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Introduction

AutoCAD Students:

Welcome to Learn AutoCAD!: Mechanical Drawing Using AutoCAD
2016. This book is designed to give you an introduction to Mechanical
Drawing using the AutoCAD 2016 software. These projects were originally
developed based on the projects used for my Introduction to AutoCAD
course at Glendale Community College in Glendale, California.

The operating system used for these projects is Windows® 10. The book is
divided into two parts: 2D Tutorials and 3D Tutorials of the projects. All of
these projects have step-by-step procedures, screenshots, and
demonstration videos on the companion website at:
www.mechdrawautocad.com. The videos will also provide additional
instruction of the tools and techniques being used for each project. It is
recommended that you view these either before or during the drawing of
the projects.

Please Note: Access to the videos and support files require a Google Account.
If you would prefer to access the files using a different method, please contact
the author at mechdrawautocad@gmail.com so that different arrangements
for file access can be made.

You will receive an introduction to the 3D portion of the software and
complete the projects using this portion of the program. Once you have
completed the tutorials, you may wish to print your drawings and assemble
them into a portfolio. You should have a general knowledge of orthographic
projection, linetypes, vellum and border sizes, welding symbology, and
dimensioning practice.

It is my hope that you will find this process an enjoyable and informative
one. Once you have completed the book please feel free to email me with
any suggestions and/or compliments about the book.

Enjoy,

HE—
HAFT

David Martin

mechdrawautocad@gmail.com
www.mechdrawautocad.com


http://www.mechdrawautocad.com/
mailto:mechdrawautocad@gmail.com
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Before Beginning to Draw

Each project has set of procedures that will aid you in drawing the
project. The units that are used are either in inches or millimeters.
Before beginning the project, be sure to set up the file with the
appropriate drawing units and layers. As the book projects progress, the
setup for new projects will change.

A good strategy is to use a previous project that is similar to the current
project to aid in the set-up of the file. If a template does not exist, create
one from a completed drawing.

Before beginning the projects, it is recommended to print out the PDF
versions of the completed projects. This way you will have a reference
for the measurements and locations of the features of each part. High-
resolution files of the PDF versions of the projects are available on the
book website.

Video Tutorials
There are on-line video tutorials available for student use at:
www.mechdrawautocad.com

Permission to access these files will be given as part of book purchase.
The author may be contacted by email at
mechdrawautocad@gmail.com. You will also be required to create a
Google Account or contact the author for other methods to access the
files. This account and the associated email account will be used to
access the tutorial videos. After the email is sent, you will receive
instructions on how to access the tutorials and support files.

Title Blocks and Other Support Files

Title Blocks and other support files will be provided on the book website.
Student should copy these files to their local drive and/or flash drive.

File Management

One of the most important issues while learning a computer-based skill
is the management of the various files created. Always create a backup
copy of your working files. Students should use folders to organize their
work. A recommended method to do this will be covered during the first
project.


http://www.mechdrawautocad.com/
mailto:mechdrawautocad@gmail.com
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AutoCAD Educational License

Autodesk Inc. provides free educational licenses of their software. To
download the software, registration on the Autodesk site is required.
Access the Download Trial link at the web address below:

http://www.autodesk.com/education/free-software/all

If you are a student or teacher at an academic institution, you are
eligible to receive a variety of products for free from the Autodesk site.
Please visit the Autodesk.com site for terms and conditions.

Mechanical Drawing Layer Setup

Use this guide for the Layer Setup for the drawings. The procedure to
setup the levels for the drawing will be covered later in the book.

i

¥ Current layer: 0 Search for layer Q

4

wlm o & G koW o
| Filters “| 5. Name & O Fre.. L. | Color Linetype Lineweight Trans... PlotSt.. P.. M. Description
=5 Al & 0 B g Owhite Continuous Default 0 Color7 & B

o 5 All Used Layers | = Defpoints B 4 o OOwhite  Continuous ——— Default 0 7 @ B

G | = Objectlines § II of° M agreen Continugus s 050 mm 0 Calor 2 = B

}_l |azr Text i II of [ white Continupus —— 0.20mm @ Color7 @ B

=

|E

| &

|2

[

| e

& ||

% | [ Invert filter “| ¢ >

|2 |l

i

=

| All: 4 layers displayed of 4 total layers

'Layer Properties Manager Dialog Box

Use the following level setup for both imperial and metric drawings:

Layer Name Linetype Lineweight
Object Lines Green (2) 0
Hidden Lines White (0) (Hidden)
Centerlines White (0) (C(;lefcr;?g)hgl;t) 0
Dimensions White (0) 0 0
Text White (0) 0 0
Hatching Red (3) 0 0
Border Lines* Yellow (4) 0 2
Points* Magenta (5) 0 6
Tags* White (0) 0 0

*Used for A-Size and B-Size Border Files.


http://www.autodesk.com/education/free-software/all
http://www.autodesk.com/education/free-software/all
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Drawing Setup for the 2D Projects

Please watch the Tutorial Video for Project #1 for information of drawing
setup. The steps are also covered in the tutorial for the projects.

This chart shows the drafting settings for the 12 projects.

Linetype

Project Drawing Plot Tt.ext Dimension Scale Grid I_)ot

# Scale Scale Size Scale Factor Spacing
1,2 None 1:2 .2500 1.0000 N/A .2500 ANSI A
3,4 1:1 1:1 .1250 1.0000 1.000 .2500 ANSI A
5-8 1:1 1:1 .1250 1.0000 1.000 .2500 ANSI B
9 1:1 1:1 3.175 25.4000 25.4000 5.0000 ISO A3
10 1:2 1:2 .2500 2.0000 2.000 .5000 ANSI B
11a None 1:1 .1250 N/A 1.000 .2500 ANSI B
11b 1:2 1:2 .2500 2.0000 2.000 .5000 ANSI B
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Project Volumes for 3D Projects
AutoCAD can measure the volume of the 3D projects that you will be

drawing. This provides an easy way of determining if you drew the object the
correct size and shape.

Use these volumes as a guide when calculating the volumes of the 3D
versions of your projects.

Use the VOLUME key-in command to measure the volume of your project.

Project # Volume Units

1 32.8393 Cubic Inches

2 9.4599 Cubic Inches

3 3.0664 Cubic Inches

4 5.7910 Cubic Inches

5 12.4649 Cubic Inches

6 9.5502 Cubic Inches

7 1.7920 Cubic Inches

8 (Cam) 2.2996 Cubic Inches

8 (Drive Wheel) 2.2619 Cubic Inches

8 (Base) 10.9718 Cubic Inches

8 (Shaft) 0.1474 Cubic Inches

8 (Key) 0.0097 Cubic Inches
9 163987.3199 Cubic Millimeters

10 6.8571 Cubic Inches

11%* 13.5996 Cubic Inches

Note:
To check the volume of Project #11, create a copy of the parts and then union them
together.



Learn AutoCAD!
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Projects - 2D Versions

Project #1 -
Absolute Coordinate Exercise

Filename: PROJ-01.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This is the first project of the book. It is desighed to introduce

you to the AutoCAD interface and to give you practice in the use
of the Absolute Coordinate system. A completed version of the
project is shown at the end of the tutorial.

You will also be introduced to the Move, Copy, Offset, and Text
tools and the use of the various commands to control the font,
size, and the spacing of the various text elements in the
drawing.

Setting up a Folder Structure and Downloading the Support Files

1.

Before beginning to draw, you will set up a folder structure to save and
organize your drawing and support files.

On your desktop, open your File Explorer window.

On the drive/location of your choice, create a folder called AutoCAD
Projects. All your files used and created while using this book will be
contained in this folder.

Within this folder, create a set of sub-folders as [ g Deskiop

shown. _
v AutoCAD Projects

More folders will be created later on in the 1- Projects - 2D
book. 2 - Projects - 30
Note: In this case the folders were created on Sesuppart il
the Desktop. If you are using different Folder Structure

computers and wish for you files to be mobile,
you may wish to use a Flash Drive instead.

Open the website for the text book located at
www.mechdrawautocad.com.

Find and download the Support Files from the Google Drive folder and
copy the files into your Support Files folder on your local drive.

Note: This folder contains all the files you will need to complete the
book projects.


http://www.mechdrawautocad.com/
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Starting the AutoCAD Software

1. Find and click on the AutoCAD 2016 Icon to start

the software. "

AutoCAD
2016 -
English
AutoCAD 2016
Icon

2. The splash screen will appear. Wait for the software to open and for the
opening screen to appear.

T

DESK’ AUTOCAD' 2016

Get Started Recent Documer Connect

Sign In to A360
Access online services

Send Feedback
Help us improve our products

Start Drawing ]
.

LEARN B

AutoCAD Opening Screen
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3. Click on the Start Drawing icon on the left side
of the screen.

Start Drawing

ﬁ Templates v

Start Drawing

4. A new drawing file will open.

AutoCAD will automatically use the acad.dwt file as the template file.

5. This is the user interface.

At the top is the Ribbon panel that contains the tools you will use to
complete the drawing.

Application Menu |

Quick Access
Toobar

Drawing Tabs

Design Feed Status Bar

Lx Properties Window |

B ornarl- DESTOMFEEBODEM
-+ N
1

b et T et Mopg i s LB e s HeE AR AM-O-+ T @gBE=
Command Line

Model and Layout Tabs |

£

AutoCAD User Interface

Note:
The tools and other parts of the user interface will be discussed in greater
detail as you progress through the book.
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Beginning the Project

1.

Click on the Save tool in the Quick 0 =R
Access Toolbar at the top left of the m e T
screen. : = : :

Save Tool
Save the file as: PROJ-01.

The file should be saved in your
Projects — 2D folder.

Note: You should save the file
regularly (approx. every 15-20
minutes) while you are working on
the project.

Click on the line tool in the Home Tab, B Home | tmt Annotate

Draw Panel. d
D @ f" B -

Polyline Clrcle Arc

- .
Draw «
Line Tool
Next to the drawing cursor
you will see the coordinates
for the start of the line.
For this first project you will ol et pont|| LEE | nziess
be using the keyboard to key- S T |
in the coordinates for the

Note: If you cannot see the
coordinates appear when
adding the line, make sure
that the Dynamic Input
variable is turned on. Type
DYNMODE and set it to 3.



Project #1 - Absolute Coordinate Exercise Learn AutoCAD! Page 12

4. Type 0,0 to place the first
endpoint. You will see that the
start point is located at the
origin of the drawing marked . -
with an X and Y. S | Specify net point or 1|

The X and Y symbol is also
known as the UCS (Universal
Coordinate System) Icon.

Start Point and UCS Icon

5. For the next point type
in the coordinates as
shown in the example.

[Specifyned pointer 1] (25 ] (650 |

The next coordinate is at
1.75, 1.75.

# Sign Used to Indicate
Absolute Coordinates

When typing in the coordinates, include the number sign “#” before the
numbers.

This sign indicates that the coordinates are Absolute Coordinates and are
measured from the Origin.

Use the chart in the next step as reference for the coordinates for each of
the line endpoints.

Note: AutoCAD uses the Cartesian Coordinate System (X,Y) for the
coordinate entry.
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6. Work your way through the chart
for the outside shape of the ABSOLUTE
drawing. POINT COORDINATES
X Y
When you get to point to Point K, A 0.00 0.00
close the shape by typing in #0,0 g 175 175
to end the line back at Point A. —— — L
@ 145 6.50
Press the ESC key to end the D 4.25 6.50
command. E 5.25 | 3.50
Note: As you are adding the lines - .70 2:29
: you ar i [ S —
you may need to adjust the view = ?'OO 2?5
of the drawing. Use your Mouse H 8.00 0.00
Wheel to zoom in and out. To pan J £.00 | —1.72
the view, hold the wheel down and K 475 | —0.50
drag your mouse. . 550 575
M 5. 78 5./ 5
N 5. 75 2.45
P 2.50 2.75
Q 4.25 1.00
R 6.50 0.23
Project #1
Absolute Coordinate Chart
7. Next you will draw the rectangular shape.

Resume the Line tool and begin by entering
the first coordinate at point L (2.50,5.75).
Continue around the rectangle and back to

point L.

Completed Rectangle
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8.

10.

11.

12.

13.

Next you will place the hexagon.

//'I= ““:I (E f,‘ T= +E+ Maove
- - - {
Begin by clicking on the Polygon Line Polyline Circle  Arc E’nemngre
tool. ¥ T = i
Draw (\ J Polygon )
This tool is found in the Draw Seart Initial PROTEREET——= 1
Panel.

Polygon Tool

You may access the tool by
clicking on the arrow next to the
Rectangle tool and selecting the
Polygon tool.

Enter the number of sides as 6
and press Enter.

Specify the center of the polygon
at point Q (4.25, 1.00)

lygonor | [E0E

Specify Center of Polygon

Press Enter to accept the option
as “Inscribed in circle”.

Inscribed in Circle Option

Type .75 as the radius of the
circle that the hexagon will be
contained in.

et | 75

Specify the Radius

Press the Enter key to place the hexagon.

Hexagon is Placed
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14. The procedure to place the Circle is o

similar. 7 D f/ju-
T
Arc

Line Palyline
Click on the Circle tool in the Draw Panel. 5 -

Draw =
Circle Tool

15. Enter the center point at point

R then specify the radius at '
.75.
T

Circle is Placed

16. This completes the shape of
the object.

Next you will set up the layers
for the drawing.

Shape is Completed

Setting up the Layers

Layers are used to organize the drawing. By categorizing the different
types of objects on a drawing into layers, you can control their appearance
and visibility on the drawing. Every drawing will have its own layer set-up
and will depend on the type of project you are drawing.

1. Click on the Layer Properties tool

in the Layers panel. & Lo -

<% B S S £5 Make Current
ies E_} Q;, £ e % Match Layer

Layers =
Layer Properties Tool

2. The Layer Properties Manager dialog box will open.
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1=

“| e =

Current layer: D Search for layer Q W
| S & 5 o |l
|| Filters | 5. Name 4 On Freeze  Lock Color Linetype Lineweight  Transparency PlotSt.. P.. MewVF
=5 Al 0 g e o [white Continuous —— Default 0 Coler 7 & (=
{8 All Used Layers =
=4
= |
E |
a |
o
&=
| e |
[ Irvvert filter %J |
I E
||

All: 1 layers displayed of 1 total layers

Layer Properties Manager

The Layer Properties Manager dialog box is used to control different
attributes of a layer. These are the ones that we will be concerned with at
this point:

Status - Shows which layer is the current one being used.
Name - The name given to the layer.
On or Off - Whether the layer is visible or not visible.

Color - The color of the layer. (If white is used it will be the opposite of the
background.)

Linetype - The style of the line in the layer (i.e. dashed, dotted).
Lineweight - The thickness of the line in millimeters.

3. Click on the New Layer

tool within the dialog o | Current layer: 0 i

bOX. | _— = P2 4; T
| @ | = EF £

This will add a new layer || :.F“t?f_s ad “| S.. Name

to the drawing. e PTG sl o Fia e

New Layer Tool
4. Type in the new name of the layer as “Object Lines”.
Set the color to Green.

Keep the linetype as Continuous
Set the lineweight to .50mm

P s e
«| 5. Name 0., Fre.. L. | Color Linetype Lineweight Trans.. P
« 0 WA o white Continugus ~——— Default 0 ¥
Jers a Objectlines| ¥ @ o Bgreen Continuous —esss 0.50mm 0

Object Lines Layer Properties

5. Add another layer called Text. Set the color to White, the Linetype to
Continuous, and the Lineweight to .20mm.

6. Close the Layer Properties Manager dialog box.
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Setting the Drawing Grids, Snap Settings, and Polar Setting

Drawing Grids are the lines that are on the background of the drawing.
These lines are used to help estimate size on the drawing and to help line
up elements on the screen. These lines are similar to lines on a sheet of
grid paper. You will change the grids to a new setting.

Snaps are used to lock the cursor onto existing elements. You may have

noticed that while you were drawing the shape for Project #1 that the lines
were occasionally locking onto other elements. You will review and change
the snap settings for the drawing.

1. Before opening the
Drafting Settings dialog
box, you will need to turn

on the pulldown menus.

Click on the down arrow
next to the Quick Access
Toolbar.

Note: You may also use
this pulldown to customize
the toobar.

2. Click on the Tools menu
and select Drafting
Settings.

DedBgoS-

5|

w Insert  Annotate
?@r’“ﬂj

L|ne Palyline r'|rc|r:
¢

Home

Draw =
Start Initial Project

[=1Tepl[2D Wireframe]

V'n Custornize Quick Access Toulbar ',5

o ¥ Mew

-

+ Open

g
|: Save

| Save As,,,
#1 Plot
Undo

v
i

| v
d
+ Redo

Workspace

Match Properties

Batch Plot

Plot Preview

Properties

Sheet Set Manager

Render

More Commands..,

1 Show Menu Bar

Show Below the Ribbon

Down Arrow

CAD Standards
Wizards

Group
Ungroup
Tablet
Customize

Options...

Drafting

Drafting SEﬁEngsD

Geographic Location...

Settings
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3. The Drafting Settings dialog box opens.
Set the Grid X and Y spacing to .25 and the Major line setting to 4.
This will set the distance of the Major Lines every 1 inch.
Press the OK button to close the dialog box.

You should see that the grids lines are now approximately half the
distance that they were before.

i\ Drafting Settings X

Snap and Grid | Polar Tracking  Object Snap 30 Object Snap  Dynamic Input | Quic) + 1+

(®) Rectangular snap
() lsometric snap

[]5nap On {F3) Grid On {F7)
Snap spacing (Grid style
S i |G'5"FH}E' | Display dotted grd in:
r— ] 2D model spacs
Snap Y spacing: |ﬂ‘-5'|3"{}[:I [ Block editor
Shest/layout
Equal X and Y spacing L1 Secthayn
id spacing
Polar spacing Grid X spacing: 0.2500
00001 Grid ¥ spacing; 02500
Maijor line every: 4 3
S orineovey: 4 2
@ Gid snap Gndbe}lawor

(] Allow subdlwsmn below grid
spacing
Digplay gnd beyond Limits

O PolarSnap [] Follow Dynamic UCS
Options... Cancel Help

Drafting Settings Dialog Box

shortcuts called aliases.

The keyboard shortcut for the Drafting

Settings dialog box is DS.

Note: Whenever a key is pressed, a

4. Some commands also have keyboard

I
Lt

v DST{DIMSWLEJ

suggestion will appear for possible

keyboard shortcuts.

Keyboard Shortcut
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5. Re-open the Drafting & Drefting Settings -
Settings dialog box :
and C”Ck on the Ob_]ect Snap and Grid PoIarTlackin Object Snap Dynamic Input  Quic + 1+
Snap tab at the top. ([F3E [Z] Object Snap Tracking On (F11)
Check the boxes next ] ] Erciacd = el e e
to the Midpoint, % (lingetion Cear A
Geometric Center, O MCenter b [ Pemendicular
NOde, and Quadrant 3 [] Geometric Certer T[] Tangent
snap modes. % [ Node % [Neasst
<> ] Quadrant B[] Apparent intersection
The small symbols :
Intersection e arallel
next to the names are i i R
N T I f 0 int, he point while i
the symbols that ) e ol el e oL
appear when you snhap To stop tracking, pause over the peint again.
on an object using that
mode.
Options... Cancel Help
Press OK to close the
dialog box. Object Snap Settings
6. Click Fhe Polar B Hicttng Sctiincs %
Tracking tab.
Snap and Grid Polar Tracking | Object Snap = 30 Object Snap  Dynamic Input  Buic 4 | *
Set the Incremental £ Polar Tracking On (F10)
Angle Sett|ng to 90_00_ Polar Angle Settings CObject Snap Tracking Settings
Ineremert angle: () Track orthogonally oty
ThIS W|” Set the POlar " (®) Track using all polar angle settings
. . [] Addttional angles
Tracking line to every L et LI
-] s, .
90 degrees when AR e R e B
placing lines and other Polar Tracking Set to 50 D
elements. olar Tracking Set to egrees
7. At this point you have set up the drawing to draw the remaining

objects.
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Changing the Layer of the Elements

1. Before drawing the table you will move the lines that you have already
drawn to the Object Lines layer.

2. Select the elements by quickly clicking
and holding at the top left of the
shape.

Drag to the right and down. You should
see a light blue box appear and
enclose the shape.

This box is known as a Fence.

Click again at the lower right corner to Fence Placed
select the elements.

3. After the fence disappears, you will see
blue boxes on the individual elements.

These are handles and can be used to
modify the individual elements.

Elements Selected

4. Click on the down arrow next to the layer. Select the Object Lines
layer.

You will see the lines of the shape change to a green color.

5. Next you will turn on the lineweight
toggle to see the thicker lines.

Press the ESC key a few times to clear Lw
the selection.

{5 LWDISPLAY
Type LW to see the keyboard shortcut {25 LWUNITS
options. {24 LWDEFAULT
Select the LWDISPLAY variable then LWDISPLAY Variable

chose Yes to see the thicker
lineweights.
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Drawing the Lines for the Table

1.

Draw the table using

the dimensions as
shown. =—1.50 3.00

430 —— ™

Begin by drawing a
horizontal line at 1.50 /
4.50 inches long.

Using the Snap
function, snap a line
from the left end
and draw the
vertical line 9.50
inches long.

Repeat for the right

side. L

16 ROWS
Note: The lines in .50 HIGH
the book
screenshots will
appear

monochrome. Your
version will appear
with color. If you
wish to view the
screenshots in this
book in color, use
the Kindle version of
this book.

~—1.90 1.20 1.50 —=

Dimensions for Table

To add the other horizontal and vertical

. . «+ Move (") Rotate -4 Trim -
lines, you will use the Offset tool. O &

S Copy Ak Miror (7] Fillet ~ ¢50

. . . ] [ EE Acr o
This tool is used to copy lines from an [5\ Stretch  F] Scale B Amray @
existing line or arc at a specific Medify ~
distance.

Offset Tool
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6. Click on the Offset tool
and set the distance to
1.5 inches.

Click the Vertical line and
copy to the right twice.

Offset the top horizontal
line down 1.00 then .50.

7. Next you will trim the
lines to create the boxes
for the text.

Click on the Trim tool in
the Modify panel.

Press Enter to select all
the objects in the
drawing.

st strensciind g 8 B B B ) g gt i _ g

Lines Offset

«&+ Move  (7) Rotate &

S5 Copy A Mirror (] Fillet - v
|:_.__t Stretch m Scale EE Array = gt
Modify -

Trim Tool

CLICK THESE
/Y LINES.

Click on the portion of
the lines that you want to
trim.

ra

8. When trimming the right

Jare K,\_w.p”\‘d\\“_wgf\‘"uﬁ«ﬂ‘-é*-»-‘-‘-ﬂ"._ﬂ‘""-.w“‘wwwi\‘la“M‘u.

Lines to Trim

line, click on the top of
the line first and then
below.

Aot AN sy seimere B ,ﬁ‘yf" W S i ST SV

Lines Trimmed
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9. Offset the lower
horizontal line down .50.

After the first offset

change the line to the
text level.
r _&3 e ST s N SO
Layer Changed and Lines Offset
10. To complete the lines for LINE ADDED.
the table, change the
vertical line to the text | AYER CHANGED
layer and add a new TO "TEXT".
vertical line as shown in P
the example. 7
When drawing the SOPRI P o N e

vertical line, you will see
an alignment line appear
to show that the new line
is locked vertically.

Lines for Table Completed

Adding the Text Elements and Outside Border

1. Begin by adding the text to the top two

boxes ' | Linear -

, ; 2 Leader -
Dimension

Click on the Multiline Text tool in the ) Table

Annotation panel.
Annotation -

Multiline Text Tool

2. Draw a small box for the text
off to the side of the table. e

U

Multiline Text Box
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3. Type the word “Point” in the

HPon\m '

editor box.

4. The default setting for the &
text is Arial for the font and & o
.200 for the height. Match —

X

Highlight the text and change
the font to "Romans” in the
Formatting panel and the

Text Editor Box

N :
. ByLayer -

n= .-
Aa - =5 Clear -

* Q2

Formatting =

Font Changed

height to .1875 in the Style

T« & Annotative

panel. AaBb123 AaBb123i m

& Annot

ative Standard Mazk

Style

Text Height Changed

5. With the text still selected, click on the
Justification tool in the Paragraph panel
and set it to Middle Center.

Click outside the text editor box to
complete the changes.

6. To place the word in the center of the
box in the table, draw a line diagonally
through the box. Use the Snap function
lock onto the corners of the box.

Click on the text and grab it by the blue
handle in the center of the word and
drag to the midpoint of the line.

You should see a green triangle appear
and the word Midpoint.

@ = Bullets and Numbering -

Justification I Line Spacing ~
T [FlsE=E=Es==

|| Top Left TL )
Top Center TC
Top Right TR
Middle Left ML
Middle Right MR
Bottom Left BL

Bottom Center BC

o Bottom Rjg ht BR eeeee————

Justification Changed to
Middle Center

Text at Midpoint of the Line
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7. Repeat the process for the words & Move () Rotate - Tim + &
“Absolute Coordinates”. Instead of — J . s i
creating new text use the Copy tool to A Mircor = F_'”Et T
copy the first line of text to the new [5 Stretch ] Scale 5 Amay - &
location. Modify ~

. . Tool
Click the tool, select the text, click at Copy Too
the start point of the copy, and finish at
the location of the copy.

8. To edit the copied text, double-
click on the text and edit in the ABSOLUTE
text editor box. POINT COORDINATES
Delete the diagonal lines when
finished.

I S SO RO IO o SPE P S S S S B
Text Added
9. Next, you will add the three columns of text.
Copy the word “Point” and place away from the table.
10. Double-click on the text to edit.
11. Make the following changes =

to the text:
Set the height to .25.

Set the Justification to Top
Center.

You will also need to set the
line spacing to 1.200x. This
will be done in the
Paragraph setting for the
text.

Click on the small arrow at
the lower right corner of the
panel to open the dialog
box.

Set the Line spacing to
Multiple and the setting to
1.200x.

This will give you a line
spacing of .50 inches.

® - Bullets and Mumbering -

=
= Line Spacing =
Justification P g

i —+

Paragraph - m
Paragraph Settings
& Paragraph =
Tab Left Indent
@L O1L Oa4 QO Firstline: | 0.0000 |
0.0000 - ————
oo ] M| g 2ot
Right Indent
Right: 0.0000
Spedfy Dedmal Style:
' peniod
[Paragraph Alignment
Left Center Right Justified Digtributed
[[]Paragraph spadng Paragraph Line Spacng
Before: After: Line Spacing: At
______ 0.0o00 Multiple ~ 1.2000x
Cancel Help

Paragraph Dialog Box
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12. After changing the text
settings, select the text and
drag to the upper left corner of
the first cell. DRAG TO THIS POINT

LOCATION. —— B

Text Column Location

13. Select the text y :
column and then Qidtat o Ediond . of
click the Move tool @ Copy  Ah Mimor (C] Fillet ~ . 0
in the MOdIfy paneL [.:_1 Stretch E Scale EE Array - &
Maodify =
Enter the following Move Tool
coordinates for the
move: &
@.75,-.125

Note: The “"@" is

used to indicate
relative coordinates Coordinates to Move Text

instead of absolute.

