Hat part as the reference. NG -t
Select the Circumferential direction and enter 497 N.

() Normal

(@ Selected direction
g W [[Axisi@Rotor Hat-1@B:

@) Per item

() Total

|:| Reverse direction

fer) "

Click + .
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When an axis is selected as a reference, the coordinate system changes to

cylindrical coordinates and our load can be applied circumferentially.

Thermal Loading

22

Loading

Now that the structural loadings have been applied, we need to apply the thermal
loading. We want to apply the maximum amount of thermal loading seen during
the braking. This is obviously the temperature distribution at the end of the
braking. The temperatures solved for in the thermal study will then be transferred
to the static study and the material will be able to respond to the change in
temperature. This will cause additional displacement and thermal stresses to
develop in the structure.

Adjust study properties.
Right-click the study name at the top of the Simulation study tree and select
Properties.

Select the Flow/Thermal Effects tab.

Select Temperatures from thermal study and select Temperature Distribution,
Time step 30 as the Thermal study.

Enter 298 Kelvin as the Reference temperature at zero strain.

Flow./Themal Effects | Remark

Thermal options

_ Input temperature

@ Temperatures from thermal study

Themal study: | Temperature v | Time step: |30 =

For each nonlinear time step, use temperature from
_) Temperature from SolidWorks Flow Simulation

SolidWorks model name -

Corfiguration name

Temperature from time step:
| Reference temperature at zero strain: 238 Kelvin - |

Fluid pressure option
[ Include fluid pressure effects from SolidWarks Flow Simulation

SolidWorks model name -
Corfiguration name

Flow iteration no.

[ oK ] I Cancel Apply Help

Click OK.
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Brake Rotor Analysis

The Thermal load will appear in the External Loads folder.

23 Mesh the model.
Right-click Mesh in the Simulation Study tree
and select Create Mesh.

Click ¢ .

24 Run the study.

Click Run from the Simulation drop-down menu.

Post Processing

We will now learn about the various post processing options available for static

studies.

25 Plot stress.

Activate the Stress1 plot by double-clicking it from the Results folder. It is a

plot of the von Mises stress in the model.

won Mizes (Mim*2)
474 453 856.0
434,931 072.0

| 3854082560

_ 355,585 4400

. 3163626240

. 276,839,808.0

| ! 237 316,976.0
L 1977941760

. 1582713600

. 1158,7485520
79,225,744 0
39,702,932.0

18011585

Post Processing
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Editing Plots

To edit a plot, right click on the plot and select Edit

Definition.

The Display dialog lets you specify a stress component and

units.

The Advanced Options lets you choose to plot either a
Node or Element value. For the nodal values, the stresses
are averaged and displayed at the nodes. For the elemental
values, the stresses in a given element are averaged and the
element is given this averaged stress and it is displayed.

The Show as tensor plot option allows you to plot the
orientation as well as the magnitude of the stresses.

The Deformed Shape dialog allows you to show the
deformed shape and to choose the scaling of the graphics

window.

Chart Options

The chart options can be accessed by
right-clicking on the plot and selecting
Chart Options or by double-clicking
the legend. The chart options control
the annotations as well as other options
such as the color, type of units
(scientific, floating, etc), number of
decimals shown in the legend.

Settings

The plot settings can be accessed by
right-clicking on the plot and selecting
Settings. They are used to control
various display options.

Post Processing

Brake Rotor Analysis

« ¥ 42

Display ]

E VOMN: von Mises Stress -
f

Advanced Options ]

|:| Show as tensor plot
@ Mode Values
() Element Values

Average results across
boundary for parts

[¥] Deformed Shape A
(") Automatic
Bo 227216
@) True scale
() User defined
o 2

W R’ W R’

Display Options # | | Fringe Options 3
|:| Show min annotation
Dshowmaxannotation
[¥] show plot details ooy dntions A
Showlegend

)

A Show Min/Max range
on shown parts only

@ Automatic

§ 1801185

-
-

g | 474453888.0
() Defined:

g [1a01185

e

-
g | 474453888.0

Deformed Plot Options

b3

D Superimpose model on
the deformed shape

Translucent [Part color

0.899999976 z

Position/Format

b3

Predefined positions

«g 30 S
i o 3
:Ix’ﬂ floating -
L | -

Use 1000 Separatar ()
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26 Display model maximum.
Right-click on the plot and select Chart Options.

Click Show max annotation.

Click ¢ .

won Mizes (Mim*2)
474 453 856.0

434,931,072.0

. 395,408,256.0
. 355,585,440.0
. 316362624.0
. 276,539,808.0
237 3169760
L 1977941760
L 158271 360.0
. 118,748,552.0
79,225,744

39,702,932.0

18011585

Discussion

Notice that the maximum occurs in a sharp corner where the mesh is quite coarse.
If stresses are of interest in this location, significant mesh refinement would be
required. In addition, this may be an area of singular stress due to the boundary
conditions and the sharp corner. If this was the case, this stress value could be
ignored.
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27 Plot displacement.
Double-click the Displacement1 plot to show the displacement plot.

URES (mm)
1 D4e+000

9.731e-001

. §.865e-001

. 7.878e-001

. 7.092e-001

. B.205e-001

5.319e-001

| 4.432e-001

. 3.546e-001

. 2B99e-001

1.773e-001

§.565e-002

1.000e-030

Conclusions

In this lesson, we did an analysis of a brake rotor. We learned how to set up and
run both a thermal and static study. We also learned about some of the post
processing options available in SolidWorks Simulation.

In order to perform this analysis, some significant assumptions were made. First
of all, the convection was assumed a constant 90 W/m”2.K throughout the
analysis. This is a bit of an aggressive assumption due to the fact that as the car
slows down, there will be less air flow over the rotor, therefore less heat lost due
to convection. As mentioned before, SolidWorks Flow Simulation could be used
to more accurately calculate the convection around the rotor.

Another assumption made in this modeling is that the heat power is applied to the
entire rotor surface rather than simply the location the pad touches. In actuality,
the heat power is only generated where the pad touches, and as the car moves, this
location rotates around the entire surface of the rotor. By applying it to the entire
rotor surface, we “smear” the heat power evenly along the surface in what could
be considered a conservative assumption. Can you think of a way to apply the heat
power to better match the real model?

