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Assembly Drawing with Bill of Materials

SolidWorks Finite Element Analysis (EA) (add in)
Inch-pound and millimeter-kilogram units.



3D Manufacturing Assembly

DISCLAIMER: The materials contained in the online course are not intended as a
representation or warranty on the part of PDH Center or any other
person/organization named herein. The materials are for general information only.
They are not a substitute for competent professional advice.

Application of this information to a specific project should be reviewed by a
registered architect and/or professional engineer/surveyor. Anyone making use
of the information set forth herein does so at their risk and assumes any and all
resulting liability arising therefrom.

1 START PART

Open SolidWorks and start a new: Part, Assembly, or Drawing.
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Select > New > Part > OK

2
DS SOLIDWORKS ~ File View Tools £} [ - ¥ -

SolidWorks 2022
SiSolidWorks | Fie et
SolidWorks 2012

View Insert Tools Window Help Ql

BN BN 15 o DH@' -

Print
\ Save Rebuild New (Ctrl+N)

Creates a new document.

Open
New
SolidWorks 2012

SolidWorks 2022

Click on the drop-down menu > New

“New SolidWorks Document” below will open.

Part, Assembly, or Drawing

Mew SolidWorks Document

Templates Tutorial |

parkt assem

SolidWorks 2012
Select > Part

% Part1 (Default) <<Default> D
History
Sensors

4 Annotations

O —
2% Material <not specified>

u Front Plane

+—
U Top Plane

Lj Right Plane

I_. Origin

draw

Part Assembly

SolidWorks 2022
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Select > Top Plane > Perpendicular > Sketch > Rectangle

If the > Features & Sketch & Markup & Evaluate menus do not open>

2
DS SOLIDWORKS ~ File View Tools 2 1) [) - P -

'_|_|_"'__ R B —

¥ | Enable CommandManager

¥ | Use Large Buttons with Text

Tabs v
Toolbars v
Customize...

Right click under the SOLIDWORKS banner above
and select > Enable Command manager.

E & /2-O-WV-
Sketch  Smart 'ﬁ O A

Dimension

- -

- Corner Rectangle

Select the > Corner Rectangle tool.

Select the > Top Plane > Normal to
| 1.76

Y

p—
el

0.73

I = N

Start sketch at the Origin (two red arrows)

Sketch a rectangle starting at the origin.



| 2.00 :
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Smart
Dimension

Select > Smart Dimension > Pick one dimension > Type > 1.00
Pick the other dimension Type > 2.00

Rebuild (Ctrl+B)

Rebuilds the features that have changed in a model since
the last rebuild.

When the sketch is dimensioned > Pick the figure 8 red & black (Rebuild) tool.

LJ Front Plane

Ej Top Plane

LJ Right Plane
I_. Origin
C Sketch1

Select > Sketch > Top Plane

ﬁﬂ Q w Swept Boss/Base

Extruded Revolved j} Lofted Boss/Base
Boss/Base Boss/Base

@ Boundary Boss/Base

Features ‘ Sketch ‘ Markup ‘ Evaluate ‘ MBD
|
Select > Features > Extruded Boss/Base

a) DOCUMENT PROPERTIES for UNITS

Document Properties - Units

System Options Document Properties

Drafting Standard Unit system
Annotations (C)MKS (meter, kilogram, second)
Dimensions (C)CGS (centimeter, gram, second)

-~ Virtual Sharps () MMGS (millimeter, gram, second)
Tables © s (inch, pound, second)
DimXpert O Custom
Detailing
Grid/Snap
.
Model Display Type (et

To Select US or Metric dimensions > Tools Options > Document Properties > Units.
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b) DOCUMENT PROPERTIES for UNITS

MKS (meter, kilogram, second)
CGS (centimeter, gram, second)
MMGS (millimeter, gram, second)

E IPS (inch, pound, second)

- Edit Document Units...
Editing Part s - &

. 818 AM
N T 0 O

Select > IPS (Display bottom right).

ﬂ Boss-Extrude @

v X ®

From A
Sketch Plane v

Direction 1 e

2| Bind v

(Boss-Extrude) menu will open > Type > .50 > OK.

C Y=

| ¥ | 3 Point Faded (Default)

Plain White

Backdrop - Grey with Overhead Light
Soft Spotlight

Rooftop

Courtyard Background

Urban 5 Background

Manage Favorites




Select (Apply Scene) menu.> Select (Plain White).

File name: | BASE BLOCK

Save as type: SOLIDWORKS Part (*.prt;*.sldprt)

Select > File > Save As > BASE BLOCK
A Part 3D model has been created and saved.

HE e
I8
@ | _ i .
; O 3
@ Wiretrame Hidden In Gray Hidden Lines
Removed
Display Style

Click the “Display Mode” icon to obtain the part or assembly modes above.

SQUARE FLANGE



-msolidWOIks ' Fie Edit View Insert Tools Wi
E 9 \ @ N~ B % 0

Sketch  Smart ' Convert
Dimension @ A ties Entities _

Assembly | Layout | Sketch | Evaluate | Office Products |

K=Y »
(T~ )
@ AssemS (Default <Display State-
@ Sensors

@ - Annotations

{9\ Front Plane

: {9\ Top Plane

& Right Plane

I.. Origin

[ mates

Follow the steps below to create the, “FLANGE BRACKET” solid model shown

above.
Q-8-EH-%-9-K
New

Start the 3 Dimensional Model by clicking on the “New” icon or pick drop down
menu: Insert > New.
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o0 ®-

New (Ctrl+N)
Creates a new document.
Click left mouse button: New > Part > OK. The “Feature Tree” below will now open.

A two-dimensional sketch must be created on a selected plane or surface before
the desired solid model can be created.

~ais
>

éﬂ g JG Swept Boss/Base

Extruded Revolved B Lofted Boss/Base
Boss/Base Boss/Base

Q/j Boundary Boss/Base

5

Vo = m o mmmmm o ww ey

{ N :
'

Features ‘ Sketch ‘ Markup ‘ Evaluate ‘ MBD
I

Select > Features > Extruded Boss/Base

Y * k4
Front Plane

’ Origin ?

& & &

“Front Plane” Make a profile sketch on the selected Front Plane
The Origin, X, and y directions are shown in the chosen front plane.
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Add-Ins...
Save/Restore Settings...

Customize...
ol L .
{,LJP} Options...

Customize Menu

Tools > Options

2012
Document Properties - Units

' Document Properties - Units

" Sy;tem Optlonsl Document Properties ‘

Drafting Standard Unit system

@ A!wnota.tions (OMKS (meter, kilogram, second)

® D.lmensmns (O CGS (centimeter, gram, second)

: ¥irtual Sharps (O MMGS (millimeter, gram, second)

- Tables (®)1PS (inch, pound, second)

Detailing O Custom

Grid/Snap
Model Display Type |Unit Decimals Fractions |r
Material Properties Basic Units
Image Quality T T ‘ '
Sheet Metal pidead I 12_ 1 [
Plane Display Dual Dimension Length inches i'123 ‘ [
Dimxpert Angle degrees [.12 1 [

Size Dimension
Location Dimension
Chain Dimension Length inches |12
| Geometric Tolerance Mass e I~
Chamfer Controls

Display Options Per Unit Yolume
Motion Units

Mass/Section Properties

Time econd 12

Force

Power

Eneray BTU

Open the “Document Properties” box shown above to change units of
measurement.
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2022

Document Properties - Units

System Options - Gen

e

(5]

System Options Document Properties

General

MBD

Drawings
g----DispIay Style
Area Hatch/Fill
- Performance
Colors

Sketch
Relations/Snaps
Display

Selection
Performance
Assemblies
External References
Default Templates
File Locations

FeatureManager

Cemam Dmr lnmrammmmde

Recent documents

Maximum recent documents displayed: >0

(] Include documents opened from other documents

Open last used document(s) at startup: Never

& input dimension value
(] single command per pick
a Show thumbnail graphics in Windows Explorer

Restore File Associations

B Use system separator for dimensions
Use English language menus
Use English language feature and file names

a Enable Confirmation Corner

a Auto-show PropertyManager

Pick drop down menu: Tools > Option > Document Properties > Units >
IPS (inch, pound, second > Document Properties