14. The text is now SNAP TO THESE

moved. POINTS. N
Copy the column

twice to the ABSOL
other two START COPY POINT CONRDIT
locations.

HERE.

A

Points to Copy the Text Column

15. Edit the text as shown in

the example. ABSOLUTE
If the line spacing setting POINT COURDINATES
changes, set it again to X %
1.200x.
A 0.00 0.00
B T.F e 1.4
— yg‘“* -l @:L,:me»w‘.,w w,f@“‘.. ;”QM
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16. Add the border using the
Rectangle Tool.

Use the coordinates -
1.50, -3.50 for the start
point at the lower left
corner.

Use 18.50, 10.25 for the
upper right corner.

17. The outside border

Text Placed and Edited

D @ e
’
n/' u—:) f/ -
Line Polyline Circle  Arc

- =

Draw =

Rectangle Tool

is placed.

The lines will be on
the Object Lines
layer.

ABSOLUTE
CODRDINATES
X i

0.00 | 0.00

1.75 | 1.75

»
2
H

1.75 6.50
4.25 | 6.50
5.25 3.50
4.70 2.25
8.00 | 2.25
8.00 0.00
7.00 | -1.75
4.75 | -0.50
2.50 | 5.75
3.75 5,75
375 | 2.78
2,50 | 2.75
4.25 1.00
6.50 | 0.25

|z|o|mmio|o|m|=

T|o|B|Z|=|r|=

Outside Border Placed
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18. Add the -
remaining text. % B I & weer
Wt "" ".= ByLayer -
Use the settings Aa ~ =5 Clear -

as shown.

Estimate the
location of the
text based off the
completed
example.

When underlining
the text, select
the text and
press the
Underline toggle
in the Formatting

| Formatting « |

Underline Toggle

ABSOLUTE COORDINATE =t FONT: ROMANS

EXERCISE

NAME: DAVE MARTIN
DATE: 3—-7-2016

PROJECT#: PROJ—01

HEIGHT:.375"
UNDERLINE TEXT

| —FONT: ROMANS

sagme | HEIGHT:.250"

FONT: ROMANS
HEIGHT:.250"

/

panel. NOTES:
1. CIRCLE "R” IS 1.50 IN DIAMETER.
2. HEXAGON Q" IS INSCRIBED INSIDE

A 1.50 DIA. CIRCLE.
5. PART IS 1.25 THICK.

Text Setting for Remaining Text

19.

To add the note for the origin at the
bottom left of the shape, you will use
the Leader tool located in the
Annotation panel.

A I’_‘I || Linear -
Text Dimensicn

] Table

Annotation =

Leader Tool

20. Before using the tool you will need to _ .
modify the style of the leader. A ﬁ ™ Linear - gg
. . ,{"3 Leader =
Text Dimensicn Laye
Click the down arrow next to the word * [ Table | Propert
Annotation in the panel. This will
expose options for the tools in the As Standard -
panel. ¥ |Standard -
Standard -
Then click on the Multileader Style @ il
E} Standard -

tool.

Note: When using other tools in
AutoCAD, this down arrow will be
available for additional options.

Annotation

{0

Multileader Style
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21. The Multileader Style :
Manager d|a|Og bOX i Multileader Style Manager *
lo) pe ns Cument muttileader style: Standard
) Styles; Preview of ; Standard

A iv Set Current
You will be creating a 2atoal
new style based off the Default Text | Modfy..
Standard style.
Click the New... button
to start the process. Lit:

All Styles ~

22.

23.

The Create New
Multileader Style dialog
box opens.

Name the new style
“Mechanical” then click

Multileader Style Manager Dialog Box

the Continue button.

The Modify
Multileader
Style dialog
box opens.

The name of
the new style
is also shown
in the title
bar.

#\ Create New Multileader Style *
MNew name:
Mechanical| ) ‘ I A, I
Start with: Cancel
Standard e
Help
] Annotative

Create New Multileader Style Dialog Box

i Modify Multileader Style: Mechanical

Leader Format  Leader Structure

Muttileader type:

Text options
Default text:

Texd style:

Text angle:

Text color:

Text height:

[ Always left justify
Leader connection

(® Horizortal attachment

() Vertical attachment
Left attachment:

Right attachment:
Landing gap:
[ Bdend leaderto text

Content

Iitent

Default Text
Standard
Keep honzontal

M ByBlock

0.1800 =

] Frame text

~

Middle of top line w

Middle of top fine LY

0.0300 i

Default Text

Cancel Help

Modify Multileader Style Dialog Box
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24. Make the following changes
to the style:

In the Leader Format tab,
change the arrowhead size
to .2500.

In the Leader Structure tab,
change the landing distance
to .3750.

In the Content tab, change
the text height to .2500.

Leader Format | eader Structure | Cortent

General

Type: Straight

Colar: I ByBiock
Linetype: — Byblock
Lineweight: — ByBlock
Amowhead

Symbol: # Closed filled

Size: 02500 | + I

Arrowhead Setting Changed

Leader Fomat ; Leader Siicture | Cortent

Constraints
Maximum leader points [2
[ 1 First segment angle I

e

[ 15econd segment angle

Landing settings
Automatically include landing
Set landing distance

Landing Distance Changed

Leader Format  Leader Structure Cortent

Multileader type: et
Text options
Default text: Default Ted
Text style: Standard e
Text angle: Keep horzontal
Text color: I ByElock
Text height: (Tozsw )
[ Aways left justify ] Frame text

Text Height Changed

Ak
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25. You will also change the

Font of the text.

This will involve changing
the Standard Text style.

In the Content tab, click
the button with the three

dots “...” next to the
Standard text style.

Leader Format  Leader Structure Contert

Multileader type:

Text options
Diefault text:

Text style:
Text angle:
Teat caolor:
Text height:

[ Aways left justify

26. The Text Style dialog box opens.

Change the font name setting to Romans.shx.

Note: Leave the height of the text set to 0.0000
be controlled by the Multileader settings.

M Text Style

Curment text style: Standard
Styles:

£ Annctative

Standard
Al styles -
AaBb 12
d 4

Itext w

lefault Teod
Standard O
Keep horzontal -
M ByBlock v
|0.2500 -
[] Frame text

. The text height will

X
Fort
Fort Name Forit Style: Set Current
g “ Realls
2 ENEET New...
[] Use Big Font
Size
[ Annotative Height
M [0.0000
Effects
[ Upside down ‘Width Factor;
1.0000
[ Backwards
Oblique Angle:
[ Vertical |D |
Cancel Help

Text Style Font Name Changed
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27.

28.

29.

Click the Apply

button then the Close M Multileader Style Manager bt
button to C|OS€ the E;:drrentrnultileaders‘t)de: Mechan_::ca) i |

. es: review of: Mechanical
Text Style dialog box. Yo Set Current

Mechanical
Standard

Then click the OK
button to close the
Modify Multileader
Style dialog box.

New...

Mody...

/Defqu It Text

List:

Confirm that the Al Sen
Mechanical Style is
your current style
and click the Close
button to close the
Multileader Style
Manager dialog box.

To add the leader, click on the
Leader tool and snap on Point A to
place the arrowhead.

Click the second point to locate the
text.

Type in the words for the note.

Click outside the text editor box to
complete the process.

Click on the leader and move the
text by grabbing the blue handle to
the left of the text.

Place the leader text as shown in
the example.

Multileader Style: Mechanical Set to Current

ES
ORIGIN (0,0)]
Adding the Text

v

ORIGIN (0,0)

Final Location of the Text



Project #1 - Absolute Coordinate Exercise Learn AutoCAD! Page 33

30. Add the letters for the point
locations.

Use the same font and size as the
leader text.

ORIGIN (0,0)

Letters Placed

31. Save the project. This concludes the tutorial.

In a later tutorial you will plot the drawing to paper and as a PDF file.
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Project #2 -
Relative Coordinate Exercise

Filename: PROJ-02.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: Now that you have been introduced to some of basic the
AutoCAD tools and techniques, you will continue with a similar
project. This project will continue with the use of coordinate
entry to place lines but will use relative coordinates instead of
absolute. Instead of starting from a new file, you will use PROJ-
01.dwg as your starting file.

Creating the New File and Drawing the Shape

1. Open PROJ-01.dwg and save the drawing as PROJ-02.dwg.

Note: If you are immediately starting the project just after completing
PROJ-01, save the file before using the Save As... command to save as
PROJ-02.

2. Keep and use the same layer setup as PROJ-01.

In the Layers panel, set Object Lines as your current layer.

3. Select and move the shape to the left of the border. You will use some
of the elements for the new project.

4. Since the points for this project are using relative coordinates, you will
place the first point with the mouse.

5. After placing the first
point, use the coordinate
display for point B.

Type the “@” symbol // [Sescinestpoinitor o [@7] (3575 (=114 |

before the coordinates.

Coordinate for Point A
After typing in the

length, type the “<”
symbol to indicate that
the next value will be an
angle measurement.

The symbol will
disappear after the angle
in entered.
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6. Continue with the next point until
the shape is complete.

If you lose your place, snap the
line endpoint at the previous point
to continue.

When you get to point L, snhap the
line back to point A.

7. To check the line from point .-,
L to point A for accuracy,
select the line and right-
click Properties to open the
Properties Window.

———

I

—

£ e o s
o T Bl gECE §e.u,.._.r'T‘F|Ité.‘___; i

i Quick Select...
CwickCale

(& Find...

Snap the Line Endpoint to Point A

o

Properties
Quick Properties

You should keep the
Properties window open
while drawing the projects.

Opening the Properties Window
Note: You may also open

the Properties window at
any time by using the
PROPS key-in command.

[ DWGPROPS
DBCPROPSLELT
DBCPROPSLT

PROPS Key-in Command

8. To see the precision of the

) i Drawing Units x

angle of the line to two
decimal places, open the Length T

. . . Type: Type:
Drawing Units dialog box P e e o
and change the Angle e : s
Precision setting to 0.00 St .

it 0.0000 v 0.00 v

Note: Use the DDUNITS (] Clockwise
key-in to open the dialog

3 \__[q_sswua[gﬁ-.m w WWM«« . 4b
Angle Precision Changed to 0.00

box.
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9. The length and angle values
for the line are in the
Geometry portion of the
Properties window.

Note: The other values will

be different for your
drawing.

Modifying the Table

1. You will need to stretch the
width of the columns before
editing the text.

The original width of the
three columns is 1.500.

You will use the Stretch tool

to change the width of each
column to 2.000.

2. Click on the Stretch tool.

Select the objects on the left side of the table

using the fence option.

Start the fence on the right side of the line to

place a crossing fence.

The color of the fence will be light green.

Click the second point below and to the left of the
bottom left corner of the table.

e = s e

S i khess ) 0.0000

3D Visualization -
Material Bylayer

Geometry o
Start X 4.2443 '
Start Y 0.0686
Start Z 0.0000
End X 1.8255
EndY 1.6098
End Z 0.0000
Delta X -2,3188
Delta ¥
Delta Z

Length 2 3
Angle 46,39

Length and Angle for LineLto A

#i+ Move  (7) Rotate -4 Trim - _é

%, Copy Ak Mirror (] Fillet ~ g5
EScaIe EE Array = gk
Modify ~
Stretch Tool

; A
{PCINT cor

alo|olz| ==l ||| m|o|o|of =
»
Q

_.z.
i

Fence Placed

3. Press the Enter key to accept the selection.
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4. Click a point near the L B
table for the first point

- ;5—3 sl B

of displacement and
drag the cursor to the

left.

hR—— _W'\' G Frag—y

Make sure that polar
tracking is keeping the
second location
horizontal.

Type .5 for the second
point. You will see the
fence stretch to the left.

5. The column is now stretched .5 to the
left.

6. To re-center the text in the column, move
the text half the distance stretched, or .25
to the left.

m‘%.mugw M«\y

Second Point .5 from the First Point

POINT é
—

"

A Og
3| 10
C [
D | 4
E |+
F | 4F

Column Stretched

‘;;.
i
POINT | &
<+
A T
B 3
¢ T
D%
E {
F 3
| PRICSNT 4

Text Re-centered
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7. Stretch the other two columns to 2.000 wide :
and pont |
re-center the text. L=
i 7
When stretching the other columns, complete c_ |1
enclose the first column so that the width is not E -
changed. - 7
G 8
H 8
J 7
K_1+4
L 2
M |3
N_ |3
P :2
Q 4
E LS

8. The columns are now at their
correct width.

9. Double-click on the text to edit it to
match the example.

When editing the columns, do not
delete all of the text. Leave the first
line of text to maintain the spacing
that was set up in the previous
project.

You will also need to increase the
width of the text column to
accommodate the text.

Click and drag the upper right side of
the window to the right.

Fence Location for
Stretching the
Second Column

ABSOLUTE
POINT COCORDINATES
X Y
A ).00 0.00
B [y = 1 55
C = 6,00
Al Pl et et e el g ]

Columns at 2.000 Width

) =N

| |

=)

e

i
10
10
&
10

Mo O|W| >

JEO | T | €| SR

B “
i Al ey wa"’\ﬁw‘w gyt

Adding the Text and

10. Edit the remaining text to match the example.

11. Add the text for the points. Use the same size as in the previous

project.

12. Save the project. This concludes the tutorial.

Increasing the Width
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99
BE9FL = TIONY ‘TP
Sl Y 0L 77T WOH4 3N L

SALON

..

I_.m_\._..__.._.u_.:,...rc._n\
BLE = HLIONT]
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Project #3 - Bracket

Filename: PROJ-03.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will use orthographic projection and the miter line

technique to create the views. You will create a dimension style
to dimension the views and additional layers and linetypes will
be used.

Beginning the Project

1.

Open PROJ-02.dwg and save the drawing as PROJ-03.dwg.

Note: If you are immediately starting the project just after completing
PROJ-02, save the file before using the Save As... command to save as
PROJ-03.

Delete all the objects in the file. You will not need any elements from
the previous project.

Loading the Custom Linetypes and Creating the New Layers

1.

Before creating the layers, you will load the custom linetype from the
support files on the website.

The name of the file is "acad-md.lin” (the letters *md” stand for
mechanical drawing). Before continuing, download this file to your local
drive.

Note: This file was modified from the original linetype file (acad.lin)
that came with the program.

Type LINETYPE and then M i W x
press Enter in the Linetype fters o
command line to open the e ] ke Carert_ | [Show it
Linetype Manager dialog PR )

| Linetype Appearance Description
box. b

iByEIock

[Continuous

Continuous

oK Cancel Help

Linetype Manager Dialog Box
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3. Click the Load... button to load the new < «
linetypes.
;3 Load... | Delete
i*:._\ [ CLITI_'Ent (1 Shm_u details

...'\.\_ “&*&W‘W

Load... Button

4. The Load or Reload

. . & Load or Reload Linetypes 5
Linetypes dialog box —
opens. Fle.. | [acadmdin ) |
—

. . Avzilable Li
Click on the File... e e

. Li D o A.

button and navigate ! netype escription

to where you saved iACAD—'SOGZWWE‘ SOdash
e AP R003W 100 150 dash pace . pnmmbisret_ =

the acad-md.lin file o g aend S0 B L

from the website. Custom Linetype File Selected
Note: Your file

location path will be

different.

5. Choose the following linetypes in the Available Linetypes window:

CENTER
CENTER-Short
CENTER-X-Short
HIDDEN

PHANTOM
PHANTOM-Short
PHANTOM-X-Short

Note: You may select multiple linetypes by using the mouse button
with the Ctrl key pressed.

"
SEpcies Load... Delete
| Shaw all linetypes wv | [invet fiter
Current Show details

Curment Linetype: BylLayer

Linetype Appearance Description

ByLayer —_—

ByBlock _

CENTER ———e——Coter.
CENTER-Short i Certer-Shot ___ __ __ __ __  _
CENTER-¥-Short i Certer-XShot ___
Continuous —————————— Continuous

HIDBEN =~ o Hidden _ _ _ _ _ _ _ __ __ _ _ _
|PHANTOM ————— Phartom - -
|PHANTOM-Short A Phartom-Shot __
|PHANTOM-X-Shart ———— - — Phartom-X-Shart -
i

& M"\\_h_%ﬁ" -'W\.nm-ﬁ T TS me el

Custom Linetypes Loaded



Project #3 - Bracket Learn AutoCAD! Page 43

6. Press OK to close the dialog box.

Open the Layer Properties Manager dialog box.

7. Refer to the layer setup page at the beginning of the book for the
layers to create and their properties. There will be additional levels
added to this drawing. You may also refer to the diagram below for
their names and properties.

Current layer: Object Lines Search for layer Q

b4
(1]
wl & W B &R R o0
Filters €| Status MName On Freeze  Lock Color Linetype Lineweight Transparency Plot Style
B-4F Al = 0 i B o [Jwhite Continuous Default 0 Color 7
% All Used Layers = Center Lines o] Ees o Owhite CENTER — 020m. O Cotor 7
& i 5
B &= Dimensions ] £ ot [Jwhite Continuous 020 m.. 0
3 = Hidden Lines o] Ead of [white HIDDEN 0.20m... 0
E o Object Lines o] e o  [Mgreen Continuous e 0.50 m... O
] & Points ? et o Oyellow Continuous e 0,50 m... O
E &= Text el Eed ot [white Continuous 0.20m... 0
3
&
&
G || [ invertfiter «| < =
g
=l

| All Used Layers: 7 layers displayed of 7 total layers

Layer Setup for Project #3

8. The Layers and Linetypes are setup. When starting the next project,
you will use this file as your starting file. This way, you will not need to
repeat this process.

Copying and Pasting the Title Block

1. As stated at the beginning of project PROJ-01, you are provided with
the border files you will need for the projects in this book.

If you have not done so already, download and open the A-Size border
file (A-Size Border.dwg) located in the Support Files portion of the
website.
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NOTES:
1. NOTE #1.
2. NOTE #2.
INTRODUCTION TO AUTOCAD
— Mu}:uzwncg TE: TITLE
SIZE |DATE:MM—DD-YY|SCALE:1:1
A DRAFTER:FIRST LAST
& IF\N\SH 63 FAO SHEET:X_OF X\F‘ART#:XXX
A-Size Border
2. Select the entire border and copy to clipboard. @ W%
Use the Copy Clip tool located in the Home tab, Clipboard Paste @
panel.
Clipboard
Copy
Tool

3. Switch to the PROJ-03 file and paste the

title block into your file. E] X o
Paste D Baze

When pasting, use the Paste to Original i

Coordinates option. Bacte

This will locate the elements at the same
location relative to the origin (0,0) of the
drawing.

| Paste as Block

Paste as Hyperlink

~

Note: When switching to another ' Paste to Original Coordinates
drawing try using the Drawing Tabs at /)

the top left of the drawing area.

Paste Special

@Emas & o)

Start A-Size Border® % IP-03* +,;h o o I
aste to Origina

LR B o, = Coordinates Option

Drawing Tabs
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Beginning the Drawing (Front View)

1.

Begin with the front view.

Refer to the sample drawing for
sizes.

Other sizes will be on the top
and right side views.

Begin by drawing the overall
width and height.

The width of the part is 2.63
and the height is 1.51. These
dimensions are shown on other
views,

Snap a line to the top and draw
.70 to the right.

Use the Offset tool to copy the
bottom line .59 up.

Draw a 1.02 vertical line on the
left side from the bottom.

Draw and vertical line from the
end of the top horizontal line.
Use approximately .50 for the
length.

U
w

et

Completed Front View

Left and Bottom Lines Drawn

—+

Line Offset

Vertical Line Added

-~

Line Added



Project #3 - Bracket

Learn AutoCAD!

6. Use the Fillet tool to trim the line to

9.

the upper horizontal line.

By default the Fillet tool is set to a
zero radius.

This tool is also used to create
rounded corners.

The corner is trimmed.

Offset the second vertical line 1.12 to
the right and add a horizontal line
from the top of the right vertical line.

Use Fillet to trim the corners as
shown.

To add the circle, you will use two
different methods.

In the first method you will offset two
lines and add the circle at the
intersection.

Offset the left line .35 to the right
and the bottom line 1.11 up.

5+ Move

(") Rotate -4 Trim - _gf
,dll}, Mirror @ i
|:_.1 Stretch B Scale Array - &

Madify +

O.f):, Copy

Fillet Tool

4’ P
/

CLICK HERE.

— THEN HERE.

Lines Picked to Fillet

Lines Trimmed

=T

Line Added and Corners
Trimmed

Lines Offset
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10. Using the Circle tool, snap the

center at the intersection of the gj
lines. El

ar sl
Set the diameter of the circle using \J/ ‘
the diameter option. Press “"D” while

in the command to activate. The

i i Circle PI d
size is .39. ircle Place

Delete the two lines when finished.

11. The second method will use the FROM command modifier and
coordinate key-in to locate the center of the circle.

Delete the circle to try this second method.

12. Click the circle tool. |

For the first point, type “from” I :
instead of the coordinate. e

FROM Key-in

13. The coordinate display will change
to Base Point.

Snap at the lower left corner of
the view.

Change to Base Point

14. The display will change to Offset.

Offset Display
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15. Drag the mouse up and to the
right from the point.

Type the “@” symbol for relative CH [EE] | K
coordinates and .35, 1.11 for the
location of the center of the

circle.

Coordinates Entered

16. Press the Enter key.

The new circle center will be .35 O
to the right and 1.11 up from the
corner of the view.

Enter the size of the circle as
before. Circle Placed

17. This as far as you will go with the

front view for now. O

You will use the top and side
views to locate the remaining
lines.

Front View Progress

Projecting the Top and Side Views

Next you will project vertical and horizontal lines from the edge of the front
view.

This is similar to the process you would use if you were drawing the
elements using traditional methods (pencil and paper).

Completed Top and Side Views
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1.

Draw lines from the vertical lines in
the front view as shown.

Make sure to snap on the ends of
the lines and the edges of the circle
when drawing.

Draw two lines 1.54 apart above
the front view.

Use the Trim tool update the view
as shown.

Use the Offset and Trim tools to
draw the corner notch at the lower
right corner of the view.

Place the circle using either
technique discussed in the previous
section.

d

Lines Projected

)
\/

Lines Added

Lines Trimmed

Notch Drawn

O

Circle Placed
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6. Two of the lines will need to be o
£ Object Li -
changed to the Hidden linetype. g ki i_'ﬂ;aDD nJEd i "
Layer e : Ir
This will be done by changing the Plopesties| ul‘f [] Border Lines
layer that the lines are on. W Lk of” [ Center Lines
':,:,;' ﬁ f |:| Defpoints
Select the two lines for the edge of Q %% o [ Dimensions
the circle and select the Hidden PEran HlddenLines_ﬁ) |
layer in the Layers panel. (See o -I:I-i?'[l —— |
examples on next page.) 0 ﬁ = r !
-k oints
Note: This will only change the G B el [ Text
lines to the new layer. The current
layer will remain Object Lines. Hidden Layer Selected
7. Project
lines from
the edges ( )
of the front
view to the
right side.
Lines Projected to Right
8. For the vertical lines, you
will use the Miter Line O — HORIZONTAL
Technique. - e
Draw lines from the | L
bottom of the top view to L R TIER
the right and up from
where the left side of the O
right view will be. |
Horizontal and Vertical Lines Added
9. Draw a 45 degree line from the

intersection of the two lines.

Make the line long enough to extend
above the top edge of the top view.

45 Degree Line
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10. Draw horizontal 55
lines from the top 7

view to the miter
line. () //

Using Object

Tracking and the I/
Intersection Snap I

to end the lines at Lines Projected to Miter Line

the miter line.

11. Draw vertical lines down to the right side "
view.

uw

Vertical Lines Projected

12. Trim the lines as shown.

Lines Trimmed

13. Offset the bottom line up .77 inches. OFESET
LINE.

Offset Line.
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14. Snap a line from the lower left
intersection to the upper right I‘/

intersection as shown.

/

Line Snapped to
Intersections

15. Trim and delete the lines to complete the
object lines for the view.

/

Lines Trimmed and Deleted

16. Change the edges of the

. g . -'5.;_*;"@}-"*"' ‘}jﬂ;f WMiror— Fi R '
circle to hidden lines.

[G Stretch ] Scale BB Amay - &

You will need to break the Modifv@

horizontal line to make a Down Arrow

portion of it hidden. Use the

Break tool in the Modify panel $*Move () Rotate -/ Bxtend ~

to do this. C3 Copy Ak Mimor (] Fillet -~ @&
[—bl\ Stretch m Scale EE Array - it

The tool is located in the

extra tools below the panel. w Lo ETD
Click the down arrow next to £|®: R -
Modify at the bottom of the = Madiw“” =
panel to see these tools. : '

Break Tool

17. Click Break tool and then the /

horizontal line. You will see
the line change into two
parts.

[Specify second break pointor ]| T |[27239 ]

Click again to end the
command.

Breaking the Line into Two Parts
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18. Change the lines to the Hidden

. £ Mov ) Rotate |- Trim |=
layer and extend the lines to meet S O Rotate. CHEREN f—;
the vertical line. Q Copy b Mimor | )y
E,l Stretch E Scale i
Use the Extend tool under the Trim Modify( —-/ Exend )
tool to do this. L +
This tool works the same way as Extend Tool

the Trim tool except lines are
extended to meet with the other
lines.

19. This will complete the right side
view.

Right Side View Completed

20. Project the
remaining lines from
the top and side
views back to the
front view to
completed the
views.

O

Trim and change the
layers of the lines. O

Lines Projected
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21. At this point the object
lines and hidden lines
are completed for the
three views.

Next you will add

O

center lines and
dimensions.

O

- — —— — — — —

T T T
| | |
| | |
) L ]

Objects Lines and Hidden Lines Completed

Setting Up the Dimension Styles for the Drawing

You will begin this section by setting up dimension styles for your drawing.
These styles will continue to be used in later projects and will be modified
depending on the dimensioning requirements.

1. Click on the Annotate tab at
the top of the screen.

These tools are used to add
text, dimensions, leaders,
tables, and markups to the
drawing.

2. Click on the small arrow at
the bottom right corner of
the Dimensions panel.

This will open the
Dimension Style dialog box.

IEECTEEE

dit  View  In

485 Standard - f
_’W«nMMWM

Annotate Tab

|‘_'| Standard - I E Ay
Use Current - =
Dimension g. BTN I?" h.l Ty

| Linear = 51 Quick M Continue -

Dimensions = @

Dimensions Panel
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3. The dialog box opens.

This dialog box will be used to setup the various setting for the
dimensioning used on this project.