Additional assumptions were made in this model such as the friction coefficient,
material properties, and structural boundary conditions. Therefore, this analysis
should serve as a first-pass type of analysis where further testing or investigation
could be done for more conclusive results.
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Lesson 6
Frame Analysis

When you complete this lesson, you will be able to:

Set up an analysis using beam elements;
Create truss elements;

Calculate the torsional rigidity of your frame;
Post process results in cylindrical coordinates;
Define beam shear and moment diagrams;
Evaluate your frame design.
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Torsional Rigidity

The torsional rigidity is defined as the torsional
response (defined as some deflection angle) of a
structure to an applied torque loading. The image
to the right shows the deformation of a structure
due to some applied torque loading. The torsional
rigidity would be mathematically formulated as
follows:

TorquelLoad
AngularDeflection

TorsionalRigidity =

With respect to frame design, the torsional rigidity is an important characteristic
of the vehicle for several reasons. As we will see, the general rule of thumb for
torsional rigidity is “the stiffer, the better.”

Imagine strapping wheels to a mattress and trying to drive the mattress through
twists and turns. A mattress car, as you can imagine, would not handle the lateral
loading well and it would be very difficult to keep the wheels of the car on the
ground. Torsional stiffness drastically affects the car’s handling.

The lateral loading on a vehicle is taken up in two places; the frame and the
suspension. Now, consider tuning the torsional stiffness of your car to drive on
different road types. The suspension can be adjusted, the frame cannot. Ideally
then, your suspension will take up much of the lateral loading. Adjusting the
stiffness of your suspension will determine how the car handles different types of
loading. If the loading is taken by the frame, it will be very difficult to tune the
torsional stiffness of your car.

In this lesson, we will use SolidWorks Simulation to evaluate the torsional rigidity
of our frame design. Perhaps most importantly, we will also be able to evaluate
how design changes affect the torsional rigidity (i.e. is this design stiffer or more
flexible than the previous?).

Element Types

To this point, we have used SolidWorks Simulation to analyze the thermal and
structural characteristics of our brake rotor using solid elements. Solid elements
worked well in the analysis of the rotor because the structure was relatively thick
and our computer had the necessary resources to mesh and run the analysis.

In this lesson, we will be analyzing the frame structure that we modeled in the
previous lesson. We could use solid elements in this analysis, however we will see
another element type that will allow us to greatly simplify our calculations.
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Shell Elements

When the structure becomes thin in one direction, such
as a sheet metal part, SolidWorks Simulation can use
shell elements to significantly simplify the calculations.
The shell element in SolidWorks Simulation is a two
dimensional triangular element. Each node of the shell
element features six degrees of freedom (3
translational, 3 rotational), giving the nodes the ability
to transfer moments. The thickness of the geometry is
taken into account automatically in the formulation of
the element.

Shell elements can be created in SolidWorks
Simulation the following ways:

m  Shell elements are automatically created in
SolidWorks Simulation when a sheet metal part is used.

m If any surface geometry exists in your part, SolidWorks Simulation will
automatically recognize them as shell elements as well.

m To manually define shell elements, you can right-click the solid body from the
Parts folder of the Simulation Study tree and select Define Shell By
Selected Faces.

Beam Elements

The beam element is another type of structural
element available in SolidWorks Simulation. It is a
one dimensional element with 2 nodes. Like shells,
each node of a beam element has six degrees of
freedom. The cross-sectional characteristics of the
beam are taken into account in the formulation of the
element. These characteristics are automatically
computed in the software, therefore greatly
simplifying the model setup.

Beam elements can be created in SolidWorks
Simulation in the following ways:

m Beam elements are automatically created in
SolidWorks Simulation when a weldment part is
used.

m  Right-click the solid body in the S Frame
Parts folder of the Simulation Study - D) TRt

----@SolldBody £= | Apply/Edit Material...
tree and select Treat as Beam. ‘

D) salidBady

@ SalidBody Treat as Beam
llzj SolidBody Treat as Remote Mass...
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Preparing for Analysis

Tip:

Note:

As previously discussed, the first step in the analysis process is to simplify the
model. Care must be taken when simplifying the model such that we do not
remove something that could have a significant effect on our results.

Open Frame.
Click File, Open and select the part Frame. Click Open to open the part.

This is the Frame part that was created in the previous lesson.
The model used for finite element analysis is often simplified from its final

production state. Therefore, it is often beneficial to have multiple configurations
of your models, one for analysis and one for production.

Add a configuration. =Y

From the ConfigurationManager, right-click BSOS
the part and select Add Configuration. '"EQ‘T@ - R —
Type FEA as the Configuration name. - z;ddd:”LT:e“ems ’

o Library
Click « . S::::;:Ving ,
The new configuration will be created and I ;dﬁ“ = 2
= onTiguration...

activated in the ConfigurationManager. We
can now suppress unwanted features in our part that are unnecessary for our
analysis.

In addition, there may be features to unsuppress that are not part of the final
model, but are necessary to the analysis.

In this model, we are doing an analysis on a part. If we were analyzing an
assembly, it would be necessary to create the alternate configurations at the part
level, then have these configurations active or inactive in the separate
configuration at the assembly level.

Suppress features.

In the previous lesson, mounting locations were created for the suspension and the
engine. In the analysis, these will not have any affect on the torsional stiffness of
the vehicle.

Right-click on the Tabs folder and select Suppress.
Right-click on the EngineMount feature and select Suppress.
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Experimental Design

Note:

It is important when preparing a finite element model to consider the physical
representation of what you are trying to analyze. Loading and fixtures are going to
be applied to the model based on the most accurate representation of the physical
model. These boundary conditions will introduce assumptions into the model and
it is critical that the assumptions are understood and reasonable with respect to
what the model is trying to accomplish.

There are a number of techniques for experimentally measuring torsional rigidity.
In the simulation, we will try to most accurately represent the experiment in the
analysis setup. In the experiment, the front and rear wheels are mounted on beams
and the suspension components are assumed to be fixed so that all of the load
applied is transferred to the frame itself. The rear of the vehicle is held stationary
(fixed) while a load is applied to the beam with the front wheels to simulate the
torque as shown in the figure below.

/ .
4
1 ;
! EEe—
i — o
o=
i

Force ) Force

Our analysis will be setup with respect to this method for measuring torsional
rigidity. Other methods exist and you would want to design your analysis
according to the physical setup of the experiment in order to compare the results

properly.
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4

Beam

Unsuppress features.

In this model, the suspension has not been
included in the analysis. We need a
location to apply our torque loading as
well as a place to measure the angular
displacement for calculating the torsional
rigidity. For this, beam members have
been created to connect the frame to the
location where the wheel is mounted.

Right-click on the Rigid_Supports
folder and select Unsuppress.

We are now ready to begin the analysis. Make sure that the SolidWorks
Simulation Add-In is active from the Tools, Add-Ins menu.

Create a study.
From the Simulation drop-down menu, select Study.

Select Static as the Type.
Enter Torsional Rigidity as the Name.

Click « .

Meshing

As mentioned before, weldment features are
automatically treated as beam elements in

SolidWorks Simulation. If solid elements are
desired for the analysis, right-click the beam
feature in the Simulation Study tree and select, Treat as Solid.