Document Properties - Units

System Options Document Properties

Drafting Standard
[ Annotations
[+ Dimensions

~\Virtual Sharps
-Tables
-Dim}{pert
Detailing
Grid/Snap

Model Display

Material Properties

Select > MMGS (millimeter, gram,

Unit system

O MKS (meter, kilogram, second)
O CGS (centimeter, gram, second)
O MMGS (millimeter, gram, second)
o IPS (inch, pound, second)

O Custom

Type Unit

Basic Units
second) is also available.
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o \ -@ - [\J v it 2‘5 @ 3 A Mirror Entities

i Smart Trim  Convert gga

Sketch | Dimension O - S} oy S A Entities Entities ch)1 fgsﬁzts === Linear Sketch Pattern

o = -® - o* E - g Move Entities
Features | Sketch [ Evaluate | DimXpert | Office Products |

Pick: “Sketch” tab > Pick the “Rectangle” tool >

Add Relations

»

|:| Horizontal
|:T:‘ Yertical
|7| Collinear
Ong|n |§| Parallel
|A = | Equal
:-_ = 2 |§‘ Fix

__Dimension
&

Right click the “Origin” > Drag mouse pointer to a temporary top right
corner > Click. Click the green check mark (OK) to complete the rectangle
command.

Horizontal, Vertical and other geometric relations between lines are added

automatically by SolidWorks.

Or manually using drop down menu: Insert > Relations.

® N0+ ;i 2F D 3 L\ Mirror Entities

i Smart D Trim  Convert gog
Sketch | Dimension BERCAE A | Entities Entities g,' f;zz; RAE Loear SElch Ealien
-~ 2 -® - % = 2 ¥ig Move Entities

Features | sketch [ Evaluate | DimxXpert | Ofice Products |
Pick “Smart Dimension” tool > Pick the left side of the rectangle >

14
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| ® i
v X 8 217
r  J
- | B

Drag dimension away from the rectangle and pick to place the dimension
as above. Modify the dimension > type 5 > Click check mark to complete

the command.

—
b | i
| &
X1
n Sketch
. 5000 o]
Dimension a side normal to the first dimension.
i ?5@@? RSN 0?
Eeowit Trimetric Select a Plane
Isometric Pick
Section View
VIEWS TOOLBAR
Modify the dimension >type 5 > Click check mark to complete (OK). Click
“Exit Sketch”.

Pick the “Isometric View” icon in the “Views” toolbar above.
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wnlidWOﬂ(S I File Edit View Insert

6-;_0 - =8 N S
Extruded Revolved B Lofted Boss/Base

Boss/Base Boss/Base
/B T2 Boundary Boss/Base

| Features ["Sketch [ Evaluate | DimXpert | Offi

TYPE f to fit the object in the display

Pick “Extruded Boss/Base” > Blind > D1 thickness > Type D1 dimension > 0.50in >

Sl [R]$ [0

IW Boss-Extrude.

¥ R &

From A
iSketch Plane v ]

Direction 1 A

‘El ’Blind v’

~1

@ ‘0.50in ’3
|

@) |
Draft autward
'[J pirection 2 v |
'[J Thin Feature v |
' Selected Contours ¥ | E]

Click the above green check mark (OK) to complete the extrude boss command.

Note: The “Boss/Extrude” dialog box allows extrusion in both directions
perpendicular to the profile sketch plane. See “Direction 1” and “Direction 2”
above and in section 10 - First Assembly

- Pipe Elbow below.
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QEiSolidWorks | Fie Edt Vew Insert Tods Rout

. =, Swept Boss/Base i
o @ 0
Extruded Revolved B Lofted Boss/Base Extruded Hole

Boss/Base Boss/Base Cut Wizard
§2 Boundary Boss/Base

I Features | Sketch | Evaluate | DimXpert | Office Products |

Model the two holes above.
Pick the front surface of the part above > Select the “Features” tab > Pick
“Extruded Cut”.

& N\N-@-nN-i g D 3 L\ Wirror Entities

i Smart D Trim  Convert oog
Sketch | Dimension O-2-0-A Entites Entites O/ Sct aaa Linear Sketch Pattern

e - - nv * o = ,‘n Move Entities

Features | Sketch | Evaluate | DimXpert | Office Products |

Pick” Sketch tab > Circle tool > Sketch the 2 holes shown above > Smart
Dimension tool > add
0.500 inch diameter and the above hole location dimensions > Click: Exit Sketch.

REFERENCE PLANES
Insert > Reference Geometry > Plane > Pick the right side surface >

17



Rotate the part by holding the mouse wheel down and drag horizontally across the
part > Pick the left side surface > the above “Mid-Plane” is created by SolidWorks.

Insert > Pattern/Mirror > Pick the two left holes to mirror > the two holes on the
right side are created below.

Cut-Extrude > Sketch the large center hole on the front surface of the part > Click
Smart Dimension > Dimension the center hole 3.00 inch diameter and add the hole
location dimensions > Exit Sketch.

Insert > Cut > Extrude > Thru all > Click check mark.

Insert > Features > Chamfer > Pick each of the 4 corners > OK
Or click the “Fillet” icon drop down menu > Chamfer > Pick each of the 4 corners >

18
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l

gl@@@] >

@) BASE PLATE (Default<<Default
[ ] Sensors
E}{E Annotations
-.3= Material <not specified>
&5, Front Plane
& Top Plane
% Right Plane
..... 1, Origin
E}@ Boss-Extrudel
(@) Cut-Extrudel
----- &> Planel
@ Mirrorl
-{[@ Cut-Extrude3
.4 Chamferl

The “Features Tree” above lists all operations performed on the part (or

assembly) model. Double-click on an icon to modify that feature in the
part.

Pick the front surface > Sketch > Circle tool > Smart Dimension > 3.00 diameter >

Tools > Sketch Tools > Convert entities > Click on edge of the 2.75 inch diameter
circle > Click the green check > Exit Sketch.

Insert Boss/Base > Extrude > Pick the ring > Click the
green check. Click ring base > “Fillet” icon or Insert >
Features > Fillet/Round

19



FilletXpert ]

Fillet Type A

(@ Constant radius
(") Variable radius
() Face filet

() Full round fillet

Items To Fillet

>

>\ 0.25in 2

Edge<1>

[ Multiple radius fillet

Tangent propagation

%[ill%][fbl[el >

N
Q BASE PLATE (Default<<Default
[ Sensors

Ea--{z] Annotations

3= Material <not specified>

..... &> Front Plane

----- & Top Plane

..... &> Right Plane

..... 1, Origin

Eg--@ Boss-Extrudel

(@) Cut-Extrudel

..... & Planel

@ Mirrorl

w-{[@) Cut-Extrude3

Q Chamferl

B-8:-%-9-F)8 5E-
1 8060B86Q @ %

t @ 0 Mrb @ wer 9
Fillet Linear Reference
it | Pattern @ oraft @ Dome | e
¢ Cut - = ﬁ Shell @ Mirror =
E QAN E- 36

® |

Orientation

Click “Isometric View” in the “Orientation” dialog box above.

ASE PLATE.SLDPRT

File name: | B

v,] L Save ]':]

Save as type: | Part (*.prt;" sldprt)

vl [ Cancel ]

Save As > BASE PLATE > “.SLDPRT” is added by SolidWorks.

20



PARAMETRIC CAD

The rectangular plate solid model with five holes has been fully dimensioned and
saved.

It is possible to re-open this part in SolidWorks, double click on its surface, and
change one or all of its dimensions.

SolidWorks software utilizes a design feature called parametric computer aided
design, a method of linking dimensions and variables to geometry in such a way
that when the values change, the part changes as well.

A parameter is a variable to which other variables are related, and these other
variables can be obtained by means of parametric equations.

In this manner, design modifications and creation of a family of parts can be
performed in remarkably quick time compared with the redrawing required by
traditional CAD.

In the past five years, PTC's success has prompted major CAD players to offer
similar functions.

