. Includes content to help ¥ |+ |
P € il
R+ o | —

you prepare for the
Certified SolidWorks
Associate exam.

| —
[rreppangy




Beginner’s Guide to SolidWorks 2009

The Housing
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When we start a new design, we have to decide how we are going to
model it. Remember that the parts will be made one feature or operation at a
time. It takes a little practice to define the optimum feature sequence for any
given part, but this is something that you will master once you learn to think of
parts as a sequence of features or operations. To help you understand how to
make the Housing part, we’ll show a “roadmap” or sequence of features. The
order of some of these features can be changed, but remember that we need to
make some features before others. For example, we cannot round a corner if
there are no corners to round! A sequence will be shown at the beginning of
each part, and the dimensional details will be given as we progress.

In this lesson we will cover the following tools and features: creating
various sketch elements, geometric relations and dimensions, Extrusions, Cuts,
Fillets, Mirror Features, Hole Wizard, Linear and Circular Patterns. For the
Housing, we’ll follow the following sequence of features:

. .'T:-‘T_-_-\T:._\__ -/
..-"T:_-\T::r/
Base Extrusion
L-’:/;//-,"_:;-‘;*A:;y
N |
""x ==
Front boss Mirror Front boss Mirror Side boss

| -
s e
i ' o |
/I . A
:K". ¥ _\__\__'!l‘,lll |

Front cut Side cut Screw hole
P N R ~y
) i},'-_.:'“"i---. . : i
el i D | | L |
e /vp/ My A 5 1\1:%.
| T o P ., i | ol i |
{ NN & w | e -
kPN, IREE e, ol o, ooul
WA b "‘\_-Q._ %-_4__; o, ,_;‘__‘-b .
0 Wl LN S
o, - ML ey
Top tapped holes Base slot Base slots pattern Mirror slots pattern
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1. -  The first thing we need to do after opening SolidWorks, is to make a New
Part file. Go to the “New” document icon in the main toolbar and select it.

QpSolidWorks p  |[N|¥ -lml--9- 8 =
Dw:td Revolved Boss/Bas \ @ ) Revolved Cu

Extruded '3,5 Swept Boss/Bas Swept Cut
Boss/Base New
.!3 Lofted Boss/Basd Creates a new document, Lafted Cut

] Features | Sketch | Ewaluate | Dim¥pert | Office Products |

2. - We are now presented with the New Document dialog. If your screen is
different than this, click the “Novice” button in the lower left corner. Now select
the “Part” template, and click OK, this is where we tell SolidWorks that we want
to create a Part file. Additional Part templates can be created, with different
options and settings, including different units, dimensioning standards, materials,
colors, etc. See the Appendix for information on how to make additional
templates and change the document units to inches and/or millimeters. Using
the “Advanced” option allows the user to choose from different custom templates
when creating new documents.

New SolidWorks Document

% a 30 fepresentation of a single design companent
Part

% a 3D arrangement of parts and/or other assemblies

Assembly

E% a 20 engineering drawing, typically of a part or assembly

Drravving

QK l ’ Cancel ] [ Help
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3. - Now that we have a new Part file, we have to start modeling the part, and
the first thing we need to do is to make the extrusion for the base of the Housing.
The first feature is usually one that other features can be added to or one that
can used as a starting point for our model. Select the “Extruded Boss/Base” icon
from the Command Manager’s Features tab. SolidWorks will automatically start
a new Sketch, and we will be asked to select the plane in which we want to start
working. Since this is the first feature of the part, we will be shown the three
standard planes (Front, Top and Right). Remember the sketch is the 2D
environment where we draw the profile before creating an extrusion; in other
words, before we make it “3D”.

orks I File Edit View Insert Tools Toolbox

= 51 i
Extruded | Revolvid
Boss/Basg | Boss/BAse

ketch | Evaluate | DimXpert | Office Products

@' NTE |
Extruded Boss/Base

[ | Extrudes a sketch or selected sketch
% contours in one oF two directions ko

create a solid feature,

4. - For the Housing we’'ll select the “Top Plane” to create the first sketch. We
select the Top Plane, because we want to start modeling the part at the base of
the Housing and build it up as was shown in the roadmap at the beginning of this
chapter. Do not get too worried if you can’t figure out which plane to choose first
when starting to model a part; at worst, what you thought would be a Front view
may not be the front. This is for the most part irrelevant, as the user is able to
choose the views at the time of detailing the part in the 2D drawing. Select the
Top Plane from the screen. The view orientation will be automatically rotated to
a Top View.

14
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What we have just done is we have created a new Sketch and are now in
the sketch environment. This is where we will create the profiles that will be used
to make Extrusions, Cuts, etc. SolidWorks gives us many indications, most of
them graphical, to help us know when we are working in a Sketch.

a) The Confirmation Corner is activated in the
upper right corner and displays the Sketch icon in
transparent colors.

b) The Status bar shows “Editing Sketch” in the lower right corner.

1 Under Defined  Editing Sketchi [7]

c) In the Feature Manager “Sketch1” is added at the bottom just under
“Origin”.
+ |£| Lights, Cameras and Scene
rﬁl Sensors
3= Material <nat specified:
\<§ Fromt Plane
Q Top Plane
%% Right Plane
Tain

< % (-) sketchl %

d) The part’s Origin is projected in red and the grid is visible.

e) The Sketch tab is activated in the Command Manager displaying sketch
tools. _
@SnlidWorks i File Edit View Insert Tools Toolbox

E Sot \ i @ . r\J | 1& C @ it ﬁ
.0 mar f rm onver
sketch | Dimension O-2-0-4 Entities  Entities SE?:;

= . -® N-ox . -
Features | Sketch)| Evaluate | DimXpert | Office Products |

ENE N e TN
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f) If the option is activated, the Sketch Grid will be displayed. This can be
easily turned on or off while in the Sketch environment, by Right-Mouse-
Clicking in the graphics area and selecting the “Display Grid” option.

Relations)Snaps Cptions. ..

(2 | Make Path
L =

< [ﬁ || Display Grid
N Customize Menu  W” [~ -

As the reader can see, SolidWorks gives us plenty of clues to help us

know when we are working in a sketch.

5. - Notice that when we make the first sketch, SolidWorks rotates the view to
match the plane that we selected. This is done only in the first sketch to help the

user get oriented. In subsequent operations we have to rotate the view manually
using the view orientation tools or the Middle Mouse Button to rotate the model.

6. - The first thing we need to do is to draw a
rectangle and center it about the origin. Select
the “Rectangle” tool from the “Sketch” tab or, by
making a Right Mouse Button click in the

graphics area, from the pop up menu. Make sure |

we have the “Corner Rectangle” option selected
in the Rectangle’s Property Manager.

BEiSolidWorks | Fie Edit Ve Insc

| ¢ @-n- ¥
Exit Smart b / Tri
Sketch | Dimensioj Y- & - A Enti

Features

% [FIR[2]

etches a rectangle,

Click and drag in the graphics area to draw a Rectangle around the origin
as shown. Left-Mouse-Click and drag to the opposite corner. Don’t worry too
much about the size; we’ll dimension it in a later step.

X = 6277,y = 3738
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7. - Notice the lines are in color green after finishing the rectangle. The color
green means the lines are selected. You can unselect them by hitting the
Escape (Esc) key, this will also de-select (turn off) the rectangle tool. We only
need one rectangle in this sketch, so hit the “Esc” key. Now we will draw a
“Centerline” from one corner of the rectangle to the opposite corner. The
purpose of this line is to help us center the rectangle about the origin. We’'ll also
learn a faster way to do this in the next few steps. From the “Sketch” tab select
the Line command’s drop down arrow, and select “Centerline”.

@Snlidkas | File Edit Wiew Insert

B ¢ \-O@FnN-i =%
Exit Smart e Trim
Sketch | Dimensi . Entities

i Centerling

- - -

Features | Sketch | Evaluate | DimMvert | Oiffic
|

8. - SolidWorks indicates that we will start or finish a line at an existing entity
with yellow icons; when we locate the cursor near an endpoint, line, edge, origin,
etc. it will “snap” to it. Click in one corner of the rectangle, click in the opposite
corner as shown and press the “Esc” key to complete the Centerline command.