Solid

dB
lid

Jod
Bo

dy
-3 SolidBody - o
-5 SolidBady Edit Definition...

Q SalidBady Treat as Solid

1iTrirm,/Extend 2 7)|
£= | Apply/Edit Material... ‘

Examine the Frame folder. =R<YFrarnel

The Frame folder should contain solid bodies that ' g o ggmﬁjjig
. . olidBody FIFT, en

will be meshed as beams. You can tell that the will be

Q SolidBody 3(Trim/Extendf)
beams because of the beam icon § next to the body -3 SolidBody iTrim/Exendd)
name.

£ Q SolidBody 5(Trim/Extend32)

Any Solid Bodies that will be meshed as solids should be excluded from the
analysis. To do this, right-click the solid body and select Exclude from analysis.
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Section Properties Section Propesties

For Torsional Shear Stress

We mentioned that all of the cross-sectional characteristics of | calcustion:

the beam are taken into account automatically by SolidWorks = -~
Simulation. The section properties that are not computed T::ml Comstant.
automatically are constants for the torsional shear and shear 0
due to bending calculation. These constants must be entered B s o T e e
manually if this information is required from the analysis. To | ***

b3

mm*4

. - . 1] =
enter the constants, right-click the beam and select Edit I
. Faor Shear Stress
Def|n|t|0n. Calculation:
. . . Shear Factor:
The required contacts for torsional shear calculations are as . é
follows: B

m Torsional Constant, K
The value for the torsional constant can be calculated or obtained from
literature.

m Distance for Maximum Shear
Distance from the center of the section to the point of maximum torsional
shear.

m Shear Factor
Ratio of effective area under shear and the cross section area of the beam. The
quantity is computed in both local cross sectional directions.

End Conditions _IFH‘M?‘H’I'_H
At the end of each beam falls a node that will connect to v R
either another beam joint or a boundary condition. As Type A

previously mentioned, the nodes of beams have six degrees © Beam
of freedom (three translational and three rotational). These i
degrees of freedom may be restrained or released to reflect
various structural connection configurations. To manually
configure these degrees of freedom, right-click the beam
and select Edit Definition. The graphics window will show
the beam with two ends as shown in the figure. End1 Connection
@ © Rigid

£y -
\ Hinge
Slide
o~

Structural Member2[4]

b3

Manual

¥ End2 Connection

b3

. @ Rigid
The following options are allowed for beam end conditions: e
m Rigid Slide
All six degrees of freedom are tied to the joint. All Henua

translational forces and rotational moments will be
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transferred from the beam element to the joint and vice versa.

m Hinge
Three translational degrees of freedom are tied to the joint. All translational
forces will be transferred from the beam element to the joint and vice versa.
Rotational moments will not be transferred.

m Slide
Three rotational degrees of freedom are tied to the joint. All rotational
moments will be transferred from the beam element to the joint and vice
versa. Translational forces will not be transferred.

m  Manual
A custom defined connection can be defined.

Trusses

8

In the same location, the beam can be defined as a Truss <& which can only resist
axial loading.

We want to apply the torsional loading to the location where the wheels would
mount so that we can best represent the experiment. Weldment features were
created that defined this location. We want the loading to be transferred directly to
the joints of the frame where the suspension mounts, however, we do not want any
moments to transfer, only forces. To only allow the transfer of forces, we will
make these members trusses.

Define trusses.

Select one of the truss members in the
graphics window. It should highlight the
member in the Frame folder of the
Simulation Study tree.

Right-click the member in the Simulation
Study tree and select Edit Definition.

Select Truss as the Type.

Repeat this procedure for the seven
remaining truss members that mount to the
suspension mounting points.

Apply material.
Right-click the Frame folder and select Apply Material to All Bodies.

Select Alloy Steel as the material. Click Apply, then Close.
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Frame Analysis

Joint Group & Torsional Rigidity (-FEA<As Machined>-)

The beam mesh is made out of a series of one

dimensional lines that may be connected. The end B

points of these lines are called joints. SolidWorks
Simulation automatically detects the joint positions,

el

Connections
----- Fixtures
(3] External Loads
..... Mesh

however some joints can be very close and it could be desirable to merge them (or
un-merge) them. In this case, the joint locations can be modified manually using

the Joint Group. We will practice this in this lesson.

The beam joints are shown as yellow or magenta spheres in the graphics window.

m & joints are connected to two or more beam members.

m & joints are connected to a single member.
9 Edit Joint Group.

When a beam is defined in SolidWorks Simulation a folder 4

called Joint Group is created in the Simulation Study
tree.

Right-click the Joint Group folder and select Edit.

Selected Beams
@ All

b3

() Select

Calculate

Results

b3

Joint1 -
Joint 2 M
Joint 3 B
Joint 4
Joint 5
Joint&
Joint7 v

Keep modified joint on
update

|:| Display neutral axis

Criteria

b3

DTreat as joint for
clearance less than

0.0145 | |

10 Examine joints. =
Right-click a joint icon to examine the - \\ \

beams that are connected by the joint.

To add or remove a beam member from
the list, click the beam in the graphics
window.

To save the new joint, simply close the
Select Joint Members window.

Beam Meshing

J Select Joint Members E

i Structural Memberl0[1]
Mirrorl[14]
Structural Memberl0[3]

/
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11 Edit joint.

Note:

Examine the joints in the rear of the vehicle frame. Notice that at one of the rear
suspension mounting points, there are two joints. This location should only have
one joint that connects all of the beams.

Right-click one of the joints and add the omitted beams.

Right-click the other joint and remove all of the beams. This will delete that joint
since it is redundant.

Click Calculate to recalculate the joints.

This procedure may be repeated as necessary until the joints are calculated
properly.

Tip:  Be sure to check your joints to insure that they have been computed accurately by
the software. It can be helpful to thoroughly examine the mesh after meshing.

Merging Joints Automatically — A
The software automatically calculates joint locations based | ot =
on the ends of beams. At the joint end, a hypothetical Joint i

Joint 5

sphere is drawn with a diameter chosen automatically with Jaint & i
respect to the model geometry. If two joints fall within one

Keep modified joint on

sphere, the beam ends will be merged forming one joint. It e
is possible to modify the diameter of this hypothetical DI isplay neutral axi
sphere using Treat as joint for clearance less than. Re- Criteria A
calculating the joints is necessary to get them to merge. ) oo s than

0.05 - | ~
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Fixtures [ Fxture 7|
SolidWorks Simulation has a number of different fixtures ¢ % 2
that can be applied to beam joints: [Example ¥
m Fixed Geometry = e Cennel o/t
Fixes all six degrees of freedom (translational and (8] fixea Geometry
rotational). (o) e, ™
m Immovable (No translation) () Use Reference Geometry

12

Fixtures

Fixes translational degrees of freedom only. Rotational
degrees of freedom are left unconstrained.

m Use Reference Geometry
The user can specify a reference and choose which
degrees of freedom are fixed (translational or
rotational) with respect to that reference.