Parametric modification can be accomplished with a spreadsheet, script, or by
manually changing dimension text in the digital model.
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2 ROUND PART

% Part4 (Default) <<Default>_D
History
Sensors

» Annotations
Eﬁ. Material <not specified>
E] Front Plane
ED Top Plane

part I_. Origin

Select > Part > Right Plane

The two-dimensional sketch below is created on the (Right Plane).

g
3.500
g
e e =
Completed Sketch Revolved > Boss/Base
1.00

1.75
| ]

0.75
m
]
‘l
H] 030

3.50 1

3.00

. /O
-

(Uv
O A
)~ =

. ENo

at

Trim
Entities

-

© T
Convert Offset
Entities Entities

-

Complete the sketch with the (Trim) tool.
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ﬁ Trim
v

Select two entities to trim to
corner

a

Options

Power trim

E Trim away inside

.H. Trim away outside

° |— Trim to closest

Select > Corner

Pick bottom horizontal line > Pick left vertical line.

Completed sketch is shaded automatically.

1.75

0.75

3.00

r .
]

/.

oA =

Line

/

5
Centerline

Features | Sketch \\

Midpoint Line

Select > Line > Centerline

1.75

0.75

3.00

I

1.00

@ I

Extruded Revolved
Boss/Base Boss/Base

Features | Sketch | M

3 Revolve

23

v X

Axis of Revolution ”~
Vs |Line11

s

Direction1 A
¥ Blind v

€ ‘360.00deg

Sketch > Centerline > OK > Rebuild > Feature > Revolved Part Boss/Base

<




4

"I

B &

e
Rebuild (Ctrl+B)

Rebuilds the features that have changed in a model since
the last rebuild.

tersect R

Select > Rebuild

A two-dimensional sketch must be created on a selected plane or surface
before the desired solid model can be created.

3 CIRCULAR PATTERN OF HOLES

E | & \N-O@-p-i e 3 | L\ Mirror Entities
S| Smat . D@ A m Convert et 338 Linear Sketch Pattern
Entities .
W -® N~ o* = 2 'y Move Entities
Features | Sketch [ Evaluate | DimXpert | Ofiice Produdis |

Left, click the “Sketch” tab shown above to obtain the sketch tools.

|
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2
DS SOLIDWORKS File Edit View Inser

éﬂ g J’ Swept Boss/Base

Extruded | Revolved 3 Lofted Boss/Base t
Boss/Base  Boss/Base

Boundary Boss/Base

_—

Follow the steps below to create the above “FLANGE” revolved shape
solid model. Start the 3-Dimensional Model by clicking on the “New”
icon > OK

Right click > “Right Plane” under the “Features” tab shown
above. Origin and x and y directions are shown in the
Right Plane.

& \N-@-pn-io 3 D 5 L\ Mirror Entities

Skl - S} - - A Errtriitr:es (éz?{jzrst Offset EEE Linear Sketch Pattern
Entities ...

= -® N » — g Move Entities

Features | sketch [ Evaluate | DimxXpert | Ofice Products |

“Sketch” tab > Pick the “Line” tool shown above.

CREATE A CIRCULAR PATTERN OF HOLES
A first hole must be created in a part before a circular pattern of identical holes can
be made.
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To obtain a part sectioned view pick an existing plane in the Features Tree >
“Right Plane” or create a plane relative to an existing plane or surface by
clicking: Insert >Reference Geometry > Plane > Pick an existing plane > Create a
new plane at the desired section location > OK > Pick the “Section” icon below.

1 988800000 ans an@

Click “Right Plane” in the Features Tree > Click the “Section” tool icon >
Click the “Reverse View”.

1.000

sERlee >
(F )

% 6 IN WELD NECK FLG SCH150 (C
..{] Sensors

i#-{A] Annotations

-.83= Material <not specified>

.35 Front Plane ][— |

.33y Top Plane
-
..... 15 Origin
-6t Revolvel
-.[&® Sketchl 3.500

5.500

1
R3.000,
R3.313

2 Click Right Plane in the Feature Manager design tree.
3 Click Section View on the View toolbar, or click View, Display, Section View.
26



J:. Vertical0

Coincident1

»

6 Fully Defined

Add Relations

»

I:l Horizontal

[ | Vertical

yo || Fix

Pick the flange front surface > Sketch >

Pick: “Line” drop down menu > Pick: “Center line” icon > Pick flange center hole
center point > Drag up > Pick top end point of this centerline > Existing Relations
above are > Vertical & Coicidentl > Add Relations > Vertical > OK.

e & \N-O@-pN-i g D 3 L\ Mirror Entities

Exit Smart Trim  Convert oogg
Sketch | Dimension O - 9 -0 - A Entities Entities ggzzts aga Linear Sketch Pattern
s -® - o* = - ¥g Move Entities

Features | Sketch [ Evaluate | DimxXpert | Ofice Products |

“Cut” the first bolt hole.

4.75

Select Flange surface > Sketch > Centerline > dimension (4.75) > Circle diameter (0.875)
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\
b PIPE FLANGE (Default) <<Def
4 History
Sensors
4 Annotations
> Solid Bodies(1)
55 Material <not specified >
Ej Front Plane

E] Top Plane
E] Right Plane

I__ Origin

> | &) Revolvel
[ Sketch2

Select > Rebuild > Select > Flange > Select > Sketch & Revolve >

Cut-Extrude @

v X ®

From N
Sketch Plane v

Direction 1 ~

7 Through All v

Extruded  Hole Revolved @ Lofted Cut
Cut |Wizard Cut

- @ Boundary Cut (] Flip side to cut
Select > Rebuild > Features > Extruded Cut > Drop-Down-Menu (Through All) > OK

|Ej @ @ Eﬁ Swept Cut }' I‘

u

€% PIPE FLANGE (Default) <<Def
» History
Sensors
4 m Annotations
> Solid Bodies(1)
Eﬁ Material <not specified>
Dj Front Plane

D] Top Plane
Dj Right Plane

I_. Origin
» 3 Revolve1
4 Cut-Extrude1

First Hole in Flange is Created (Cut Extrudel)
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@ EE @ Rib Wrap ai:ﬂ
Fillet Fl’_:;tiar; iﬁ Draft ﬁ;l Intersect 2‘2;3;:
- - @ Shell HE[I Mirror
WORK EE Linear Pattern |
leﬂ] Circular Pattern
H'ﬂ Mirror
ﬁg' Curve Driven Pattern
;%;I Sketch Driven Pattern

=

Table Driven Pattern

Variable Pattern

Select > Linear Pattern Drop-Down Menu > Circular Pattern

@

o .
F.A CirPattern1

v X

Direction 1

Spacing: |360deg

Direction 1 Instances:|8

~

() Instance spacing
o Equal spacing

14" 360.00deg

S5 g

dge

4

»

Equal Spacing > 8 (Holes) > OK

> |4 [

Circular Pattern of Holes are Created

Pick: “Smart Dimension” icon > Dimension the hole 7/8-inch diameter and 4.750

radius > Exit Sketch.

Pick the bolt diameter circle > Insert > Cut > Extrude > OK
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LOFT and SWEEP

LOFTED BOSS BASE

El O
Sketch| Smart B]
Dimension Front Plane
— . i MO,
C Sketch ED Right Plane - @
(30 3D Sketch 1, Origin &

Start Part > Sketch > 3D Sketch > Top Plane >

\

5.00

P50
o0

Sketch > 3D Sketch > 6” Diameter > Tab key for plane > Sketch vertical line > 4”

3 Loft @

v X

Profiles ~

Closed Loop<2>

Sketch top circle > 4” diameter > Feature Lofted Boss/Base > Loft > OK
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3.00

([ shem @
4 Rib Wrap v X
P Draft LA Intersect  Parameters N
@ shell B Mirror ot pasin

S @ Face<1=>
—4 Shell

Circle tool 3.000 radius > Circle tool 2.000 radius > OK
Insert > Boss/Base > Loft > Pick 3.000 radius circle profile > Pick 2.000 radius

circle profile > Ctrl + Q to exit sketch. Click on Front Plane > Insert >
Reference Geometry >

Follow the steps below to create the above channel bracket and perform a finite
element analysis to determine the stress distribution and deflections due to
applied loads.

SWEEP & LOFT with 3D SKETCH

Select > Sketch

| & |~/-C
Sketch .Smar_t -7
Dimension

. . -(
C Sketch
| Go 3D Sketch ‘[

Drop down menu > 3D Sketch > Line (Start a line at Origin).