9.- The next step is to add a “Midpoint” geometric relation between the
centerline we just drew and the part’'s origin. Select from the menu “Tools,
Relations, Add” or the “Add Relation” icon from the “Display/Delete Relations”
drop-down icon. By adding this relation, the centerline’s midpoint will be forced
to coincide with the origin; this way the rectangle (and the part) will be centered
about the origin. This will be useful in future operations.

17
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w B g

Display Delete | Quick :

= Relations e Snaps e
Sketch Sketc

-

i ke Relations |
[
J:_ Add Relation
i 1

10. - The “Add Relations” Property Manager is displayed. The Property
Manager is the area where we will make our selections and choice of options for
most commands. Select the previously made centerline and the part’s origin by
clicking on them in the graphics area (notice how they change to green and get
listed under the “Selected Entities” box). Click on “Midpoint” under the “Add
Relations” box to add the relation. Now the center of the line coincides with the
Origin. Click on OK (the green checkmark) to finish the command. Click and
drag one corner of the rectangle to see the effect of the relation. Notice the
center of the line stays in the origin and the rectangle resizes symmetrically
about the center.

Add Relations ?

v o
Seleggd.ﬁntiﬁgf\‘ b l\\ X
LineS - . :
~
N
S~
Extisting Relations = ; \\L

4L T
I l—--:&: ___________

o Under Defined

ey

Ad
[7| Midpoint

b+
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11. - We added a geometric relation manually, and we also added geometric
relations automatically when we drew the rectangle and the centerline in the
previous step. SolidWorks allows us to view the existing relations graphically
between sketch elements. Go to the menu, “View, Sketch Relations” if not
already activated, or from the “Hide/Show Items” drop down icon in the graphics
area.

& | Poinks
& || Routing Paints 5

g@| Parting Lines
‘é;" Lights

% Cameras

Annakation Link Yariables

(-G - B -
&)
()
&) *
o4[(=)
|4

I
¥iew sketch Relations (R}
Conkrol the wisibility of sketch relations

12. - Now we can see the geometric relations graphically represented by small
blue icons next to each sketch elements. Notice that when we move the mouse
pointer over a geometric relation icon, the entity or entities that share the relation
are highlighted.

7 To delete a geometric relation select the relation icon in the screen and

| |
\t; press the “Delete” key, or Right Mouse Click on the Geometric Relation
icon and select “Delete”. (Do not delete any relations at this time!)
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. |
\\. i
S
e \L~ ---------------- |-
AN
N\
| ™.
- ™~
g S .
AN
N\
| N,
- ~.
The Sketch Origin defines the local Horizontal (Short red arrow)

and local Vertical (Long red arrow) directions for the sketch, this is important
because we may be looking at the part in a different orientation, and vertical may
not necessarily mean “up” on the screen; since we are working in three
dimensions, and we can view the part from any view orientation, it is a
convenient way for us to know where “up” is in the sketch. In SolidWorks we
have the following basic types of geometric relations between sketch entities:

Vertical Parallel to the sketch vertical
direction (Long red arrow in the origin)

Horizontal Parallel to the sketch horizontal
= direction (Short red arrow in the sketch
origin)

20
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Coincident is when an endpoint touches
another line, endpoint, model edge or circle.

wad

Midpoint is when a line endpoint coincides
with the middle of another line or model
edge. A Midpoint relation implies it is also
Coincident.

/\\‘ Parallel is when two or more lines or a line

N and a model edge have the same inclination.

Perpendicular is when two lines are 90

degrees from each other, like a vertical and

\< horizontal lines. Notice that the lines don't
i

have to touch each other in order to be
perpendicular.

Concentric is when two arcs or circles share

/‘ the same center. Concentric can be also
o O between a point or line’s endpoint and an arc
or circle’s center.

o ° a Tangent is when a line and an arc or circle,
/f:\ /_\ or two arcs or circles are tangent to each

other.
@ Equal is when two or more lines are the
=T - same length, or two or more arcs or circles
@ have the same diameter. '

7 . _
/ Collinear is when two or more lines lie on

/ the same line.
el

13. - Once we have added the geometric relation “Midpoint”, the next step is to
dimension the rectangle. Turn off the geometric relations display in the menu
“View, Sketch Relations” to avoid visual clutter in the screen if so desired. Click
with the Right Mouse Button in the graphics area and select “Smart Dimension”
or select the “Smart Dimension” icon from the Sketch toolbar. Notice the cursor
changes adding a small dimension icon next to it. This icon will indicate the user
the Smart Dimension tool is selected.

Re
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Bl SoligWolks

File Edit

1‘&_ ]

| Smark Dimension (D)

Creates a dimension For one or more
selected entities,

Insert /_\
= % 2 R (O]E)
Trim \ \N
Entities Contour Setsgt T
w7 ZoomjPan/Rokate v
Recent Commands ¥
] Sketch Entities

14. - Adding dimensions in SolidWorks is simple and straightforward. Click to
select the right vertical line and then click just to the right to locate the dimension.
SolidWorks will show the “Modify” dialog box, where we can add the 2.625”
dimension. Repeat with the top horizontal line and add a 6” dimension. As soon
as the dimension value is accepted, the geometry updates to reflect the correct

size.

Modify

ey
* \JK 2625 -

v X B 217D

,;”'_'“-, View the Appendix if you need to change the document’s units from
\Ij’ millimeters to inches or vice versa. You can also override the default units

by adding “in” or

“‘mm” at the end of the value in the Modify dialog box.
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Modify

./ To change a dimension’s value, double click on it to show the “Modify”
box.

After dimensioning the lines, notice the lines changed from Blue to Black.
This is the way SolidWorks lets us know that the geometry is defined, meaning
that we have added enough information (dimensions and/or geometric relations)
to define the geometry in the sketch. The status bar also shows “Fully Defined” in
the lower right corner. This is the preferred state before creating a feature, since
there is no information missing and the geometry can be accurately described.

A sketch can be in one of several states; the three main ones are:

e Under Defined: (BLUE) Not enough dimensions and/or geometric relations
have been provided to define the sketch. Sketch geometry is blue and can be
dragged with the left mouse button.

e Fully Defined: (BLACK) The Sketch has all the necessary dimensions and/or
geometric relations to completely define it. This is the desired state. Fully
defined geometry is black.

e Over Defined: (RED) Redundant and/or conflicting dimensions and/or
geometric relations have been added to the sketch. If an over-defining
dimension or relation is added, SolidWorks will immediately warn the user. If
an over-defining geometric relation is added, delete it or use the menu, “Edit,

Undo” or select the “Undo” icon M) . If an over-defining dimension is added,
the user will be offered an option to cancel it.
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15. - Now that the sketch is fully defined, we will create the first feature of the
housing; this is when we go from the 2D Sketch to a 3D feature. Click in the
Features tab in the Command Manager and select the “Extrude” icon, or click in
the “Exit Sketch” icon in the Sketch toolbar. In the second case SolidWorks
remembers that we wanted to make an Extrusion in the first place, and displays
the Extrude command’s property manager. Notice that the first time we create a
feature in a new part, SolidWorks changes the view orientation to an Isometric
view and gives us a preview of what the feature will look like when finished.

R)SolidWorks || Fie Edt vew

W?HUH&:‘ File Edit View Ins
- - - L]
= \-0-n :
Ent Smyart o Ti
Skil s | Dimghsion O- T & - A En
Dimxpert = ” e-8 - %
ayre#| Sketch | Evaluate | Dimxpert | |
A== l
" | Extrudes a sketch or selecked sketch - Exit 5;: t |: -
conkaurs in one ar bwo direckions ko - H_' . e
% reele & ol et | i, Exit this sketch and keep any changes,
[+ | AT ETTOTaTons T HEL Dovks |

Select the options indicated in the “Extrude” command to make the
extrusion 0.25” thick. To finish the command, select the OK button or press the
“Enter” key.

}%Iﬁll% $ | oo e

¥ R G

| From ¥

Direghiom T A

“1

Draft outward

||:| Direction 2 ¥ | 3

rd _-\"-\.
. -
e Sl
E
4 //
- L)
||:| Thin Feature ¥ L /
.

16. - After the first extrusion is completed, notice that “Extrude1” has been
added to the Feature Manager. The confirmation corner is no longer active. The
status bar now reads “Editing Part” to alert us that we are now editing a part and
not a sketch.
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Editing Part [7]

(" Expanding the “Extrude1” feature in the Feature Manager by clicking on

\U’ the “+” on the left side of it, we see that “Sketch1” has been absorbed by
the “Extrude1” feature.