B3

It was mentioned that in the experiment, the rear wheels are held stationary. To
measure the torsional rigidity, the entirety of the load must be transferred directly
to the frame. Therefore any components attached to the frame that transfer the
load must be assumed to be rigid. If this is the case, it would make sense to fix the
rear joints where the rear suspension would attach.

Apply fixtures. [ Fodwe 7|
Right-click Fixtures in the Simulation Study tree and ¢ X =
select Fixed Geometry.

| Example v
Select the eight joints at the rear of the frame where the = ——
suspension would mount. (8] Fixed Geometry

|E| Immovable (Mo
\_*/ translation)

|t_ﬂ| Use Reference Geometry

Click ¢ .

Joint<15, 1>
Joint<63, 1>
Joint<34, 1>
Joint<49, 1>
Joint<175, 1=
Inint<143 1>

[ | »

1
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Note: You can tell which degrees of freedom are being

Frame Analysis

fixed by viewing the arrows. An arrow in a U 2 V 2

given direction means that the translation in that
direction is restrained. If the arrow has a tail, the
rotation about that direction is restrained as Fixed Geometry Immovable
well.
Loading [ Fore/Torque 7|
SolidWorks Simulation allows for the application of forces « % =
and torques to beams or beam joints. The force is applied to  |seiection A
the beam or joint and the direction is defined by choosinga ||
reference. &
As with our fixtures, we will assume that the loading from 8
the experiment is transferred directly to the frame beam S
joints at the suspension mounting points. — =
With the wheel structure assumed rigid, the load would be fl
applied to the front axle axis and the frame would rotate Force A
about the center of the frame on the front axle axis. Thisis [N * N
the location where the angular displacement must be [t [1 N
measured about. X[ N
Moment 3
SR [ Co—
Rotation Point |§f| - .
][ Nem

To simplify the analysis, we have not included our suspension components,
therefore we must define representative loading condition that will simulate our
experiment. The application of our loading to our truss members will transfer the
equivalent torque to the frame through the suspension mounting points.

Note: The truss members are used only in the finite element model to directly transfer

the loading. They are not part of the actual frame design.

Loading
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13 Apply loading. Force/Torgque 7
Right-click External Loads in the Simulation Study ¢ X 45
tree, and select Force.

Selection 3

Select Joints under Selection. [ad]
Select the beam joint at the termination of the truss
members. 8

o
Select the Front plane as the reference.

Units 3
Select Normal to Plane and enter 169.7 N. B
Click « . Force A

e N

NIE N
x 169.7 - N

|:| Reverse direction

Moment A
&) [
(D E—
& S E—
f-‘f

Repeat this procedure for the opposite side.
Make sure that the direction is reversed on the opposite side.

Note: The loading magnitude was calculated such that a 100 N-m torque is applied to
the frame.

100Nm

Foree = 3 cgoom
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14 Mesh the model.
Right-click Mesh in the Simulation Study tree and select Create Mesh.

The beam mesh will automatically be created.

Note: Truss members are meshed as a single element because they will not have bending
deformation since their nodes only transfer axial forces.

15 Run the study.
Click Run from the Simulation drop-down menu.

Post Processing

After the study is run, the Results folder in the Simulation Study tree will
become active and our results are accessible. In this lesson, we will investigate the
different post processing options available for beams.

The first result that we would like to compute is
the torsional rigidity. To do this, we must know
the angular deformation of the frame as a result
of the torsional loading.
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Cylindrical Coordinates [ Displacement Plot___2.|
By default, SolidWorks Simulation plots the results usinga ¢ * =

cartesian coordinate system. Knowing this, one could Display A
convert the results to another, more desirable coordinate L
system. fofom

SolidWorks Simulation also allows for the plotting of Advanced Options A
results in cylindrical coordinate. We will use this method to %" “5=
measure the angular deformation of the frame required to I showas vecor plot

calculate torsional rigidity. I iutesrmssihien A
@ Automatic

To change to cylindrical coordinates, a reference axis must lo [5an

be selected in the Advanced Options. When in cylindrical © True scale

coordinates, the following changes are made to the 3 Ul GG

coordinates with respect to the selected reference axis: I

Show colors

m X direction = Radial direction
m Y direction = Circumferential direction
m Zdirection = Axial direction

In addition, the cylindrical coordinate system appears at the bottom
right of the graphics window to inform you of your coordinate

selection.
16 Plot angular displacement. [TDisplacement. Plat |
Right-click the Results folder and select Define @ X 43
Displacement Plot. -
Display A
Select UY: Y Displacement as the Component. &
. . m

Expand the Advanced Options and select Axis? as the i
reference. Advanced Options A

|:| Show as vector plot

Select the Automatic scaling.

C|ICk 4 . [¥] Deformed Shape -

@ Automatic

o [1m
() True scale

() User defined
o 2
Show colors
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LY (rmim)
3202e+000
2.935e+000

| 2668e+000
. 240 e+000
_ 21354e+000
_ 1 .868e+000

1 601 e+000

| 1.334e+000

_ 1 067 e+000

. G.00Me-001

5.332e-0M
2 Ffde-00M
-5.031e-004

Frame Analysis

Note: The unit system of this plot is still in mm where we might expect it to have an
angular unit since it is a circumferential displacement. In actuality, the software is
taking the angular deformation about the axis and multiplying it by the distance
away from the axis. To compute the actual angular deformation, we need to divide

by its distance away from the axis.
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17 Pro be. B{El Results
Right-click the Displacement plot in the Results 5 et "STRE‘(”; Hig.“‘; el and
folder and select Probe. T :
Hide
Select one of the ends of the trusses where the load Er—
is applied. P> | Animate...
Chart Options...
LY (mm) et

3.202e+000

2.935e+000

. 2BB8e+000

. 1.334e+000
. 1.067e+000
. 8.001e-001
9.332e-001
2 BBde-001

Mode 364 (-5 54e-005,-569, 260 mm)|
= 3.197e+000 mm [031e-004

&

We now know the angular deformation of the end of the frame.
We must divide this by the distance away from the axis to measure the angle.

_3.197mm _
Ll — 0.00543rad
Click «.

Note: The angular deformation will always be calculated in radians, not degrees.

Torsional Rigidity
We can now calculate the torsional rigidity of the frame.