™TT
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4

-/.5(,‘(_)_.59
L

. —

Sketch horizontal line. Vertical line.

—

(Tab) to change line direction.

Horizontal (Y) direction followed by horizontal (Z) direction.

6.00
=
% VAIONMIVAR- I <!
. . Trin
|D G Entiti
10.09 R
i | Markup | Evi’ e
Sketch Fillet
Place dimensions. Select > (Fillet) tool.



bl |

G R &
") Sketch Fillet @
v X

Message A

Select a sketch vertex or entities to

fillet.

Entities to Fillet A

Fillet Parameters A

f( 1.00 J| | —

Enter Fillet radius > (1.00) > Pick each corner.

8.00

1000

Place Fillet Radius at a corner.

LPwew @

v X

Profile and Path o
O Sketch Profile

o Circular Profile

'C
0.75i =
éﬂ w Swept Boss/Base @ n -

Extruded & Loftec— (L] Thin Feature v
Boss/Base DS Swept Boss/Base

Select > (Sweep Boss Base) > Circular Profile > 0.75 in diameter.
33




[
\

/ Path(3DSketch1)

\\. é

Select the sketched Sweep Line > 3D rod is created > OK.

H & -
pt &>

JB 0B

ﬂ

Select (View Orientation) tool > Pick one corner.

[ shell1 @

v X

Parameters
£5 0.10in E

@ EE @ Rib Wrap @ Face<1=

Fillet L | Face<2=
illet Linear
9 Draft @ Intersect
Pattern (

. . @ Shell HE[I Mirror

Select (Shell) tool > Enter shell thickness (.25) > Pick each end of rod > OK.
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Tube is created.

6 BOTTOM-UP ASSEMBLIES

Bottom-up is the traditional method used by CAD operators. Each part is
modeled and saved.

Next the individual parts are inserted into an assembly using geometric relations
to position them in a subassembly or top assembly.

Insert saved parts and sub-assemblies into SolidWorks then “mate” adjacent parts
or sub- assemblies together in a final assembly.

Any changes to a part will need to be done by editing it individually.

This technique is practical to model parts already designed and fabricated, like
purchased parts and components (nuts, bolts, bearings, motors, pulleys, etc.), in
general, parts that are imported, and which do not change their shape and
dimensions.
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TOP-DOWN ASSEMBLIES

Top-down assemblies were created from parts modeled "inside" the assembly,
being related to "driving" entities inside the assembly which control the shape,
features, dimensions and position of those parts, in a way that changes
introduced to the "driving" entities "drive" the configuration of all the "in-
context" modeled parts and therefore the entire assembly.

Top-down modeling makes possible the creation of parametric assemblies
systems, which cannot be done using the Bottom-up technique alone.

Creating a properly structured Top-down assembly requires more analysis and
work that the creation of a Bottom-up model, however, the advantage of top-
down modeling for people doing product design is that very little work (and time)
will be required when design changes occur, since all parts and components will
automatically update to new shapes, dimensions, position, etc. as new input
parameters are entered into the "driving" entities at the assembly level.

8 EXTRUDE

2
P5.00 . DS SOLIDWORKS File Edit View |

T PAIOMIVA -

Exit .Smar’.[ R @ - .A%L % LD E
Sketch | Dimension Trim Convert Offset

= - M @ _W v m Entities Entities Entities

Features Ske‘tch‘ Markup ‘ Evaluate ‘ MI M M

New > Part > OK > Pick Front Plane > Sketch >
Circle tool > 6.00inch diameter circle > OK
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®6.00

@6.00 ,

[T Offset Entities @ | |
v X
Parameters A
<\ 379 =
D v |
& Add dimensions
E] Reverse
s Select chain
(] Bi-directional

Select > Offset > .375 > Pick circle > Pick inside circle

- |

Part1 (Default) <<Default> D
4 History

Sensors
4 Annotations

G —
2% Material <not specified>

Ef] Top Plane
E,] Right Plane

I_. Origin

ﬁ 9 ’ Swept Boss/Base

Extruded Revolved 8 Lofted Boss/Base
Boss/Base Boss/Base

Rebuild > Sketch > Front Plane >

@

ﬂ Boss-Extrude
v X @&

From ~

Sketch Plane ~

Direction 1 ~

Blind v

“1

& o =

= =
[ | Draft outward

B Direction 2 A
Blind ~

& o =

=l =

Select > Extruded Boss/Base > Blind > Direction-1 > 8” > Direction-2 > 8” > OK
The pipe extruded in two directions is shown above.
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6‘% Part1 (Default) <<Default> D
> History
Sensors
» Annotations
> Solid Bodies(1)

G-
2% Material <not specified>

Dj Top Plane
ED Right Plane

I_. Origin
> ﬂ] Boss-Extrude1
§_ () Sketch2

< P
L% & L

Pick the front plane in the Features Tree > Sketch >
Pick the Origin and drag right to create the horizontal line above >

Exit Sketch > Rebuild
REFERANCE PLANE

| | o

(e

& R 4= Flip

Message 2 Sl =
Fully defined [0.10in S
First Reference did @ Mid Plane F
) [HFront Plane | e =
Parallel ) [inei@sketch2 |

Perpendicular
it | @ Perpendicular
m Coincident [ )

oincident

s

Ep
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Feature > Reference Plane >

. 1

oY
Reference | Curves
Geometry

@ Plane
8 65 - 7 Ads
D .ﬂ U }’

[

Coordinate System

' @ Point
reect Reference | Curves .
Geometry G Center of Mass
“or ey .
T M _ La, Bounding Box

M TBNM ﬁ[[]] Mate Reference i[']] Mate Reference

Pick the front plane > Select> Reference Geometry > Axis > Plane First
Reference > Front Plane

' Plane @
v X~
Message A
Fully defined
First Reference ~

D IAxisZ

»’ .
;7 Axis @ Perpendicular
v X - Coincident
Selections A Project

Second Reference ~
(]
Face<1>
One Line/Edge/Axis @ I
Parallel

| #
Two Planes
a, . .
Two Points/Vertices
Cylindrical/Conical Face
45.00deg

?
i | Point and Face/Plane
/ [ Flip offset

Select > Sketch > Axis > OK Reference Geometry > Plane >

Perpendicular
Coincident

]
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Dj Front Plane

Dt] Top Plane
Dj Right Plane

I_. Origin

4 ﬁ Boss-Extrude1

[ Sketch2

r, .
L7 Axis1

Second Reference > Face<1> Pipe End (Red) > 45.00 deg > OK

Second Reference ~

@ IFace<1 >

Parallel

Perpendicular

Coincident

=N =

| 45.00deg i

(€116

Flip offset

—

Plane > Edit > Flip Offset > OK

BE-®- &

S
p=t <
mp=hnnj=s

Sketch circle on planel > 6.00 Dia. > Offset > 0.375 > Rebuild
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» ﬂj Boss-Extrude1

C Sketch2

‘/ .
7 Axis2

— Plane1
C Sketch3

Cut-Extrude

v X ®

From N
Sketch Plane v

Direction 1 A

"1

&N ‘S.OOin

<

D Flip side to cut

Select > Plane-1 & Sketch 3 > Features > Extruded Cut > 8.00

I_. Origin

» ﬂ] Boss-Extrude1
C Sketch2
7 vis2

4 Cut-Extrude?

Select > Plane-1 Sketch > Circle > OK
Dimension > 6.00 Offset > .375 > Rebuild

Select > Sketch & Plane-1 >
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@ 6.00

L. Origin
i @ Boss-Extrude1

E Sketch2

v, .
7 Axis2

i Cut-Extrude2

[ () Sketcha




@ I;oss-E)I(trudel | @

v X ®

From N
Sketch Plane v

Direction 1 A

2| Bind v

1

G ‘8.00in EH
& Merge result

Select > Boss extrude > Blind > 8.00in > OK

Select > Plane-1 > Hide
Select > Axis-2 > Hide

PURCHASED EQUIPMENT

McMaster-Carr web site has 3D SolidWorks models of thousands of equipment items.
www.mcmaster.com > Pipe Fittings > Scroll down to (Butt Welded Fittings)

Open SolidWorks
JQ\D For technical drawings and 3-D models, click on a part number.