You will begin with the Standard style as a base style and create a new

style from it.

Click the New... button on the right to create a new style.

i Dimension Style Manager >
Current dimension style: Standard
Shyles: Preview of; Standard
A Annctative Set Cument
1 0160 New. ..
Mody -
1 1955
Ovemide...
Compare...
_;\_L\>
List: Description
Al shyles Standard
Diont list styles in Xrsfz
Dimension Style Manager
4. The Create New & Create New Dimension Style *

Dimension Style dialog
box opens.

5. Rename the style “Mech 1-
1”7,

This means: Mechanical
Style and Full Scale (1:1).

Press the Continue button
to move to the next step.

| I Continue |
Start With: Cancsl
Standard w
] nnotative oo
Use for:
Al dimensions ~

Create New Dimension Style Dialog Box

#\ Create New Dimension Style x

New Style Name:
(]Mech 141 ) | (] Continue D
e — p ——
", Rpi i \mf'h‘x._wﬂ\-\swﬂﬂ“w‘ - F" o"‘"‘d

Style Renamed
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6. The New Dimension

Style: Mech 1-1 dialog

box opens.

As you change the
setting for the style,
you will press on the
tabs at the top.

Each tab controls
different parts of the
style.

7. Click on the Lines tab
and make the
following changes:

Set the Extend
beyond dim lines
setting to 0.125.

Set the Baseline
spacing setting to
.2500

Note: As you make
changes you will see
the preview of the
dimension style
update.

A New Dimension Style: Mech 1-1 X

Lines  Symbols and Amows | Text Fit

Linear dimensions

Primary Units ~ Atemate Units  Tolerances

Unit format: Decimal ~ —

Precision 0.0000 = ﬁ—

Fraction format: Horzontal 1.1_19; B —{\
Decimal separator: "" {Period) = J—. l,-'/ +\- \II /)\\ 2.0207
Round off: ,W = . '.\ \\‘\_//-' 80* -\.\..‘ >/
Prefix i | Irosoes A \

Suffic | |

Measurement scale

Scale factor:

1.0000 =

[ Apply to layout dimensions only Angular dimensions
Zer Sipesion Units format: Decimal Degress v
[ Leading [ Trailing
Sub-units factor: Ofoct Precision: o Z
100.0000 2 e
— = AN Zero suppression
Sub-unit suffic: oo [ Leadirg
[ Traiing

New Dimension Style: Mech 1-1 Dialog Box

A\ New Dimension Style: Mech 1-1 X

Lines  Symbols and Amows  Text  Fit

Dimension lines

Primary Units  Altemate Units  Tolerances

Color: M ByBlock ~

1.0159
Linetype: — ByBlock -
Linewsight: —— ByBlock v | 1L55 —\\

' Al 4 2.0207
Extend beyond ticks: 0.0000 = ; 1 )
! I\ + o S
Baseline spacing: ‘D.ZEGD = N\, \iu‘
Ro.8045 7

Suppress: [ Dim line 1 [ Gim line 2

Extension lines

Color: I ByBlock *|  Bxtend beyond dim lines: ‘ 1 =
Linetype ext line 1: — ByBlock v =

Cifset from onigin: 00625 =
Linetype et line 2; — ByBlock ~

[ Fixed length extension lines
Linewsight: —— ByBlock !

Length: 1.0000 2

Suppress: [ Edtline 1 [ Bt line 2

Cancel Help

Lines Tab Settings Changed

Page 56
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8- ClICk on the Symb0|s A New Dimension Style: Mech 1-1 X
a n d ArrOWS ta b a n d Lines  Symbolsand Amows  Text Fit Primary Units  Atemate Units  Tolerances
make the following rowheads
. First

changes. # Closedfiled v «‘1.n1sef

Second: _!_ %
Set the Arrow size L:d“‘“_“dﬂ”ad i 1-f ST e
setting to 0.125. = 3 L) e >

X e g 4

Amow size: RO.3045 _)“n. b
Set the Center marks Pp—
Setti n g to N one. Cerferinais l‘gl Preced\r!g dimfensiun text

() Pbove dimension texd

O Vak 00%00 2 () More

() Line Radius jog dimension

Dimension Break Jog angle: [ﬂE

Break size: Linear jog dimension

0.1250 = Jog height factor:
ITEDDD 2" Text height
Cancel Help

9. Click on the Text tab
and make the following
changes:

Change the Text Style
setting to MECHANICAL.
(This style was added to
the drawing when the
title block file was
pasted into the
drawing.)

Change the Text height
to 0.125.

Change the Offset from
dim line setting to
.0625.

(This controls the gap
between the start and
end of the dimension
text and the dimension
line.)

Symbols and Arrows Tab Settings Changed

@& New Dimension Style: Mech 1-1

Lines  Symbols and Amows  Text  Fit
Text appearance

Text style

Text color: [ ByBlock .
Fill color: [ Nane x
Text height

Fraction height scale 1.00:00

[ Draw frame around text

Tent placement

Vertical: Centered ke
Horizortal: Centered

View Direction Left4o-Right =

Offset from dim line:

00625 =

X

Primary Units  Altemate Units  Tolerances

[MECHANICAL |-

=

Text alignment

®Horizortal

() Aligned with dimension line

(150 standard

Cancel Help

Text Tab Settings Changed
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10. Click on the Fit tab and
make the following
change:

Click the checkbox for
Place text manually. This
will allow you to move
the text after the
dimension has been
placed.

11. Click on the Primary
Units tab and make the

following changes:

Change the Precision
setting to 0.00.

Click the checkbox for
Leading zero
suppression.

& New Dimension Style: Mech 1-1

Lines  Symbols and Amows Tet  Fit
Fit options
ff there ient enough room to place both text and
amows inside extension lines, the first thing to
move outside the extension lines is:
(®) Ethertext or amows (best fit)
() Arows
O Text
() Both text and amows
() Always keep text between ext lines
[] Suppress amows # they dont fit inside
extension lines
Text placement
When text is not in the default position. place it:
(®) Beside the dimension line
() Over dimension line. with leader

() Over dimension line. without leader

Primary Units  Altemate Units  Tolerances

'—1.0150—‘
e
LO AN
m.ms_\>‘- J ’ —I\"\

Scale for dimension features

o

Fit Tab Settings Changed

& New Dimension Style: Mech 1-1

Lines  Symbols and Amows  Texdt Fit

Linear dimensions

Unit fomat: Decimal v
Precision -
Fraction format Hanzontal

Decimal separator: " (Period) ~

Round off 0.0000 =
Prefix: i |
Suffec: ! |

Measurement scale

1.0000 =

] Apply to layout dimensions only

Scale factor:

ub-urits factor:

1000000 =

Sub-unit suffes:

[ Annotative
() Scale dimensions to layout
(®) Use overall scale of: 10000 =
Fine tuning
[ Draw dim line betwesn ext lines
Cancel Help
pos

Primary Units  Atemate Units  Tolerances

'—71‘02——

/
() e

e / >’
R.W—)\ i A

Angular dimensions

Units format: Decimal Degrees ~

Precision: ] et

Zero suppression
[ Leading
[ Trailing

Cancel Help

Primary Units Tab Settings Changed

12. The two remaining tabs will remain the same.

Press the OK button to close the dialog box.

The dimension style is how set up.
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13. Create another style called Center
Marks.

#\ Create New Dimension Style x

Mew Style Name:
GCenter Marks) | | Continue I
N

Start With:
Standard ~

Use the Mech 1-1 style as the
beginning style.

Cancel
Hel
[ Annotative i

Use for:

All dimensions ~

Center Marks Style Created

14. Make one change to the style. Center marks
") None - )
In the Symbols and Arrows tab, click the () Mark 065 2

button for Line in the Center Marks area.

Center Marks Set to
Line

15. The two dimension styles are now set up.

Adding the Center Lines and Center Marks

1. Set your current layer to -
the Center Lines level. oy (O [ CerterLines )

La*,'zr q g.( G 22 Make Current
Properties Ej g;- é; o % Match Layer
Layers =

Current Layer Set to Center Lines

2. In the Annotate tab,

Dimensions panel, set the Se— |£1H ‘j;

current style to Center Dimension R vilel s

Marks | Linear = 7] Quick [ Continue -
Dimensions §

Current Style Set to Center Marks
3. Click on the Center Mark

tool. "_'I Erznter Marks - | j';
Dimension gDUEE Futtsint Miie T
This is located in the extra [ Linear ~ I%] Quick M Continue -
tools in the Dimension _
panel. @Il@ e e
A

Dimensions M]

Center Mark Tool
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4. Click on the edges of the two circles
to add the center marks.

lines by selected and then stretching
with the handles.

! T
| |

You may adjust the lengths of the | |
| |
\

Center Mark Added

5. Click on the Line tool and draw the E © B oo =
center lines. o = =
Matcl_w E S = t
The lines should extend between .25 Pmpm'e‘”i_':E‘:L:y_er '|
and .50 inches beyond the edge of £ -
the view. Use the grids to help do Ryfiock
th|s —— CENTER
f————— CENTER Short
You may notice that the two shorter 1. CENTER -short /]
center lines are not showing the Continuous
dashes. F| s HIDDEM
Other

Select the CENTER-Short or CENTER-

X-Short linetype for the linetype. CENTER-Short and
CENTER-X-Short Linetypes

This is done in the Home tab,

Properties panel.

6. The center lines and
center marks are now
added.

Center Lines and Center Marks Added
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Dimensioning the Drawing

1. Before adding the dimensions you

: [ Linear - -
may need to move the views farther A i
away from one another. Test Dimension e Layer

E Table Propertie
Change the active style of the

dimensions to Mech 1-1. This is done '{-‘y Standard -
in the Home tab, Annotation panel. =
. S 'Book Notes -
Click on the down arrow next to the 5 standard =
word Annotation to do this. - - .
i Hnnn_tatlc_m

Change Dimension Style to
Mech 1-1

2. Begin by clicking on the Linear tool in the

Annotation panel. A ﬁ

S Leader ~
] Table

Annotation =

Text Dimension

Linear Tool

3. Add the vertical dimensions in
the right side view first.

SECOND
POINT. —

Snap on the lower left corner \//
of the view then the corner. —

T
Drag the dimension line iV | | |
approximately 1 1/2 grid ‘ | | |
squares away from the view | |
for the third point. You may | FIRST |
also move the text up and POINT.

point during this step.
Dimension Endpoints

4. For the next dimension, click on the

Dimension tool in the panel. A S

Text Leader -
Right-click in the drawing area and select ! [ Table
the Baseline option. Annotation =

Click the first dimension and then snap on Dimension Tool

the upper left corner of the view.
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5. After placing the dimension, select it and

drag the text to the correct location.

When placing the chain
dimensions use the
Continue option.

= /0112

1.1 ?*

7
AW,
AW

!

Moving the Dimension Text

59

Repeat the process for the other
linear dimensions.

When dimensioning the hole
centers, snap to the edge of the
circle so that you do not cover
the gap in the center mark.

NI

Chain Dimension

~ ~— SNAP HERE.
[
]

A

Snap Point for Dimensioning Hole
Centers
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8.

10.

Your views e 1 04 @ 36
should look 1 ﬂ
like this ik 1
when T e 1.10
finished. Lyl l1.54
W,I)S } }
B
T84
263
=70 ==—1.12 —=
—-‘35’~
‘75‘39\ _________
ﬁ%} 103 S N
H ol i
1 ‘ } ‘ ¢ ; I .
Linear Dimensions Placed
Next you will place the radial " : e
dimensions. A ﬁ Siienel £
Tl?(t Dimension ’._"Linear L
Click the down arrow next to the la &
Linear dimension tool to expose the i 4\7“"9“
other tools. i\ .
Angular
Select the Diameter dimension tool. f Acc Length
Click on the edge of the circle to ) Radis
place the dimension. —
(I:\‘) Diameter
The angle of the leader line should e
be between 30 and 60 degrees. pp Dt
% Jogged

Diameter Dimension Tool

The diameter symbol with be automatically
placed in front of the value. —-B-56

Diameter Dimension
Placed
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Filling Out the Title Block and the Drawing Notes

1. Zoom in on the title block.

INTRODUCTION TO AUTQCAD
T AGE | aid s | TITLE
+/=5  +/-.01 ["SIZE [DATE:MM—DD—YY |SCALE:1:1
MAT'L:MAT'L A DRAFTER:FIRST LAST
FINISH: 63 FAQ SHEET:X OF X[PART#:XXX

Title Block for Project #3

When the title block was created, the text fields were set up as part of a
block attribute.

This was done to make the title block easier to fill out.

2. Double-click on the W e At
word TITLE in the title e v s
block. Tag: TITLE
Attribute Test Options Properties
The En ha nCEd Tag Prompt Value
Attribute Editor dia Iog TITLE What is the title of the drawing? TITLE |
DATE What is the date that the drawing was completed? MM-DO-YY |
box o pens. SCALE What is the scale of the drawing? 11
NAME What is the name of the drafter? FIRST LAST
SHEET What is the sheet number? XOFX
| PN What is the part number? HHK
| A_TOL ‘What is the angular tolerance of the drawing? 5%id
| TOL What is the decimal tolerance of the drawing? kL
MATL ‘What is the matenal of the part? MATL
FINISH What is the surface finish of the part? 63 FAD
Aoply OK Cancel Help

Enhanced Attribute Editor Dialog Box
3. To fill out the title blOCk, WA Enhanced Attribute Editor X

click on the tag and update S e Sectbock [
the Value field. =

Atrbute  Text Options Properties

. Tag Prompt Value
Some of the fields have TITLE Whatis the tle of the drawing? BRACKET
. . DATE What is the date that the drawing was completed 7 378716
been filled out partially. SCALE Whatis the scale of the drawing? T
NAME What is the name of the drafter? DAVE MARTIN
Refer to the Prompt for the SHEET What s the sheet number? 10F1
. . - PN What is the part number? PROJ03
m e a n I n g Of t h e I n fo rm a t I 0 n A_TOL What is the angular tolerance of the drawing? Biid
H H TOL What is the decimal tolerance of the drawing? (i
in each field. WATL — Virais remelail o e o
FINISH What is the surface finish of the part? B3 FAD

When finished, click the OK
button.

Value: |SAE 1018

Apoly Canes| Help

Dialog Box with Fields Filled Out
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4,

In the upper left corner of

f
the border text has been P
provided for drawing notes. NOTE: “
1. BREAK ALL SHARP EDGES. ¢
Double-click on the text to PSP S
enter the appropriate Drawing Note Filled Out
information.

If entering multiple notes,
the lines will automatically
number themselves.

Save the project. This concludes the tutorial.

In the next tutorial you will plot the drawing to paper and as a PDF file.



Page 66

Learn AutoCAD!

Project #3 - Bracket

¢l




Printing Your Drawing Learn AutoCAD! Page 67

Printing Your Drawing

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: The procedure will introduce you to the process of printing your

drawings. Two methods will be discussed; printing to a printer
and to a PDF file.

Printing the Drawing to a Printer

In this procedure you will use Project #3 as the example for printing.

1.

Open the PROJ-03.dwg file and fit the drawing to the view. At this point
the drawing should be finished and ready for printing.

This first procedure will cover printing the drawing to an actual printer.

Click on the Print tool in the Quick
Access Toolbar at the top left of the
screen.

You may aIs_o select the Print tool in «%”'Pub“;;- L i
the Application menu.

@ Print

Suite
- a‘@-ﬂﬁ\mrkﬂ:% :W y\ "’”"M‘ﬁ.l.

Print Tool Locations

The Plot - Model dialog box opens.

Note: Your settings will most likely be different than these. Depending
of which type of printer is installed, the settings will change.

A Plot - Model X
Page setup Plot style table (pen assignments)
Name: <None> ~ Add.. monachrome.cth v| B
Printer jplatter Shaded viewport options
Name: & None 3 Shadeplot | As displayed
Plotter; None Quality Normal v
Where: Not applicable

Descripton: The layout will not be plotted unless a new plotter

configuration name & selected, Plot options
ot to file

% )L [JPlot in background

Flot ohject linewsights
Paper size Mumber of copies

\“ T
1L 8
LOTT—

[IPlot transparency
Letter (8,50 x 11,00 Inches) S 7] Plot with plot styles
Plot area Flot scale
What to plat: [AFit to paper.
Display v s [ [CJPiot stamp on
[[Jsave changes to layout
Plot offset (origin set to printable area) 1 inches'  ~|~ Drawing orientation
x [0000000 |inch  [Jcenter the ot — Oportrait
y; | 0.000000 | inch Scal weights @Lé"‘dSCEDE E]
® ~ | o HaEg [IPlot upside-down

Apply to Layout Cancel Hep ()

Print Dialog Box
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5. Click on the down arrow

for the Name: field Bt Pl = Model *
under Printer/plotter. Page setup :
If you have a printer . e =
connected to your e (
computer, choose it X e TP s o~
from the list. -~ I ‘ mj :
Plotter: Canon MP495 series Printer - Windows System Driver - ..
In this example a Canon | whee ., Uioiee. | 4% o gt

MP495 series printer will
be used. Printer Name

6. Set the paper size to Paper size

letter size or ANSI A. (;Lethersls.m;wm) -

Your choices may be

different depending on Paper Size
the printer

configuration.

7. Confirm the Setting or set the drawing Drawing orientation
orientation to Landscape. O Portrait
[ Piot upside-down

Drawing Orientation

8. Set the Plot scale to 1:1 (Full scale). Plot scale
|:|Fitbo paper
Note: This setting will change depending Smle:_ =

on the plot scale of the drawing.

1 inches bd

| i

‘unit

Seale lineweights

Plot Scale
9. Set the Plot style table (pen kSt e e ]
assignments) to Monochrome. — :
.é'nonu::-d'lrome.cﬁ:} Do E

Answer “Yes” when asked to Assign this
plot style table to all layouts. Plot Style Table
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10.

11.

12.

Click the checkbox for the Plot
offset (origin set to printable
area) next to

“Center the plot”.

Your X and Y values will be
different.

Click the Apply to T e

Plot offset (origin set to printable area)

Center the plot

Plot Offset

il TRl S

Layout button at . _
the bottom to “ Caneel Help 3] I

save the settings

and then close the
Plot dialog box.

Now that the settings are entered,
the next thing is to set the Window
for the plot.

The title block file is provided with
small points at the upper left and
lower right corners of the border.

The reason for these points is to
insure that the full width of the
border lines is printed.

You will use these points to set the
size of the window.

To see the points, type in the key-in
PTYPE and set the Point Style as
shown.

Apply to Layout Button

i Point Style X
FIXC
Ol [OE=] [
BiRREEIE
elhishREENEdAe
Poirt Size: (1250 ) | Units

(") Set Size Relative to Screen

((®) St Size in Absolute Units )

Point Style Dialog Box

\

Cancel Help

NOTES:
1. NOTE #1.
2. NOTE #2.

Point at Upper Left Corner

of Border
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13. Re-open the Plot dialog box.

Plot area

What to plot:

Set the “"What to plot” setting
to Window.

Click on the Window< button
to the right.

Plot Area Set to Window and
Window< Button

Snap to the upper left point
and then the lower right point.
The Node snap mode will be
used when snapping to the
points.

14. After snapping the second point, the

dialog box will re-open.

You will see red lines in the preview area. This

is normal.

As long as the entire border is visible when
the plot is previewed, the drawing will print

correctly.

15. To see a full preview of the drawing
before plotting, click the Preview...
button at the lower left corner of the

dialog box.

To close the Preview window, click
the “X” icon at the top left of the
screen.

Note: Some printers will not be able
to fit the entire border on the sheet.
If this is the case with your printer,
change the scale to Fit to Paper. You
may also get a better result if you
first print the drawing as a PDF and
then print the file.

NOTE:
1. BREAK ALL SHARP

‘ Specif te comer: ([128eclll 70165 |
‘ [

Snapping the Upper Left Corner
of the Window

Plot

Preview Area

P

W =

- et

Plot offset {origin set to printable area) it

¥ 0.000000 Center the |:I|GI

0.475983

Y:

| Preview..,

Preview Button

gy,

Close Preview Window Button
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16. Click the Apply to i e
Layout button to Z
once again to save L Aoy n vt
the plot settings. 4

T T L _,"" AT v

Cancel Help @

_Jl-dlh- T

s AP

Press the OK button
to send the drawing
to the printer.

OK Button

17. To print Projects #1 and #2, use the same settings as before with the

exception of the scale.

For these two drawings you will use 1:2 scale (Half scale).

These two drawing will not have points to snap to at the corners. You
may estimate the window corners instead.

Saving the Print Settings

Before creating the PDF file, you will save the print settings from the

previous section.
1. Open the Plot dialog box.

2. Create a Page setup - i
name for the file.

Page setup

Click the Add... button teme:
next to the Page
setup name.

3. The Add Page Setup dialog
box opens.

Enter the name of your printer
as the new page setup name.

Click OK to close the dialog
box.

4. By saving the page setup, you
may switch from one setup to
another without having to
change the settings for the
plot.

These settings will be saved to
the next file when you save
the drawing again.

<N°ne 2

b Pripterjplogge o it sl AP 9‘*}\5““"% M‘\.W-w«#-f

Jd

&

Add... Button
i Add Page Setup b

Mew page setup name;

| Canon MP-435

Cancel Help

Add Page Setup Dialog Box

Page setup ?’
MName: Canon MP495 ?

Printerplotter y
Mame: & Canon MP435 series -

£ - w.«"’““"“h-,__‘ﬁ-w-“m_._w rﬁ!

New Page Setup
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Printing to a PDF File

The print settings to print the drawing as a PDF file will be similar to printing
to a physical printer. The only change will be to select a different Print
Driver.

1. Open the Plot dialog box.

2. Select the AutoCAD L — — ;
PDF (High Quality Neme:  (EB{AASCAD POF (Figh Guslty i) pe ) A
Print) printer ) : -
configuration file Flotter: \:n.'h'G To PDF - POF ePlot - by Autodesk " J

g ' % w TR wwhqm#' %

Confirm the other
settings are the
same as with the
physical printer
setup.

PDF Printer Configuration

3. Set the paper size to Paper size

'(A‘é\l gé f)l(ml f Iggd A @SI full bleed A (8.50 x 11.00 Inch@ v
Inches).

Paper Size Setting

Press the Preview... button to preview the drawing.

5. Save the Page setup

as PDF iy Add Page Setup >

New page setup name;

( POF )
—_—

Page Setup
6. Press the Apply to Layout button.
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7.

Press OK to create the PDF file.

Create a new folder in your 1 — Projects — 2D folder called: PDF Files.
The default name of the file is PROJ-03-Model.pdf. Modify the name of
the file to PROJ-03.pdf

£ ety PR D e A 3 = Ty A R s

T L s i S
..;,:..-
ame: ([PROSE ) V[ S
Acitpe: [POFCo X =

PDF File Name

This concludes the tutorial.

From here on, create PDFs of your files as they are completed.
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Project #4 - Plate

Filename: PROJ-04.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will introduce you to the use of the Arc tool, angular
dimensioning, and constructing fillets.

Note: At this point in the book you may choose to move to Part Two - 3D
Projects. This part of the book contains tutorials about creating 3D
versions of the Projects. After the third 3D project, there is a procedure
to create 2D views from the 3D solid. You may wish to use this method
to create your views instead on drawing the views using 2D methods.
Some procedures in Part Two will utilize elements created in Part One.

Beginning the Project

1. Open PROJ-03.dwg and save the drawing as PROJ-04.dwg.

2. Delete the objects left over from PROJ-03. Leave the title block and
general notes.

3. Edit the text in the title block and the notes in the upper left corner of
the border.

Drawing the Object (Outside Shape and Circle)

1. When beginning the drawing, it may help to
draw the view outside of the border. After you
are finished you may move the view into the
border.

Begin at the lower left corner of the view.

Draw a 1.73 vertical line and a 1.33 horizontal
line. Lines Drawn

2. Draw the .58 diameter circle from the corner.

Use the FROM variable to help locate the
center.

The circle is .56 to the right and .55 up from
the corner.

Circle Placed
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3.

Draw a 12 degree line
from the left end of the
1.33 line.

The length will be
approximately 3.00
inches.

Use the dynamic input to
lock the line at 12
degrees.

Offset the vertical line
5.62 from the left to
right.

Trim the corner above the
new vertical line using the
Fillet command set to
0.00 radius. You will
round the corner later.

Offset the bottom
horizontal line 3.02
upward.

Trim the right vertical line
to the corner of the two
lines.

Offset the bottom line
4.48 upward and the far
right line 1.01 to the left.

-

Angled Line Drawn

\

Line Offset Horizontal and Trimmed

L

Line Offset Vertical and Trimmed

|

Lines Offset
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7.

Fillet the lines together as shown.

Do not create the rounded corners yet.

Draw a 36 degree angle line from
the top endpoint of the left vertical
line.

Draw the line approximately 1.30
inches.

Since the angle is given from
vertical, the line will be drawn at 54
degrees (90 - 36 = 54).

To create the 3.50 radius
at the top left of the

O

Lines Filleted Together

36 Degree Line

...AND HERE.

view, you will use the
Fillet tool.

This tool will
automatically create a
tangent arc from both
lines.

Click the fillet tool and
set the radius to 3.50.

O

To set the radius, type R

N CLICK HERE..

after clicking the tool. Points to Click for Rounded Corner

Click near the bottom of
the 36 degree angle line
and near the right end of
the top horizontal line.
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10. The corner is rounded.

o

Corner Rounded

Drawing the Two Slots and Second Circle

1.

Draw an arc at 2.87 radius from the .:-7-._Lﬁ-;;{,tﬁﬂ:mai-u-;*—-
center of the .58 diameter circle. 19 ‘\

. Center, Start, End
Use the Center, Start, End option for the * J/—

arc. 7 Center, Start, Angle

m

=

Y
Center, Start, Length

o+

K_f Continue

———

Center, Start, End Option

Snap to the center of the circle first and
then click to the right and then up.
Enter the radius before clicking the first

endpoint.

The arc is draw in a counter-clockwise
direction.

/

2.87 Arc Drawn
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3. Draw two angled lines from the center
of the circle.

The first line is drawn 30 degrees from
horizontal and the second is drawn 61
degrees (30 + 31 = 61).

>

Angled Lines Drawn

4. Offset the arc .30 inches in both
directions.

This will create a slot .60 inches wide.

X7

Arc Offset

5. Trim the lines together using the Fillet
tool set to 0.00 radius.

Delete the original 2.87 arc.

%

Lines Trimmed Together

midpoint of the line, then the
top corner, and then the bottom
corner.

6. Using the Arc tool, create the 9ND POINT
two .30 radius arcs at the ends AT CORNER.
of the shape.

1ST POINT AT
Use the Center, Start, End MIDPOINT.
option.
3RD POINT
For the top arc, snap to the Al R NER:

Points for Arc
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7.

10.