_ _100Nm _ Nm
v~ 0.00543rad 18416rad
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Beam Stresses

There are a number of different components of stress that develop in beams.
Axial, torsional, shear, and bending stresses are all components of stress seen by
beams. In SolidWorks Simulation, you can plot any of these.

By default, SolidWorks Simulation creates a stress plot called Highest axial and
bending which looks at each beam element and plots whichever component of
stress is the highest in the plot. This type of plot is useful in evaluating the
maximum stress seen in your beams.

18 Plot stress.
Activate the Stress1 plot that was created by default by SolidWorks Simulation.

Highest axial and bending (Wim"2)
41 4461080
l 37,992,264 .0
. 34,538,424.0
. 31,084,580.0
. 276307380
. 24176,896.0
. 20,723,054.0
L 17,269,212.0
. 13,815,369.0

. 10,361 527.0

6,307 554 5
34533423
il

This is a plot of the highest stress (axial or bending) in each beam element.

We can view these stress components separately.
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19 Plot axial stress.

Right-click the Results folder and select Define Stress
Plot.

4 Stress Plot
« ¥ 1=
Display
Select Axial and Automatic. Bl [wmez -

-
Click # .

Deformed Shape

@ Automatic

I

b3

b3

sl PAS (MAT2) g
m | 73171

3,473,284.3
() True scale

2,851 6483 () User defined

22700138 0o |2

. 1,68837683
L 1,106,7433
. 5251080
56,527 3
638,162.5
L A29797 8
L -1501,433.0
-2,383,068.3

29647035

-3,546,338.8

Notice that some members are in tension and some members are in compression.
You can use this information in design change decisions.

Cross Section Directions 1 and 2

To post process bending and shear stress, the beam directions 1 and 2 must be
defined. SolidWorks Simulation defines direction 1 to be along the longest side of
the cross section and direction 2 is it’s perpendicular.
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20 Plot bending stress.

Right-click the Results folder and select Define Stress Plot.
Select Bending in local direction 1 and Automatic.

Click ¢ .

Bending Ms/Ss (Nm2)
32,544,4420
I 27 096 466.0
. 215454500
. 16,200,518.0
. 10,752,542.0
. 5,304,566.0
. -143,406.0
| -5,591,3820
. -11,039,356.0

. 16,487 330.0

21,335,304.0
27 ,383,280.0
32,331 2540

Note: If you probe on one of the truss members, you will see that it has zero bending
stress. This makes sense because the trusses do not transfer moments.

Shear and Bending Diagrams

SolidWorks Simulation also has the ability to plot shear and bending diagrams in
the different beam directions. These can be used to study how the internal bending
moments and shear forces vary along the length of the beam.
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21 Plot bending moment.
Right-click the Results folder and select Define
Beam Diagrams.

Select Moment in Dirl.

Under Selected Beams, choose Select and
select the beam member shown at the front of the
frame.

Click « .

Moment in Dirl (M-m)

1.763e+001
1.472e+001
. 18 e+00
. 8.905e+000
. 9.996e+000
. 3.087e+000
l 1.775e-001
_ -2.731e+000
. -5.641e+000
_’-8.5503+DDD
-1.146e+001
-1.457e+001

-1.728e+001

22 List beam forces.
Right-click on the Results folder and select List Beam Forces.

Click « .

A list of the forces in each beam element are listed. You can save this list to be
used later.
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Conclusion
In this lesson, we evaluated the torsional rigidity of our frame design. We learned
how to set up an analysis using beam element. We also learned about the various
post processing options available when beams are used.

At this point, it could be advantageous to change the frame design and re-evaluate
the torsional rigidity. The most common goal for frame design is a torsionally stiff
and light frame. Design changes could include different beam lengths, cross
sections, or material properties.

It is important to note that the torsional rigidity was evaluated and set up with
respect to the experiment that would be performed once the frame is made. We
can only compare experiment to analysis if the boundary conditions are set up in
the same manner. Additionally, assumptions are made in the finite element model
that might not reflect the real world situation perfectly. Therefore, it is most
advantageous to evaluate different frame designs using the software to decide
which is the stiffest, not one that matches the experiment perfectly.
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Lesson 7
Intake Analysis

When you complete this lesson, you will be able to:

m Set up and run a Flow Simulation;
m  Post-process a flow simulation.
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Intake Manifold Design

The common goal of intake manifold
design is even distribution of flow to the
piston heads. This is to insure optimum
engine efficiency. In this lesson,
SolidWorks Flow Simulation will be used
to investigate the design of our intake
manifold when the car is moving at 22
m/s.

This lesson will introduce the complete set up of a SolidWorks Flow Simulation
project. We will prepare our model for analysis, set up boundary conditions and
engineering goals, run our project, and learn to post process our results.

Model Preparations

In structural analysis, it is typically necessary to simplify the SolidWorks
geometry to allow the simulation to run. The same is true for flow analysis. A
simplified model will result in faster mesh and run times providing you with a
quicker result. Part of model preparation is deciding what type of model you will
be running. SolidWorks Flow Simulation categorizes flow analysis in terms of the
flow being either internal or external.

External Flow Analysis

This type of analysis involves the study of flow around a region not necessarily
bounded by solid geometry. Typically, this is used for the study of flow over
aircrafts, automobiles, buildings, etc.

Internal Flow Analysis

Internal flow analysis deals with the study of flow inside a region bounded by
solid geometry. A typical example of an internal flow analysis would be the flow
through and HVAC system. In this type of analysis, flow enters the model through
some inlet and leaves the model through the outlet. Flow Simulation requires the
model to be fully closed to perform an internal analysis, therefore some geometry
modifications may be necessary prior to setting up the model. This will be the
case in our analysis of the intake manifold.

1 Open Intake Assembly.
Click File, Open and select the part Intake Assembly. Click Open to open the
part.
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2 Start SolidWorks Flow Simulation.

Click Tools, Add-Ins. Select SolidWorks Flow cion e os =)

= SoldWorks Premium Add-ins

Simulation. g b e
(]

ClrcuitiWerks

[ 38 Featurewarks.
Click oK D orte”
. [P ScanToid

[<t; Solidworks Besagn Chicker
A & Solidorks Mobion
11 Solidworks Rauting
A SolidWorks Simulation
[ SelidwWerks Toolbeax
L1 solidworks Toolbs Browser
15 SolidWorks Uilties
O Solidorks Workgroup POM 2000
CIE] Tolanatys
3 SolidWorks Add-ins
[] Autotrace

Solidworks 20 E

SolidWorks Flow Simulation 2010

O] OOO0OOROIO000000

ol 5
] Solidworks XPS Driver

ool
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SolidWorks Flow Simulation Interface

SolidWorks Flow Simulation functions are accessed in the same way as
SolidWorks. When a simulation study is created, a Flow Simulation analysis tree
appears as a tab next to the FeatureManager design tree tab. Each new study that
gets created is linked to a specific configuration created in the
ConfigurationManager. Like SolidWorks functions, Flow Simulation functions
can be accessed from the Flow Simulation toolbars, CommandManager, or Flow
Simulation drop-down menu. Additionally, functions can be selected by right-
clicking geometry or items in the Flow Simulation analysis tree.