Long 90° Elbow Connectors

» For Use With: Air, Natural Gas, Qil, Water

+ Specifications Met: ASME B16.9, ASTM A403, MSS SP-43
« Pipe: Use Schedule 10 stainless steel

—304/304L——
Stainless Steel
Pipe Wall
Size Thick. Lg. Construction Each
6 0.134" 9" Welded 45735K222 $161.96
o
Thin-Wall Butt-Weld Unthreaded Each
Pipe Fitting, 304/304L Stainless
Steel Long 90 Degree Elbow _
Connector, 6 Pipe Size ADD TO ORDER

In stock

Product Detail .—EAD |3-D Solidw... v‘ l Download l

Select > Download > Drawing will open in SolidWorks
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http://www.mcmaster.com/

i

0134in ==

For Pipe Size: 6

6357 -

McMASTER-CARR. .10 .. 45735K222

o ey Thn-Wel Bust-Weid

© 2022 Wlawter <o Supem Company
e e—— Unttreaded Ppe Fltng

Product Detail in McMaster-Carr.

Home | Locations | Returns | Careers | Mobile App |

@ 45735K222_Th...SLDPRT

Fa

GAS SPRING
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GUARD CLOSED GUARD OPEN
Open SolidWorks

Go to > www.macmaster.com

McMaster-Carr 41387631
Select > 4138T631_Gas Spring 50 LB FORCE — BODY

-22°to 176° 50, 100, 150, 200, 250 4138T63 30.48

L

Gas Spring, 5/16"-18 Thread Size, 35.43" Each
Extended Length

(Same as 4138T631)

Extension Force, Ibs. In stock
v o0
Product Detail kLC‘ﬁD ‘S-D Solidworks v‘ l Download l

Select > 22" to 176” > 4138T63 > Part description and cost.

The Gas Spring 3D model is one part.
It will not retract or extend.
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http://www.macmaster.com/

=
i 35.43in .
Extended Langth
16.14in - o . 19.28in o b §
Swoke Length Compressed Length Dene
= = 0580
10.708in
1 ] 0.55in
[ - I 1250 & 1
0 3%in ] ]
= = 1.04in
McMASTER-CARR. /o0 5. 4138T631
iy Basans morraNime Do h
Ball Stud Theead Size: 5/16%18 © 2077 Mcklaser Lo Ssply Company
e ¢ e Teary 8 peem by wewes ey '

Part Detail in McMaster-Carr.

Select > Gas Spring > Download > The part will open in SolidWorks

@

CEE
pil <

OB D8

Select > Side View.
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4

P v-e- e T

View Orientation

Select > View Orientation
Lj Front
Lj Top
[ Right
L orgin gy s Right Plane > Sketch Rectangle > OK > Rebuild >
Sketch 1 > Ctrl key > Right Plane >

Cut-Extrude @
v X ®
From A
Sketch Plane v
Direction 1 A
2| Through All - Both v
g

Features > Extruded Cut > Through All — Both > OK

Save > Cylinder part.

o

Features > Extrude Cut > Through All — Both > OK

Save > Cylinder Rod part.

Select Rod cut > Sketch > Circle (Diameter equals rod diameter) > OK > Rebuild.
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@ Boss-Extrude

v X ®

From
Sketch Plane v

Direction 1 A

2| Bind v

) I

&5y 3.0000in =

Select > Circle Sketch on rod end > Ctrl key > Pick rod end
Features > Extrude Boss/Base > Blind > 3.00 in > OK
Rod extension is added.

First object in an assemble will be anchored.

10

s

Part Assembly Drawing

Assembly > OK
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l%r@ Begin Assembly @
v X M

Message e

Select a component to insert, then
place it in the graphics area or hit OK
to locate it at the origin.

Or design top-down using a Layout
with blocks. Parts may then be created
from the blocks.

Create Layout l

Part/Assembly to Insert N

Open documents:

(T} 41387631 Gas Spring 501

% CYLINDER

T CYLINDER ROD

Select > Cylinder > Drag into drawing area > First object will be anchored.

Select > Rod > Drag into drawing area.

&S
Insert Mate
Components

-

Assembly | Layout | Sketch ‘ M

Select > Assembly > Mate > Concentric >
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% Concentric1 @

v X 5

,' Advanced Analysis

A Standard 0 Mechanical

Mate Selections ~

a?l
N

Mate Type e

Face<1>@CYLINDER ROD-1

Face<2>@CYLINDER-1

Coincident

Parallel

Perpendicular

Tangent

Ol Sdli=1Z

Concentric

"Pick > Cylinder > Pick > Rod > OK

Rod will slide in cylinder.
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12 DRAWING

| Make Drawing from Part/Assembly
@ Make Assembly from Part/Assembly

Select > New > Drawing

Sheet Format/Size

© standard sheet size

Preview:
(] Only show standard formats

A (ANSI) Landscape

A (ANSI) Portrait I
C (ANSI) Landscape

D (ANSI) Landscape

E (ANSI) Landscape

AQ (ANSI) Landscape

b - landscape.slddrt Browse...

& Display sheet format Width:  17.00in

Height:  11.00in
() Custom sheet size

width: Height Cancel Help

Uncheck > Only show standard formats

Select B(ANSI) Landscape (117 X 14”)
OK
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SCALE: 122 [WEIGHT: SHEET 1 OF 1

2 1

Edit Drawing Title

@ Select Other
Selection Tools
Zoom/Pan/Rotate
Recent Commands

Sheet (Sheet1)

@ Edit Sheet Format

Lock Sheet Focus

Right click on drawing > Edit Sheet Format.

NAME DATE

TITLE:

$PRPSHEET:{Desc
ription}
| SléE DWG. NO. ! REV

SCALE: 1:2 |WEIGHT: $PRPSHEHERVSigH)]

1
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DATE

Formatting

‘ Century Gothic v |24 v | 0.25in

TITLE:

NOZZLE

| A
ABI

DWG. NO. REV
B N-100-2
SCALE: 1:2 |WEIGHT: $PRPSHEFHREVdighft)]

Type drawing title and drawing number.

4 | 3 | 2 | ]
B
A

NOZILE
: PART
"""" “Serrsi EET‘::::I:“ B UN - ] 00_2
oo . SCALE: 1:2 [WEIGHT: 5PRPs fiEtmny sig
4 3 2 1

Empty drawing sheet
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Hlepe

View Palette
Click to display this task pane tab.

e

93
b 4

<«

Options
Import Annotations

Design Annotations

DimXpert Annotations

Include items from hidden features

(] 3D View Annotations

Auto-start projected view

mEINIERY )

‘ Drag views onto drawing sheet. ‘

Select Drop-down list of parts and assemblies open in SolidWrks.

< viewekewe

\ IR
6200A EFD VALVE & NOZZLE ASSEMBLY

6200A EFD FLUID NOZZEL

BASE BLOCK

Design Annotations
DimXpert Annotations
Include items from hidden features

[ ] 3D View Annotations

Auto-start projected view

‘ Drag views onto drawing sheet.

Select > 6200A EFD FLUID NOZZLE.
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B Auto-start projected view

Drag views onto drawing sheet.

I e ==

(A) Top (A) Front *Right

® ==

*Back *Left *Bottom

& & &

*|lsometric *Dimetric *Trimetric

&

*Current

Drag views onto drawing sheet menu.

Select > Right

Place Right View in drawing.
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Select > Right View > Drag up > Place Top View.

[

Select > Right View > Drag right > Place End View.
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il

Select > Right View > Drag up at an angle for 3D View

.

B

L

Place 3D View

Display Style

WIE| D@

Select > Hidden Lines Visible
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Pick > Right View

{%} Center Mark

3 | L .
------ Centerline £

'{,{;”' ArE . R
Centerline

T

Annotations > Centerline > Pick two sides of part.
Pick end of centerline > Drag to extend.