The arc is placed.
Repeat the process for the lower arc.

Delete the straight lines.

To draw the second slot, begin by
offsetting the right vertical line 1.57 to
the left.

Offset this line .25 in both directions for
a width of .50.

Offset the bottom horizontal line 1.56
upward.

Offset this line another 2.49 upward.

Trim the lines with the two outside
vertical lines on the left together to form
a rectangular shape.

Delete the original middle line of the
slot.

Slot Completed

|

/

Lines Offset

g/

Lines Offset

Rectangle Drawn
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11.

Draw the arc at the bottom edge using the same Y
method as in the previous slot.

Round the two upper corners using the Fillet tool set
to .13 radius.

Delete the horizontal line at the bottom of the slot.

Note: You could have also used the Fillet tool set to
0.00 radius for the bottom arc. This only works with
straight, parallel lines. N

Slot Completed

For the second circle, you will use the FROM variable and Object Snap
Tracking to place the center without using construction lines.

12.

13.

Make sure that
the Object Snap OBJECT SNAP
Tracking is TRACKING.
turned on.

MODEL f Bl v tu L B~~~ T~=Z= £ L A 11r 8 ~ +

Object Snap Tracking
Click the Circle tool.

Mouse over and snap (do not click) on the left side of the bottom line.

Drag the mouse to the right. You will see a horizontal, dashed green
line appear.

Mouse over and snap (do not click) on the bottom end of the far right
vertical line.

The intersection of these two lines is the origin of the dimensions for
the center of the circle.

Origin of the Circle Center Dimensions
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14. Type in @-.65, 2.08 for the

offset from the base point.

Offset from Basepoint

15. Enter the size for the circle at .58 diameter.

16. Fillet and round the remaining

Adding the Center Lines and Center Marks

corners at R .13.

The object lines are completed for
the drawing.

1.

Use the Center Mark in the
Annotate tab, Dimensions tab to
add the center marks to the
circles and slots.

For the curved slot, use the
center linetype for the lines and
arc.

Note: After placing the lines and
arc for the slot, you may need to
lengthen the line. Select the line
and mouse over the handle on
the end. You will see a menu
popup, select Lengthen to make
the line longer.

O

Circle Added

Object Lines Completed

]

A

Stretch

o —-—

2N nyE

Lengthening Lines
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2. When finished, your

drawing will look like this...

Center Marks and Center Lines Added

Dimensioning the Drawing (Linear Dimensions)

1.

Add the linear dimensions first.

Use the Mech 1-1 style that you created in the previous project.

As before, spacing the dimensions 1 1/2 grid squares (.375) for the
first dimension line and 1 square (.25) for the next ones.

You may notice that the
2.49 dimension on the left
is crossing over the
extension lines of two
other dimensions.

You will use the Break tool
in the Dimensions panel to
break the extension lines

so that the dimensions line
does not cross other lines.

~.65 = /
——
2.49
N | 4 |ess
] 2.02
|

Dimension Line Crossing Extension Lines

"—'I Mech 1-1 vE #e

2F [ Use Current - 7 = 7%
| Linear = 'z Quick [ Continue -

Dimenzions = u

Dimension

Break Tool
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3. Click the Break tool.

Select the extension line —  SELECT THIS

ﬁ:g then the dimension j/ LINE SECOND.

—— SELECT THIS
Repeat fc_)r the other - / LINE EIRST.
intersection.

2.49 T
|

Lines to Select for Break

4. The extension lines are

now broken.
war ~ 65—

N A
243

T 3.?2

Lines Broken

5. To add the .60 dimension that shows the _
width of the slot, you will use the Aligned A |'_" &) Radius g@

dimension tool. Text  Dimension Linear

When placing the dimension snap to the Aﬂﬂcta@ 4\yﬁligned )

midpoints of the two arcs. ﬁ
Angular

-0 L
\.-amp%waw-ﬁ‘@.ﬁ'ﬂ"_ﬁw*w”‘

Aligned Dimension Tool

6. The aligned dimension is

placed. ,. 6 O
N
N\

Aligned Dimension Placed
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7. This completes T
the linear |
dimensions.
ﬁ 65 [
60 ~ <
Riie 4.48
+
_ | 3.02
++
J / -/ 2.08
) W /
05
[
—= .56 L 1.57
~— 39
5.62

Linear Dimensions Completed

Dimensioning the Drawing (Angular Dimensions)

1.

Next you will add the four angular

dimensions.

Click on the Angular dimension tool in

the Annotation panel.

This tool works by selecting
the two lines that will make
up the dimensioned feature.

Begin with the 12 degree
dimension.

Select the two lines as
shown then stretch the
dimension text to the correct
location.

- 5
{—| Linear |~ =

A [

Text  Dimension

Linear b

]
Annotatic 4\7
(

) N>

- v mabli, 2

-

Aligned
Angular
Arc Length

"
™ Radius
by

3

Angular Dimension Tool

SELECT THIS

LINE... LINE.

...AND THIS

f

Lines to Select for Angled Dimension
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3. Repeat the process for the 36 degree

4,

Dimensioning the Drawing (Radial Dimensions)

dimension...

...and for the 30 and 31 degree

dimensions.

Line up the dimensions so that they
are chained together.

Add an extra line to cover the gap as
shown.

1.

Click on the Radius dimension option
in the Annotation panel.

There are a variety of ways to
dimension a radius. Pick the method
that works best for your style of
drafting.

Select the 2.87 radius.

Normally you will try to place all
dimensions outside of the object, but
in this case this is the best option.

36 Degree Dimension

Gap Covered and
Dimensions Lined Up

A [7]

Text  Dimension

Annotatic 4\}/ Aligned

e . b, -M\“‘\; = ﬁr\m-ﬁ,&éa_

( [S Radius ’
o .

:‘ E.ﬂmgular
fﬁkrcLength

L
@ Diameter

&

Radius Dimension Tool

R2.87 Dimension Placed
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3.

Add the 3.50 radius and the two radius dimensions for the slots.

For the radius dimensions on the slots, it is correct drafting practice to
remove the numerical value and just show the R. This is because the
width of the slot will control the size of the radius.

Click the Diameter dimension tool.
A I’_'I [ Linear Q
Select the lower left circle to add the Text Dimension |‘_‘|Linear .
dimension. Y e
Annotatic /‘\y Aligned
Edit the text by double-clicking on the
numerical value and add the 2X to ﬁﬁ-ngular
indicate there are two of the same
feature on the part. F Arc Length
Leave a space between the 2X and the {i‘: Radius
value. —
(lk'\&] Diameter
"]‘:ﬁ Ordinate
?\ Jogged

Diameter Dimension Tool

The radial
dimensions
are now
placed.

o
55 e
i
/ L J f
2X 8.58—"—= .56

5.62

1.57

Radial Dimensions Placed
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Dimensioning the Drawing (Adding the Local Notes)

The last thing you will need to add are the local notes.

These are used to reference a note in the general notes that only affects a

portion of the drawing.

You will use the Leader and Polygon tools to add these.

1. First you will need to set up a new

leader style.

Click on Multileader Style tool under

the Annotation panel.

2. The Multileader
Style Manager
dialog box opens.

Click on the New...
button to create a
new style.

A "_" ('S) Diameter - é

“ Leader -
Text [hmensicn '{n La

ETEME Prop
ad Standard -
- | Mech 1-1 -
Standard -
E |Standard -
{0 Annotation

Multileader Style Tool

A Multileader Style Manager *

Current multileader style: Standard

Styles:

Preview of: Standard

A Annotative

SE}t Cu!'!'errt
New...

Default Text |~ Vedy..

List:
All Styles

3. Name the style Mech 1-1 and
click the Continue button.

Multileader Style Manager Dialog Box
& Create New Multileader Style bt
New shyle name:
qt'l_ec:h 1;1) | (l Continue |I'
e —
Start with! Cancel
Standard =
Help
[] Annatative

Create New Multileader Style
Dialog Box
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4' In the Leader & Modify Multilead er Style: Mech 1-1 X
Format tab,
make the Leader Format | | eader Structure  Corttent
f ” . General
ollowing oy -
change: yhic = Default Text
i Linetype: —— ByBlock
Set the size of emsidi: =
the arrowhead
Amowhead
to 0.1250. it
ymbal: i
Leader break
Break size: 01250 | :
Cancel Help_
Arrow Size Set to 0.125
5. In the Leader A Modify Multileader Style: Mech 1-1 X
Structure tab,
ma ke th e Leader Format  Leader Structure Content
followin o
g [ Maimum leader poirts
change: —— Default Text
Set the s|ze Of [ 5econd segmert angle
the |a nd | ng Landing settings
. Automatically include landin
distance to s #
Set landing distance
0.2500,
() Scale muttileaders to layout
(®) Specify scale:
Cancel Help

Landing Distance Set to 0.2500
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6. In the Content tab, make the following changes:
Set the Text style to Mechanical.
Set the Text height to 0.1250.
Check the “Always left justify” checkbox.
Set the Right attachment to Middle of bottom line.
Set the Landing gap to 0.0625

Check the “Extend leader to text” checkbox.

A Modify Multileader Style: Mech 1-1 x

Leader Format  Leader Stucture  Content

Multileader type: Miext w
b i Defoult Text
Text style: | Mechanical "
Teat angle: Keep horizon-téll ~
Text color: M EvBlock -
Text height: I ¥

Always left justify [ Frame text

Leader connection
(®) Horizortal attachment
() Vetical attachment

Left attachment: Middle of top line v
Right attachment: I'uﬁddle of bottom line sl
Landing gap: |0.0625 F=Al

( Extend leaderto text )

Cancel Help
Changes for the Content Tab

7. Click OK and then Close to save the style and close the dialog box.

8. Set the Leader style to Mech 1-1. W W T
&d Standard -
- | Mech 1-1 -
2@ -
Es Standard -
{1 Annotation

Leader Style set to Mech 1-1
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9. Click the Leader tool.
A "_" @ Diameter =
Click on the corner of the view to indicate D mn
the corner that will not be filleted. [ Table
Annotation =
This will reference local n #4.
is will reference local note Leader Tool
Type in 4 for the note text.
10. Add the text note for one of the corners. —
Note Added
11. Click on the Polygon tool in the 2 "
/ w| | +o+ Mow
Draw panel. 7 @ /J =l | <4 Move
Line Polyline Circle ETRECtﬂngle
h
Draw = ( ‘.'_?A‘;* Paolygon
| - ) P
Start IP-naF> Te-
Polygon
12. Set the number of sides to 3.
)
Number of Side set to 3
13. Click a point near the text for the

center of the polygon.

Chose “Inscribed in circle” for the
method.

Use .2000 for the radius of the
polygon.

Positon the polygon around the text
and touching the leader line.

Polygon Placed
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14. Copy the note and the polygon to the other
position.
Drag the arrowhead to the corner.
Reposition the polygon if needed.
Note Copied
15. ﬁ]dlc\jlc;atetrfggle around the number o Bullets and Numbesing <] -
Jusificamn( v L
You will need to remove the ’ i= Numbered
automatic numbering for this line —_ Lettered
only. Bulleted
Start

16.

17.

18.

You will need to
make a smaller
triangle for the

note.

The drawing is
now fully
dimensioned.

Note:

Some dimensions
may need to be
moved when
placing the
drawing into the
border.

NOTES:

Continue

Numbering Turned Off

7. BREAK ALL SHARP EDGES.
2. PART IS 375 THICK.
ROUNDS AND FILLETS R.13.

DO NOT ROUND THESE CORNERS.

— .50 [=—t=—1.01—

2X 8.58—"—=] .56 L

~1.33

f

1.7 —=

Na

Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.
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Project #5 - Saw Handle

Filename: PROJ-05.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This is the first project where you will use the B-Size Border for
the project. Many of the commands that you have learned up to
this point will continue to be used and their use reinforced.

Beginning the Project

Open PROJ-04.dwg and save the drawing as PROJ-05.dwg.

Delete the objects left over from PROJ-04.

Also delete the title block and general notes.

Copy and paste the information from the B-Size Border.dwg.

As with the beginning of PROJ-03, use the Paste to Original Coordinates
option. The lower left corner of the border will be at the 0,0 location.

Edit the text in the title block and the notes in the upper left corner of

the border.

Draw a diagonal line through the Finish box in the title block.

Drawing the Object

1.

Begin by locating the slot on the right side
of the front view. Use the Center, Start,
Angle option in the Arc tool to place a
R4.19 arc.

After clicking the center point, set the
distance at 4.19 then use the tab key to
set the start angle at 0 degrees. When
sweeping the arc up, lock the sweep of the
arc at 38 degrees.

Use the Offset tool to copy the arc .59
inches in each direction.

Gt s e

f """J.Cc—nter, Start_.H‘E-r'ifu.:Iw i
&

Center, Start, Angle
g +

/ Center, Start, Length
ft
ﬁ Continue

Center, Start, Angle
Option

Arcs Placed
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3.

Place two arcs to create the ends of the

slot.

Use the snap tool as in the previous
project.

Add a R5.49 arc concentric with the
other arcs.

The start and end points are
approximated.

Draw the upper and lower edges of
the view.

The lower line will be 1.51 from the
center of the arcs and the upper
line will be 5.35 from the lower line.

Use Object Tracking for the first line

and the Offset tool for the second
line.

Fillet the corners.

Use .25 for the fillet radius.

Slot Completed

R5.47 Arc Added

Lines Placed

Lines Trimmed and Filleted

7. Draw a line from the center of the arcs at 110 degrees. (This
measurement came from subtracting 70 degrees from 180.)
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8. Using the Offset tool, ‘

create three parallel lines
at .75, 1.50, and 2.25 from
the original line. %

Lines Copied

9. Change the far right line that was copied to the Hidden Line layer.

Change the third line and the 4.19 arc to the Center Line layer.

10. Offset the bottom line
twice, .59 up and 4.35 up.

11. Use the Fillet tool to round .
the corners, trim, and \ \

extend the lines. \

Lines Filleted and Trimmed
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12. Next you will add the 120
and 30 degree lines.

Locate the 120 degree line
by placing a parallel line
1.00 from the left edge of
the object.

You may need to lengthen
the line after drawing it.
Select the line and mouse
over the endpoint and
select Lengthen.

Locate the 30 degree line
3.08 from the center of the
arcs.

13. Fillet and trim the angled
lines to the corners of the
object.

Delete the construction
lines.

Trim and extend the hidden
line to the top and bottom
intersections of the view.

Angled Lines and Hidden Lines
Filleted and Trimmed
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14. Add the first .50 diameter

15.

16.

17.

circle.

Locate it by drawing an
intersecting line 1.25 to the
right of the center of the
arcs.

To create the other two
circles, use the Copy tool.

When placing the copy lock
the distance at 1 inch and the
angle at 110 degrees.

Repeat for the other circle.
Use the same distance but
290 degrees for the angle.

Delete the construction
lines and the center
line.

Extend the edges of the
view to the left side of

\

.50 Diameter Circle Added

the drawing to begin the
left side view.

Draw the first horizontal
line from the top edge of
the view.

Use the Copy tool to add
the remaining lines.

Lines Projected
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18.

19.

20.

21.

Change the
appropriate
lines to the
Hidden Lines
layer.

Draw a vertical
line in the left
side view and
use the Offset
tool to add the
other lines.

Trims the lines
for the two
middle vertical
lines using a
zero radius
fillet.

Use the Fillet
tool for the
outside rounds.
The radius is
.25.

Lines Changed to the
Hidden Lines Layer

) )

Step #19

Step #20

Step #21 Step #22
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22. Change trim option for the Fillet tool to No

Trim.
Change the layer to hidden lines for the

hidden fillets and rounds. Enter Trim mode option |

After filleting, trim the excess lines and the
hidden lines to the edges of the view with No Trim Option
the Trim tool.

Be sure to trim down the middle of the two
inner parallel lines.

23. Add the center lines for the holes in the left side view.

Use the CENTER-Short linetype.

24. Both views are completed. ~
The center lines for the slot centers ah
are omitted from the left side view. AN EE

KL
=

Both Views Completed

Dimensioning the Views (Center Marks, Linear, and Angular Dimensions)

1. Add the center marks to one of the three
holes.

After adding the first center mark, rotate the
mark to align with the angle of the hole
centers.

Use the Rotate tool and the center of one of
the other holes when rotating.

Rotating the Center
Mark
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2. Copy the center marks to the other three

holes. @
A
S
Center Marks Copied
3. Add a center line between the holes.
You will need to use the CENTER-X-Short @
linetype.
Snap on the inside end of the center mark @
to make the line long enough to show the
dash.
Center Lines Added
4. Add the 1.00 dimensions for the hole \
centers. \

Use the Aligned dimension tool and then
the Continue option for the second
dimension.

5. Add a small center mark for the center
of the right side arc and the slot.

After adding the center mark delete
the four long lines leaving the mark in
the center.

Center Mark Added
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6. Add the remaining linear dimensions for
the front view. = Temporary track point
;_ From
When dimensioning the 3.08 dimension, Mid Between 2 Points
you will need to add two short lines Point Filters y
intersecting at the corner. This is used 3D Osnap ;
to locate the corner prior to filleting. .
+ Endpoint
Make the lines approximately .38 inches A Midpaint

long.

When adding the angled line, used the
Extension Snap mode. This can be
turned on temporarily by holding the
CTRL key on the keyboard and right-
clicking the mouse. Select the Extension
snap mode from the choices.

By holding the mouse over the angled
line and then dragging the cursor, you
can add a new line with the same angle
as the original line.

Intersecting Lines

NS i
A Intersection

i, Apparent Intersect

—-- BExtension

T
o)

Center
Geometric Center
Quadrant
Tangent

- 660

Perpendicular

/ Parallel
o MNode

% Insert
b Mearest

||-‘|%_ Mone

m, Osnap Settings...

Temporary Snap Modes

When adding the angled 1.50 dimension, you will need and add

another angled dimension first.

Use the Perpendicular snap mode for the second endpoint of the first

dimension.

The location of this dimension is not important since you will be

deleting it after adding the 1.50 dimension.
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FIRST
SNAP POINT.

~—FIRST
DIMENSION.

_~—— SECOND SNAP

POINT USING
PERPENDICULAR
SNAP.

1 nn\

Snap Points for First Dimension

8. Use the Continue option to add the
1.50 dimension.

This dimension will be at the same
angle regardless of the location of
the endpoint.

Delete the .75 dimension when
finished.

9. Add the intersecting lines for the
120 degree corner.

Add two dimensions, one for the
corner and the other for the
distance from the left edge to the
center of the arcs.

You can use the Continue option
from the 1.50 dimension and then
adjust the location of the dimension
line by stretching the handles.

When moving the 1.00 text to the
left, you will use the Move with Dim
Line option. This will appear by
selecting the dimension and then
holding the mouse over the handle
for the text.

1.50 Dimension Continued from
.75 Dimension

.60

Move with Dim Line

Move Text Only

Move with Leader

Above Dim Line

Center Vertically /
Reset Text Position

7
Move With Dim Line Option



Project #5 - Saw Handle

Learn AutoCAD! Page 103

10.

11.

12.

13.

Break the extension line
for the 1.50 dimension

where it intersects with
the 1.00 dimension line.

When adding the 120
degree dimension, break
the extension line for the
1.50 dimension.

Add the linear dimension
for the width of the slot.

Use Midpoint snap to add
the dimension at the
correct angle.

Add the bottom 1.50
dimension using the
Continue option from one
of the other angled linear
dimensions.

You will need to stretch
the 1.25 and 3.08
dimensions further away
from the edge of the
view.

1.00 ©™=~_
v " Yo BREAK
\ /', EXTENSION
\ . 07\ LINE HERE.

Extension Line Break

%200

' \

Extension Line Break

Slot Width Dimension Added

700 TN T
=

35.08

n

1.50 Dimension Added
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14. The Linear and Angular

dimensions are completed for

the front view.

1_50/\ 120

~—1.25—=

3.08

Linear and Angular Dimensions

Completed

Dimensioning the Views (Radial and Remaining Angular Dimensions)

1. For some of the radius
dimensions, you will need
to create a new dimension
style.

The name of the style will
be “Mech 1-1 (Radius
Extended)”.

Start with the Mech 1-1
style.

The only change will be to
change the Fit options to
Text.

Lines  Symbels and Amows  Text  Fit
Fit options

i there isnt encugh room to place both text and
amows inside extension lines, the first thing to
move outside the extension lines is:

(O Either text or amows {est fit)
() Amows

() Both text and amows
() Mways keep text between ext lines

& Modify Dimension Style: Mech 1-1 (Radius Bxtended) i

Primary Units  Altemate Lnits To%

5

s
\ je s

o

a0

I

O Scale for dimension fe
Suppress amows f they dont fit inside )

RCE T, il
i ol s A,

Fit Options Changed to Text



Project #5 - Saw Handle Learn AutoCAD! Page 105

2. Place the R5.47, R4.19, and slot
radius dimensions using this
new style.

2% R

s | R4.19

Radius Dimension Placed

3. Draw two center lines for the 38
degree angular dimension.

Add the angular dimension and
draw two short lines to cover
the gaps. 1.18

Y | AN B
38 Degree Dimension Added

4. Add the diameter dimension for 3X .50
the three holes.

Use the Mech 1-1 dimension
style so that the arrow goes to
the outside of the circle.

/i

Diameter Dimension Added

.00\
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5.

Add the three linear dimensions to the left
side view.

At the top of the view, show the location and

width of the slot using the method shown. 4
Add the overall width at the bottom of the < [l
view. .

Slot Location and Size
Dimensions

The views are fully dimensioned.

When plotting this Paper size

dlfawmg t_he settings ANSI full bleed B (11,00 x 17.00 Inches) ~
will remain the same

with the exception of

the paper size. Paper Size for B-Size Drawings

Use the “ANSI full
bleed B (11.00 x 17.00
Inches)” paper size.

Snap to the points
when setting the
window boundary for
the plot.

Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.
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Project #6 - Guide

Filename: PROJ-06.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will introduce you to creating section views. In this
case the type of section will be a full section. This drawing is
considered a machining drawing but will also show information
for the casting operation. The creation and use of symbols used
for machining operations will also be covered. Lastly, you will
add Geometric Dimensioning and Tolerancing (GDT) Symbols.

Beginning the Project

1. Open PROJ-05.dwg and save the drawing as PROJ-06.dwg.
2. Delete the objects left over from PROJ-05.

Do not delete the title block and general notes.

3. Edit the text in the title block and the notes in the upper left corner of
the border.

Remove the diagonal line through the Finish box.

About the Notes...

e Notes #1 and #2 will remain unchanged.

e Note #3 refers to the original size of the casting to be machined.

¢ Note #4 refers to material called cores that are left in the mold to
create spaces for the metal to flow around. This helps to use less
material for the casting and cuts down on machining time.

¢ Note #5 shows the original boundary of the edge of the casting
and helps the machinist to see which surfaces are to be
machined. The surface texture symbol is also used to indicate
surfaces to be machined. This note is a Local Note, a triangle will
be added later around the number 5.

NOTES:

1. BREAK ALL SHARP EDGES

2. ROUNDS AND FILLETS ARE R.25.

5. DASHED LINES INDICATE EDGE OF ORIGINAL CASTING.
4. CORE HOLES .125 UNDER DIAMETER.

S. .12 MACHINING ALLOWANCE.

Notes for Project #6
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Drawing the Object (Top View)

1. Begin with the top view of the project.
Draw the three groups of circles based off the example.
The left circles consist of three circles; 1.44, .92, and .54 diameter.

This is showing a counterbored hole.

© © o

Circles Placed

2. Draw lines from the left edge of the left outside circle down and from
the bottom of the center circle to the left.

Using the Fillet tool, round the corners at a radius of .25.

Repeat for the upper right corner.

@0 o

Lines and Rounds Added

3. Using the Tangent snap override, M g o s
add a tangent line from outer edge @] Geometric Certer
of the left circle to the outer center & G
Repeat for the lower right corner of A~ Perpendicular &
H o At g L
the view. S

Tangent Snap Override
When using the tangent snap, the
first point for the line will “stick” at
the tangent point on a circle or arc.

For the second point you may see a ﬂ:\\

Deferred Tangent point. Deferred Tangent for Second
Point



Project #6 - Guide Learn AutoCAD! Page 110

4. The tangent
lines are added.

The top view is @
completed.

Drawing the Object (Front View)

1. Project lines /j’f
down from the /\
top view for the ﬁ /\

Tangent Lines Added

).

)
edges of the front \\M \ / NN
view. \\""’// &éé,/‘y

Estimate the
lengths of the
lines.

Lines Projected

2. Draw a horizontal
line for the
bottom of the
view.,

Offset the line up
to .54, 1.40,
1.98, and 1.72 Lines Offset
inches.

Fillet tools to trim
and extend the | |
corners.

3. Use the Trim and ‘ ‘

Set the Fillet tool
to 0.00 radius.

Lines Trimmed
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4. Draw the edges of the counterbored hole.

The counterbored hole has a depth of .31. I

Offset the top line on the left down this
distance.

Dimension is for reference only.

Counterbored Hole

5. Draw the edges of the countersunk hole. 90
The countersunk hole has a diameter of (“Gax

1.68. Draw the angled lines at 45 degrees.

Dimensions are for reference only.

Countersunk Hole

6. Fillet the
corners to .25
radius.

The object
lines for the
front view are
completed.

Object Lines Completed

Adding the Section Lines

Now that you are completed with the object lines, you will now add the
section lines in the front view.

Section lines show where a simulated cut is located on a drawing. In this

case you will be simulating a cut along the horizontal axis of the object
through the centers of the circles.

1. Create a new layer called Section Lines.

Use the attributes as shown and make the layer current.

e OB e s, o sl om, AT -eon drasis “"J'-.‘,\.Mm ER W < T -.__:"-"" i

; sap— 4 - 5 o
7 Points " H rj? W m3ge... Continuous —— 0.20mm 0 ‘-‘5'
k" Section Lines $ e o Mred Continugus —— 0.20mm 0 Color.1 3
5\7 Title Block i T o Owhite Continuous —— 020 mm 0 : 7 ‘§[
P

SR o sl oA s g f\\%gﬁ""“ @Wi'\_w‘,--awwm

Section Line Attributes
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2.

6. The area is hatched (patterned).

Find and click on the Hatch
Draw panel.

A new tab will appear
called Hatch Creation.

Select the ANSI131 style
from the Pattern panel.

Note: There are many
standard patterns available
for different uses.

You will also see that the
Associative toggle is turned
on.

This will allow you to
stretch the boundary of the
pattern if needed.

Pick an internal point inside the area to be

patterned.

tool in the N
el . Vi

Line Polyline Circle  Arc

@

Draw -
Hatch Tool
H ‘
ILLL
gas S
SOLID AMGLE @ AMSI32

Pattern |

ANSI131 Pattern

-"‘u |
iy f\_'
£ b

Qsociative Annotative Match
Properties

Options = §

Associative Toggle

K
LPICKIN

THIS AREA.