S TIGLIL P e o FILNIL Flane

@ BExtrudel
[ sketchi

Extrude1

17. - The second feature will be similar to the first one but with different
dimensions. To create the second extrusion, we need to make a new sketch.
When we select the Extrude or Sketch icon, SolidWorks gives us a yellow
message in the Property Manager asking us to select a Plane or a planar (flat)
face. We’'ll select the top face of the previous extrusion for the next feature (If a
Plane or flat face is pre-selected, the Sketch opens immediately in that
Plane/face).

BEA(AE " Pz
_smm_,q
®

Message

bl

Select:

1} a plane, a planar Face or an
edge on which to sketch the
feature cross-section

ar

2} an existing sketch ko use For
the feature.

18. - Only in the first sketch of the part, the view is oriented to the sketch plane.
To help us get oriented, we will switch to a Top View to see the part from the top.
In SolidWorks the user is free to work in any orientation, as long as he/she is
able to see what they are doing. Re-orienting the part helps the new user get
used to 3D in a more familiar way by looking at it in 2D. Use the “View
Orientation” icon, or the default shortcut “Ctrl+5”, as indicated in the tooltip.
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| 1 <
a N\
Top (Cktrl+5)

] | rotates and zooms the model to the top
view orientation,

19. - For the second extrusion, we'll . . i

use the “Center Rectangle” command. :rt N-O-pJ .%E CEE

Click in the Rectangle’s tool drop down g O-2-86-A Entilies Frif
150N n

menu, and select “Center Rectangle”; if anale

you selected the rectangle as before, you _

can change the rectangle type to “Center skefqq 1 | Center Rectangle)

Rectangle” from the Rectangle’s Property e Rectaily

Manager. To make the rectangle, click in < | 3 Point Center Rectangle

the Origin, then on the top edge of the 7 | Parallelagram

first extrusion to finish it. Notice the .

yellow Coincident icon as the pointer is in the origin and then on the edge. By

doing it this way, we automatically add coincident relations to the origin and the

top edge. The “Center Rectangle” command saves us from adding the

centerlines and midpoint relations making the rectangle centered about the origin

in a single operation.

ra

=

20. - Select the “Smart Dimension” tool, and dimension the rectangle 4” wide by
selecting the top line as shown. Adding this dimension will fully define the
sketch.
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ElsolidWorks | Fie
& \ @ 7 X B A7 |§|
Emt Smart E
Sketch | Dimensic k ; _/'
. v
N : rd
features | Sketch | Evaluat ~
PN
PO N
- | N

21. - We are now ready to make the second extruded feature. Select the
“‘Extrude” command in the “Features” tab of the Command Manager (or “Exit
Sketch” if you initially selected “Extrude”) and make the extrusion 3.5”. From the
Standard Views icon, select the Isometric view (or the “Ctrl+7” shortcut) to see
the preview of the second extrusion. Click on OK to complete the command.

B SolidWorks | Fle Edit View I

= - -
0@ 6o B- E-
1
Evaluate | DimXpert | [ |®| @ [ﬂ
1
|5 @
Extruded Boss/Base ! 1
"F | Extrudes a sketch or selected sketch ! Isometric (Ctrl+7)
conkours in ane or bwa directions to ' |F] B3 | rotates and zooms the model to the
H 1
create 8 sold Feature. ! isornekric view orientation,
AT AR Atz I 1
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& R &
|Erum - |
Direction 1 “

Drraft outward

'O pirection 2 2

||:| Thin Feature ¥ | .

22. - The next step is to round the edges of the two extrusions. To do this, we
will select the Fillet command. This is what’s called an applied feature; we don’t
need a sketch to create it, and it's applied directly to the solid model. Select the
“Fillet” icon from the Features Tab of the Command Manager. By default,
“Constant Radius” type is selected. We’ll change the radius to 0.25” and select
the corners indicated in the preview. SolidWorks highlights the model edges
when we place the cursor on top of them to let us know that we’'ll select them if
we click on them. If an edge to be selected is not visible, rotate the model using

. . “H potate . . .
the menu “View, Modify, Rotate”. = Click and drag in the graphics area

to rotate. Another way to do this is by holding down the middle mouse button
(scroll wheel), and dragging in the graphics area or using the arrow keys. Click
OK when all eight edges are selected to complete the command.

,i’_'“:, If an edge or face is mistakenly selected, simply click on it again to de-

U select it.

Help Q?lD/—-Q*H*EE' ) - B El- ca

i Swept Cut ¥ EE @ Rib [@ Wrap \@T
Fillet | Lijear Referer
| Lofted Cut paliorn W Draft @ pome | ZF

| Boundary Cut % - a Shell Mirror =
LA m@E-J- oo &

Fillet

Creates a rounded internal or external
face along one or more edges in solid or
sutface Feature,
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EIERINED

o K

74 Fillet 7

| Manual : Fillet¥pert :

Fillet Type

A

(¥} Constant radius
") Variable radius
) Face filet

) Full round fillet

& 0.250in
¢

N ———
Edge<o> ~
Edge<7= =

Lv

[JmMultiple radius filet
Tangent propagation

%) Full preview
") Partial preview

{:} Mo preview

|"-I'|'E-'kl‘iri-'lﬂrﬁ

A handy new feature in SolidWorks 2009 is a “Magnifying Glass”
selectively zoom in only one area of the model. To activate it, use the

F i
| |

o

ey

7\

- part3

-+

P ----------------'..--}

N

T

I

>

4

N
)

&

to

};‘f default shortcut “G” in the keyboard. To make multiple selections with it,

hold down the “Ctrl” key, otherwise, the Magnifying Glass will turn off after
making one selection. To turn it off press “G” again. Scrolling with the mouse
wheel will zoom inside the Magnifying Glass for more or less magnification.

29




Beginner’s Guide to SolidWorks 2009

23. - Repeat the fillet command to add a 0.125” radius fillet at the base of the
Housing.
P

| /By selecting a face SolidWorks rounds all the edges of that face.

v Fillet 2

W R
[ fanual ‘ Fillet=pert J
Fillet Type _
(%) Constant radius
Yariable radius
) Face fillet
3 Full round Fillt
lwm
7~ - a N
() |D.125|n |: )
3 sl
4
4
[IMultiple radius fillet .
Tangent propagation

(3 Full preview
3 Partial preview

C} Mo presiew
| Setback Parameters ¥ |
[Fillet Options ¥ |

We can change the appearance of tangent edges (The edges where two
(" 7 tangent faces meet) by selecting the menu, “View, Display” and selecting
I;J'J the display option desired: Visible, as Phantom or Removed. Explore

the different options to find the one you feel more comfortable with. In this
book Phantom lines are used for clarity.
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24. - We will now remove material from the model using the .|~ &
“‘Extruded Cut’ command. Switch to a Top View using the View i@i @ |

Orientation toolbar.
18

Select “Extruded Cut” from the Features
tab; you will be asked to select a face or planar
face just as with the “Extruded Boss”. Select |
the topmost face to create a new Sketch, and oOfice Praducts
O using the “Corner Rectangle” tool from the N\

now visible “Sketch” toolbar, draw a Extruded iRt .
rectangle inside the tOp face. Cuts a solid model by extruding a J

sketched profile in one or bwo directions,

@ o = Swept Cut

Extruded | Hole Revolved m Lofted Cut
Cut p_ | Wizard Cut

] Boundary Cu'

To add the dimensions select the “Smart Dimension” tool; we can add
dimensions from sketch geometry to model edges simply by selecting syt
them. Left click on a Sketch line, click on a model edge parallel to the Dimension
line, and finally click to locate the dimension in the screen. You will be asked to
enter the dimension as before. Repeat to add the rest of the dimensions.

375 w
=R 8 2 2

i i i
i I |
i I |
RJL i i i
i i i

A P U T S S W I I RS () I
"""""" i i | !

First selection Second Selection Locate and enter dimension
A75 L ATE — —= =375
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25. - If needed, switch to a “Hidden Lines Removed” mode from the View Style
icon to view the model without shading to facilitate visualization.