S l& v 4 A om
Smart |Model Spell Format Note Linear Note
Dimension | Iltems Checker Painter Pattern

J

=
Smart Dimension

Horizontal Dimension

Vertical Dimension

Baseline Dimension

IS

Chain Dimension

g

Symmetric Linear Diameter Dimension

fl=
Hi4

na

Ordinate Dimension

N
& 4

Horizontal Ordinate Dimension

:

=
L1

Vertical Ordinate Dimension

Select > Smart Dimension > Horizontal Ordinate Dimensions

Pick left end of part > Drag down zero dimension.at left end.
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(@] o
S
o~

Smart Dimension > Pick circles.
5.52
] 0
0
777777777777777777777777777777777777777 o
I | O
******************** L —————
0
q/ L
Q.
LS

Smart Dimension > Place dimensions.

Dimension Text

[)0(:] R=DIM=
2K

Edit Dimensions with > Dimension text.
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QUANTITY: 4
MAT'L: 303 SS

ccccccc

MIG APPE.

NNNNNNNN

05 NG CALE DRAW NG

Completed Drawing with dimensions, Quantity and Material

13 BILL OF MATERIALS

COMPANY
TMLE:

NOZILE
PART

SIZE DWG. NO. REV.
B N-100-2
SCALE: 1122 WEIGHT: SHEET 1 OF 1

ITEM NO. PART NUMBER QrY.
1 28500 AIR BAG FRAME |
2 |28500 AIR BAG AND WALL 2
3  [285800-B WEIGH SCALE 1
4  |AIR BAG WALL PLATE 1
5  [28500AIR SPRING EXTENDED 4_3 INCHES 1
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Assembly Drawing

3

2

BAG FILL
ASSEMBLY

SIZE DWG.(E?L_] O ]

SCALE: 1.5 WEIGHT:

1

SHEET 1 OF 1

i

4 3 2

BAG FILL
ASSEMBLY

DWG. NO.

cl-101

1

Three View Drawing with Isometric View
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Select > Isometric View

Select > Isometric View > Insert > Tables > Bill of Materials > OK

Select > C column > Delete Key

ITEM NO. PART NUMBER QY.
1 28500 AIR BAG FRAME 1
2 28500 AIR BAG AND WALL 2
3 [285800-B WEIGH SCALE 1
4 |AIRBAG WALL PLATE 1
5  [28500AIR SPRING EXTENDED 4_3 INCHES 1

Drag > Bill of Materials to Drawing Location

2

ITEM NO.

PART NUMBER QTY.

28500 AIR BAG FRAME

28500 AIR BAG AND WALL

285800-8 WEIGH SCALE

a2 lw o] =

AIR BAG WALL PLATE

U R NN

[28500AIR SPRING EXTENDED 4_3 INCHES 1

B
A
" BAG FILL
ASSEMBLY
B CL101

SCALE: 115 WEIGHT: SHEET 1 OF |

1

Select > Isomeric View
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Insert | Tools Window
\;& Model ltems...

Drawing View
Annotations
Tables
Sheet...

Make Section Line

Object...

60-»@-a

v A Note...

AAA |-
» | aaa Linear Note Pattern...

-*Ai Circular Note Pattern..

/1 Balloon...

/% Auto Balloon...

Select > Insert > Auto Balloon > OK

Isometric View with Numbered Balloons
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4 3

2

ITEM NO.

FART NUMBER QTY.

28500 AIR BAG FRAME

28500 AIR BAG AND WALL

285800-B WEIGH SCALE

1
2
3
4

—l=lw]=

AR BAG WALL PLATE

5

28500AIR SPRING EXTENDED 4_3 INCHES 1

BAG FILL
ASSEMBLY

IIS J.-,,,;(%,L_] o

SCALE: EIGHT. 372,82 SHEET | OF

1

Completed Drawing

The bill of materials in the top right corner is created automatically from the
3-dimensional assembly model.

Drawings are created from part and assembly models in drafting views in a
drawing document. Part numbers in balloons are created automatically.

Any dimension can be revised in any part on the drawing and the part model will
“Rebuild” to match. Click on the Rebuild icon to activate the dimension changes.

Associativity between parts, assemblies, and drawings assures that changes

made to one document or view are automatically made to all other documents

and views.
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http://help.solidworks.com/2011/English/SolidWorks/sldworks/LegacyHelp/Sldworks/drawings/Drawings_Overview.htm

14 REVISE DIMENSIONS

5.52 |
— 1 .
—_— 2( —_—
- A
S5
il
o © QUANTITY: 4
MAT'L: 303 SS
BB COMPANY
TMLE:
NOZZLE
PART
B ) SZE |DWG. NO
"E‘E};AOVESHARP EDGES. B N—] 00‘2
"""""" 50 D1 SCAU DRAWNG SCALE: 12 WEIGHT: SHEET 1 OF 1

Lj Front Plane

Lj Top Plane

Lj Right Plane

L Origin
» @Boss—Extrudm
» ‘@ Boss—F_xtrude2‘
» éﬂBoss—E)rtrud(ﬁ
4 @ Cut-Bxtrude2
Part 3D Model Select > Left end of part Boss Extrude2

Right click > Boss Extrude2
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éﬂ Boss-Extrude2 @

v X ®

From A
Sketch Plane v

Direction 1 ~

Ve Blind v

"1

2> 3.0oin -

Type > 4.00 in place of 3.00.> OK

5.52 |
P
) L
@(}Lﬁ
o 2 QUANTITY: 4
MATL: 303 SS

3.00 Dimension is revised to 4.00

65



Bj Front Plane

E] Top Plane
Ej Right Plane

I_. Origin
v ﬁ] Boss-Extrude1
ﬁ] Boss-Extrude2
ﬁ] Boss-Extrude3
Cut-BExtrude2

® Fillet1

» Cut-Extrude3

v v v

Select 3D model flange Select > Sketch2 > Edit Sketch > Normal To

$2.75

Flange dimension is changed from 2.75” to 3.75”

16 FINITE ELEMENT ANALYSIS (FEA)

SolidWorks CAD software includes finite element analysis applied to: stress,
deflection, fluid flow, and temperature distributions.

Open SolidWorks and build a part — Example.
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Pl

,,,,,,,,, e E
. s ERSe » /
I (v A s
& 5 @) FEA BRACKET (Default<<Default> / |
R A | ==

[+ I;XJ Annotations "{j'""-‘ =3
& 3= Material <not specified ' :
Q Front Plane /,/’ | 0 -
Q Q Top Plane e \ )
i &> Right Plane ® P f =

I.. Origin /‘/ 5

388+ = @ Boss-Extrudel // . .
S [ sketch i O -
:> ; 1 Z ' Pen)

Pick the: Right Plane icon > Sketch icon >

375 E| W

{ & B9 \-0-Nv-5
.3*75.1: Sl | O-a-0-A|
=

= S00 S TS J'G) ﬁ'*
2,000 —= Features | Sketch [ Evaluate | DimXpert |

Sketch the above channel shape.

Pick > Sketch > Line tool > Pick the bottom left corner as shown above > Sketch
the channel profile one straight line at a time.

Smart dim > .375 > .500 > 2.000 > 3.000 > Exit Sketch > OK
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1 Swept Boss/Base
o+0

Extruded Revolved B Lofted Boss/Base ‘
Boss/Base Boss/Base
§2 Boundary Boss/Base

 /
| Features | Sketch | Evaluate | DimXpert | \ #

Add thickness (6.00 inches) to the rectangle by extruding it.

IW Boss-Extrude 2
¥ R &
From A
% Partl (Default<<Default> Displa I
[Sketch Plane '] .. Sensors
[j--{Z] Annotations
Direction 1 A 3= Material <not specified>
" 3 Q Front Plane
E] [Bhnd VJ .33 Top Plane
V. -.& Right Plane
----- L, Origin
, =@
@ 6.00in A
i ol B [ Sketchl

Select the “Boss-Extrude” icon > Blind > 6.000 > OK File >Save As > CHANNEL
BRACKET Create a round “Load Zone” .750-inch diameter
on the top surface of the channel.

=, .)‘@

C & /O WV-d
Sketch  Smart D,n.@.}h

Dimension

@ - - @
.

Features | Sketch ‘ Markup ‘ Evaluate ‘ ME

Pick the top surface of the channel > Sketch > Circle tool >
Sketch the circle > With “Smart Dimension” Add the dimensions
shown above.
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Extrude the .750-inch diameter circle.