Internal Point

Area is Hatched
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7. Repeat the
process for the

other areas. ZI—V
The section ) )
lines are /\

completed.

Section Lines Completed

Adding the Center Lines, Center Marks, and Dimensioning the Views

1. Add the center lines and
center marks on the Center
Lines layer.

Use the Offset to offset the
top and bottom surfaces .12
inches.

You may need to use the
shorter versions of the center g 7

linestyle to make the dashes \ )
appear. % /

Center Marks and Center Lines Added

2. Add the linear Toxt Editor || 20w

dimensions. A —~

= ABC

= @ By B &
Add the diameter Columns | Symbol | Field | Spell | Edit Find &
Symb0| for the % s Check| Dictionaries | Replace
appropriate | Degrees %:%d L
dimensions. Plus/Minus %%p

\

Use the Symbol tool | = —
in the Text Editor Aimcst Bqual 1U+2248
panel and select S AR T IO S
“Diameter %%c” to . .
add the symbol. Choice for Diameter Symbol

You may also key-in
%°Y%c in front of the
dimension text to
add the symbol.
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3. The linear b os
dimensions should ;
be placed like this...

ZA\S>)

244 2.83

O\ | Vier

91,08 =

Linear Dimensions Added

4. Place the radial dimensions. : =
& 1 | AGEaer '

You will need to use the Match 2 O W Bylaye el
Mech 1-1 (Radius

Extended) style for the | Formatting ~

diameter dimensions. AMGDT Font

You will also need to edit ) _54

the text for the .92

diameter dimension on the \—‘@ -9 2

eft. V.31

When editing the text,

change the font to AMGDT.

Use the lowercase letter “v”

for the Counterbore symbol Dimension Text Edited
and the letter “x” for the

Depth symbol.
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5.

Add the 91.93
angular ®.54

. . L _1B.92
dimension for 7.31
the \
countersink —_— e
angle. \J

ﬁ

t

now
1.98 4

The views are
91.68
— 07,44 — —01.09 —=—

dimensioned.
%
1.40 | / )

~—21.08 =

Adding the Surface Texture Symbol and Local Note

1.

Use the drawing to create the Surface

Texture Symbol. 60 \7
The height of the symbol is three times
the text height. %

When placing the symbol, it may be =
placed on the extension line or attached .19 l

to a leader line.

The lines are placed on the Dimensions f
layer.

Surface Texture Symbol

After creating the symbol use the Group tool
to group the lines together.

Click on the Group tool in the Groups panel in
the Home ribbon.

Group Tool
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3. To name the group, click on the Group
Manager tool to open the Object Grouping
dialog box

The group will be named “Surface” as in
Surface Texture.

| Group Bounding Ecu<|

Click on one of the elements of the group. M Groups

All of the elements will select. Group Manager Tool
4. Type in the word Surface in the Group Name field and click the New

button.

The dialog box will close temporarily, pick the group.

5. You will see the group appear in the
Group Name box.

Object Grouping x

Group Name Selectable

Note: If you delete all the groups on
the drawing, the group cannot be
retrieved.

Group Identfication

Group Name: |SUF{FACE |
Deescription | |
Find Mame < Highiight < [ include Unnamed

Create Group
New < Selectable I:‘ Unnamed
Change Group
Remove < Add < Rename Re-Order .
Description Explode Selectable

Cancel Help

Object Grouping Dialog Box
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6. Place the surface texture symbol at the appropriate locations.

You will need to move the dimensions on the left side of the view to
place the surface marks.

When placing the leader do not add text. Snap the end of the leader
line to the bottom line of the surface texture mark group.

~—21.08 =

Surface Texture Marks Added to Front View

7. To add the local note symbol, open the i | \ L]
PROJ-04.dwg drawing and copy to N ‘
symbol to the clipboard.

Switch back to the PROJ-06.dwg /5
drawing and paste the symbol.

Local Note Symbol Placed
Edit the text for the number to “5”.

8. Add a triangle around Note #5 in the / CORE HOLE
notes. o A

You will need to turn off the Bullets and

Numbering for the note. Triangle Added on Note #5
9. Starting with the MECH
1-1 StY|e, create a new dy Create New Dimension Style >
dimension style called: New Style Name:
MECH 1-1 - 3PLC. (Mech 17-3FLC ) | [ Continue |
Start With: Canicel
Mech 1-1 w
[ Annotative Hew
Use for:
All dimensions v

MECH 1-1 - 3PLC Style Created
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10. In the Primary Units tab, {ineer dimensions

change the precision to Unit farmat: Do 0

0.000. Fracision =
Fraction format: Honzantal
Decimal separatar: ' (Perod) b
Found off: W :
Prefix: | |
Suffi | |

Precision Changed to 0.000

11. Change the 3-place decimal

Misc ==

dimensions shown in the Dim style TMech 11 - 3PLC
example on the drawing Aot A Annotative
using the Properties window. = e Center Marks
b | Mech1-1
Arrow T
Arrow 2 —
A i Mech 1-7 [Radius Exte..,
LR L. N Standard
Dim line lineweight - r

Properties Setting for Dim Style

Adding the Geometric Dimensioning and Tolerancing (GDT) Symbols

The last elements you will add to the drawing will be GDT symbology.
These symbols are used to show relationships between different surfaces
and features of the part to a datum. Datums are used as base surfaces or
feature to locate other elements of the drawing. For this part the bottom
surface and the center of the 1.080 diameter hole will be datums.

1. AutoCAD has a tool that is

o |+ gt
used to place GDT symbols ﬁ Mechil)-gE w1 f;
and boxes with symbols, Bimension 2 = Dimensies iz
tolerance values, and ] Linear - 7] Quick [ Continue -
datums. These are known as
feature control frames. @ e T N
i - I‘Dir:qﬁljlslinns u

Click on the Tolerance tool in Tol Tool
the Annotate tab, olerance Too
Dimensions panel.

2. The Geometric Tolerance dialog box opens.

This will be used to fill in the feature control frame.
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& Geometric Tolerance *

Sym Tolerance 1 Tolerance 2 Datum 1 Datum 2 Datum 3
H B H AR N NN
H N H N N | N

Projected Tolerance Zone; .

Height: |
Datum Identifier: |

Concal | | Hop

Geometric Tolerance Dialog Box

3. Start with the feature control under the .71 diameter hole on the left
side of the top view.

This frame is filled out to indicate that the center of the hole is located
within a .01 diameter cylindrical tolerance zone with respect to datum A
and B.

Later you will also update the location dimension for the hole to include
a frame around the dimension value.

This is done to indicate that the dimension is controlled by the feature
control frame and not the tolerance in the title block.

& Geometric Tolerance >

Sym Tolerance 1 Tolerance 2 Datum 1 Datum 2 Datum 3
HE EE/EEE N

BN B | NNl e .
. ol ... }___._w@igwm;&!hmﬁm_w,_

Geometric Tolerance Dialog Box Filled Out

4. Press the OK button.

./
The frame will be attached to /

your cursor. G} @ O O 5 A B

Locate the frame below the .71
diameter dimension. Feature Control Frame Placed

5. Next, you will create a new dimension style with frames around the
dimension text.

Open the Dimension Style Manager dialog box and make the Mech 1-1
- 3PLC style current.
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6. Click the New... button
and name the new
style: Mech 1-1 - 3PLC New Style Name:

- Frame. ((Mech 1-1 - 3PLC - Frame ) | [ Continue |

d Create Mew Dimension Style >

Start With: Cancel
Mech 1-1- 3PLC »

Hel
[ ] Annatative =

Use far:

All dimensicns w

New Dimension Style

7. Click Continue and then Text appearance
click on the Text tab. —— T =
The only change you Text color: I ByBlock v
will make \‘/‘VI” be to il i =
check the “Draw frame R
around text” checkbox. Text height: [1250 [
Fraction height scale: 10000 =

Draw frame anound text

Draw Frame Around Text Checkbox

8. Click Ok and Close to close the dialog boxes and save the dimension
style.

9. Select the two length dimensions for the holes in the top view and
change them to the new style.

Use the Properties box to do this.
N N\ T+
~—12.440| . [2.830}——

Dimensions Changed to Frames Style

Y
[

10. Add in the other feature control frames.

The top of the 1.09 diameter cylinder will have a Parallelism control,
the bottom of the part will have a Flatness control, and the countersunk
portion of the 1.080 hole will have a Concentricity control.
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11. Next you will create the Datum e

Feature Symbol. T
\. ‘//
This is used to mark surfaces or %
features that are datums. /,/ : “'
_ _ SOoLD |
Use the drawing for the sizes of FILL T

the elements.

—

/ \

Datum Symbol Dimensions

s i)
|

12. Add the two datum symbols for the bottom of the part and the 1.680
diameter hole.

R s I L
e

-Fmoao

Datum Symbols Added

13. Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.
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Project #7 - Gasket

Filename: PROJ-07.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will introduce you to the use of the Mirror and Array
tools. The setup for this project will be the same as the previous
project. You will also be adding toleranced dimensions for some
of the features.

Beginning the Project

1. Open PROJ-06.dwg and save the drawing as PROJ-07.dwg.
2. Delete the objects left over from PROJ-06.

Do not delete the title block and general notes.

3. Fill out the title block and general notes.

Drawing the Object

1. Begin by laying out the top portion of the exterior shape of the view.

When drawing the lines use the center of the 3.43 circle as the origin if
using the FROM command.

Also include the .54 diameter hole on the right side of the view.

N

O
—

Completed Top Half of the View

2. Next you will mirror
the top half to the \
bottom of the view.

Select the elements in
the top half of the view

. F DO NOT INCLUDE
with the exception of THESE [INES,
the two bottom vertical
lines. Lines Selected to Mirror

3. Click on the Mirror tool in the & Move () Rotate - Trim « &

Manipulate toolbox. %3 Copy -JF.uet iy
Set the Mirror About setting to [ stretch ] Seale  BE Amsy - &
Horizontal and check the Make Copy Madify ~

checkbox. Mirror Tool
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4,

Click at the
midpoint of the left
or right vertical
line.

You will see a
mirror image of the
selected objects
appear on the
opposite side of the
view.

Press Enter to not
erase source
objects and to
accept the mirrored
elements.

Next you will create
a polar array of the
eight holes
surrounding the
larger, 3.54
diameter hole.

Place the larger
hole 4.63 from the
midpoint of the far
left vertical line.

Midpoint of Line Snapped for Mirroring

N

/

3.43 Diameter Hole Placed

Place one .51 hole 2.23 from the center O

of the larger hole.

The 2.23 distance is half of the 4.46
diameter for the centers of the eight

holes.

.51 Hole Placed
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7. Click on the arrow next to the

Array tool in the Modify panel.

8+ Move () Rotate -~ Trim - & A
€3 Copy  Ah Mirror (7] Fillet - 50 Teut

Select the Polar Array option. [\ Stretch ] Scale |55 Away =] &
Madify {|[C]

O
Rect lar &
Select the .51 diameter hole o i Hesanguar Ay

and press Enter.

511? Path Array

lﬂ' + “#g (DE ED Polar Array : B

|
Array Tool, Polar Array Option

8. The first point will be the center o ,
of the 3.43 diameter circle. P <
& , Between: 4500
By default, there will be six (HFilk 360,00
holes created. . lterns .

Number of Items

In the Items field in the Items
panel, change the value to 8.

You will also see the number of
holes change to eight.

Press Enter to accept the array.

9. Add the .75 circle to
the left side of the
part.

The hole center is
3.93 to the left of
the center of the
3.43 diameter hole.

This completes the

object lines for the
view. Object Lines Completed

Adding the Center Marks, Center Lines and Dimensioning the View
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1.

2.

Add the center
marks for the
holes as
shown.

Center Marks Added

For the center lines used for the
eight holes, begin by drawing a
short center line through the top

hole. +

Then draw a center line arc through
the hole.

The angle of the arc will be 45 /—\
degrees.

Center Lines for Top Hole

Array the two lines around

the center of the large hole. /
The ends of the arc will
touch the other lines.

Center Lines Arrayed
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4,

Add smaller center lines to

connect the other center lines. ‘Ai

Create symmetry marks on both
ends of the view. . 2 5

Use the symmetry symbol to i

indicate that features are located
at the same relative location on
opposite sides of the view.

.06—-— e

Symmetry Mark Dimensions

The lines are drawn .25 long and
.06 apart from each other.

Use the techniques learned in the previous tutorials to complete the
remaining dimensions for the view.

Note: Some of the dimensions have parentheses around the numbers.
This is to indicate that these are reference dimensions. This type of
dimension is for reference only and are not to be measured/toleranced
on the inspected part. The other dimensions fully describe the locations
and sizes of all features.

Creating the Toleranced Dimension Styles

In this section you will create two new dimension styles. One will be a
Plus/Minus dimension and the other will be a Limit dimension. These types
of dimensions are used to indicate that the size/location of a feature is to
be inspected with a different tolerance as the rest of the drawing.

1.
2.
3.

Open the Dimension Style Manager.
Select the Mech 1-1 - 3PLC dimension style.

From this style, create
a new style called:

Mech1-1 - 3PLC - Mew Style Name:

Limit (IMech 1-1 - 3PLE - Limit ) | [ Cortinue |

Start With: Cancel
Mech 1-1- 3PLC ¥

A Create New Dimension Style X

Hel
(] Annatative s

Usze for:

All dimensions w

Mech 1-1 - 3PLC - Limit Style Created



Project #7 - Gasket Learn AutoCAD! Page 128
4. 1In the Tolerances ta b, A Modify Dimension Style: Mech 1-1 - 3PLC - Limit x
change the Method : P .
B . . Lines  Symbolsand Amows Text  Fit Primary Units  Atemiats Units  Tolerances
setting to Limit and Totrancs fomat | —
check the Leading Mehod: S ’“"“‘"_‘
checkbox to suppress PR 2000 o | L
i - 1,196 e \‘\ 2021
the leadin g zero. . [5000 z |/ \ A Zo71
- S
This will add an et [ E Rggg)n'__/_\
addltlonal dlmenSIOn Secaling for height: |T_Dt‘.}[}v{} )
bE|OW the o rlg Ina | Wertical position: Middle v
d Imension. Tolerance alignment Altemate unit tolerance
L’:I Align decimal separators Frecision: 100
(®) Align operational symbols
Zero suppression
Zero suppression
et g fieat
[ Trailing nches
Cancel Help

Change the .544 diameter
dimension to this new style.

Select the dimension and use
the Properties box to change
the values. Use .001 for the
lower limit and .002 for the
upper limit.

Note: The reason for changing
the value here and not in the
Dimension Styles Manager is
that limit dimensions may have
different range of values with
in the same drawing.

The diameter dimension value
is now updated.

Method Changed to Limit

. Tolerances

Alt tolerance suppre...

Tolerance alignment
Tolerance display
Tolerance limit lower
Tolerance limit upper
Tolerance pos vert
Tolerance precisicn

Limits

Values Changed in the
Properties Box

2X @

Dimension Updated

Create a new style starting from the Limit style.

Name the new dimension style: Mech 1-1 - 3PLC - Plus-Minus

Operational Symbols

046
045



Project #7 - Gasket Learn AutoCAD! Page 129
8. In the Tolerance tab, Tolerance format
chapgg the method to S =
Deviation.
Precision ﬂ.i}l}p LS
Change the Scaling for o
Upper value: ‘ 0000 =

height setting to .75.

This will make the text 3/4
of the dimension text size.

9. Change the .75 hole
diameter dimension on the
left side of the view to this
new style.

Select the dimension and
use the Properties box to
change the values. Use
.002 for the lower limit
and .001 for the upper
limit.

10. The diameter dimension is
now updated.

Lower value: 000 &
Scaling for height: ‘ =

Vertical position: Middle ™

Tolerance Format Changed

Tolerances -

Alt tolerance suppre.. Ves

Tolerance alignment  Operational Symbols
Tolerance display Deviation

Telerance limit lower

Tolerance limit upper

Tolerance pos vert Middle

Tolerance precision 0.000

Values Changed in the
Properties Box

@,750588;\

Dimension Updated

11. Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.
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Project #8 - Geneva Cam

Filename: PROJ-08.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: The object being drawn is of a Geneva Cam. There is an

animation of the operation of this mechanism on the book
website on the Support Files page. You will draw the Cam as
well as the outline of the drive wheel. You will also create a
detail view at 2:1 scale which will require an additional
dimension style to be created. The Array command will be used

to help create the outline of the Cam.

Beginning the Project

1.
2.

3.

Open PROJ-07.dwg and save the drawing as PROJ-08.dwg.
Delete the objects left over from PROJ-07.

Do not delete the title block and general notes.

Fill out the title block and general notes.

Drawing the Object (Creating the Array)

1.

Begin by drawing one portion

of the Cam.
4.802 Line Offset .1405

Since the object will be in Both Directions

arrayed you will only need to

draw one sixth of the object.

Start with a horizontal line at
4.802 in length.

Offset the line upward and
downward .1405 inches (half
of the .281 slot width).

Draw a construction line at
120 degrees from the
midpoint of the middle line.

The line length is 2.401 (half
of the 4.802 outside

diameter).

Offset the line .1405 in both Lines Added

directions.
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3.

Draw a 4.802 circle from the
midpoint.

Trim and circle to form the
arc as shown.

Use the Fillet tool to create
sharp corners at the line
intersections.

Draw a construction line from
the midpoint at 2.631 in
length and at a 30 degree
angle.

Draw a .948 radius circle at
the endpoint.

Delete the construction line
and trim the circle and arc as
shown.

Draw a .281 diameter circle
at 1.284 (half of 2.568
diameter locating the
rounded ends of the slots) to
the left of the midpoint of the
4.802 line.

bR
X

Circle Drawn and Trimmed

Line and Circle Drawn

Circle and Arc Trimmed

AN

P 2B

Circle Added
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7. At this point you have all the

objects needed for the array.

Trim the lower edge of the slot
to make sure that it is the
proper length.

Trim and delete the unneeded
lines as shown in the next step.

This is what you will have left to
array.

9. Use the Polar Array tool to

create the other five portions of
the Cam.

{_/

- @,

Use Fillet to Trim Corner

Y

Remaining Lines and Arcs to Array

Array Completed

Drawing the Object (Center Hole and Keyway, Drive Wheel)

1.

Draw a 1.00 inch circle at the center of the

view,

Draw another .500 diameter circle concentric

with the 1.00 circle.

©

Circle Drawn
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5. Before drawing the Drive

2. Draw a horizontal line from the bottom of

the .500 circle.
Approximate the length.

Offset the line up .600 inches.

Draw a vertical line up to the endpoint of
the top line from the center of the circle.

Offset the line .0625 in both directions.

Use the Fillet and Trim tools to create the
keyway.

@& Load or Reload Linetypes
Wheel, create a new

Line Drawn and Offset

Line Drawn and Offset

Keyway Completed

layer named Phantom File...

D33 - Mechanical Drawing Using AuteCAD 201644 -5

Lines. Available Linetypes
. . Linetype
Set the lineweight to HIDDEN

.20mm and the linetype
to PHANTOM.

You will need to load the
three Phantom linetypes
from the

Description
Het water supply — HW — HW — HW —
Phantom

Ag zag ANANANAANAOAACANNANNY
>

ACAD-MD.lin file found in
the support files folder.

Cancel Help

Phantom Linetypes to Load
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6. Using the Phantom Lines _ ~——
layer, draw 3.366 diameter S Ty “
circle 2.631 inches to the left - (
of the center of the Cam. /

/ /
Draw another concentric f I
circle at 1.886 diameter. \ \
\\
\._../

7. Draw a 2.432 radius circle at
the center of the Cam.

Use the Trim tool to trim the
circle and the 3.366 diameter
circle.

When using the Trim tool,
instead of pressing the Enter
key to select the entire
drawing, select only the two
arcs.

Circles Trimmed
This will make the trimming

easier.
8. Add the inner .25 diameter /
circle and the .25 circle for
the pin. [
O, @)
—
/

.25 Circles Added

o
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Drawing the Object (Projecting the Front View)

1. Project the edges of the Drive /
Wheel first down from the top :
view.

Lines for Drive Wheel Projected

2. Draw and Offset the -
horizontal lines. I | ’_‘

I A |
Trim the lines to create

the front view of the Completed Front View of Drive Wheel
Drive Wheel.

Change the two lines for
the .25 hole to the
Hidden Lines layer.

3. Set the Object Lines layer to the current layer.

To make the projection for the Cam easier, temporarily turn off the
Phantom Lines and the Hidden Lines layers.

Open the Layer Properties Manager dialog box and click the lightbulbs
next to the layers to do this.

S e e i At e

E‘H—; ':C,j’/ ']Ld?;ﬁi-‘.e Lreitin

A
o
o @ [Owhite Contin
o
o

i

_..-...r-Jl_A'_'lT.F L. e o ,-" PR

L

Dimensions
General Motes
Hidden Lines
Object Lines

[] white  HIDDE
[M green  Contin

T

Phantom Lines []white PHAM

% o

Phantom Lines and Hidden Lines Layers Turned Off
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4. Project the visible edges of the
Cam down from the top view.
/ ,,_\\

©

Lines for Cam Projected

5. Draw and Offset the horizontal
lines.

[ [T 11 [T 11 |

Trim the lines to create the front Cam Object Lines Completed

view of the Cam.

6. Turn on the Hidden Lines layer
and project the hidden edges
down from the top view of the
Cam.

You will not project the edges of
the slots down to the front view.

I I

[ TTTT 1

7. Trim the hidden edges.

[ 11 || FFraoa—41
L 11|

Hidden Edges Trimmed

8. Turn on the Phantom Lines layer and line up the two parts.

It may help to group the lines for each part separately.

[ O |, L ||
| 11 |

S = SR

Drive Wheel and Cam Parts Lined Up
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Adding the Center Marks, Center Lines and Dimensioning the View

1.

Add the
center marks
and center
lines for the
circular
features in
the top view.

Center Marks and Center Lines Added for Top View

Add the center lines for the front view.

Some center lines will not be projected.

‘ o \l”

Use the Mech
1-1 - 3PLC
style that was
created in the
previous
project.

The
dimensions
for the Drive
Wheel are
reference.

|

Center Lines Added for Front View

2.631

e

525

o0

Linear Dimensions Added

.263—1
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4. Add the radial dimensions.

Some dimensions will use the Radius Extended style. This style will also
need to be modified to 3 plc decimal.

Use the Radius dimension tool for the two notes.

The two views are fully dimensioned.

#4802

(1.886)

(2.250)
(R2.432) (#3.366)
CENTER IS CONCENTRIC

WITH CENTER OF CAM.

$2.568

2651

Y
‘28]7

(. 250) SEE DETAIL A

DRIVE WH EEL

la— (1.315) —
(2.631)

Radial Dimensions Added

Drawing the Detail View

Details Views are used to show a maginified view of a portion of another
view. In this case you will draw a 2:1 scale view of the keyway area of the
Cam. This will keep from having to add too many dimensions in the top view.

1. Copy the two center
circles and the keyway

to the right of the top
view. / ;T

Elements Copied

2. Click on the Scale tool in the Modify

#+ Move () Rotate -4 Trim -
Panel. J &

%% Copy A Miror (7] Fillet - &5

[_._\. Stretch g Array - it

Modify ~

Scale Tool
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3.

Select the objects and
then snap to the center
for the base point.

Type 2 for the scale
factor.

Scale Factor Set to 2

The objects are now twice their original size.

To dimension the detail view,
you will need to create a new
dimension style from the Mech
1-1 - 3PLC style.

Name the new style: Mech 1-1
- 3PLC - 2-1 Scale.

The only change you will make
is to set the measurement
scale factor to .5000.

This will divide the measured

values of the dimension in half.

This setting is located in the
Primary Units tab.

i Create New Dimension Style x
MNew Style Name:
(([Mech 11 -3PLC - 21 Scale) |
Start With: Canedl
Mech 1-1-3PLC v
Hel
[ Annotative £
Use for:
All dimensions »

Mech 1-1 (3plc 2-1 scale)
Dimension Style Created

Lines  Symbels and Amows  Text Fit
Linear dimensions
Unit format :

Primary Units Ntemateg

Decimal 2
Precision 0.000 !
Fraction format: Hanzonts!
Decimal separator: "' {Penod) ~

Round off:

Prefo: | | |
Suffic | |

Measurement scale

Scale factor:

Angular dim‘ipﬁ
| w@fw Pr——— J&n&s fonqu

Scale Factor Changed to .5000
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7. Add the center mark and dimension
the detail view using this new style.

Add text below the view to label it.

Use .125 high text.

—91.000 ——

DETAIL A

SCALE: 2#1

Detail View Dimensioned and
Labeled

8. Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.
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Project #9 - Hole Guide

Filename: PROJ-09.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will be the first to have you draw an auxiliary view.
The object will also be drawn using metric units with millimeters
as the base unit. This will also require the creation of a new set
of dimension styles.

Since the part is in Metric units, it will be drawn to ISO
(International Organization for Standardization) standards.
Some of the changes will include: different title block size and
different projection methods. These will be covered as you work
through the tutorial.

Beginning the Project

1. Open PROJ-08.dwg and save the drawing as PROJ-09.dwg.

2. Delete all objects left over from PROJ-08 including the title block,
border, and general notes.

3. From the downloaded support files on the website, open the file: A3-
Size Border (Metric).dwg.

Select all of the elements in the file and copy to clipboard.
5. Switch back to PROJ-09 and paste the elements to original coordinates.

You may notice the pasted elements are much larger than before. This
is due to the new elements being in millimeters instead of inches.

To see the points at the upper left and lower right corners, change the
size of the points to 3.7mm. Use the PTYPE key-in to open the Point
Style dialog box.

6. Fit the elements to the screen.
Note: For this project you will be using the A3 Border Size. This is
based on the A3 size used for metric drawings. The paper size for A3

vellum is 420mm x 297mm. This is the equivalent metric size to the
“B” Size Vellum (17" x 11")

7. Fill out the title block and general notes.

Note: The 1.6 surface finish is in micrometers. This is the equivalent to
a 63 micro inch surface finish.
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Setting up the File for Metric Units

Even though AutoCAD does not distinguish between Millimeters and Inches
in the Drawing Units setup, other changes will need to be made to the
drawing. Since you will not be inserting blocks into this drawing using ones
that were created using inches as the units, you will not need to change the

insertion scale.

1. To verify the Drawing
Units, open the Drawing
Units dialog box by
using the UNITS key-in
command.

2. Type DS to open the
Drafting Settings dialog
box.

In the Snap and Grid tab,
make the following
changes:

Change the Snap spacing
to 12.7 (millimeter
equivalent to .500
inches.)

Change the Grid spacing
to 6.35 (millimeter
equivalent to .250
inches.)