Bl SolidWorks | Fle Edt Vew Imert Toos FowSmuabion Window Hep ;;'”D BN = R ]! = Parti® 2= 8 X
X Wizard 1) == | > ) & |B

5
[ New 8 General | [12 5imF|!vltza':i @ Run | LoadfUnload A

5]
i simula... | *

Setii Results
conetiged LB 5T |2 = = S [@E| ) v

Features | Sketch | Evaluate | Dimxpert | Office Products | Flow Simulation [ ¢ AYMEB-F-6r- @ - B~ -8
e EAEE
B Default

& B Inpuk Dt CommandManager

= O Resuls
B Mesh
By CutFlots
3 30-Profile Flots
< Surface Plots
& Tsosurfaces
=& Flow Trajsctories
@5 Particle Studies
2 v plots
A& poink Parameters
&> Suface Parameters

x

ESrETER

Flow Simulation
Toolbars

Volume Parameters j
b

o YTy e
W Repart =

Bm Animations Flow Simulation Results Features

PoEREESBL

O ¥E

]

Flow Simulation
analysis tree

TRl Model [ Hofion Study 1
Lids

As mentioned previously, internal analysis requires the geometry of the model to
be fully closed. In the intake manifold, there is an opening for the inlet flow and
four ports for the flow to the cylinders. We must close these openings with lids.
We will then apply the proper boundary conditions to the surface of these lids to
tell Flow Simulation how the fluid will be entering or leaving through the lid
surface.
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3

Note:

Tip:

Create lids.
From the Flow Simulation drop-down menu, select Tools,
Create Lids.

'E‘,: Create Lids

Select the planar faces on the inlet and the four outlet ports TEerCiE]
that the lid will cover. poce<t> Qrunner 4

Face<1>@runner-15

Select Adjust Thickness and enter Imm as the Thickness.

Click « .

You’ll notice five new parts in the FeatureManager design tree. The lids are blind
extrusions from the selected planar faces into the openings with a distance that
was specified as the Thickness.

The thickness of the lid for an internal analysis is usually not important however,
the lid should not be so thick that the flow pattern is affected down stream. For
most cases, the lid thickness could be the same thickness used to create the
neighboring walls.

If the lid face is not planar, the lid tool cannot be used. In this case, simply create
the lid manually using a mid plane extrusion.
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Check Geometry

SolidWorks Flow Simulation has a tool called Check Geometry that allows users
to check the solid geometry to make sure that it is ready for analysis. We know
that the geometry must be fully closed for an internal analysis.

Additionally, we need to make sure that no
invalid contacts exist in our model. An invalid
contact will cause the Check Geometry tool to
report zero internal volume and the Flow
Simulation will fail to solve. Some examples of
invalid contact are shown in the figure.

4 Check geometry. Companents:
From the Flow Simulation menu choose: Y intake Assenty ~| [ Enable
i ian b )
Tools, Check Geometry. S% ke Comeston bant<
Ly . intak, tion boot< 6 i
Make sure the Exclude Cavities without S% e oty |F
flow conditions check box is cleared. D----% nunrer<15>
- unner< 14z
Click Check. w-§ LD5<>
- LID4<1>
The tool should calculate a fluid volume g% U‘DEm‘ boat<5>
correctly and there should be no invalid =
taCtS [T Exclude cavities without flow conditions
con ) [T Exclude internal space
If invalid contacts exist, you must correct Gt sold bory assermbly
them before beginning the flow simulation e dted seenth
r i . i 1
project e e ooty ek ]
C|ICk Close When you are SatISerd The zolid volume iz 00300170899 m™3
Invalid contacts:
Help

Creating the Project

Now that our geometry has been properly modified, we can proceed with the Flow
Simulation project.

5 Create a project.
From the Flow Simulation menu, choose: Project, Wizard.

~
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6 Create new project.
Under Configuration, click Create new to create a new configuration.

In the Configuration name box, enter Project 1.

Intake Analysis

Wizard - Project Configuration

% .

[_jﬁ Input Data

------ @ Computational Domain
------ ™8 Component Control
...... Fluid Subdamains

------ Ffi Boundary Conditions

...... [:]: Fans

...... By Heat Sources

------ % Porous Media
...... @ 1nitial Conditions

------ @ Local Initial Meshes
-0 Results

...... ¥y CutPlats
..... <> surface Plots
...... &y Isosurfaces

----- =% Flow Trajectories

Configuration
(®) Create new
(1 Use current
Configuration name: |F'r0iec:t 1 |
Current configuration: | Default |
Comments:
Mest > ] [ Cancel ] [ Help

»

Click Next.

Note:

SolidWorks Flow Simulation will create and activate a new configuration called

Project 1 when the wizard is finished. All data associated with running the
analysis will be stored in a separate folder in the model directory numbered

sequentially, i.e. “1”, “27, “3”... etc. based on how many projects are defined on
this model.

Creating the

Project
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7 Select units.

Intake Analysis

Select SI (m-kg-s) as the Unit System for this project.

Wizard - Unit System

=~

&

Unit gypstenm:
System Fath Comment
LG5 [cmeg-s] Pre-Defined LG5 [cmeg-s]
FPS (ft-lb-s) Pre-Defined FPS (ft-lb-s)
IPS [in-lb-z) Pre-Defined IPS [in-lb-z)
Mk [mm-g-z) Pre-Defined Mk [mm-g-z)
Sl [m-kg-g] Fre-Defined Sl [m-kg-g]
Usa Pre-Defined Usa
[ Create new Hame: |SI [m-kg-z] [modified] |

Parameter Unit= | Decimal Places | 1.0 Unit Sl = |3|

- Pressure & stress
- Welocity

- Mass

- Length

- Temperature

- Physical time

Geometrical Characteristic

Loads&Motion
Heat

Pa o1
miz 11 4
kg 31 i
m 31
K 10
= 11

v ®

[ < Back ]L Mext > J[ Cancel ][ Help ]

8 Select analysis type.

Wizard - Analysis Type

Analyzis type Consider closed cavities @
) Intemal Exclude cavities without flow conditions
() External Exclude intemal space

Physical Festures | “alue

Heat conduction in solids |:|

Radiation O

Time-dependent |:|

Gravity |:|

Rotation O

Reference axis: Dependency... @

[ < Back ]L Mext > J[ Cancel ][ Help ]
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Select Internal under Analysis Type.