AF Swept Boss/Base
ore
Extruded Revolved @ Lofted Boss/Base }
Boss/Base Boss/Base
&) Boundary Boss/Base

I Features | Sketch | Evaluate | DimXpert |

Pick: Extruded Boss/Base > Pick the .750 inch diameter circle >
Blind >0.125 inch > OK

éﬂ Boss-Extrude @

v X ®

From E
Sketch Plane v

Direction 1 L)

’| Blind v

} I

&5 0.25in =

Circular “Load Zone” .750 inch diameter.

Completed Part

Open the add-on Finite Element Analysis software two ways:

1. Drop down menu: Tools > SimulationXpress. Next add a “Fixture” or
anchor > Pick left end surface as shown below > OK
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2. Or: Office Products > SolidWorks > Simulation (wait a moment for the FEA add-
on to open)

SimulationXpress Options

System of units: ‘ (1PS) v \

3 ontions Results location: | CH\DOCUME~1\egtinstiLOCALS~1{Temp | [ ... |

Show annotation For maximum and minimum in the result plots
@ Start Ower [ :

£ next

Pick: “Options” drop down menu > System of units > English inch-pound-second
(IPS) or ISO

[ OK ] [ Cancel ]

Q = o W U B o

Study A.=h Fixtures External Connections Run || Results Defsrmed .G
Advisor | “PPY  Advisor Loads... Advisor Advisor | VS'Ormed Lompare
Material Result Results

- v v v - v

Features | Sketch | Evaluate | DimXpert | Office Products | Simulation |
1

Boundary Conditions: When a component is isolated for analysis, the way in
which that component is attached to another must be simulated with boundary
conditions. In this case, we have chosen a fixed restraint, which means that
every point on the back face of the bracket is prevented from moving in any
direction.

While this seems to be a reasonable assumption, it may not be entirely accurate.

If screws are used to attach the bracket to a wall, then the top screws may stretch
enough to allow the top of the bracket to separate from the wall.

Also, the wall itself may deflect slightly.
The choice of proper boundary conditions to simulate actual constraints is often
one of the most important decisions to be made for an analysis.

Analysis Type: In a static analysis, we assume that that loads are applied slowly.

If loads are applied almost instantaneously, then dynamic effects need to be
considered.

A linear static analysis assumes that the response of the structure is linear — for

70



example, a 20-Ib load produces stresses and deflections that are exactly twice that
of a 10-lb load.

However, if the deflections are relatively large, then the stiffness of the part
changes as the part deflects.

In that case, a large-deflection analysis, in which the load is applied
incrementally, and the stiffness re-calculated at every step, may be required.

1 Fixtures w Fixed Holes
2 Loads Fixed vs. Supported
Fixed vs. Attached Parts
3 Material
; E“ult Note: More flexible fisture
6 Optimize types are available in
= e SolidWorks Simulation
Professional.
Apply fidures to keep the
part fraom moving when Add a fixture

loads are applied.

eoerine P acasmit Edit an existing fidure

fixtures are treated as
perfectly rigid. This can Next
cause unrealistic results in —
the vicinity of the fixture.
Examples:

Back Start Qver

Fixed Geometry: ||

Add a fixture > Pick the channel left end surface as shown above > Next
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1 Fixtures %

2 Loads

3 Materlal

4 Run

5 Results Force 2
6 Optimize ==

¢ R B

To simulate the loading on

your part, you apply forces, | Type |

pressures, or both Examples

Force A

Warning: These loads are Face<]=

assumed to be uniform and -

constant. what does this {Force Yalue (lbf): [1000 |

mean?

Add a force
(%) Normal
Selected direction
Add a pressure O
El lEninsh (IPS) v
L [0 v
Back Start Over [(1Rreverse direction

Next > Add a Force > Pick circular surface as shown above > OK > Next

The channel is now fixed at the left end and a 1000 Ib load is applied to the Load
Zone.
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1 Fixures 7
2 Loads | The material assigned to this partis:
3 Material
AU ASTM A36 Steel
5 Results
6 Optimize
Young's Modulus:
: : 2.80075e+007psi
There is no material
assigned to this part. Yield Strength:
36259 4psi

Simulation¥press requires

the part's material to predict -
haw it will respond to loads. Change material

Choose Material Next

Choose Material > ASTM A36 > Apply > Close

-}-85) solidWorks Materials ~ | | Properties | Tables & Curves | Appearance | CrossHatch | Custom | Application Data [F. || |
=R ‘SEd ) Material properties
"‘§= 1023 Carbon Steel Sheet (S5) Materials in the default library can not be edited. You must first copy the material to
.-3= 201 Annealed Stainless Steel (SS) a custom library to edit it.
3= A286 Iron Base Superalloy g - - -
= odel Type: Linear Elastic Isotr:
.$= AISI 1010 Steel, hot rolled bar e | — 2
3= AISI 1015 Steel, Cold Drawn (5) s (Engish 4PS) 2/
gé AISI 1020 o Category: [ Steel ]
3= AISI 1020 Steel, Cold Rolled
3= AISI 1035 Steel (S5) = Narme: [ ASTM A36 Steel |
.8 AISI 1045 Steel, cold drawn Default failre (\ay von Mises Stress -
3= a1s1304 criterion:
3= AISI 316 Annealed Stainless Steel Bar (5¢ Description: | |
3= AISI 316 Stainless Steel Sheet (SS) —
3= AISI 321 Annealed Stainless Steel (55) 2R | |
iE AISI 347 Annealed Stainless Steel (SS) Sustainability; ’ Defined }
3= AISI 4130 Steel, annealed at 865C
8= AISI 4130 Steel, normalized at 870C

8= AISI 4340 Steel, annealed
3= AISI 4340 Steel, normalized
3= AISI Type 316L stainless steel
3= AISI Type A2 Tool Steel

3= Alloy Steel

3= Alloy Steel (s5)

=

3= Cast Alloy Steel

8= Cast Carbon Steel — ,

-8= Cast Stainless Steel < i r
3= Chrome Stainless Steel

< m » [Apply ] [ Close ] [ Save l [Conﬁg...] [ Help ]

Pick “ASTM A36 Steel” > Apply > Close > Next
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1 Fixtures v

2 Loads o7 & FEABRACKET-2 (Default<Copy A
3 Material V4 Sensors

4 Run # [A] Annotations

5 Results 8= Material <not specified:
’ 6 Optimize : ‘<> Front Plane

\<> Top Plane =
Your model is ready to <> Right Plane
solve! ’ L Ongm
= Boss-Extrudel

You can solve with the = @ T kex r: = L8
default settings or adjust (€ sketcht
them to better suit your = @Essfxtrudez v
needs. i< i | >

v M

Q* A\ SimulationXpress Study {-Defaul

- [¥jFeEa BRACKET-2 (-ASTM A36 Shi
Run Simulation g Fixtures
X Fixed-1
= ] External Loads
4 Force-1 (:Per item: 10000 It
[/ Results

Change settings

Back @ Start Over

Pick “Run” > Run Simulation >

< SolidWorks SimulationXpress [ Warning: If the loads and fixtures are incorrect, the
5 results of the analysis will not be accurate.
Play animation
1 Fixtures (V4 S
2 Loads v a Stop animation
3 Material V4
4 Run V4 Does the part deform as you expected?
5 Results V4
6 Optimize Yes,continue
Examine the animation of the part's response to No, return to Loads/Fixtures
verify that the correct loads and fixtures were
applied.
Back Start Over
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Run Simulation

Pick “Results” > Play > Stop animation > view
results below. Does the part deform as you

expected? > Yes, continue >

1 Fixtures V4
2 Loads V4
3 Material Q/‘
4 Run V4
SR Y| Based on the specified
i A parameters, the lowest
factor of safety(FOS) found
Results in your design is 0.390857
Show von Mises stress tl:]se theset_controls to view
e animation.
Show displacement Play animation
f_J stop animation
Show
where
factor of Done viewing results
2 safety |1
(FOS)is
below: k3] Back Start Over
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von Mises (psi)
95447
l 90251
. 58,2056
. 73860
. 65665
. 57470
4927 4
H 41079
. 32883
. 24688
16493
829.7
10.2

— Yield strength: 36259.4

Show VonMises stress distribution > Show Displacement >

View “VonMises” resultant stresses.