@ Drawing Units X
Length Angle
Type: Tne:
‘Decimal P Decimal Degrees w
Precision; Precision:
0.0000 e L] e
[] Clockwise

Insertion scale
Units to scale inserted content:

Inches v

Sample Output

1.5000,2 (039, 0000
3.0000<45,.0000

Lighting
Units for specifying the intensity of lighting:
Intemational b

Cancel Direction... Help

Drawing Units for Metric Drawings

i\ Drafting Settings x

Snap and Grid | Polar Tracking Object Snap 30 Object Snap  Dynamic Input  Quic| 4 | *

[ 5nap On (F9)

Snap spacing

[ Grid On (F7)

Grid style
Display dotted grid in:

Snap X spacing:
[120 model space
Snap Y spacing: [ Block editor
SheetAayout
[ Equal X and Y spacing [ Sheetiayo
Grid spacing
Polar spacing (Grid X spacing:
Grid Y spacing:

Major line every:

Grid behavior
Adaptive gid

®) Rectangular snaj
& Fectang P [ Allow subdivision below grid

(O lsometric snap sparing
Display grid beyond Limits

) PolarSnap [ Follow Dynamic UCS
Ciptions... Cancel Help

Drafting Settings for Metric Drawing
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Drawing the Object (Front and Upper Views)

Before beginning the drawing, you will be using First Angle Projection as
the method to projects the three views of the project. If you have no
experience with this projection you may decide to draw the views in Third
Angle Projection instead.

In this tutorial the method will be First Angle but there will also be a Third
Angle version available on the website in the Support Files area. If using
the Third Angle method, make sure to change the title block projection
symbol.

To help with the
visualization of the project,
a three dimensional view of
the object is provided.

Note: Later, in Part Two of
the book you will draw your
own three-dimension solid
of this project.

Three-Dimensional View of Project #9

1. Begin with the front
view.

Draw the outline of the
part, then the holes for
the counterbore, and
lastly the angled line.
The angle for the line
will be 73 degrees down.

This view will be drawn
that same way Object Lines for Front View
regardless of the
projection used.
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2. In First Angle Projection, you project through
the view instead of projecting from the view.

Project the edges up to create what would be
considered the bottom view.

Offset the lines from the bottom up for the
horizontal surfaces.

| —

N

=/

Lines for Bottom View
Projected

3. Trim and extend the lines to form the lines
for the view.

Offset the middle horizontal line
downward 8.50 for the depth of the
counter bore.

Lines Trimmed and
Extended for View

4. Change the lines for the counter
bore to hidden.

You may notice that the dashes [ Enter new linetype scale factor <1.0000>{( | 254 |
do not show up. This is due to )
the Linetype Scale setting. Linetype Scale Set to 25.4

Type LTS for the key-in | |
command to change this setting. L

Set the Linetype Scale to 25.4. | |

This will affect all new dashed Counterbore Hole Lines Changed to

lines added to the drawing from Hidden
here on.
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5.

In the front view, draw the
edges of the 25.4 thru hole
and the center line.

The hole center is 25.2mm
up from the bottom of the
view on the angled surface.

The hole is perpendicular to
the surface.

Hidden Lines and Center Lines Added

Project the left edge, right edge, and

center of the hole up to the

7. In the upper view offset the

bottom horizontal line up
40.39mm for the center of
the hole.

Offset the new line another
12.7mm for the top of the
hole.

upper view.

Lines Projected for Hole

Click on the Ellipse tool in the Draw

Panel.

Line Polyline Circle  Arc

Lines Offset

2 QO

He'ﬂ

Draw =

Ellipse Tool
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9.

10.

Drawing the Object (Auxiliary View)

Snap to the intersection
of the lines for the center
of the hole.

Then the first Axis
Endpoint.

Then the second Axis
Endpoint.

Delete the construction
lines and add the hidden
lines and center line.

Also add the center line
for the counterbored
hole.

You will add the center
mark later when
dimensioning the views.

FIRST AXIS / \
ENDPOINT.

SECOND AXIS
ENDPOINT. ——

\* CENTER

POINT.

\ |
L‘fjj
\ |

Snap Points for Ellipse

—

Hidden Lines and Center Lines Added

When drawing the Auxiliary view, you will project the lines the same way
as with the upper view. The only difference is that you will project the lines
parallel to the angle of the 17 degree hole.

You will also use a field of drafting called Descriptive Geometry to place the
elliptical portion of the hole in the upper view.

Begin by projecting the edges

of the front view ata 17
degree angle to the right.

You will not need to project

the edges of the
counterbored hole or the
25.4 thru hole.

Edges Projected at 17 Degrees
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2.

Draw a perpendicular line through the
projection lines to the right of the front
view.

Offset the line 17.61mm, 40.39mm,
and 63.17mm.

Trim the lines as shown to the corners
of the view.

Look carefully to match the corner in
the front view to the same corner in the
auxiliary view.

Note: Remember, you are projecting
through the front view.

Change the hidden edge to a hidden
line.

Add the 25.4mm diameter circle at the
intersection of the two lines.

Trim the hidden line where it intersects
the circle.

Delete the construction lines except for
the one that is marking the bottom
center of the counterbored hole.

Copy the hidden lines for the
counterbored hole from the upper view
to the intersection of the construction
line at the bottom of the auxiliary view.

Lines Offset

Lines Trimmed

Lines Deleted

Counterbore Hidden Lines
Copied
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6. Rotate the hidden lines and the center
lines 73 degrees clockwise to align them
with the auxiliary view.

Delete the construction line.

Auxiliary View Complete

7. To construct the ellipse in the upper
view, you will utilize Descriptive
Geometry techniques to transfer [— TO THE

. . . CENTER
distances from the auxiliary view. - = LINE.

Project the edge of the hole in the front
view to the upper view.

PROJECT
FROM THIS
A EDGE.

Line Projected from
Edge of Hole

8. Extend a line from the top of
: : INTERSECTION OF THE
the front view to the right e TINEL INES.
into the auxiliary view.

Draw another line from the
center of the 25.4mm hole
in the auxiliary view to the
new line.

LINE FROM

" TOP OF

—— FRONT VIEW.

Lines Drawn
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9.

10.

11.

12.

Project a line up from the
intersection to the upper
view.

Where this line intersects
with the center line in the
upper view will be the center
of the ellipse.

Project a line from the top
hidden line in the upper view
to the projected line.

Draw an ellipse from this
intersection to the edge of
the hole in the upper view.

Change the ellipse to
hidden linetype and delete
the construction lines.

Trim the ellipse to the edge
of the upper view.

The three views are now
complete.

INTERSECTION OF
PROJECTED LINE
AND THE CENTER LINE.

2

—1

% 1 R

Line Drawn from Intersection to
Center Line in Upper View

INTERSECTION OF
PROJECTED LINE

AND THE HIDDEN LINE.

N\

Line Drawn from Hidden Line to
Projected Line

FIRST AXIS SECOND AXIS

ENDPOINT. ENDPOINT.
CENTER OF
ELLIPSE.

\1‘_&/\/

Ellipse Drawn

Views Complete
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Dimensioning the Views (Setting up the Dimension Style)

Dimensioning first angle projection drawings will use the same methods as
with third angle projection. What is different will be the style of
dimensioning. You will begin by modifying the Mech 1-1 dimension style to
conform to the ISO style. This is typically used with first angle projection

drawings.

1. Open the Dimension style
Manager dialog box.

Click on the Mech 1-1 style
and then the New... button to
the right.

Name the new dimension
style, Metric 1-1.

2. Click Continue to modify the new
style.

Make the following changes:

In the Text tab, change the Text
alignment to ISO standard. Also,
change the Text placement
Vertical setting to Above and the
Offset from dim line setting to
0.0625.

In the Fit tab, change the “Use
overall scale of:” setting to 25.4.

This will multiply the text size
and other settings by 25.4.

i\ Create Mew Dimension Style X

MNew Style Name:

Metric 1-1 Conti
() |
Start With: Cared
Mech 1-1 v
Hel
[ Annotative i
Use for:
All dimensions b

New Dimension Style: Metric 1-1

Text alignment

) Horizortal

() Aligned with dimension lins
(®) IS0 standard

Text Alignment set to ISO Standard

Text placement

Vertical: i
Horizontal: Centered o
Wiew Direction: Left-to-Right \

Offeet from dim line:

Text Place Vertical Setting set to
Above

Sicale for dmension features
[] Annatative

() Scale dimensions to layaut

(®) Use overall scale of:

Use Overall Scale set to 25.4000
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3.

In the Primary Units tab, set the Linear dimensions

Precision setting to 0.00. Unit format: Decimal v
i i Precision ~

Even though all dimensions are

above 1mm, you will also Fractise fopmat, Horizantal

uncheck the Leading Zero Decimal separatar: " {Periad) v

suppression.
Precision set to 0.00

Note: You may also choose to

set the Decimal separator to e

comma. [ Traiing
Sub-nits factor: :

Sub-unit suffioc

Leading Zero Suppression
Unchecked

Click OK to save the new dimension style and close the dialog box.

Modify the Center Mark dimension style.

The only change you will need to make will be to set the Use Overall
Scale setting to 25.4.

Dimensioning the Views

1.

Separate the views from one another if needed to allow for the
dimensions to be placed.

Add the missing center
marks to the 25.4mm
hole.

Rotate the center mark
so that it is aligned with —
the view. _
When adding the center | 11T
mark for the elliptical :
hole in the upper view,
you will need to copy . P
the center mark from
the other hole and Center Mark Added
modify the mark. 1 w

Center Mark for
The Center Mark tool Elliptical Hole
does not work with
ellipses.
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3. Add the linear dimensions.

Use 9.50mm spacing for the first dimension line and then 6.35 for the
second line and beyond.

Note: Since the Grid Dot spacing was changed at the beginning of the
tutorial, you may also use the dot spacing to aid in the dimensioning.

+ —~
. [~
41
[{a}
| } | R
w
Nl EEns &
| } | A
78.41
(=]
~
o
ul
0l
o
Oy
13.65

Linear Dimensions Placed

4. Add the radial dimension for the 25.40mm hole
in the auxiliary view.

You will need to create a new style from the

Metric 1-1 style so that the text is not above the
leader line.

The name of the new style will be:
Metric 1-1 (Radial).

In the Text tab, change the Text alignment
setting to ISO Standard. ©25.40

Diameter Dimension
Added
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5.

6.

Add the callout for the counter ; = =
bored hole. % ACE i)

Match — | Sbaies T
When editing the text, you will Aa - 5 Clear -
need to use the font Formatting ~
containing the GDT symbols. gdt.shx Font
Unlike in Project #6, you will
use the shx version of the _
GDT font (gdt.shx). e
+ 2=
©10.00
i
L_®17.90
¥v8.50
Callout Added

Add the angular dimension for the |
angle of the hole in the front view. e
Use the Metric 1-1 style for this
dimension. /

o 7 —=

- ~
-

Angular Dimension Added

Save the project. This concludes the tutorial.
Create a PDF of the project and print if desired.
Note: You may use the same print settings except the scale will need

to change to 25.4. You may also change the paper size to ISO full bleed
A3 (420.00 x 297.00 MM) and plot the drawing at 1:1 scale.
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Project #10 - Cover Plate

Filename: PROJ-10.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This will introduce you to creating a rectangular array and

ordinate (arrowless) dimensioning. You will also use the Table
tool to create a table to document the sizes of features.

The UCS (Universal Coordinate System) tool will be introduced
in the tutorial. Since this drawing will be printed at 1:2 scale,
you will need to create new dimension styles.

Beginning the Project

1.

Open PROJ-08.dwg and save the drawing as PROJ-10.dwg.

The reason you will not be using PROJ-09 is that PROJ-10 is in imperial
units.

You will be changing the scale of the border and title block to twice the
original size. This is because the drawing will be printed at 1:2 scale.

Delete the views and dimensions from the previous drawing.

Select the border, title block, and

s Mo ! T _
general notes. ¢+ Move () Rotate - Trim &
93 Copy b Miror (]Fillet - &p
Click the Scale tool. [} Stretch @ OO Array + ok
Medify ~
Scale Tool

Key-in the base point at the 0,0
location. Use the # symbol for
absolute coordinates.

Use 0,0 for Base Point

Type 2 for the scale factor.

Press Enter to scale the elements.

[peciyscalefctorer il |

Note: Since you will not be using any

other linetypes beside Continuous, there is Scale Factor set to 2
no need to set the Linetype Scale to

2.000.

Set the Grid dot spacing to .5000 (2 x .2500).
Fill out the title block and general notes.
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Drawing the Object

1. Begin by laying out the outside shape of the front view of the project.

2. Once you have added the view,
you will move the UCS to the
lower left corner of the shape.

This will be the new origin for aducs A
L, UCSICQML, i
the holes and rectangle. S i bt T

. UCS Key-in Command
Type UCS to access the options

to modify the UCS.

3. Snap to the lower left corner of
the shape for the origin.

Your number values will be
different than the example.

New Origin for the UCS

4. Drag to the right to accept the
X-Axis direction. Polar tracking
should be on to insure that the A
direction is horizontal.

Press Enter to accept the XY b 4
plane.

UCS Rel ted to C
The UCS is now located at the elocated to Corner

corner of the view.
5. To move the UCS again, type in the key-in command.

To return the UCS to 0,0, use the World option.
6. Begin by placing the holes at the

locations given in the table. HOLE CHART
Since you have moved the UCS, do LieEE Bt ATt
not use the # symbol for absolute A 1.91 1
coordinates. B 2.36 1
C .88 2
D 1.53 |

Use Hole Chart for Hole
Locations
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7. Using the Circle tool to add the
holes, type in the X and Y
coordinates for their locations.

Hole Location for First Hole

8. Repeat the process for the other four

holes. Q
O

Five Holes Added

s

9. Next you will place the first hole for I eV
the rectangular array.

Place this hole at 6.69, .97. The O
diameter will be .65 inches.

First Hole of Array Placed

10. Click on the down arrow next to the BEamsy] & |
Array tool in the Modify panel. This ijD_IZl - -
is the same tool that was used for Nl Rectangular Ay )
the polar array in PROJ-07. : =

ath Array
EDEP th Array
Choose the Rectangular Array oo .
option. DI:I IZID Polar Array -

|
Rectangular Array Option

11. Select the circle and press Enter, a preliminary array will appear.
Change the column spacing to 1.42 and the row spacing to 1.17.

Verify the number of columns is set to 4 and the number of rows is set

to 4.
0o ﬂﬂﬁ Column .=Eu Rows:
etween: = etween:
([ fitin B Sz B

Rectangul
FCtangUiET | A Total | 4.2600 =1 Total: 35100

Type | Columns | Rows

Rectangular Array Settings
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12. Press Enter to exit the tool and place the
array.

-
i
%
i
<

e ST
e o

00O
00O

0000,
000 O0¢

O O

; e
s

Array Placed

13. That last element you will place

will be the rectangle. O
O

Click on the Rectangle tool.

Enter 2.92,.73 for the first corner O O

point and 5.49,2.62 for the

second corner point. O 0000
O O 0O
Use the # symbol for the second O O OO0
point. QO Q 0
All the object lines are now All Object Lines Placed
placed.
Dimensioning the Views (Adding the Center Marks)
1. B?fore dimenSioni_ng you i Create New Dirmension Style >
will create and edit a new
dimension style. New Style Name:
((mech 12 ) |
Open the Dimension Style Mgt
Manager dialog box. T = i
Hel
Start with the Mech 1-1 [l nmetative *
dimension style and Use for:
create a new style called: P -
Mech 1-2.

Mech 1-2 Style Created

2. Click on the Fit tab and set the “Use Scale for dimension features
overall scale of” setting to 2.0000. [ Annotative

() Scale dimensions to layout

This will be the only change made to 1T
the new style.

Overall Scale set to 2.000
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3. Create another new dimension style called: Center Mark 1:2.

Change the same settings as before.

4. Add the center marks for the holes.

When adding the center mark for the
first arrayed hole, stretch the two
outside horizontal lines an additional
.26 inches.

5. Stretch the vertical outside line .135
inches.

This is done so that the center marks
will overlap after arraying them in the
next step.

6. Use the Rectangular Array tool to
create the remaining center marks.

Set the number of columns to 4 and
the rows to 4.

Set the spacing or try using the @-\ @
triangular grips to space the copies to k/ k
line up with the hole centers.

Triangular Grips

7. The center marks are placed.

Center Marks Placed
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Dimensioning the Views

(Placing the Ordinate Dimensions, Linear Dimensions, and Labels)

1.

Click on the Ordinate dimension tool in the Home .Lgrma—mwr"' i

tab, Annotation panel.

You may also click on the Dimension tool, then N
right-click and select the Ordinate option. ’;‘j Jogged

Snap on the lower left corner
of the view. The value will be
.00. This value is based on
the location of the UCS when
you begin dimensioning.

Drag the end of the
extension line 1 1/2 grid dots
(3/4") from the edge of the
view.

Note: The dimensions will

not change if the UCS is
moved later.

Add the next dimension.

Without clicking, snap on the endpoint
of the first extension line and drag to

the right.

Ordinate
Dimension Tool

EXTENSION LINE
LOCATION.

Location of Extension Line

00— ——

Use Object Snap Tracking to line up the

extension line endpoints.

Use Object Snap Tracking
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4. Repeat the process for the
remaining ordinate
dimensions.

Some dimensions will be = ( )
733

placed inside the view to
avoid long extension lines.

—6.48
9.35
12.54

10.74 —

—6.78

5.81—

The ordinate dimensions are
now placed. S

2.62

73
00—

5 o™ [} (o2}
@ & T Q
- o~ Le) w0

.00

Ordinate Dimensions Placed

5. Add the two linear dimensions for
the row and column spacing of the
holes.

—3X 1.17

Linear Dimensions Placed

6. Add the text below each of the holes. This will be used to identify the
holes in the hole chart.

Use .25 high text for the labels.

You do not need to label all of the holes marked “E”.

Creating the Hole Chart

A hole chart is used to consolidate multiple dimensions on a drawing. In
this case you will use the hole chart to indicate the diameters and
quantities of each of the holes.

AutoCAD has a special tool that is used for tables and is similar to the tools
used in spreadsheet programs. You can also use this tool to upload and
download data from/to an external source such as an Excel spreadsheet
file.
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Click on the Table tool in the Annotate

Standard b
tab, Tables panel. :
7 5L Extract Data
Table ;‘*} z@
This tool may also be accessed from ot £ Link Data
the Home tab. Tables .
Table Tool
The Insert i Inzert Table X
Ta ble d |a |og Table style Insertion behavior
Standard = (®) Spedify insertion paint
bOX o pe ns. @ () Specify window
I[:sert s Column & row settings
Set th e ® stutfom en?ptv i Fnlumns: Column width:
() From a data link 3 5 L5000 &
CO | umn & Mo data links found =5 IID |— = |— =
ROW Settl n g S (C) From object data in the drawing (Datz Extraction) !Z_JEEI rows: !low height:
as shown. previen Bl & [ [ e
Title Sei::ellos\«\t'yclzis lee
Header Header Header e 4 L E
Diata Data Data Second row cell style: Header e
Data Duata Data All other row cell styles: Data ~
Data Data Data
Cata Data Data
Data Data Data
Cata Data Data
Crata Data Data
Drata Data Data
Cancel Help
Insert Table Dialog Box
Press the OK button. A B | G

The dialog box will close and the
table will be attached to the
cursor.

Place the table in the open area to
the right of the view.

Begin filling out the table starting
with the title.

Use .375 high text for the title.
Click outside the table when
finished with the title. The height
of the row will become larger to
accommodate the text.

Note: Your font may be different.

Later you will change the text style

to MECHANICAL.

Table Placed

HOLE CHART

Title Filled Out
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5. Click inside the first cell beneath — ey _—
the title. HOLE CHART
HOLE DIA. Qry.
A 1.9100

B 2.3600

v

Type in the word “"HOLE" for the
first header. The height of the
text will be .25.

Continue with the remaining text D
for the table. E 16
Note: You can use the Remaining Cells Filled Out

properties window to modify the
size and justification of the text
after placing. You can also use
the fence tool to select multiple
cells to change properties.

6. Next you will set up the number
format and justification for the

cells.
7
Click on the cell beneath the 5 I
DIA. column. 4 1
Cell Selected
7. In the Table Cell tab, select the Data e o e
Format tool and pick Custom Table ; 2 = &
Cell Format... in the drop-down CEIEc%cing Data/fo‘;mat % Fj Fo{fm
menu. ; . ;
o CellF Angle Ert
Currency

Date
v Decimal Number

General

\ Percentage

Point ==

Text —
‘Whole Number
3 —
:CCustom Table Cell Format _)|
h 4]

Custom Table Cell Format...
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8. The Table Cell Format dialog box

& Table Cell Format >
o pe ns. Data type: Preview:
Angle [ L9100 |
H - Currency z
Select "Decimal in the Format:” Date Fojmal
| (none) ~
area. General | Current units
Percentage Dﬂmﬂf -
Point Architectural
. I Text Engin_eerillwg %)
Then click the Additional Format... Whole Number e
b u ttO n. Current predsion ~
Current predision
.
C
ARBLE
0,0000
0.00000
0.000000
0.0000000
E 0.00000000
T

Setting the Precision to 0.00

P e T g
vl e |t S
Predsion:

oK Cancel Help

Additional Format... Button

9. The Additional Format dialog box

& Additional Format >
opens.
Current value
. 191
Check the Leading Zero
Suppression check box to remove Pl':“l'e“’

the leading zero.

Conversion factor:
E |

Additional text
Prefix: Suffix:

Mumber separators

Dedmal: Thousands:

| "." {Period) w | | {Mome) ~
Zerp suppression

Leading 0 feet

[ railing 0 inches

Additional Format Dialog Box
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10. Select the remaining cells using a crossing

fence and update the properties to match the DIA.
first cell. 1.91
2.56
.88
1.33
.65

Cells Updated

5

11. Select all of the cells under the title.

Change the Alignment to Middle Alignment | Nene
Center in the Cell Styles panel. - EH Edit Border
j——— [E= Top Left -
== Top Center
[20 Wirefran{ == Top Right
== Middle Left

& Middle Center

==| Middle Right
|z Bottom Left
& Bottom Center

-=| Bottom Right

Alignment Set to Middle

Center
12. In the Properties window FCocment =

in the Content section, Calitye Teus
set the Text height to Contents *WARIES?
.25. Text style MECHANICAL

Text height _ M

Text rotation e

Text color @ ByBlock

- amtbtatin. VARIES® afod,
RRRan ity i

Text Height Set to .25

13. Next, you will set the

lineweight to .50 for the title
and header rows and the
outside of the table.

Select the title and header
rows and click the Edit
Borders tool in the Cell Styles
panel.

% -

MNone

Middle Center

FH Edit Borders

Cell Styles

Edit Borders Tool
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14. The Cell Border Properties

15.

16.

dialog box opens.

Set the Lineweight to 0.50
mm in the drop-down
window.

A\ Cell Border Properties X

First specify Border Properties. Then press the Border Type buttons
or dick on the preview to apply selected border properties to the
appropriate barders.

Border properties

Page 168

Lineweight; .50 mm
Click the Outside Borders ! . :
and Inside Horizontal i sy
Border buttons. Color: M 5yElock -
[l bowble line
Click OK to make the _ -
changes and close the Spacng: B
dialog box. = @+
Taxt Text
Taxt Text
| |
Canicel Help

Cell Border Properties Dialog Box

HOLE CHARI

The outside and inside horizontal
lines are now thicker.

Note: If you cannot see the
changes you may need to turn on
the lineweight toggle by using
the LWT key-in.

Repeat the process for the
outside border of the remaining
cells.

HOLE DIA. QTY.
A 1.97 1
R 7.56 1

Lines Thicker

HOLE CHART

HOLE DIA. QTY.
A 1.97 1
B 2.56 1
L .88 2
D 1.4 1
= .65 16

Remaining Lines Thickened




Project #10 - Cover Plate Learn AutoCAD! Page 169

17.

18.

19.

20.

The last step is to set the Cell =
height of the rows. Cell style By Row/Column
Row style Title
Select the title cell and Colurmn style (none)
change the height of the cell Cell width 4.5000 .
to .75 inches in the Cell Cell height ._
portion of the Properties St . o i
i « . Background fill che

window. RGOS i ncanlP™ il

Changing the Cell Height
Repeat the process for the
remaining cells H O LE C HART
Change their height to .50 HOLE DIA. QTY,
inches.

A 18] T
The table is now complete. B 7 .30 1

C 88 Z

D 1.33 1

E .65 16

Table Complete
You may use this table format for future _ " Y
projects. W st Table @
Table style

If you wish to save the style of the Standard

table, begin by selecting the entire

table. P b A f

Click the Table tool and then click the Launch the Table Style

Launch the Table Style Dialog button. Dialog Button

Create a new table style in the

Table Style dialog box. # Create New Table Style X

New Stle Name:

Name the style: Hole Chart ( | Hole Chart ) | | Continus_|
Start With: Cancel

Click Continue to modify the Standard =

settings. ' Help

Create New Table Style Dialog Box
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21. In the New Table Style dialog box, click the button next to the “Select
table to start from:” area.

The dialog box will close temporarily, select the table you just created.
Click the OK button to save the table style and close the dialog box.

A new table with the updated style is attached to your cursor. Press the
ESC button to end the command.

Note: When inserting the new table, the Title and Header cells will
already be filled out.

& New Table Style: Hole Chart *

Starting table Cell styles
Select table to start from: E!g Data ~ rﬁ l__}s

General General Text  Borders

Table direction: Down N Popetics
Lineweight: — ByBlock. ~
Linetype: — ByBlock
Calor; M ByBlock ~
Title [ Double line
Header Header Header Spacing: 1450
Data Data Data
Datta Datta Datte B |E| |5 (8 (] |F |
Crato Cato [Bs1is]
Tiato Trata Tty Apply the selected properties to borders by clicking
the buttons abaove.
Cata Data Cato
Data Data Data
Cata Data Data Cell style preview
Dt Dty [Blsite] Data Data
Data Cata

Cancel Help
New Style Table Dialog Box

22. Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.
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Project #11a — Weld Symbols

Filename: PROJ-11a.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: The project will introduce you to the process of creating the weld
symbols. Blocks are the AutoCAD version of symbols. For this
project a folder will be created containing the different weld
symbols. These blocks will be used for the next project that
shows parts welded together into an assembly called a
weldment.

Beginning the Project

1. Open PROJ-08.dwg and save the drawing as PROJ-11a.dwg.
2. Delete the objects left over from PROJ-08.

Also, delete the General Notes.

3. Fill out the title block.

Drawing the Weld Symbols

Before you can create the blocks, you will need to create the elements for
the weld symbols. Begin with the Fillet Weld symbol.

1. The weld symbols don't 125 TEXT. —
have exact sizes but they L
should be consistent in size Y =
with each other. R

Use the PDF drawing from /‘

the website to draw the AU 1.40
elements for the Fillet Weld y
and other symbols.