(-5

@ Shaded with Edges
F Shaded

i@i Hidden Lines Removed
il Hidden Lines Visible
@ Wireframe

26. - In this feature, we will round the corners in the sketch using a Sketch
Fillet. We can add the fillets as applied features like before, but in this step we
chose to show you how to round the corners in the Sketch before making the
“Extruded Cut” feature. Select the “Sketch Fillet” icon from the Sketch toolbar.

== iy AsEeL ;;; LI
Entities  Entities EnRIES o
- - E¥n |

(psAt | Office Products |

____| sketch Fillet

Rounds the corner at the intersection of
ki skekch entities, creating a kangenkt
 arc.

Set the fillet radius to 0.15”, and click on the corners of the sketch lines as
indicated to round them. After clicking on all 4 corners, click OK to finish the
Sketch Fillet command. Notice that only one dimension is added. The reason is
that SolidWorks adds an equal relation from each fillet to the dimensioned one.

Sketch Fillet 2 | T L3707
w x 9 1

)
\%
K

FilleLBarameters . & || [ (

| 0. 150in | ‘% ° !
j ners \ i
Dimension each Fillet J(_-
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27.- Now we select the Extruded Cut icon from the & Insert Tools Tool
“Features” tab in the Command Manager to remove the
material. Opposite to the Boss Extrude feature that adds

material, the Cut feature, as its name implies, removes E“EﬂfEd
material from the model.

=4

Xpert | Office ProMucts

D@ P or- 2

) | e ® @
o 1
- :
'\U-”I Change the view to Isometric.... & ﬁi aw .
@-)os-

|§[§
F
Make the cut 3.5” deep and click on OK to finish the cut.

IE Extrude ? .

& R G&f

...and Shaded with Edges for better visualization.

|Erum ¥ |
Direction 1 ]
@ |Blind v

e

) Bl
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-

(o | | @/

‘.F‘
Draft outward W, i
Al CCsar “‘1.{__} i
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'O pirection 2 ” |j i

(" Features can be Renamed in the Feature Manager for easier
../ identification. To rename a feature, slowly double-click the feature, or
select and press, F2 and type a new name (just like renaming files in

&

&
Windows Explorer!)

L8 QLRI o U 0 L L= . q_] s IL] [l [ [=] ¥y
i Extrude | (& Top cut ] &) Top cut

Select Feature, Click again...(or F2) Type a new name Finish
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28. - In the next step we will add a simple round boss to the §[@@-|(F - 6
front of the Housing. Switch to a Front View using the “View _@ |f@-| 4

Orientation” toolbar. =

H I@E (A
Select the “Sketch” icon from the “Sketch” tab in the Command @{
Manager and click in the front face; or, in the reverse order, select the face first,
and then click on the “Sketch” icon. Notice that SolidWorks highlights the entire
flat face before selecting it to add a sketch.

;ﬂ;d.lkllll':‘h‘[]lhb File Edit —
e\ \-0-n- v
ketch mart E
nension Q- :;} M é} " &
* I - - B |
Fegyres | Sketch | Evaluate | Din
1I."'t;_~|_|_||_-En. i = 1 |
Sketch (%)
[ Crga!:esanew sketch, or edits an (—':j-‘_ 1 b
existing skekch,

29. - Once we have the sketch created,
from the “Sketch” tab of the Command
Manager select the “Circle” tool. Draw a
circle approximately as shown; click near
the middle of the part to locate the center of
the circle, and click again to set its size.

- i\% Trim  Conwert th
; Entities Entities Enﬁﬁis
- %

circle, then drag to set its radios,
Fe L

Circle
Sketches a circle, Select the center of the

To dimension the circle’s location, select the “Smart Dimension” tool, and
click on either the center of the circle or its perimeter, then the top edge of the
housing and finally locate the dimension and enter the value of 1.875”. For the
Diameter, simply select the circle, and then locate the dimension as shown.

|
%& 3 H
| i
‘ i 1.675in v 3
i FRERERRREERRERRRRRERF T

« ¥ 34[%@
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?a.250

Ly

30. - To locate the circle in the vertical center of the part, we will add a Vertical
Relation between the center of the circle and the part’s origin. SolidWorks allows
us to align sketch elements to each other or to existing model geometry (edges,
faces, vertices, planes, origin, etc.). From the
Right Mouse button menu, select “Add
Relation” (or the menu “Tools, Relations,
Add’). Select the circle’s center (NOT the | AddRelation... |
perimeter!) and the origin. Click on “Vertical” | & DisplayjDelete R'l%':'”s“-
to add the relation and OK to finish. By adding ! ¥ ! Fiillv nefine skerrh...
this relation our sketch is now fully defined.

Maore Dirmensions r

Relations

Add Relations ?

& ¥

Selected Entities

b g

*oink Li@origin

Painkz

Existing Relations

&

3

o Under Defined

|

Add Relations

b d

|T| Yertical
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31. - After adding the Vertical geometric relation, we’ll exit the sketch. We'll use
a time saving feature called “Instant 3D” to make the extrusion. It should be
active by default in the “Features” toolbar in the Command Manager, otherwise
simply click to activate it.

898 ofi rib (@ wrap o U

Linear Reference Curvls
Pattarn @ Draft ﬁ Dome Geometry

~ M shel @ Mirror = -

To make the extrusion, switch to an isometric view using
the “View Orientation” toolbar, select the circle of the previous
sketch. Take note that now we are editing the part; we exited
the sketch editing environment. Once the sketch circle is
selected, click and drag on the blue arrow; this is the handle to
extrude the sketch. You will immediately see a dynamic ruler that will show the
size of the extrusion as you drag it. Make sure to extrude it 0.250”. When you
release the handle, a new extrusion will be created. To modify this extrusion,
simply select a face of the extrusion and drag on the handle to the new size.

P

('} You can control the size with more precision by dragging the handle over
“‘b-’ the ruler’'s marks; this way the handle will snap to them.

Rename this extrusion as “Front Boss” by & Fillet1
slowly double-clicking the feature’s name in Fi"EtZ
the Feature Manager. + (@) Top Cut

+ Fronk Boss
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32. - The next step is to create an identical | 'Iﬁ Gt +
extrusion on the other side of the Housing. -
To make it we'll use the “Mirror’” command
that will make an identical 3D copy of the 7

extrusion we just made. Switch to an @

Isometric view to help us visualize the '.1 Isometric (Ctrl+7)
Mirror's preview and make sure we are “<" | Rotates and zooms the mode! to the
gettlng What we Want |=| ﬁ |s|cnrlneltr||c \.fllew orientation.

33. - Select the “Mirror” icon from the Features tab in the Command Manager.

}[D - - ). !I:lv Part2.5LDPRT * fvﬁn
& b (@l wap

Fillet Linear Reference Cur'-.-'es
t = & oraft Genmew InsEntSD
Cut - - E She '~'1|rr|:|r =

Ry

Mirror
Mirrors features, faces, and bodies about:
a face ar a plane,

34. - From the Mirror's Property Manager, we have to make two selections. The
first one is the Mirror Face or Plane and the second is the feature(s) we want to
make a mirror from. The face or plane that will be used to mirror the feature has
to be in the middle between the original feature and the desired mirrored copy.
Making the first extrusion centered about the origin causes the Front plane to be
in the middle of the part, making it the best option for a Mirror Plane.

py To select the Front plane, (make sure the “Mirror Face/Plane” selection

() boxis highlighted; this means it is the active selection box) click on the “+”

I;j' sign next to part’s name to reveal a fly-out Feature Manager, from which
we can select the Front Plane.

N\ S —— - partz
EEREY 2B parz Y [EJIENED fr
(ieror. 9]

+ |£| Annotations
|_| Lights, Cameras &

@ % o |‘3'_|Senscnrs

=

Mirror Face/Plane

]

Mirror Face,/Plane

[:j | |;:] | Front Plane |

<“> Right Plane
I» Qrigin
+ @ Extrudel
+ @ Extrudez
€1 Filet1
€1 Filletz
= .

-

=

Features to Mirror eatures to Mirror

&

b

% )
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35. - After selecting the Front Plane from the fly-out Feature Manager,
SolidWorks automatically activates the “Features to Mirror” selection box (now
highlighted) and is ready for us to select the feature(s) we want to mirror. If the
“Front Boss” extrusion was pre-selected, it will be listed automatically; otherwise
we will select it either from the Feature Manager or in the graphics area.