Mesh Size: A finer mesh, with more elements, will generally produce more accurate
results at the expense of longer processing time. For simple parts and a relatively
fast computer, the longer processing time is not significant.

However, for complex analyses (such as non-linear and time dependent analyses),
mesh size can significantly impact processing time.

How many elements are needed for accuracy? Sometimes it is necessary to
experiment with different meshes until the results converge to a solution. In other
cases, the mesh can be refined to create more elements in a local area where
stresses are greatest.

Element Type: There are many element types, such as plates, shells, truss
members, beam elements, and solid elements. SolidWorks Simulation allows for
solid elements to be created from solids, or shell elements to be created from
either surfaces or solid mid-surfaces.
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Although solid elements are typically chosen when a solid model is available,
solid elements are not always the best choice for many applications. Often, a few
beam or shell elements will provide more accurate results than hundreds of solid
elements.

URES (in)
6.254e-003
5.733e-003

. 5.212e-003
. 4.690e-003
. 4.169e-003
. 3.648e-003
3.127e-003
2.606e-003
. 2.085e-003
! 1.563e-003
1.042e-003
5.212e-004

3.937e-032

View Results

Choose between these two report
methods:

54 Generate report

53 Generate eDrawings file

EJ Next

Generate Report
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FEA BRACKET-2-SimulationXpress Study.analysis.eprt

e =

Description Condlusion

Header i

"I Designer: |

[ Company:

[FIuRL:

[ILogo:

[ Address:

[ZIPhone: [CFax: |

Report publish options

Report path: c:bsers\egﬁnst\app&ata‘docaf\hemp i [E

Document name: FEA mc@»’z’-’sirﬁulaﬁorﬁpress’sﬁJay-17

I Generate ] [ Cancel ] [ Help ]
Boss-Extrude2
Mass:4.48235 Ib G:\A57-SOLID
Volume:15.8052 in"3 WORKS\SOLIDWORKS
Solid Body Density:0.283599 Ib/in"3 FEA\FEA BRACKET-
Weight:4.47931 Ibf 2.SLDPRT

Feb 28 19:08:50 2012

Material Properties

Default failure

Yield strength:
Tensile strength:

Max von Mises Stress
criterion:

36259.4 psi

58015.1 psi

Model Reference Properties Components
Name: ASTM A36 Steel SolidBody 1(Boss-
Model type: Linear Elastic Isotropic Extrude2)(FEA BRACKET-2)

78




Mesh Information

Mesh type Solid Mesh

Mesher Used: Standard mesh

Automatic Transition: Off

Include Mesh Auto Loops: Off

Jacobian points 4 Points
"Element Size 0.2510271in

"Tolerance

0.0125513in

Mesh Quality

High

Mesh Information - Details

“Total Nodes 12584
‘Total Elements 7397
Maximum Aspect Ratio 4.3633
% of elements with Aspect Ratio < 3 99.7
% of elements with Aspect Ratio > 10 0
% of distorted elements(Jacobian) 0
"Time to complete mesh(hh;mm;ss): 00:00:02

“Computer name:

Mesh Information

Mesh type Solid Mesh

Mesher Used: Standard mesh

Automatic Transition: off

Include Mesh Auto Loops: Off

Jacobian points 4 Points

Element Size 0.251027 in
‘Tolerance 0.01255131n

Mesh Quality High
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Mesh Information - Details

Total Nodes 12506
Total Elements 7339
Maximum Aspect Ratio 3.2659
% of elements with Aspect Ratio < 3 99.9
% of elements with Aspect Ratio > 10 0
% of distorted elements(Jacobian) 0
Time to complete mesh(hh;mm;ss): 00:00:05
Computer name: ET-EGT-432-INST

Generate eDrawing File >

Please read the following license agreement.

END-USER LICENSE AGREEMENT FOR ROYALTY-FREE
SOFTWARE OF DASSAULT SYSTEMES SOLIDWORKS
CORPORATION

IMPORTANT - READ CAREFULLY:

The terms and conditions that follow set forth a legal agreement
between you (either an individual or an entity), the end user, and
Dassault Systémes SolidWorks Corporation, a Delaware corporation ~

You must accept all of the terms of this license agreement before proceeding.

ACCEPT DO NOT ACCEPT
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(T
\»_Z'l Sensors -
#-[A] Annotations
3= Material <not specified>
@ File View Tools Window Help ----- :<§ Front Plane
- = / = «.{y> Top Plane
B % L} .?) Eo g Rigpht Plane
Open Save Print... Send Help . A Origin
@ Boss-Extrudel

@ é +@ Boss-Extrude2

Section Stamp

m

4 I »
(s =
@ Q* Stmulatlon)(press Study( Defau
— | =-% FEABRACKET-2-SimulatioriXpress = JrEn BRA -ASTM A3
ﬁ —Q’ SimulationXpress Study : Fixtures
G| Stress [-vonMises-) 2 er Fixed-1
= &5‘ Displacement [-Res disp-) =i+ & External Loads
ﬁﬁi & Deformation [-Displacemen | L/ & Force-1 (:Per item: 1000C]
é @ Factor of Safety [-Max von &) «J ] Results >

Model name: FE& BRACKET-2

Study name: SimulationXpress Study

Plot type: Factor of Safety Factor of Safety
Criterion : Max von Mises Stress

Red= FOS=3 <=Blue

The factor of safety in the blue area is greater than 3.00.
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SOLIDWORKS MENUS
Sketch Menu 2023

E o /@mw % @ C @ i

Sketch  Smart et 1 Convert Oficet  Offset =1
Dimension - O A Entities Entities Enftities  On ©F
. . @ - @ = = . . Surface

Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add:
Sketch Menu 2012
& \-0-pN-= % [ 3 £\ Mirror Entities

Smart Trim Convert 2
tD R0 - A‘&;'ﬁ"es Enﬁ‘t’i: Offset 888 Linear Sketch Pattern

SN [ JETE o p E T M%MVeEnw_es

Start each part by clicking the “Sketch” tab to open the tools shown above used to
create a two-dimensional profile.

Features Menu 2012
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Features Menu 2023

éﬂ g JG Swept Boss/Base @ @ [ﬁj M Swept Cut @ EE @ Rib

Extruded Revolved B Lofted Boss/Base Extruded l—!ole Revolved @D Lofted Cut Fillet Linear E} Draft
Boss/Base Boss/Base Cut Wizard Cut Pattern

@ Boundary Boss/Base . @ Boundary Cut = _ . [B Shell

Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-Ins | SOLIDWORKS CAM | SOLIDWC
[

Convert a sketch into a three-dimensional solid model by clicking the “Features”
tab to open the tools shown above. The above are “Sketch Features”.

DISCLAIMER: The materials contained in the online course are not intended as a
representation or warranty on the part of PDH Center or any other
person/organization named herein. The materials are for general information only.
They are not a substitute for competent professional advice.

Application of this information to a specific project should be reviewed by a
registered architect and/or professional engineer/surveyor. Anyone making use
of the information set forth herein does so at their risk and assumes any and all
resulting liability arising therefrom.

WEB LINKS
SolidWorks web site: www.solidworks.com
3D ContentCentral online at: (http://www.3dcontentcentral.com/default.aspx) is a
free source of SolidWorks part and assembly models.
SoldWorks in Ten Minutes video:
http://www.youtube.com/watch?v=pFy8iijJSHM&feature=related Getting Started
with SoldWorks video:
http://www.youtube.com/watch?v=cmC2MLRetko&feature=related
Large Assembly layout and motion
http://www.youtube.com/watch?v=uMnd69- aueM&feature=related

3D Content Central®is a free service for locating, configuring,
downloading, and requesting 2D and 3D parts and assemblies,
2D blocks, library features, and macros.

Join an active community of 903,735 CAD users who share and
download user contributed and supplier- certified 2D and 3D
parts & assemblies, 2D blocks, library features and macros.

END OF COURS
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http://www.solidworks.com/
http://www.3dcontentcentral.com/default.aspx
http://www.youtube.com/watch?v=pFy8iijJSHM&feature=related
http://www.youtube.com/watch?v=cmC2MLRetko&feature=related
http://www.youtube.com/watch?v=uMnd69-aueM&feature=related
http://www.youtube.com/watch?v=uMnd69-aueM&feature=related
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