\— USE THE MULTILEADER
TOOL FOR THE LEADER.

The text will serve as Fillet Weld Symbol Dimensions

placeholders. They may be
changed depending on the
size of the weld.

2. When adding the leader

: . & Create New Multileader Style bt
line, you will need to create

Mew style name:

a new multileader style. D) e

Start with the Mech 1-1 S Cancel
Mech 1-1 u

and create a new style : Help

called: Weld Leader L

New Multileader Style Created
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3.

In the dialog box, click on Landing settings
the Leader Structure tab and [+ Automatically include landing
uncheck the “Set landing @mﬂdmg distancs

distance” checkbox

Set Landing Distance Unchecked

Click on the Content tab and Leader Format  Leader Structure  Cortent
set the Multileader type to
None. yp Muttleader type: . =

Multileader Type set to None

Click Ok to close the dialog
box and save the new style.

Add the reference line to the
left end of the reference line.

Leader Line Added to Reference Line

Draw the field weld flag and
the all-around symbol. * e I h

When drawing the filled in 13 .19
shape, draw the lines then §
use the Hatch tool with the .62

fill set to Solid to fill-in the
triangle.

Field Weld Flag and All-Around Symbols

Draw the Notes symbol. oe h

This will go on the end of the % 125 TEXT.
weld symbol. /

Use Middle Left justification

for this text. =

Notes Symbol

Draw the remaining symbols.

To make the process efficient, copy the previous symbol and modify
the elements.

There are no specific dimensions for each symbol, approximate the
sizes based on the example drawing.
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9.

10.

When locating the symbols
for the chart, space the 12 R5*7

symbols .62 inches from /

one another.

Add the name of the
symbol to the right.

Use .125 for the text

height.

A2 2

125 TEXT.

FILLET
T

.62
i PLUG OR SLOT

Weld Symbol Spacing

Draw the text and the lines for the chart.

The height of the chart is 7.75 inches.

10.00

.375 TEXT. ‘

WELD SYMBOLS”

AMERICAN WELDING SOCIETY

/ .260 TEXT.

.

FLANGE—EDGE

WY i o m,wvhw&f%w;m%m@a—}mm s

Chart Text and Border Dimensions

Creating the Blocks

Now that you have completed the drawings of the weld symbols, you will
create groups of elements known as blocks. You will also save the blocks as
individual files.

1.

The process to create blocks is to select the elements for the block,
define the origin and create a name for the block.

You will begin by creating blocks for the following:

Name

Field Weld Flag
Tail with Note

All Around Symbol

Click on the Create tool in the Home tab, Block

panel.

Block Name Description

1 - Field Weld Field Weld Flag

2 - Note Tail Symbol with Note

3 - All Around All Around Symbol
(@ et
InsZrt E‘:’ edn

T 'EE Edit Attributes -
Block =

Create Tool
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3. The Block

Definition dialog
box opens.

The Name area
is used to name
the block.

The Base Point
area is used to
set the handle
point for the
block.

The Objects area
is used to select
the objects that
will be part of
the block.

These are the
only options you
will use at this
point.

A Block Definition be

MName:

[ v]

Base point Objects Behavior
[ Specify On-screen [ Specify On-screen ] Annotative
ﬁ Fick point -4 | Select objects —¢s
®: |.0D00 ) Retain Scale uniformby
. [npon ®) Convert to block
Y. D S omvetio b Allow exploding
= s () Delete
T | 7
Settings Description
Block urit:
Inches ~
Hypein...

[10pen in block editor

Cancel Help

Block Definition Dialog Box

Type in “1 - Field Weld”

Block Definiti i
in the name area. Bk y
Namee
(7 - Fieid Weid) ~| f
Base poirt Objects
P lSe0ngeon, g WBWW/
Entering the Name of the Block
Click the Select Objects tool. Objects
. . . [] Specy Gn-screen
The dialog box will close temporarily. eled ects [
Select the filled triangle and the O Retain
vertical line for the field weld symbol @ Convertto block
and then press the Enter key to O Delete

reopen the dialog box.

& Mo objects selected

Select Objects Tool
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6. Click the Pick Point tool. Base point
[ Speciy O
Again, the dialog box will close p_c n_ﬂcreen
temporarily. 'Ck s
X |.E-DEfD |

Snap on the bottom endpoint of the
vertical line and press the Enter key to
reopen the dialog box. z: |.oooo |

y: |.0000 |

Pick Point Tool

7. Type in the description Description
of the block in the Fiekd weld symbal, )

Description window.

Note: Adding the
description is not
required when creating
the block.

8. Repeat the process for the other two BASE
blocks. POINT. —

Description Window

The origin for the Notes block will be at the % N \o/ ‘ L
left end of the angled lines. e

The origin for the All-Around block will be
at the center of the circle.

9. Create the remaining blocks. BASE
POINT. —, SN 2T
Pick the weld symbol, text - S
and the leader line for the
blocks.

N

,,,,
The base point will be at the Base Point for Fillet Weld Symbol
left endpoint of the reference

line.
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10. When you are finished, you
will have a list of blocks
available for use on your

drawing.

Note: The Title Block Text
(B-Size) block was loaded
with the title block file.

Using the Blocks

iy Insert

AELCR T Ficld Weld = |
H - Field Weld

Path:
Lecy

Insertio
Speq

[ Explo

2 - Al Around

3 - MNote

Back or Backing
Bewvel

Fillet
Flange-Comer
Flange-Edge
Flare-Bevel
Flare-V

J
Phug or Slot

Scarf

Seam

Spot or Projection
Square

Stud

Surfacing

Title Block Text {(B-Size)
u

Vee

=

;
/

== %

—7

&

Secal
OK

L

List of Blocks Available

Now that the blocks are created, practice using them on the drawing.

1. Pick an open area of the drawing.

Click on the Insert tool in the Insert

tab.

Then click on the More Options... text
at the bottom of the drop-down area.

Insert Edit
4 i Attribute

B 9 =

Create [Define Man
Block ~ Attributes Attrib

Title Block Text (... Title Block Text (...
A2 3E-7 12 z
Fillet Plug or Slot

Insert Tool and More Options...



Project #11a - Weld Symbols Learn AutoCAD! Page 178

2. The Insert dialog W it P
box opens. —
Nae (IFi”E‘t} g Browse.. Aoz
You can use this Path: 4
dialOg box to Locate using Geagraphic Data
select the block to Insertion point Scale Rotation
add to the [] Specify On-screen [ Specify On-screen [ Specify On-screen

drawing, the i [ X o U
insertion point, | 0000 : [1.0000 Block Unit
the scale, and the N == Unt:  [inches

rotation.
Factor. (1.0000

Uniform Scale

Select the Fillet Cancel Help

block in the Name
drop—-down menu. Insert Dialog Box
Check the Explode

checkbox at the

bottom left of the

dialog box.

This will
automatically
break the block
into individual
elements after
placement.

3. Press the OK button.

12 | N\NQ=F

Click a point for the block.

The Fillet weld symbol will
appear.

Fillet Weld Symbol

4. Double-click on the text to

edit, A8 37

You can also click on the
leader line to stretch and
move the location of the
arrowhead and add a
vertex (additional line) to
the leader.
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5. Add the Field Weld and All-

Around blocks to your weld
symbol. These blocks do
not need to be exploded. 12 57

NOTE

Add the Note block to your
symbol. This will need to
be exploded in order to edit Field Weld, All-Around, and Note Blocks

the text. Added to Weld Symbol
Note: The Explode tool is Wdhove: Qi oz om =2 o
located in the Home tab, % Copy A Mimor (] it ()
Mod|fy pane|_ [0 Stretch  [§] Scsle B Aray - (&
Modify -
Explode Tool

Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.
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Project #11b - Weldment

Filename: PROJ-11b.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: Now that the weld symbols have been created, you will now
apply them to a drawing. This project is a collection of parts
called a weldment. The drawing will not only show the sizes of
the parts but will also show the types of welds that are used to
join them together.

Beginning the Project

1. Open PROJ-10.dwg and save the drawing as PROJ-11a.dwg.
2. Delete the view and the table left over from PROJ-10.
3. Fill out the title block and the general notes.

Drawing the Object

This is the object you will draw. A three-dimensional drawing is shown to
aid in visualizing the weldment. In Part Two of the book you will create
your own 3D version.

Three Dimensional View of Weldment
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1.

Since you used PROJ-10 as your starting file, the settings for this
project will be the same. If you had started from a full scale original
drawing, you would have needed to made the following changes:

a. Setting the grid dot spacing to .5000.

b. Setting the linetype scale factor setting to 2.000.

c. Selecting the title block and notes and scale to twice the
original size.

Change the UCS location
back to the original origin.

Type UCS to access the
command.

Type “"W” to set the UCS
location to World.

World Option for UCS

The UCS is now back at the
lower left corner of the
border.

Begin with the object lines for , e
the top view.

When adding the phantom lines O :
for the existing part. Extend the
lines 2.56 from the right edge ©

|
of the part. @ :
You will need to use the @

PHANTOM-X-Short linetype to s

make the dashes visible. 2.56
Top View

A.dd the object lines for the front G Move € Rotite 4 Tim ~ @ }
VIew. O3 Copy A Mimor (7] Fillet |+| 50 :
The chamfer for the top of the [ stretch B Seale | ]
.500 stud is .0625, The length of Modify | ==
the threaded portion is .50. Teow (| creme

- /
You may use the Chamfer tool to e f-* Blend Curves
create the chamfer for the end of | @+ 4
the stud.

Chamfer Tool

This tool is located in the Modify
panel with the Fillet tool.

Set the distances of the chamfer
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to .063 inches. \
]
L1

Front View
[

iEiig

L
Right Side View

5. Add the objects lines for the right
side view.

6. Draw the detail view of Part A
and place above the right side
view.

This view will be drawn at the
same scale as the main drawing. Detail View of Part A

7. Add in the hidden lines.

The hidden lines for the threaded portion of the studs are drawn at the
depth of the chamfer (.063 inches).

B
o °
L\] A

Hidden Lines Added
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8. Add the lines for the existing
part.

Break-line| Super
Symbaol J Hatch

To create the break lines, use
the Break-line Symbol tool
located in the Express Tools
tab, Draw panel.

Set the size of the break-line
symbol to .1250. Press “S” to
set the size after clicking the
tool.

Break-line Tool and Size

9. The lines for the Existing Part

are added.
,‘\/\;,
Existing Part Lines Added
10. Add the centerlines and —

center marks. I T ——

Use the dimension style for
the double-sized center
marks created in PROJ-10.

|
\
\
\
\
|:| \
|
. . O |
Use the Continuous linetype ‘ | \
for the center marks for the \
studs. 1

A L
Center Marks for Top View
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R | /

\/\

Centerlines for Front and Side Views

11. When dimensioning the views add the linear dimensions first, then the
radial dimensions, and then the text notes.

Using the Autodesk Design Center to add the Weld Symbols

In this section you will use the Autodesk Design Center to add the blocks to
the drawing. This will allow you to inserts the symbols without having to
return to PROJ-11a to copy/paste the blocks into this drawing.

1. Type ADC to open the Design Center dialog box.

:‘IB = -E2Q BRREEEE- AUTODESK® SEEK
4
Folders | Open Drawings  History
Folder List X
I Desitop =
- B8 This PC 1-Projects - 2-FProjects- 3 - Support

- Network 2D D Filesand Ti...
AutoCAD Projects

1- Projects - 2D

I 2- Projects - 30

3 - Support Files and Title Blocks

Bl Leam AutoCAD Video Files

DESIGNCENTER
x

£\ Users\Mechanical meing\Desktnp\-ALrtnCJ\D Projects l3‘ Item[;}}

Autodesk DesignCenter
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2. On the left is the Folder List. FDHEF ust x
, _ P4 PROJ-06.dwg A
Navigate to the PROJ-11a.dwg file -4 PROJ-07.dwg
and click the “+” next to the file w-E4 PROJ-08.dwg
name. w-E4 PROJ-09.dwg
G- PROJ-10.dwg
Click the icon for Blocks under the ‘rﬁ H11a dwa

file name. :
----- tH Deta 1w Styles
On the right you will see icons for Lo
- =% Layers
the blocks that were created in -[&F] Layouts
the previous tutorial. 2= Linetypes

¢ 5 Multileaderstyles
----- Bra SectionViewStyles

-5 Tablestyles
a!}s Teadstyles

-
b ) Visualstyles

{ﬂ;] Mrefa

----- - 2 - PI‘CI]EE'tS 3D

Y e -

Folder List

3. Click, hold, and drag the icons for the Field Weld, All Around, Fillet, and
Stud blocks into the drawing area.

You will need to drag the symbols one at a time.

- E B

1 - Field Weld 2 - Mote 3 - All Around Back or Bewvel Fillet
Backing
=
Flange-Comer Fange-Edge  Flare-Bewvel Flare-V 4 Fiug or Slot
~
Scarf Seam Spot or Square Stud Surfacing
Projection b
Icons

4. After the blocks have been added to the drawing area you may delete
them.

Use will use the Insert block tool to add the blocks to the drawing.

Close the Design Center dialog box.
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5.

Open the Insert dialog box. Insert the blocks into your drawing. Set the
Scale to 2 to account for the 1:2 scale of the drawing.

Hook the leader lines so that they are pointing at the weld.

If you have welding experience, it may help to think of the arrow as the
electrode of the welder.

The stud weld symbol indicates the size of the weld (.06 inches) and
the number of studs to be welded (3).

The fillet weld symbol indicates the size of the weld (.12). If the symbol
is below the reference line, then the weld is on the same side as the

arrow. If is above the reference line, then the weld is on the opposite
side.

In the notes the American Welding Society (AWS) standard for welding
symbols is referenced.

Save the project. This concludes the tutorial.

Create a PDF of the project and print if desired.



Page 188

Learn AutoCAD!

Project #11b - Weldment




Part Two - Projects 3D Versions Page 189

Part Two

Projects
3D Versions
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Projects - 3D Versions

Congratulations on completing the first part of the book!

Introduction

Now that you have completed the 2D version of the projects, you will now be
instructed in the process of completing three-dimensional (3D) versions of the same
projects. Once you are experienced with the software you would typically complete
the 3D model of the project first and then use the software to automatically create
2D views of the software. This procedure will be covered later in this part of the
book. You will use the information created in the 2D files when creating some of the
3D features.

When creating a 3D solid of an object there are two basic methods; the Extrusion
Method and the Primitive Method. The Extrusion Method is typically used where the
part is a shape with a uniform thickness. The Primitive Method is used when the
object is comprised of primitive solids. The AutoCAD program has tools to create
these primitives. They are the: box, cylinder, cone, sphere, pyramid, wedge, and
torus. Both of these methods will be covered as part of the tutorials to create the
3D versions of the projects.

You will also create a 3D assembly of the Geneva Cam. This will introduce you to
the use of reference files when adding the individual part files to the assembly file.
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Project #1 - 3D -
Absolute Coordinate Exercise

File Name: PROJ-01-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This is the first 3D project. You will use the elements created as
part of the 2D version. After completing the project, you will
check the volume of the project to verify that you created the
solid accurately. Refer to the Project Volumes on the 3D Projects
page at the beginning of the book for these volume

measurements.

projects.

Note: If you have decided to start Part Two after completing PROJ-03.dwg in
Part One of the book, keep in mind that some of these projects will
require elements that have been drawn in the 2D versions of the

Beginning the Project

1.

Start a new drawing from scratch.

For this first 3D drawing you will start from a blank file. Once you have
completed the project, you will use this file to begin the next project.

Save the file as: PROJ-01-3D.

The 3D files will be contained in the Projects -3D folder that you

created at the beginning of the book.

For the 3D projects you will need to
change the workspace from the
Drafting and Annotation workspace
to the 3D Modeling workspace.

The Workspace Switching tool is
located at the bottom right corner
of the screen in the Status Bar.

As with the 2D projects, we will
discuss the 3D tabs and panels as
we need them for the tutorials.

Note: To save changes made to the
Workspace after closing it, select
the Workspace Settings... option
and check the “Automatically save
workspace changes” button.

Drafting & Annotation
3D Basics

v 3D Modeling

Save Current As...
Workspace Settings...
Customize...

Display Workspace Label

=B+ OB @ =

Workspace Switched to 3D
Modeling

s il ol Seasamiee e
When Switching Workspaces

() Do not save changes to workspace
@Momaﬁcaﬂy save workspace chang@

OK Cancel Help

“Automatically save workspace
changes” Button
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Preparing the Views

L. Begin by Setting up l-ED '.'"."li.rr:frame - . Single

multiple viewports for the
drawing Unsaved View - .
' - = Two: Vertical
@Multlplewv&wpor‘ts ~)
The basic method is to use View ~ . [ ——

the Multiple viewports tool

in the Home tab, View Multiple Viewports Tool [, ...
panel. =
=1 Three: Left
You may also create other R Named ,
viewport layouts by using S Join g Thuse:Abore
the Viewport Configuration [ Restore ]
Three: Below

tool in the Visualize tab,
Model Viewports panel.

Model Viewports

Three: Vertical

Viewport Configuration

For the 3D tutorials, the Tool
Four Equal viewport set-up
will be used.

Three: Horizontal

Feur Equal

5] Four: Right

Four; Left

Viewport
Configuration
Choices

2. Your screen should look like this...

Lo i i €3 MODEL | T b @ s cE A RAV-O -+ @

Four Equal Views
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3. As you click on each of the R -
four views, you will see that | ) Q
the edges of the view
window turn blue. v ,f

. o » &
This shows that the view is ‘
active. ek A g /
Also, the name of the view Top Left of Active View

will appear at the top left of
the window along with its
display style.

4. At the top right corner of the view you will see the

ViewCube and a collection of view tools. i
o |
! |

Up to this point in the book, you may not have used /
these tools. [ Jg——
You will use them now to rotate the view to a standard
orientation.
s
3
,}
i\‘\%\\,
ViewCube
and View
Tools
5. Reorient the fours views. et
)
Set the top left viewport to Top. This is done ; =
by clicking on the triangles that surround the AL -l
cube. [ = 1 H
Set the bottom left viewport to Front.

Set the bottom right viewport to Right.

Orthogonal Triangle
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6. Set the upper right viewport to Front, Right
Isometric.

This is done by click on the corner of the Q |
ViewCube where the Front, Right, and Top

|
surfaces meet.

Front Right Isometric
Orientation

7. You can also rotate the views

by using the middle mouse
button and the Shift key held
down.
This will orbit the view. A
R
Open the Navigation Wheel by e
clicking on the Full Navigation tu o
Wheel tool in the view tools. T Navigation Wheel
[>]
You can also use the e
Navigation Wheel to Zoom, -
Orbit, Pan, and Rewind to Full
previous views. Navigation
Wheel Tool

8. Before beginning to draw, you will need to reorient the UCS so that the
plane is in the Front view. By default, the UCS plane is oriented to the
top view.

Click in the Front view and type UCS to access the UCS options.

Type “V” to reorient the UCS to the Front view. You will see the View
Cube change to Top because the UCS rotation has been changed.

|

[Command: UCS]
Current ucs name: TWORLD®

. —l
28 [*- ucs specify origin of UCS or [Face NAmed DBject Previau@eﬁorld X ¥ Z ZAxis] <World>:

UCS Options in the Command Line

9. Save the UCS as “Front”.
Type UCS to access the options.
Type “NA” for the named UCS.
Type “S” to save the UCS.
Type “Front” to name the saved UCS.
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10. Beneath the View Cube is the UCS
drop-down.

Click on the drop-down to see the
saved UCS.

This way you will be able to switch
between the World UCS (WCS) and
the Front UCS.

11.

12.
project into this file.

=3
O

= WCS

Mew UCS

Front UCS in Drop-Down

Lastly, set up the grid spacing to .25 and the major line setting to 4.

Now you are ready to bring in objects from your 2D version of the

Creating the Model (Extruding the Outside Shape and Setting Up the Visual

Style)
Open the 2D version of PROJ-01.

2. Turn off the Text layer in the Layer
drop-down.

This will make it easier to select
the object lines.

3. Select the objects lines.

Copy the lines to the
Clipboard.

Note: There is no tool for
Copy/Paste in the Ribbon.
You may either right-click
after selecting the elements
and choose Clipboard, or
open the Menu bar at the

g Q;i' 5 o | Object Lines -
= |V e o
Layer AR
roperties || ) % o Il Object Lines |
¢ 4 f° O points |

(9 22 o WTen s

Text Layer Off

Repeat ".-LAYER
Recent Input »
>
Isolate >
_94‘_ Eraze
Rl Y "

Clipboard Option in Menu

top of the screen to access
the Edit menu.

o S
THB O A - (5)
:  Solid Suface  Mes rtomizeQuickAccessTD,:,|bar.F
-| [§) Polysalid F’Iﬁ o New
7 i l\ 5 Ve

Down Arrow to Access Menu Bar
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1 st o Wb

Render

More Commands...

Show Menu Bar

Show Below the Ribbon
-

Show Menu Bar

4. Switch to the 3D version of
the file.

Confirm that the view is set
to the Front UCS.

Paste the elements in the |-
lower left viewport. =

View Placed in Front View
The other views are still
oriented to the WCS. You
will see the shape as a line
(edge view) in the top and
right views.

Note: Even though this is
the Front view, the
ViewCube will be oriented
to the Top view. This will
change as the UCS is
changed back to WCS.

5. Now that you have the elements in the 3D file,

will change the individual lines to regions. =@ e O
you change the individual lines to regions @8 e
Click on the Region tool in the Home tab, Draw CH &-\ & A
panel. M

2 /7 -0
This will convert the lines forming the perimeter 1 ] . Y 14
of the shape into a single element. g Drawy

Region Tool
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6. Select the 10 lines around the edge of the
object. Click enter to create the region.

To verify that you have a region, click on
one of the lines around the edge. All of the
lines will highlight.

Repeat the process for the rectangular
shape.

Region Highlighted

7. You will not need to repeat the process for

i E ysoli
the hexagon or circle. D {) Polysolid
Bitic ]:_;L Fresspull
Since these are shapes, they are also :
regions. Maodeling -
Click the Extrude tool in the Home tab, Extrude Tool

Modeling panel.

8. Click on the edge of the
shape in the Top view. ‘

Press Enter. ' "
X

Drag the mouse up in the
Top view. You will see the Extruding the Shape
shape becoming a solid.

Type 1.25 of the height of
the extrusion.

9. The shape is now extruded.

You will be able to see this clearly in the
Isometric view.

Extruded Shape in the
Isometric View
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10. To see the shape in a more

11.

realistic style, you will change

the display style.

Activate the Isometric view by

clicking inside the view.

In the View panel, click on 2D

Wireframe in the drop-down

menu.

Select the Visual Styles

Manager... text at the bottom.

The Visual Styles Manager

dialog box opens.

Double-click on the
Hidden visual style.

This will update the
Isometric view style.

You will make two
changes to the style.

Click on the word “"No” in
the Occluded Edges
section and change it to
“Yes”.

Change the Linetype to
Dotted.

The style will update as

you make these changes.

® VISUAL STYLES MANAGER

Learn AutoCAD! Page 198
|- 20 Wireframe v| | ﬁ | F‘ d
"R
Conceptual Hidden Realistic
Shaded Shaded wi... Shades of Gray Skétch}f
& B
'c".'irr:fra'me X-Ray

Save as.a New Visual Style ...

q\fisual Styles Manager... )

Visual Styles Manager...

. Available Visual Styles in Drawjpg-.—_.\

| Hidden

Face Settings
 Face sE'.,f-Ie None
Lighting quality 5

Opacity
Lighting
* Highlight intensity
Shadow display Off
' Environment"Sétﬁngs
Backgrounds On
Edge Settings
Show
Color
Occluded Edges
i
Color
Linetype
Intersection Edges
Show Ne

Facet Edges
ByEntity

ByEntity

Visual Styles Manager Dialog Box
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12. You will now be able to see the shape
as shaded and the hidden edges are
dotted.

View Shaded and Hidden
Edges Dotted

Creating the Model (Extruding the Interior Shapes and Creating the Voids)

o

1. Next you will create the voids for the
rectangle, hexagon, and circle.

Click on the Extrude tool.

Select the three inside shapes and
press Enter.

Drag the other end of the extrusions
through the solid. The distance will
not matter as long as the extrusions
extend through the larger solid.

Dragging the Extrusion End
Through the Solid

Click to accept the extrusions.

2. Click on the Solid, Subtract tool in the Solid @ & (& Erract Edges -

Editin nel.

d g pa &‘ [£] Bxtrude Faces -
This tool is used to remove material where @ < 0 Separate ~
two solids intersect. Solid Editing =

Solid, Subtract Tool
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3.

Select the larger solid first =
and press Enter.

Select the three smaller
solids to subtract and press
Enter.

The extruded solids
disappear and the voids are
created.

Orbit the view to make sure
that the voids are through to
the other side.

The solid is finished. ; =

| =
Check the volume with the e
VOLUME key-in. — !

This is part of the MASSPROP
command.

VOLUME Key-in

Select the solid.
A text window will appear with geometrical information about the solid.

The volume should be 32.8393. The other values will be different since
they depend on the location of the solid in 3D space.

Since the project is in inches, the volume is in cubic inches.

If you would like to write the analysis to a text file, press Enter to
continue otherwise, press ESC twice to end the command.
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(&= AutoCAD Text Window - PROJ-D1-3D.dwg

Edit
Select objects:
———————————————— SOLIDS Simes Sm s Smn
Mass: 32.8393
Volume:
Bounding box: X =Z.e92RT -- 5.8072
¥ -1.,7588 -- bBH.5808
Z: -15.4263 -- -14.1763
Centroid: X 2.8791
Y: 2.8818
Z: -14.8813
Moments of inertia: X: 7464.3756
¥: 7458.8585
Z: 525.9738
Products of inertia: XY: -97.7787
¥I: 872.9794
ZX: 1818.5497
Radii of gyration: X: 15.08765
¥: 15.8789
Z: 4.8821
Principal moments and X-¥-Z directions about centroid:
Press ENTER to continue:

Text Window Showing Volume

6. Save the project. This
concludes the tutorial.

Later, you will create a PDF of

the solid.

Completed Project
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Project #2 - 3D -
Relative Coordinate Exercise

File Name: PROJ-02-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: The procedure for this project is very similar to PROJ-01-3D.

The same extrusion method will be used to create the solid.

Beginning the Project

1.

Open PROJ-01-3D.dwg and save the drawing as PROJ-02-3D.dwg.

If you just completed PROJ-01-3D.dwg, save the file before saving it
under a new file name.

Delete all the objects in the file.

You will not need any elements from the previous project.

Creating the Model

Open the 2D version of PROJ-02.

Select the object lines for the shape and copy the elements to the
clipboard.

Switch to the PROJ-02-3D
file and paste the elements
into the front view.