—  When selecting features from the graphics area, be sure to select a face
../ that belongs to the feature. When traversing the Feature Manager, notice
= how SolidWorks highlights the features in the screen before selecting it.

Notice the preview and click OK. Rotate the view to inspect the mirrored feature.

— L ) UL S - []1.
1 .
[t Mirror ki -zl Lights, Cameras and Scen P
¢ x Sensars
= Materia ecified =
Mirror Face,/Plane # <—Q
[;] |Front Plane | N of:
—Q Right Plane :
Features to Mirror A b Crigin
IR Extrudel
E]—@ Extrudez
—21 Fillet1
— Filetz
|Fages to Mirror ¥ | AEJ_E
| Bodies to Mirror ¥ |
Options A

[Jzeometry Pattern

Py

Propagate visual
properties
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36. - In the next step we’ll add the small boss at the right side of the Housing.
Switch to a Right View, using the View Orientation toolbar, and select the
“Sketch” icon from the Command Manager’s Sketch tab.

| o N\, - Select the rightmost face to create the Sketch here and
seth | smert [ . draw a circle using the “Circle” tool and add the dimensions
Dimension Iy shown. Just as we did with the front cylindrical boss, we’ll

e add a Vertical Relation between the center of the circle
festuresT] Sketeh BV and the part’s origin.

From the Right Mouse click menu, select *Add [Toouons
Relation”, select the center of the circle and the origin, b | AddRelation...

and click on “Vertical” in the “Add Relations” box. % Display/Delete Rufor

®1.000 l
= = . u i [ 750
O i E :
%‘@‘ i : ; 1
] e —— "
Select Sketch plane Draw & dimén§ion circle Add vertiéal relation
| 1.000

P

( 7 When adding relations, if you accidentally select more entities than
‘E;J’ needed, you can unselect them in the screen, or select them in the
selection box and remove them using the “Delete” key.
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37.- Now we are ready to extrude the sketch to make the |@|@_ Gor « 4
side boss. We'll use the “Instant 3D” function as we did = —— "
before. Exit the Sketch by selecting the “Exit Sketch” icon pui @ F(
in the Command Manager’'s Sketch tab and change to an @
Isometric view. In the graphics area, select the circle of the @ @

sketch we just drew, and click-and-drag the arrow along the ruler markers to

make the extrusion 0.5” long. Rename this extrusion “Side Boss” in the Feature
Manager.

—

i
i
i
i
i
i
i

38.- Just like we did with the front circular boss, we’ll mirror 9- 08 -
this extrusion about the Right Plane (which is also in the middle  [wil wrap

of the part). Select the “Mirror” command from the “Features” .
tab in the Command Manager, and using the fly-out Feature
Manager select the “Right Plane” as the “Mirror Face/Plane” and
the “Side Boss” extrusion in the “Features to Mirror” selection
box to complete the Mirror command.

- P

RN [Ed[AEY

L5 MiFror
w ¥ SENSOrS
= Material <not specified = [
Mirror Face,/Plane A Front Flane
[jl |Right Plane | op=Rsns
Features to Mirror P Crgin
# B Extrudel
B Extrudez

| Faces to Mirror ¥ |

| Bodies to Mirror ¥ |

Options A
[] ceametry Pattern

Propagate visual
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39. - We'll now make the circular cut in the front of the s IFiE Edit  Vie
Housing. Change to a “Front View” for easier visualization.

Select the “Sketch” icon from the Sketch tab and click in the N\ - QI -
round front face of the part. Draw a circle using the “Circle” & - -53, \ & -

tool and dimension it 2.250” diameter. -5 -
i_ D2.250 '_'
Lo lod

To locate the circle in the center of the circular face, we'll add a
“Concentric Relation”. Select the “Add Relation” icon from the Right Mouse
button menu, and select the circle we just drew and the edge of the circular face.

Click “Concentric” to add the relation and center the circle. Click OK to finish
the command.

i Restons 7|
v &

Selected Entities

X

arcl
Edge<1=

Existing Relations

L

by

ﬂ Under Defined

Py

Add Relations

]
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40. - Now that the circle is concentric with the boss, we’ll make the —————

cut. Select the “Extruded Cut” command and switch to an isometric 5|
view for better visualization. Extruded
Cut

From the “Extruded Cut” properties select the “Through All’ %=
option; this way the cut will go through the entire part regardless of @m
its size. In other words, if we ever make the Housing wider, the cut will still go
through the part.

IE Extrude T

7 R &

|Erum ¥ |
DirectinnL. o
. .
< A Thr.:uugl'l all ™ ~>

}\r/‘h‘ﬁ‘

[CJFlip side ko cut

()]

Draft oubward

| [] pirection 2

| [] Thin Feature

| Selected Contours
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41. - We will now make a hole in the boss added in step 37 for a shaft. Switch
to a “Right View” and create a sketch on the small circular boss’ face by
selecting the “Sketch” icon and then the circular face to locate it.

s

We know that we want the hole to be concentric with the boss. In order to
do this we can draw the circle and add a concentric relation as we did before;
however, this is a two step process. Instead, we will do it in one step as follows:
Select the “Circle” tool icon from the “Sketch” toolbar and before drawing the
circle, move the cursor and rest it on top of the circular edge as shown, the
center of the circular edge is revealed in a fraction of a second. DO NOT CLICK
ON THE EDGE. This highlight works only if you have a drawing tool active (Line,
Circle, Arc, etc.). This technique can be used to reveal any circular edge’s center.

42. - Once the circular edge’s center is revealed, click in the center to start
drawing the circle and automatically capture a concentric relation with the boss.
Finish the circle and dimension it 0.575” diameter. Now the sketch is fully
defined.
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43. - Since this hole will be used for a shaft, we need to add a bilateral
tolerance to the dimension. Select the 0.575” dimension in the graphics area,
and from the dimension’s Property Manager, under “Tolerance/Precision” select
“Bilateral”. Now we can add the tolerances. Notice that the dimension changes
immediately in the graphics area. This tolerance will be transferred to the
Housing’s drawing later on. If needed, tolerances can also be added later in the
detail drawing.

Dimension ?

o

f‘v‘alue W(Leaders ]fother 1 E

Skyle ¥

+.005

/'_'@'575-.000

|

Tolerance/Precision

+01
150, | Eilateral L |

+ | 0.0050n |

— | 0.000in
W

-m
AR | 123 (Document) b |

44. - Now we can make a Cut with the “Through All” option using the “Extruded
Cut’ command.

IE Extrude ? K ‘ '

7 R &

| Fron

Direction 1

¥

_
('mnugh All [
.ﬁ?‘
] Flip side ko cut

] |

Draft oukward

T — —
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¢ Another way to do this cut is using the “Instant 3D” feature. To use

‘Instant 3D” to make a cut, click in the “Exit Sketch” icon, change to an

I Isometric view for clarity, and just like we did for the Extrusion, select the

sketch circle and click-and-drag the handle into the part. You'll see how the part

is cut as the arrow is dragged. The only disadvantage to cutting this way is that
the “Through All” option is not available while dragging.

45. - For the next feature we’ll make a 4"-20 tapped hole in the front face.
SolidWorks provides us with a tool to automate the creation of simple,
Countersunk and Counterbore holes, tap and Pipe taps by selecting a fastener
size, depth and location. The “Hole Wizard” command is a two step process: in
the first step we define the hole’s type and size, and in the second step we define
the location of the hole(s). To add the tapped hole, switch to a “Front View”. The
Hole Wizard is a special type of feature that uses 2 sketches that are
automatically created, so there is no need to add a sketch first; it works very
much like an applied feature.
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First, select the frontmost face (where we want to add the tapped hole);, if
you have the “Instant 3D” active as we do here, you will see the feature’s
dimensions and a pop up transparent toolbar that allows us to edit the selected
feature. We will not use this toolbar at this time; we can simply ignore it for now.