Click Next.

9 Select fluid.
Expand the Gases tree and double-click Air to add it to the Project Fluids list.

Click Next.

Wizard - Default Fluid

Intake Analysis

Fluids Path M Mew.
= Gases T

Acetone Pre-Defined

Ammania Pre-Defined

Argon Pre-Defined

Butane Pre-Defined B

Carbon dioxide Pre-Defined

Chiloring Pre-Defined

Ethane Pre-Defined

Ethanal Pre-Defined

Ethylene Pre-Defined

Fluaring Pre-Defined b Add
Project Fluids Default Fluic Remaove

Air [ Gazes )

Flow Characteristic

Flow type

Humidity

Walue ~
Laminar and Turbulent
High Mach number flow |:| =
0 . »
< Back ] [ Mext > ] [ Cancel ] [ Help

Creating the Project
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10 Select wall conditions.
Accept the default conditions and click Next.

Wizard - Wall Conditions

Intake Analysis

| @

Parameter Walue
Default wall thermal condition Adiabatic wall
Roughness 0 micrometer

[Dependency... @

[ < Back ]L Mext > J[ Cancel ]

[ Help ]

11 Initial conditions.

Accept the default conditions and click Next.

Wizard - Initial Conditions

Parameter Walue
Parameter Definition Uszer Defined
[z Thermodynamic Parameters
Parameters: Pressure, tempersture
- Pressure 101325 Pa
- Temperature 28932 K
[z Velocity Parameters
Parameter: “elocity
- MWelocity in ¥ direction 0mis
- Melocity in Y direction 0mis
- MWelocity in Z direction 0mis

Turbulence Parameters

[Dependency... @

[ < Back ]L Mext > J[ Cancel ]

[ Help ]
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12 Results and Geometry Resolution.
Set the Result Resolution to 5.

Click Finish.

Intake Analysis

Wizard - Results and Geometry Resolution

Result resalution

Minimum gap size

Minimum gap size:

[ Manual specifization of the minimum gap size

Minimurn wall thickness

Minirum wall thickness:

[ Manual specification af the minimum wall thickness

[ &dvanced namow channel refinement Optimize thin walls resolution .>.>
[ < Back ] [ Finizh ] [ Cancel ] [ Help
13 Review Flow Simulation analysis tree. @ Project 1

SolidWorks Flow Simulation has created and
activated an additional configuration called
Project 1. In addition, the Flow Simulation
analysis tree tab has been created in the
FeatureManager.

Select the Flow Simulation analysis tree tab = .

ﬁ Input Daka

= % Resuls
ﬂEE Mesh
3 Cutpl
(3 3D-Pry

@ Surfar
A Tsosur

General Settings. ..

Units. ..

Component Control

Initial Mesh. ..

Calculation Control Options. ..
Display All Callouts

If changes need to be made to the settings of the project, you can right click the
Input Data folder and select the appropriate option.

In the graphics window, the Computational
Domain is shown as a wireframe box
enveloping the model. This is the area
where the model will solve the flow
simulation. Because this is an internal
analysis, the model will be solved inside the
solid geometry inside the box.

Creating the Project
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14

15

Insert boundary condition.

In the Flow Simulation analysis tree, under
Input Data, right-click Boundary
Conditions and select Insert Boundary
Condition.

Select the inside surface of the lid covering the
inlet as shown in the figure.

To access the inner face, right click the outer
face on the lid and click Select Other. In the
Select Other window, cycle through the faces
by moving the pointer to highlight each face
dynamically in the graphics window.

Set up boundary condition.
Under Type select Flow Openings.

Select Inlet Velocity.

Under Flow Parameters, click Normal to Surface and

enter 22 m/s.

Click « .

Creating the Project

Intake Analysis

I Select Cther

%restrictord:

n Face@[restrictor]

# Face@[LID5<1>

Face@[restricton|

a
|<| 1 _ir‘

=i, Boundary Condition ?

¥ %

}fvx Face Coordinate System
=z

Reference axis:

A

EE=

Inlet Mass Flow
Inlet Volume Flow
Inlet Veloci

Inlet Mach Mumber
Cutlet Mass Flow
Cutlet Volume Flow
Qutlet Velocity

»

m

Flow Parameters

b3

[&)]ow) )

Vo 2dms

|:| Fully developed flow

=
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16 Insert boundary condition.
In the Flow Simulation analysis tree, under
Input Data, right-click Boundary
Conditions and select Insert Boundary

Condition.

Select the inside face of one of the lids Select Other
covering the outlet ports as shown in the
figure. '

%runneHlS)
nFace@[runner{

4 [ | »

17 Set up boundary condition.
Under Type select Pressure Openings.

#1, Boundary Condition 7
K

Select Environment Pressure. Selection

Click «.

b3

gl Face<1>@LIDa 1

||

}fvx Face Coordinate System
=z

Reference axis:
Type %

(&)@~

Static Pressure
Total Pressure

Thermodynamic Parameters &

B 1M325Pa z
T 232K z

18 Set up boundary condition.

Repeat this procedure to create Environment Pressure boundary conditions for the
remaining three outlet ports.
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Engineering Goals

19

20

SolidWorks Flow Simulation contains built in criteria to stop the solution process.
In addition, it is best to use your own criteria by using engineering goals.
Engineering goals are user specified parameters of interest which users can
display while the solver is running and obtain information about after
convergence is reached. Goals can be set throughout an entire domain (Global), in
a selected area (Surface, Point), or within a selected volume (Molume). Finally,
mathematical expressions using other goals can be written in an equation goal.

Surface g oal. _ _ _ NEEE
In the SolidWorks Flow Simulation analysis =~ @ Project1 .
tree, right-click Goals, and select Insert B Input Data 2

@ Computational Domain
Fluid Subdomains
Ffi Boundary Conditions

B e Veioci 1

Ffi Environment Pressure 1

Surface Goals.

To select the inlet surface for the Surface
Goals, split the feature pane and in the upper Ef Emvironment Pressure 2 i
portion click the boundary condition Inlet o =5 =

Velocity 1 item in the Flow Simulation IEH@?H% "__ |
analysis tree to input the face where the ¢ X
surface goal is to be applied.

Selection al -
In the Parameter list, locate Volume Flow @ [Face<i-@LD51
Rate and check the box.

Click + .

Parameter A

Parameter

Static Pressure

Total Pressure
Dynamic Pressure
Temperature of Fluid
Density

Mass Flow Rate
Volume Flow Rate

=l

ooooOoz
o

o
3
=

m

EEEEEEE

H

Rename goal.
Rename the goal so that it appears as Inlet Volume Flow Rate.
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21 Surface goal. |

22

Intake Analysis

Repeat the previous steps to apply a surface
goal for the volume flow rate at the outlets.