/ 3250

1875

After_selecting the front face select the “Hole Wizard” icon from the
“Features” tab in the Command Manager. It's very important to keep this order,
otherwise we’ll have a different behavior when we define the location of the
hole(s) and more work will be needed to complete the feature.

ert Tools Toolbox Window Help Q \D

. . — E Swept Cut
w S
Hole] s Fevolved m Lofted Cut

Wizar Cut

Extruded

Cut
™ Boundary Cut

Office Produ

Inserts a hole using a pre-defined

Hole Wizard
cross-seckion,

46. - \When the “Hole Wizard” properties are presented, we’ll define the hole’s
type and size first. Select “Tap” for “Hole Type”, “ANSI Inch” for Standard,
“Tapped Hole” for Screw type and “/4-20” for Size from the drop down selection
list. Change the “End Condition” to “Up to Next”, this will make the tapped hole’s
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depth up to the next face where it makes a complete round hole. At the bottom
activate the option to add Cosmetic Threads.

o, Hole Specification

?

ﬁnsi Inch \ v |

E

Type: \

|Tapped hole \ v |
\

Hole Specifications \ ~

Size:

[1/4-20 v|

[ show custom sizing

i

End Condition / ]

(2]
NQad:

[

T e e e e e e

Up To Mext w

47. -

The second step of the “Hole Wizard” is to define the hole’s location. Click

in the “Positions” tab at the top of the properties. By default, the “Sketch Point”

tool is automatically activated.

SolidWorks automatically added a point that

locates the hole where we pre-selected the face, as we can see in the preview.
This point will define the location of the hole, and in order to precisely locate it,
we can use regular Sketch tools and relations. We want this hole to be located in
the middle of the flat face. Select the “Centerline” tool from the drop-down menu

in the “Line” command. Start at the right quadrant of the
outer circular edge, and finish it in the same quadrant of the
inner circular edge. The quadrants will be activated after
selecting the Centerline tool, and touching (not clicking!) the
circular edge. Hit the “Esc” key once to end the “Centerline”

command after the centerline is finished.

\ Line

Zentetline

rh | Fuahiate r

NF@ - -

iMYne

Click for Start

Click for End

Finished Center line
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The idea behind this technique is to make sure the hole is centered in the
circular face. We’ll now add a relation using the “Add Relation” command.
Select the pre-existing point and the centerline we just made and click on
“‘Midpoint’; this way the point (the center of the hole) will be located exactly in
the middle of the centerline. Click OK to close the “Add Relations” dialog, and
then click OK again to finish the Hole Wizard.

Now the “Point” is located in the middle of the Centerline.

Add Relations 7

o

b

Selected Entities

Linel
Faint1

by

Existing Relations

&

o Under Defined

<.mstﬁ=\ A

|7| Midpoint

|E| Fibx

,:”'_'“-, A quicker way to add this relation is to Window-Select the “Point” and the
- “Centerline”, and from the pop up toolbar select “Midpoint” to add the
relation. This approach works well when we pre-select the entities to

relate.

N
*x\ ;\ -~ NG
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(7 In order to view the “Cosmetic Threads” (for a nicer look), Right-Mouse-
“w./” Click in the “Annotations” folder at the top of the Feature Manager, select
Details and activate the options “Cosmetic Threads” and “Shaded

Cosmetic Threads”. This is just for show, as there are no real threads modeled.

It can be done, but it’'s mostly unnecessary in this type of design.

% | ﬁ: | |% | ] | = Annotation Properties
- .
(5 Displosetilk
% Partz Cosmetic threads Lﬂﬁhaded cosmekic threads
+ LB Datums [l =ometric tolerances
+ |s] Lights, [+] »atum targets okes
@l Sensors W | Display Anncations Fe.:lture din‘;lensiuns Sur:“;ce finish
s ; ¥ |Reference dimensions ¥ | \Welds
i— Material <r Show Feature Dimensions T i s ol b

This is the finished 4”-20 Tapped Hole with Cosmetic Threads.

£ Right Flane
I_. Origin
+ @ Extrudel
+ @ Extrudez

&) Filet1
&) Filetz
+ Top Cuk
+ @ Frant Boss
Mirrar 1
+ @ Side Boss
@, Mirrars
+ Extrude?

i

48. - After making the Tapped hole, we realize that we want the walls of the
Housing to be thinner, and need to make a change to our design. In order to do
this, we find the feature that we want to modify in the Feature_ II\./IanaIger (“Top

Cut’) or in the graphics area, and select it. From the pop up g5
=]
M e-

toolbar, select the “Edit Sketch” icon. This will allow us to go
back to the original sketch and make changes to it. Notice
the selected feature is highlighted in the screen.
B 12 -
Ll @
Iif t'l If we select the feature with a Right-Mouse-Click, we will see the pop up
Iz toolbar along with an options menu. The most commonly used commands
are already in the pop up toolbar

Selecting the “Edit Feature” icon will show the feature’s
command when it was first created.
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=
'( ./ When the “Instant 3D” tool is activated, we see the feature’s dimensions
IJ  when selecting it.

Y [ERl-NEY »
(T )
T Partz
[j-- Annotations
[j--{;}] Lights, Cameras and Scens
Sensors
..8= Material <not specified>
<‘> Frank Plane
{‘} Top Plane
{“} Right Plane

I_. Qrigin
[j--@ Exkrpad /\
-5 Ext @ ld &=
& Fille| g -
] Fille
=@
[j--@ Front Boss
@ Mirrar1
[j--@ Side Boss
@ Mirrar
[j-- Extrude?

[j-- Extruded
D.ﬁ@‘ 1/4-20 Tapped Holel

/E
i

- L H

| L :
i

49. - What we just did was to go back to editing the feature’s Sketch, just like
when we first created it. Switch to a top view if needed for visualization. To
change a dimension’s value, double click on it to display the “Modify” box.
Change the two dimensions indicated from 0.375” to 0.25” as shown.
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375 — el =375
250
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v X 8 A2 F

“../ To move a dimension just click-and-drag it.

50. - After changing the sketch dimensions we cannot make another “Cut
Extrude” here because we had already made a cut; what we have to do is to
“‘Exit Sketch” or “Rebuild” to update the model with the new dimension values.

Widkas j Fie Edit Ve

- ) -|_ii.~L « Sketch3 of Part2.8LD... (L, v 5ol
W4

Repair
Sketch

Rebuild {Ctrl+B)
Rebuilds the part, assembly, or drawing.

| Exit this sketch and keep any changes. ]

< There is no real purpose to this dimensional change but to show the reader
“w.. how to change an existing feature’s sketch if needed, including
= dimensions, geometric relations and add or remove sketch geometry.
Another way we can make this change is using the “Instant3D”
functionality. The way it works is very simple: We select the feature 2
that we want to modify either in the Feature Manager or the graphics | =@t
area (in this case one of the inside faces which were made with the
Cut Extrude) and click-and-drag the blue dots at each of the
dimensions that need to be modified until we get the desired value, without
having to edit the sketch. Dragging the mouse pointer over the ruler markers will
give you values in exact increments. Depending on the speed of your PC and
the feature being modified, Instant3D may be slow, as the solid model is
dynamically updated.
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S50

51.- Now we will add more tapped holes to complete the flange mounting
holes. We’ll use the first hole as a “seed” to make copies of it using the “Circular
Pattern” command. In the “Features” tab, select the drop-down list below the
“‘Linear Pattern” to reveal the drop down menu and select “Circular Pattern”.
Notice that commands are grouped by similar functionality.

B H-5-9-8
@ EH @ Rib f@ Wrap
Fill=t Fl‘_;r:::rrn @ Oraft e Bome i

- - E Shell @, Mirrar

Eﬂgl Circular Patkern
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52. - The “Circular Pattern” needs a circular edge, a cylindrical surface or an
axis as a reference for the circular direction. We will select the circular edge
indicated in the following image. Notice the “Parameters” selection box is active
(Highlighted) by default.

i Circular Pattern I. I —h\—:::
‘" |

Parameters = Iflir:ecﬁT?,.-—-ﬂ__\
@ E-:I-:le-=::1::=- Egta;innc%s: 3500{8 T
e |360deg | =

& 0 :

Equal spacing

Features to Pattern

]

Faces to Pattern -3 //
=T ] '

53. - Any circular edges or cylindrical faces that share the same axis can be
used for a direction, as shown in the following images.

~—.Another option for direction is a temporary axis. Every cylindrical surface
./ has a “Temporary Axis” that runs through its center. To view them select
I the menu “View, Temporary Axes” or in the “Hide/Show ltems” toolbar.

Contral the visibility of temporary axes ]
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54. - Now click inside the “Features to Pattern” selection box to activate it
(Notice it gets highlighted). Select the “V2-20 Tapped Hole1” feature from the fly-
out Feature Manager; change the number of copies to six (notice this number
includes the original), and make sure the “Equal spacing” option is selected to
equally space the copies in 360 degrees. Notice the preview in the graphics area
and click OK to finish the command.

LR ML s

. . Circular Pattern 4 + Lights, Cameras and Scen
w W (@] sensors
;E Material <not specified o
Parameters A %52 Front Plane >( —~
— {\> Direction 1
|{_}| ‘Edge{l::— ‘ A Top Plane Spacing  [360deg »
— @ Right Plane Inzstances: |6

360deq L. origin
+ @ Extrudel

4 @ Extrudez

(] [fa

Equal spacing / &1 Fillet1
& Filletz
Features to Pattern A + Top Cut
1/4-20 Tapped Holel T % Front Boss
Mirrorl
+ @ Side Boss
@. Mirrors
ﬂ + Extrude?
|Fg|:es to Pattern ¥ | 4 B vy
(G
| Bodies to Pattern ¥ |
| Instances to Skip ¥ |

__ The feature to be patterned can also be selected from the graphics area; in

.jf t'u this case a face of the feature needs to be selected. In many cases a face

may be difficult to select because it may be small, like the Tapped hole. In

this case, we can use the “Magnifying Glass” (Shortcut “G”) to make
selection easier.




Beginner’s Guide to SolidWorks 2009

55. - Since we need to have the same six holes in the other side of the
Housing, we will use the “Mirror” command to copy the Circular Pattern about the
“Front Plane”. Make this mirror about the Front Plane and mirror the
“CircPattern1” feature created in the previous step.

— |
+ Lights, Cameras and Sane

o R Sensars %

%E Material <not specified

L Mirror

Mirror Face/Plane A ‘
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H @ Extrudel
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& Filetz
+ Top Cut
4 Front Boss
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56. - We will now add four #6-32 tapped holes to the topmost face using the
Hole Wizard. Switch to a Top View, and select the top face first. Then select the
Hole Wizard icon.

’/,; """"" ,f'f JEm— L L unw Tools Toolbox  Winc
i i ! !
i i i i -
A T ' | @ ]
! ! truded | Hole Leevolved
5 e ; Cut |Wizard @ Cut
i | i | )
i i ! ! ce Products
I [ N _J I |

H : 5 [}
Q_.i_ ........ . . e -

57.- In the Hole Wizard’s Property Manager, select the “Tap” Hole
Specification icon, and select the options shown for a #6-32 Tapped Hole;
change the tapped hole’s depth to 0.75”. The “Blind” condition tells SolidWorks to
make the hole an exact depth.

@ Hole Specification

W R

(72 rvee | positens )

|Eavorite %~

Holedype A : ‘ s

R T ]
' AHEJ@ N 7 B E g5 B “\‘“
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I |P.nsi Inch \ v | —

Type: =
|Bottnming Tapped Holy W | 4
=

—

HWatinns -3 |
e N\ |
#6352 \ | . T =
[] show custam sizin\ | h&_ | | : | . i i
\ . NN |
End Condition - 1 1 . . ! ]

&J |Blind W |

i ‘@
Thread:

lBind (z* 018y / v

~::

r.}...i_.._.._.._l

il
i
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Il
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58. - Click in the “Positions” tab to define the hole’s location. Notice that the
“Sketch Point” tool is active in the Sketch toolbar and a Point has already been

added where the face had been pre-selected.
File Edit WView Insert Tools To

. O-~N-- ¥ O
: : ; Trim  Convert
i i \HL"_"_"_"_':NI F} =D ities Enﬁ:jes

k

i -

i raluate | DNgXp fiice Products
[

i

i

+
Poink
E Sketches a point.

59. - With the “Point” tool active, touch (DO NOT CLICK!) on each of the other
three corner fillets. Once their centers are revealed, click on them to add a point,
this will make them concentric to each fillet’'s center. To finish, add a
“Concentric” relation between the first point and the last fillet's edge. Your
model should look like the next image. Click OK to finish the Hole Wizard.
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60. - We are now ready to make the slots at the base of the housing. For this
task it will be easier to switch to a “Top View”. To add a new sketch, we can
select the “Sketch” command and click on the selected face as before, but in this
case we’ll learn how to use the pop up toolbar. Simply select the face and, from
the pop up toolbar, select “Sketch”. Notice there are two similar icons: the one on
top is “Edit Sketch” to modify the sketch of the feature we selected, and the one
below is “Sketch” to create a new sketch on the selected flat face.

@ ENa <

Bl el e-

N 1
< L
& ;le|

If “Edit Sketch” is selected instead of “Sketch”, simply - A %
™ click on the red “X” in the transparent confirmation
%/ corner in the upper right of the graphics area to cancel
g any changes made to the sketch and go back to

editing the model.

58



Beginner’s Guide to SolidWorks 2009

To make the slot, we’ll use the

' ' L@ - 3
“Straight Slot” command from the “Sketch” % Sgrt N {g r =
tab in the Command Manager. This tool | sketeh | Dimension O-%-0-Am

@ - #*
MSuate | Dimxpert |

will create a slot by first drawing the
centerline and then defining the width of the

slot. Select the “Straight Slot” icon and ———as |
activate the “Add Dimensions” option; it will P | (Straight Slot. ]
automatically add dimensions when we ‘¥ \ Sketches & straight slot,

finish. The process is: click to locate the center of one arc, click to locate the
second, and click a third time to define the width. When finished, double-click
the dimensions and change them to 0.375” long and 0.250” wide.

slot Types

7,

Define slot width Automatic dimensions Corrected dimensions

( _," The “Slot” command has more options, including arc slots and overall slot
I length dimension.

< To enable auto dimension while sketching, select the menu “Tools, Options”.
../ Inthe “System Options” tab select the “Sketch” section and activate:

Enable on screen numeric input on entity creation

This way when any sketch entity is created, it will be automatically dimensioned
and works with lines, rectangles, circles and arcs.
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After the slot is defined, locate the bottom of the slot by adding two 0.5”
dimensions from the lower and left edges of the base as shown. Finish the slot
by making an “Extruded Cut’ using the “Through AIll” option. Rename this
feature “Slot”

M 500 —

61.- We will now create a “Linear == & Bw .
Pattern” of the slot. A linear pattern Fﬁt s b &8 wrep R

Reference
allows us to make copies of one or pattery | 08 Draft (@ Dome Geometry
more features along one or two - - shell [ Mirror .

directions (usually along model edges).
Select the “Linear Pattern” icon from the

O S W @B Do B

‘Features” tab in the Command Linear Pattern
Manager. Patterns Features, Faces, and bodies in
g
| one or bwo linear directions.

.

62. - In the Linear
) o R

Pattern’s Property
Manager, “Direction 1” | Pirectionl A

selection box is active; |[%]
select the edge | & | |
indicated for the
direction of the copies.
The copies will follow |[pirectionz A
this direction. Any linear E]
edge can be used as

-
&

long as it is in the = |

desired direction of the | «% |

patte rn. [JPattern seed only g
Features to Pattern A
& | |
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Once the edge is selected, a grey arrow indicates the direction the copies will be
made. If the Direction Arrow in the graphics area is pointing in the wrong
direction, click on the “Reverse Direction” button next to the “Direction 1”
selection box.

;. Linear Pattern ? I'
K '
'mnl A

E) Ed;\czl s ‘ {
- )
o Sin | =

z | &N

Direction 1

o A spaning [01250
", Instances: |2
Y

.. #

Direction 2 A
2] |
e | 0,125in |

-
o | + |

[JPattern seed only

Features to Pattern

&

b

63. - Now click inside the “Features to Pattern” selection box to activate it and
select the slot feature from the fly-out Feature Manager or the graphics area.