When selecting the Environment
Pressure boundary conditions, hold the
control key and select all of the outlet

Fluid Subdomains
Boundary Conditions

JEf Inlet Velocity 1

ﬁ Environment Pressure 1

ﬁ Environment Pressure 2
ﬁ Environment Pressure 3
- Environment Pressure 4
.}0 Heat Sources

»

Jam |

conditions.

SiE EE)

Click Create a separate goal for each

» Surface Goals

surface. This will create a separate goal for « %
each outlet. Selection Al
T [Face<z-@lD31

Click « .

Face<1l=@LID4-1
Face<3=@LD2-1
Face<4=@LD1-1

Rename each goal to reflect the outlets. (6|

Create a separate goal for each surface
Parameter A
Parameter |Min|A\r|Max|BquA‘|Use| -
Static Pressure [ [ F
Total Pressure B BEE |
Dynamic Pressure |:| |:| D D
Temperature of Fluid |:| |:| |:| D
Density D D D D
Mass Flow Rate |:|
Volume Flow Rate

Equation goal.

Right-click Goals and select Insert Equation Goal.

m

Select the Outlet Volume Flow Rate 1 surface goal that was defined in the

previous step to add it to the Expression box.
Click + in the Equation Goal window.

Repeat this procedure to sum all of the outlet goals.
Click OK.

Expression:
{0utlet Yolume Flow Rate 1H{0utlet Yolume Flow Rate 2H+{0utlet Yolume Flow Fate - Unda &dd
3}+{0utlet Yolume Flow Fiate 4) ;]
Dimensionality:
[Vo\ume flowy rate V]
Usze the goal far convergence caontral
[ ok J l Cancel l [ Help
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23 Rename goal.

Intake Analysis

Rename the goal so that it appears as Sum of Outlet Volume Flow Rates.

24 Solve.

In the Flow Simulation analysis tree, right-click the project and select Run.

Make sure that Load Results is selected.
Click Run with the default settings.
It could take up to an hour to run this study.

Post-Processing

We can begin to post-process the results once the solver is completed. In this part
of the lesson, we will learn about various post processing options available in
SolidWorks Flow Simulation. We first must change the transparency of the model

so that we can view the results.

25 Change transparency.

In the Flow Simulation menu, select Results, Display, Transparency.

Move the slider to 0.75.

Note: The transparency can also be changed by right-click the parts in the

FeatureManager design tree.
26 Cut plot.

In the Flow Simulation analysis tree, right-click Cut Plots and select Insert.

Select the Top plane of the plenum assembly.

Click « .

102746
101984
101223
100481
99699.1
98937.3
981756
974138
96652.1
958903 f 4

9512865
Pressure [Pa]
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View Settings

Intake Analysis

In the View Settings dialog box, you can specify a physical parameter for the
display. You also have control over various settings of the display. You can access
the View Settings by clicking the View Settings button in the PropertyManager

or by double-clicking on the legend in the plot.

27 Adjust view settings.
Double-click the legend to bring up the View Settings dialog.

Change the Parameter to Velocity.
Change the Number of colors to 110.

lsosurfaces I Options I Coordinate System I 3D-Profile |

Cortours | Isolines I Vectors I Flow Trajectories |
Settings

Persmeter:
5
5
Pelett:

Number of colors: 110

U

o

g
<

Min: Om/s Dm/s
Save As...

Ma: 112.784148 m/s 112784148 m/s

Reset Min/Max
Parameter List...

Cancel

==
@
=]

Click OK.

112784
101 506
802273
786488
67 6705
56,3921
451137
338362
23 5568
112784 § 4

0
Welocity [mis]

Hide the Cut Plot when you are through.
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28 Flow trajectory.

In the Flow Simulation analysis tree, right-click Flow Trajectories and select
Insert.

Select the Inlet Velocity 1 boundary condition.

Enter 50 as the Number of Trajectories. Click « .

112774
101.496
40,2191
Taaay
67 6643
56,3869
451095
33.8322
22.5548
11.2774

0
Welocity [mis]

Hide the Flow Trajectories when you are through.

29 Surface plot.

In the Flow Simulation analysis tree, right-click Surface Plots and select
Insert.

Select Use all faces.

Make sure Contours is selected and the Parameter is Pressure.

Click ¢ .
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30 Goals plot.
In the Flow Simulation analysis tree, right click Goals and select Insert.

Click Add All in the Goals window and click OK.
An Excel spreadsheet will be automatically created containing information about

the goals.
£ B c D E =
i Intake Assembly.sldasm [Project 1]
2
3 ||Goal Name Unit Value Averaged Value |Minim
4 [Inlet Volume Flow Rate [m3/s] 0.028428565 0.028435404 0/
5 | [Outlet Volume Flow Rate 1] [m"3/s] -0.014049191 -0.013778292 0]
6 | [Outlet Volume Flow Rate 2 [m"3/s] -0.002867926 -0.003004977 -0
7 | [Outlet Volume Flow Rate 3] [m"3/s] -0.004875581 -0.004924032 -0
8 | [Outlet Volume Flow Rate 4] [m"3/s] -0.007020519 -0.007110059 -0
9 | [Sum of Outlet Volume Flow] [m"3/s] -0.028813217 -0.025817359 ™
13 | lterations: 414
14 | Analysis interval: 52 |
4 < » ¥ | Summary . Volume Flow Rate Sul Rl 0

Discussion

As we can see from the goals plot, the inlet volume flow rate matches the outlet
volume flow rate. This is a good sanity check in that all the flow entering the
model is leaving the model. In addition, we notice the different volume flow rates
exiting each outlet condition. Much of the flow is leaving through one of the
outlets in the center. This was also seen with the flow trajectory plot. This could
be because the outlet port is slightly off-set from the center of the plenum, causing
more flow to leave through one side. Re-design of the plenum could better
distribute the flow amongst the outlet ports.

In the real world, each piston would be firing at a different time as the engine is
running. To more accurately represent this situation, a transient study could be set
up with the outlet ports turning on and off with respect to when they would fire
using time curves. To set this up in SolidWorks Flow Simulation, Time
Dependent would need to be selected in the Analysis Type window of the
Wizard. In addition, modifications to the outlet boundary conditions would be
needed to specify when they turn on (flow is allowed) and off (flow is restricted).

Conclusions

In this lesson, we investigate the design of the intake manifold using SolidWorks
Flow Simulation. We learned how to setup and run a flow analysis. We also
learned good post-processing techniques for evaluating our designs. You are
encouraged to continue you investigations of the post-processing options
available on your own. In addition, more information in the form of tutorials and
technical writings are available through the help menus.
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