Change the , 7 s s m
Spacing between E]—Eﬂ Lights, Cameras and Scerl .'
the copies to ¥ ¥ sensors <%
1.25" and total Direction 1 2 ":‘-. \'-\
copies to 2. This | NN
value includes . A \._\
the original just = . -
like the Circular wi || N
Pattern. Click |—— " N,
OK to finish the |2*=tete | IR LN NN
command. @| | E ;rn:nf;';ss N b ‘.\"\

e | 1.96850304in | T — \‘x{ “\‘_\

irrarz
[rattern seed only E E :@ Extrude? ) i
Features to Pattern # [ TT;E:;ETBEDpEd Holel
B CirPatternl
# = —l% Telirrars
Hale 1
=@
Faces to Pattern % |
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64. - As we need the slots on both sides, we’ll copy the previous linear pattern
to the other side of the Housing using the “Mirror” command. Click on the
“Mirror” icon in the Features tab of the Command Manager; select the “Right
Plane” as the mirror plane and the Linear Pattern in the “Features to Mirror” box
to copy the slots.

EFES R Ny

i Mirror = H Lights, Cameras and Scéngs
o K SEnsOrs
gE Material <nat speciffed>
bivor Face/Plane Al X Front Plane
(l Right Plane \ | Q Top Plane
Z
Features to Mirror [ Origin
+ @ Extrudel
< £ @ ExtrudeZ
Fillet1
&1 Filetz
~ + Top Cut E
| Faces to Mirror ¥ | =
+ @ Front Boss
|§udies to Mirror ¥ | Mirrart ¢ ¢
+ @ Side Bosgie.
Options A @ Mirror2
[ Geometry Pattern 1 F Extrude?
L Extrudes
Propagate visual Prrey
properties “H@" 1/4-20 Tapped Hole1
£ Crpatterni
@. Mirrard
+Hig* #6-32 Tapped Holel
@] slot

TR

if \I Selecting the Linear Pattern feature for the mirror also includes the “seed”
I feature (Slot).

65. - Using the “Fillet” command from the “Features” tab, add a 0.125” radius
fillet to the edges indicated as a finishing touch. Rotate the model using the
middle mouse button and/or change the view to “Hidden Lines Visible” mode to
make selection easier.

,» 90-2-B-2-9- 8 E-
ot Cut 6 .ggg @ Rib |@ Wrap e
Fillet | Linear @ Draft I':! Dome EEEEEF;

=d Cut Sttern
dary Cut - - a Shell @, Mirrar e
AW E-@- 6

Fillet
Creates a rounded internal or external

face along one or more edges in solid ar
surface Feature,
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66. - Now that the model is finished, we can easily determine its physical
properties, such as Weight, Volume, Center of Mass and Moments of Inertia.
SolidWorks includes a built-in materials library with many different metals and
alloys, plastics, woods, composite materials and others like air, glass and water.

The library includes mechanical and thermal properties such as:
Mass density

Elastic and Shear modulus

Tensile, Compressive and Yield strengths

Poisson’s ratio

Thermal expansion coefficient

Thermal conductivity

Specific heat

These properties are used by SolidWorks to determine a part’s weight, or
determine with SimulationXpress (formerly CosmosXpress), the built-in
structural analysis software, if a component will fail under certain loads.

To assign a material to a component, Right-Mouse-Click in “Material” at

the top of the Feature Manager, and either select “Edit Material” or pick one of
the materials listed. This list can be changed in the Favorites tab in the Materials
library. For this part, select “Cast Alloy Steel” from the “Steel” library.

% Housing

+ LI Annotations
+ ﬁl Lights, Cameras and Scene
_f| SEns0rs

> Front Plane 3= | Edit Material
< Top Plane Manage Favn%s
@ Right Plane
1, origin Chrome Stainless Steel
+ [ Extrudei AIST 1020
+-[§ Extrudez aluminum Bronze
@ Fillet 1 FF Copalymer
Al Nylan 6/10
H Top Cut Ceramic Parcelain
+-\[g Front Boss g
Dﬂ Mirrmr
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Material g|
— 115 solidworks Materials # | | Properties | Appearance | CrossHatch | Custom | Application Data | Favarites
- (35 Steel ) )
3= 1023 Carbon Steel Sheet (55) REE IR : ; _ _
;E 201 Ainnesled Stainless Steel (55) b:zﬂesrtlz:i Il?b::s,lcti:feagiltt iIg:urar_l,l cah haot be edited. ou must first copy the material b
35 AZ86 Iron Base Superalloy
§= AIST 1010 Steel, hat rolled bar
§E AISI 1015 Steel, Cold Drawn (S5)
$= ars1 1020
3= AISI 1020 Steel, Cold Ralled
$= AIST 1035 Steel (55)
§= AIST 1045 Steel, cold drawn
3= als1304
§E AI5I 316 Annealed Stainless Steel Bar (52
§E AISI 316 Stainless Steel Sheet (55)
$= AISI 321 Annealed Stainless Steel (55) ALCREIL] kiele Uil
8= AISI 347 Annealed Stainless Steel (55) E::zts'zn“‘?:::‘; EZ:SDB"”W il
15 IS5l izl Shear Madulus 1131204007 in2
§= AISI 4130 Stesl, normalized st §70C Thermal Expansion Coefficient 1.5e-005
8= AISI 4340 Steel, annealed Density 0263739 loina
3= AISL 4340 Steel, normalized Thermal Conductivity 38 Wi K
§E AISI Type 316L stainless skeel Specific Heat 440 Jkg K
gE 8151 Type A2 Tool Steel Tenszile Strencgth E4555.9 Ibsin"2
35 allay Steel Yield Strength 34594 lfin®2
3= Alloy Steel (55)
3= ASTM A36 Steel
=
§E Cast Carbon Steel Q
§E Cast Carbon Steel (S)

Click on “Apply” to accept the material change and Close the library. Now
the Feature Manager reads “Cast Alloy Steel’” where “Material” was before.
Select “Mass Properties” from the “Evaluate” tab in the Command Manager.
We’'ll see the Density (provided by the material selection), Mass (Calculated from
the volume and density), Volume, Surface Area and Center of Mass coordinates
relative to the origin (also indicated by a magenta triad in the graphics area),
Principal Axes of inertia and Moments of inertia about the Center of Mass and
the part’s origin, all listed in a new window, where we can copy the text for later
use in reports.

B SolidWorks j Fie Edt View Insett To

% Housing (Machined)
¥ [A] Annatations
%l Lights, Cameras and Scene
[3] sensars
&> Front Plane

&

Top Plane

. ct
I
Measure Mass Section  Sensor
Propertic¥s\ Properties Statistics
| £ re
Features | SHych | Evaluate | Dimxpert | Office Pr
D (71 e |
Mass Properties
(T Calculates the mass properties of the
% ) e,
Housing I
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R Undercut Analysis | SimulationXpre
Analysis Wizal

§ Mass Properties

: Parting Line Analysis

QoM@ J o

Print... H Copy ” Close ” Options, ., ” Recalculate ]

Oukpuk coordinake system: | -- default -- w |
Housing. SLOPRT

Selected items:

Include hidden bodies/components
[ show output coordinate syskem in cornet of windaw

|:| Assigned mass properties

Mass properties of Housing  Part Configuration - Default )
Cutput coordinate System: -- default-- - R
Density = 0,264 pounds per cubic inch
Mass = 4,379 pounds
Yolume = 16,606 cubic inches
Surface area = 120.993 inches™2
Center of mass: { inches )

»=0,000

¥ =1,595

Z =0.000

Principal axes of inertia and principal morments of inertia: { pounds * square inches )
Taken at the center of mass,

Lx = (1,000, 0,000, 0,000 Px = 10,652
Iy = (0,000, 1,000, 0,000 Py = 14,540
Iz = (0,000, 0.000, 1.000) Pz=17.473

Maments of inertia: { pounds * square inches )
Taken at the center of mass and aligned with the output coordinate system,

Lixx = 10,652 Liy = 0,000 Lxz = 0,000
Lyx = 0,000 Lyy = 14.949 Lyz = 0,000
Lz = 0,000 Lzy = 0.000 Lzz = 17.473

Moments of inertia: { pounds * square inches )
Taken at the output coordinate system,

Liox = 21,764 Ly = 0,000 Ixz = 0,000
Tys = 0,000 Iyy = 14,940 Iyz = 0,000
Izx = 0,000 Izy = 0,000 Izz = 26,585

Mass properties are referenced to the origin by default, but they can also
be referenced to a user-defined coordinate system by selecting one from the
“Output coordinate system” drop down list. In the “Options” button we can
change the units in which we want the results to be displayed. The default option
uses the document’s units.

Save the finished part as “Housing” and close the file.
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