Make sure that the Front
view is set to the Front UCS
created in the last project.

Lines Pasted to Front View

4. Set the current layer to Object Lines.

5.

Create a region from the lines.

The new region with be placed on the Object Lines layer.
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Click on the Extrude tool and extrude the shape .25 inches.
Use the VOLUME command to

check the volume. | T FERES—
; 9,4599

The volume should be 9.4599 zijm,

cubic inches.

8. The project is
completed.

Completed Project

9. Save the project. This concludes the tutorial.
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Project #3 - 3D - Bracket

File Name: PROJ-03-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: For this project you will use the extrusion method for the
individual parts of the solid. Then you will join them together
into one. After that, you will use a primitive solid to add the
holes to the solid.

Beginning the Project

1. Open PROJ-02-3D.dwg and save the drawing as PROJ-03-3D.dwg.

If you just completed PROJ-02-3D.dwg, save the file before saving it
under a new file name.

2. Delete all the objects in the file. You will not need any elements from
the previous project.

Creating the Model (Extruding the Front View and Rotating the Elements)

1. Open the 2D version of PROJ-03.

2. To quickly select only the object —— —
lines from the 2D you will use the g \i’ ﬁi\il:ijmectunes _
Isolate tool to isolate the Object loger 3 1:} B £ Make Current
Lines Iayer. Properties £, £, £ < £ Match Layer

Click on the Isolate tool in the
Layers panel.

3. Click one of the object
lines in the drawing.

The rest of the elements
will turn gray and will not
be able to be selected.

Select all three views. You
will see only the object
lines with handles
indicating that they are
selected.

Object Lines Selected

4. Copy the elements to the clipboard.
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5. Click on the Unisolate tool to unisolate

. . i e Object Lines -
the Object Lines layer. g g Z'ﬂaD J
B 45 Tp £ Make Current
Layer : _
The other layers are no longer gray. Properties g}g_ G B Match Layer
Layers =

Unisolate Tool

6. Switch to the PROJ-02- '
3D file and paste the | || 10
elements into the front | T
view. |

2T

s L

Lines Pasted to Front View

7. You will be using some of
the elements from each
view for the extrusions.

Create a region from the
exterior lines of the front
view and extrude the
depth of the model (1.54
inches).

e Shape Extruded 1.54 Inches

8. Click inside the right view and create a new UCS based on the view.
Use the View option in the UCS command.

Name the UCS “Right”.
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9.

10.

11.

In the right view, select the elements
from the pasted top view and rotate
them 90 degrees clockwise.

Snap to the bottom edge for the base
point of the rotation.

Rotating Elements from Top
View

Switch to the top view
and rotate the elements
from the pasted right
view 90 degrees O
counter-clockwise.

x ]

Snap to the left edge

for the base point. . . .
Rotating Elements from Right View

The pasted elements
are rotated and aligned
to the solid.

e

Pasted Elements Rotated and Aligned
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Creating the Model (Creating the Regions and Subtracting the Solids)

1.

In the top view, you will
create a region from a
portion of the top view
lines.

Click on the Line tool in
the Draw panel.

Draw two lines below and
to the right of the top
view. Use Object Snap
Tracking to make sure
that the new lines are on
the same level as the
other lines.

Draw the second line
from the first line
endpoint.

Check the other views to
make sure that the lines
are at the same level.

At this point you may see
that the object is below
the plane of the UCS.

If you see the grid
squares on top of the
objects in the Isometric
view you will need to
move all of the objects
above this plane.

Using Object Snap Tracking to Draw the

O

Line

Second Line Drawn

Polar; 1.0082 < 907

Objects Below Grid Plane
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4. Switch to the Right UCS in the view |

using the drop-down below the {00 oo O
ViewCube. |

2
You can tell that the UCS is changed

because the grid squares are visible.
X

Click in the right view and select all of

the objects. _ | % |

All Objects Selected

5. Click on the Move tool and
move the objects so they
are above the UCS icon in
the right view.

If you cannot see the UCS
icon, move the objects _
above the red line. o>

As you move the elements,
watch the Isometric view to
see the objects move above
the grid plane.

Solid and Other Lines Above Grid Plane

6. In the top view elements, use the Fillet
tool set a zero radius to form the
shape.

Delete the other lines from the view
but keep the circle.

You will need the circle to create the
cylinder solid to make the hole.

Create a region from the rectangular
shape.

Region Created and Lines
Deleted
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7. Extrude the region through
the solid.

The distance will not
matter, make sure that the
extrusion extends below
the other solid.

[:.-_ﬁ;;ghta’f'mnw E|_|

Region Extruded Through Solid

8. Click on the Solid, Subtract =
tool to create the cut in the sy
main solid.

Delete the extra line from
the front view.

Cut Created

9. You will use the same .
method to create the '
angled surface from
elements in the right view.

Draw four lines to create a
shape from the angled line
in the right view.

As before, use Object Snap
Tracking to make sure that
the lines are planar with

the angled line. |

Additional Lines for Shape Drawn
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10. Delete the extra lines

11.

12.

from the right side
elements and create a
region from the shape.

Extrude the region into
the main solid.

This time, do not extrude
all the way through.

Stop around the middle
of the solid.

You can check the
distance in the front
view,

Use the Solid, Subtract
tool to create the angled
surface.

Note: If you complete
the extrusion in the front
view, the UCS will
change in the Isometric
view. If this happens,
reset the UCS in the
Isometric view to the
WCS in the drop down
menu.

Region Created

|
5.0605¢

Edge of Extrusion in Front View

et

Angled Surface Created
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13.

14.

15.

The last two features to create will be

r_— ) -
the two holes. D @ ? Pl
Box | Exdrude L} Presspull
Instead of extruding the circles, you & i
will use the Cylinder tool. DBD){ ing =
_— |P-03°
Click on the Cylinder tool under the [@ Cylnder )
Box tool in the Modeling panel. o e
C‘) Cone
O Sphere [
ijl
O Pyramid
Fale 1.00
B'u“."lidge £ o
oy ByLi
@ Torus 0.0t
ion

Cylinder Tool

In the front view, snap to the center
of the circle at the upper left corner of
the view.

Snap to the edge of the circle for the
radius.

mull

Center and Radius of Cylinder
Located

Click in the Isometric view and drag
the cylinder through the solid.

As with the extrusions, make sure you
drag through the other side of the
solid.

Cylinder Dragged Through the
Solid
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16. Complete the cylinder.

17.

18.

Use the Solid, Subtract to create
the hole.

Reset the UCS to WCS in the
Isometric view.

Repeat the process for the top
hole.

Create the hole using Solid,
Subtract.

Delete the two circles from the
pasted elements and any other
extra lines.

Hole Created

Second Hole Created
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19. Use the VOLUME command
to check the volume.

The volume should be
3.0664 cubic inches.

20. Save the project.

This concludes the tutorial.

Completed Project
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Using a 3D Solid to Create
Orthographic Views

Description: Now that you have finished the first three 3D versions of the
Projects, you will now convert the 3D solid to a set of 2D
orthographic views. The procedure will use Project #3 as the
example.

This tutorial will also introduce you to the concept and use of

Paperspace. This is used as an alternate method to create sheet
views of orthographic drawings.

Beginning the Project

1. Open PROJ-03-3D.dwg.This will be a continuation of the project and
will not need to be saved under a different file name.

2. Since the 3D projects were started from a blank file, you will need to
import the layers and linetypes from the 2D drawing file.

You will use the Design Center application in AutoCAD to transfer the
layers and linetype from the 2D file to the 3D file.

Type “"ADC” to open the Design Center application.

Note: You last used the Design Center in Project #11b to add the weld
symbol blocks to the drawing file.

3. On the left of the dialog box is the IFolder Lzt %
folder list. | - Network Al
=l AutoCAD Projects
= 1 - Projects - 20

Navigate to your PROJ-03.dwg file (2D [ PDF Fles
version). -8 PROJOT.dwg
&1-E5 PROJ02dwg
Click the “+” sign next to the file to b /aoll P
. iy s3] Blocks
expand the elements contained within | = | .. AT Detail'viewStyles
the file. 1% Dimstyles
- F Layers
Layouts
2= Linetypes

- 5 Multileaderstyles
..... B+ SectionViewShles
[ Tablestyles

..... ,ujj Textstyles

) Visualstyles

m ¥refs

w-F§ PROJD5.dwg v

Elements in the
PROJ-03.dwg File
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4. Click on the Layers Q B~ AUTODESK® SEEK

category under the J

file. "gggggg

Border Lines  Center Lines Defpoints Dimensions  Hidden Lines

You will see the

layers in the : = & g

drawing inside to e |
Content Area to the ol G N e M s,
right.

Content Area Showing the Layers

To add the layers to the 3D file,

select the layers within the £ |4 Dof B Object lines =i
content area and drag-and-drop L V Tl lo -
them into the drawing area of Properties| § %t gf' [ Border Lines |
the file. '\}' i o [l Center Lines |
'\;? o Defpoints
Chegk the Layer drop-down to SECHE T e——— 3
see if the layers have been Q 1% o Il Hidden Lines
added. |V 5 o B Object Lines
h‘%ﬁ "\_f ﬁ f . Points
N\ |9 5o Bres
| —
Layers Added to PROJ-03-3D.dwg
Repeat the process B Coicie Marisgis X
for the Linetypes. R
ypP ".S':Z*:pjlf:::rpes =gE Load.. Delete

Cumrent Show details

Open the Linetype
Manager with the I - —
LTYPE key-in to see |42 oo

Current Linetype: ByLayer

1 1 |ByBlock B —

f the linetypes | o8 T ae—

have been added. [CENTER-Short —— CerterShot
iCENTEH—X—Short —_— Center¥-Shot
iContinuous ——— Continuous
[ Hidden

el O i g g B
Linetypes Added to PROJ-03-3D.dwg

You may also load Dimension Styles, Multileader Styles, Text Styles,
and any other elements/styles created within the 2D file.
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Setting Up the Orthographic Views

For this portion of the tutorial you will use the Solid View tool to create the
views of the solid. This tool will take “snapshots” of the solid in various
orientations.

1. Click on the Layoutl tab at the
bottom left corner of the screen.

You will see that the UCS icon
has changed to the Paperspace
Icon.

Layoutl Tab

2. You will see one of the views
from model space with a box
surrounding it.

This a called the Viewport.

Think of it as a window into
Model Space where the 3D solid
is located.

Paperspace View and Viewport

3. Click on the edge of the viewport
surrounding the view and delete it.

You will be making new viewports for each of
the standard views and the isometric view.

The dashed line is the edge of the printable
area for the page size and the edge of the
white rectangle is the edge of the paper.

Viewport Deleted
This page size is setup for “"A” size (8.50” x
117).

4. Click on the Solid View tool in the Model S —0

panel. D @ §) Polysolid

Box  Extrude ‘C}Presspull
You can also access this tool with the o ¥
SOLVIEW key-in command.
@)z
H°  Modeling

Solid View Tool
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5. An option menu will appear attached
to the cursor.

Choose the Ucs option with the
cursor.

Enteran option

Ortho

Avrxiliary

Section

Ucs Option
6. Choose the Named option. ‘

Type in the saved UCS, Front that
was created in the last tutorial. ‘

Erter an option

Enter name of UCS to restore;  { Front | & Current
S

This will be your base view.

Named Option

7. Press Enter to accept the view scale
at 1.000.

Enter view scale < 1.0000> i!!:ﬁ:il'

View Scale set to 1.0000

8. Specify the view center at a point in
the lower left corner of the page.

9. The front view of the solid will appear
on the sheet.

The viewport will cover the entire
sheet.

You may click a new location if the
first one was not in the correct place.

View Placed on Sheet
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10.

11.

12.

13.

Press Enter to accept the location.

At the next step you will click the
upper left corner of the viewport.

Drag down and to the right for the
lower right corner of the viewport.

Leave a small space around the edge
of the view.

The Viewport is resized and placed
around the view.

Once the Viewport is placed, you
may lock it.

This will keep from accidentally
changing the scale or panning the
view.

The Viewport Lock tool is located in

the Status Bar at the bottom right
corner of the screen.

The next prompt is to name the
view.

Type “Front” for the view name.

Specify first corer of viewpori: m 3.6690
o

Upper Left Corner of Viewport

S

Lower Right Corner of Viewport

vﬂ_ﬂﬂ

Viewport Placed

cHLXBEY-R 8-+ 3

Viewport Lock Tool

O

X

Name the View: Front



Using a 3D Solid to Create Orthographic Views Learn AutoCAD! Page 219

14. Now you have placed the Front View.

Enter
Now you will use the Ortho option in the Solid Caned
View tool to create the Top and Side views. Ucs
Click on the Solid View tool, then right-click Ausiliary
and select the Ortho option. Section
53 Pan
@q Zoom
(@) SteeringWheels
QuickCale |
e ———

Ortho Option

15. The drawing will

automatically switch to
Paperspace. e
p I
Click or snap on the Ql | - B
top edge of the 1
viewport for the front '
view.

Specify Side of Viewport for
New View

16. Drag up to locate the view
center for the Top view.

O

Placing Point for View Center
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17.

18.

19.

20.

Click the point and press Enter.

Draw the corners of the viewport as
before. \

The Top view is placed.

Name the view: Top HIII_

Top View Placed

Repeat the process for the Right
Side view.

When using the Ortho option, click

T

on the right side of the front

viewport.

o ﬁ YT
Name the view: Right il

Right View Placed

The last view that you will place in the Isometric view. This view will

require creating a new saved UCS.

Click the Model tab at the bottom of the screen
Modelspace.

Click in the Isometric view to make

to return to

the view current. : I/ : N

Type UCS to begin the UCS tool.
Right-click and select the View ...f’{:
Option.

This will align the UCS to the view
rotation.

———
[ a——

Enter
Cancel
Recent Input

Dynamic Input

Face

MNAmed

OBject

Previous
&>

World

X

View Option

M KN X

|
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21.

22.

The UCS is now
oriented to the view.

UCS Oriented to Isometric View

Save the UCS as: Iso.

23. Click the Layoutl tab to return to the sheet view.

24,

25.

Note: If you accidentally change the view scale in one of the views,
you can use the UNDO command to go back to the original view. You
can also use the key-in command, MVSETUP to re-align the views.

Click the Solid View tool.

Use the Ucs option for the new
isometric view.

Right-click for the Named option.
Type Iso as the UCS to restore.

Use 1.000 for the view scale.
Specify the view center at the upper
right corner and place the viewport
corners.

Name the view: Iso

The Isometric view is placed
Now all of the views are placed.

Isometric View Placed

In the next section you will create hidden line views.
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Creating Hidden Line Views of the Viewports

1.

Now you will use the Solid Drawing tool to

] Polysoli
create the hidden line views. D @ 0 Polysoli
Box  Extrude f_}F‘resspuII
Click on the Solid Drawing (SOLDRAW) tool T %
in the Modeling panel.
o | | B@g
The Layoutl view will automatically open if 1 Modeling

ou were in the Model view.
Y Solid Drawing Tool

The prompt will ask you to select objects.
Select the edges of the four viewports for each of the views.
Press Enter when finished selecting.

Note: In the previous section, if you did not name the views as they
were created this step will not work. You will need to re-create the
views with names.

You will see that the
object lines and hidden
lines for each of the
views have been
created.

The solid model has
been automatically
hidden in each view.

Hidden Line Views Created

Open the Layer Properties dialog box.
At this point you will need to set up the layer attributes for each layer.

Refer to the screenshot of the Layer Properties Manager dialog box for
the attributes of each layer.

The primary change you will make is to change the Visible layers to the
correct color and lineweight. The Hidden and Dimension layers will
need to have their lineweights changed.

Each view has its own set of layers. Example: Front view has Front-
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DIM, Front-HID, and Front-VIS. The DIM layer is for Dimensions, the
HID layer is for hidden lines, and the VIS layer is for visible (object)
lines.

Note: You can use the Ctrl key to select multiple layers at once.

; = ==
Current layer: 0 Search for layer Q i
=1 | & £F &k oo |
|| Fiteers “«| 5. Name 0... Fre.. Lock Color Linetype Lineweight
=5 Al & 0 ¥ IE ol [ white Continuous —— Default
&2 All Used Layers & Border Lines g 1k o [yellow  Continuous —— 0.50 mm
£ ‘Center Lines q ﬁ o’ [Jwhite CENTER —— (.20 mm
+ Defpoints v iE o [Owhite  Continuous —— Default
£ Dimensions q E:,E o [ white Continuous —— 0.20 mm
& Front-DiM o IE o O white Continuous —— 0.20 mm
£ Front-HID [ o’ [ white HIDDEN —— (.20 mm
£ Front-VIS g II o [ gresn Continuous —— 0.50 mm
£ Hidden Lines 9 Lk o [white  HIDDEN —— 0.20 mm
& |s0-DIM (AR o [ white Continuous 0.20 mm
£ lso-HID o o’ [Owhite  HIDDEN —— (.20 mm
£ |so-VIS 2 ECE o’ [ green Confinuous = 0.50 mm
£ (Object Lines i L'E o [ white Continuous —— 0.50 mm
£ Points g Ik ot [ white Continuous = {.50 mm
£ Right-DIM g :‘E o [white Continuous —— 0.20 mm
#= Right-HID 7 4k g [white  HIDDEN —— 020 mm | &
£ Right-VIS q E:,E o’ [ green Continuous  ——— 0.50 mm _',
& Text Q= o O white Continuous —— 0.20 mm j
£ Top-DIM q ﬁ o’ [white Continuous —— 0.20 mm E_}
= Top-HID 0 F o [white  HIDDEN —— 020mm | E
= Top-VIS 9 L o [ green Continugus ~—— 0.50 mm :LJ_L;
£ VPORTS P = o [ white Continuous —— Default B
[ Irert filter @« > %
=
All: 22 layers displayed of 22 total layers Z

Layer Attribute for New Layers (Not all Columns are Shown.)
5. The views are now set up with the correct attributes.

Pasting the Border/Title Block into Layoutl

This portion of the procedure covers methods to add the A-Size Border file
to Layoutl.

1. Open the A-Size Border.dwg file.

Select all of the elements and copy them to the clipboard.
2. Switch to the PROJ-03-3D file.

Open the Layoutl tab.
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3. Paste the elements into the % Cut Sk
view by using Fhe Paste _to [y Copy CtrleC
Original Coordinates option. I, Copy with Base Point Ctrl+ Shift+C

[ Paste Ctrl+V
[ Pasteas Block Ctrl+Shift+V
qﬁ_Paste to Original Cuordinates_)

Paste to Original Coordinates

4. The elements will be located
at the edge of the paper
boundary.

If you cannot see the points
at the corners, use the
PTYPE key-in command to
change the point style and
size.

The border is placed.

INTRODUCTION TO AUTOCAD
s [ TITLE
+- -4 Fil

Border Placed

Dimensioning the Views

1. Now that you are finished with the
3D elements, change your Workspace
back to Drafting & Annotation.

+ Drafting & Annotation

3D Basics
3D Modeling

You may be switched to the Model
tab. If so, switch back to Layoutl.

Save Current As...

Workspace Settings...

Customize...
Display Workspace Label

RLa~-+0B A:

Workspace Switched to
Drafting & Annotation

The process to dimension the views will be the same as with the 2D
version.

The main difference is that you will place the dimensions into Paperspace
while the views will be in Modelspace.
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2. Before dimensioning you
may need to move the

1. NOTE #1.

views within the border. b Neba.

Turn on the Polar Tracking
toggle.

While in paperspace, move
the viewports to their
appropriate location.

Make sure to keep the s, [TE e
- . . SIZE | DATE: MM=DD=YY[SCALE:1:1
views aligned with each :

other.
Views Moved

3. Click on the Paper toggle at the | Qmpm}_ L@~ 4

bottom of the screen.

This will switch the drawing to Paperspace Toggle
model space.

4. Click in the front view viewport and |
turn off the Grid squares.

Repeat the process for the other
views.

5. Switch back to paperspace.

X| Status Mame a ... VP Freeze
. = Right-DIM =

Open the Layer Properties |l Right-HID B
Manager dialog box. | & Right-VIS =

‘ P Text @
Find the VPORTS layer at the = Title Block =
bottom and scroll over to = Top-DiM 5
the VP Freeze column. i oo o =

P Top-VIS

:é
Click the icon to freeze the &l
VPORTS layer. VPORTS Layer VP Freeze Icon

Note: Freezing a layer is
used to turn off a layer in
only one layout tab.
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6. Now the drawing will look the
same as it does in the 2D
version.

VPORTS Layer Frozen

7. To plot the drawing you will use the same settings as with the 2D
version of the project.

8. Add the dimensions and fill out the title block if you wish.

From here on you have the option of using the 3D solid to create 2D
dimensioned views of the projects.

Creating a 3D Layout View

This last section is a workaround to view the 3D solid correctly. In the model
tab you will see both the solid and the individual views. You have the choice
of either turning off the views and viewing the solid or you may decide to
create a 3D layout view. This section will cover the steps to do this.

I omemnelFisoen]

Solid and Individual Hidden Line Views

Model Layout] +

Layout2 Tab

1. Click on the Layout2 tab.
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2. The Layout2 tab opens.

MNew Layout
. . From Template...
Right-click on the tab and select Delete
Rename.
Move or Copy...
The text for the |ay0ut tab will Select All Layouts
h 9 h 19 ht. Activate Previous Layout

Activate Model Tab

Rename the tab, 3D Views.
Page Setup Manager...

Plot...
Also rename the Layoutl tab, 2D i
Sheet. Drafting Standard Setup...
Import Layout as Sheet...
This will make it easier to identify the Export Layout to Model... ]
function of the tabs. ek ey L
Layourt™ 7+

Renaming the Layout Tab

Model 20 Sheet 3D Views +

Tabs Renamed

3. Delete the viewport in the layout so that you have a blank view.
Zoom into the view so that the entire area is filed by the paper

boundary.
5. Use the VPORTS W Viiporks %

key_ In comman d New Viewports  Named Viewports
to open the
VleWports d|a|Og Cument name: Four: Equal
bOX . Standard viewports: Freisw

“Active Model Corfiguration™

Single

. Two: Vertical - - i
fC_hI?jntge BtBe SetUp: | e s Vous s 20 s | Vo s i
e o . Three Let

Three: Above

Three: Below
Set the Standard e
viewports setting o Vew: Frort Vi Rt
to FOUI’: Equal- Wisual style: 2D Wireframe | Visual style: 2D Wireframe
Cl ICk in the S E Viewport Spacing: Setup: Change view to; Yisual Style:
Isometric view and hw & 3 V| [Eetmee <] [Fudden v
change the Visual
style to Hidden. o Help

Viewports Dialog Box Settings
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6. Press the OK
button to close the
dialog box and eGs
place the corners. B %

Depending on the -
size and set-up of S O

your screen the ' Tﬂl_,: ﬁll

points will vary.

Click at the upper e

left edge of your =~
display area and Four Viewports Placed

then at the lower
right so that the
views fill the entire
space.

7. Toggle to modelspace.

Now you may click in each view to modify the solid.
8. Save the project. This concludes the tutorial.
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Project #4 - 3D - Plate

File Name: PROJ-04-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: For this project you will use the extrusion method. Instead of
projecting each shape individually, you will extrude all shapes
together. Then the voids will be created from the intersecting
solids.

Beginning the Project

1. Open PROJ-03-3D.dwg and save the drawing as PROJ-04-3D.dwg.

If you just completed PROJ-03-3D.dwg, save the file before saving it
under a new file name.

2. Delete all the objects in the file. You will not need any elements from
the previous project.

Use Ctrl+A to select any elements that may be hidden or frozen.

Creating the Model

1. Open the 2D version of PROJ-04.
2. Select only the object lines from the 2D view.

Use the Isolate tool to isolate the Object Lines layer.

3. Switch to PROJ-04-3D.
Paste the elements in the Front View.
Make sure you are in the Front UCS

that was created in the previous
project.

Set up the location so that the lower
left circle is at the origin (0,0). Objects Placed in Front View

4. Fit the objects in the other P

views. @\H

Set the UCS to WCS in the
other three views.

0

NE

8}

Object Fit in Other Views
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5.

Set the current layer to Object Lines. ST TS

Use the Region tool to create regions of
the exterior shape and the two slots.

The circles are already regions.
In the Isometric view, you will see that

the grid squares are hidden behind the
regions.

Note: You may pick the entire view to " Regions Created
create the regions all at once.

Click the Extrude tool. ‘

Pick all of the regions at once ‘ : ST T T T E T The
and extrude .375 inches. || | | ‘Z
The direction of the Direction and Height of Extrusions

extrusions will be upward in
the top view.

All of the extrusions are created as
separate solids that overlap one
another.

Use the Solid, Subtract tool to create
the voids.

Click the tool and then select the
outside larger solid.

Press Enter and then select the smaller
solids that overlap with the larger solid.

Smaller Solids Selected
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9. Press Enter to accept the selection and
end the command.

The voids are created.

Voids Created

10. Use the VOLUME command DL
to check the volume. = [
a5 5.791e
The volume should be F;ulume:

5.7910 cubic inches.
Volume of Solid

11. Save the project. This concludes the tutorial.

If Creating a Dimensioned View:

If you have not created the 2D views for the project yet, you should do so
now. The 2D sheet view is set up from the previous project, but the views will
need to be deleted and re-created for the new project. Refer to the 2D tutorial
for dimension set-up and placement.

Before creating the 2D views using the Solid View tool, you will need to merge
the four VIS layers into the Object Lines layer. This is done in the Layer
Properties Manager by right-clicking on the layer and selecting “Merge
selected layers(s) to...” in the drop-down menu. This will also delete the
original layer(s). Repeat the process for the HID and DIM layers.

&8 # i s P S S
T iy Y i i Pl Ja A e i Aot pdhe 1T A

‘ { Merge selected layer(s) to ... ) ‘

Merge Selected Layer(s) to... Command
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Project #5 - 3D - Saw Handle

File Name: PROJ-05-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: For this project you will use the extrusion method. You will also

use the Fillet tool to create rounded corners on the solid.

Beginning the Project

1.

Open PROJ-04-3D.dwg and save the drawing as PROJ-05-3D.dwg.

If you just completed PROJ-04-3D.dwg, save the file before saving it
under a new file name.

Delete all the objects in the file. You will not need any elements from
the previous project.

Use Ctrl+A to select any elements that may be hidden or frozen.

Merge the layers generated by the Solid View tool into the Object Line,
Hidden Line, and Dimension layers.

Creating the Model (Extruding the Shapes and Creating the Voids)

1.

Open the 2D version of PROJ-05.

2. Select the object lines and the single hidden line from the 2D view.

Only select the elements in the front view.

Use the Isolate tool to isolate the Object Lines layer.

Copy the elements to the clipboard.

Switch to the 3D file and paste the
elements to the front view.

Locate the objects above and to
the right of the UCS origin in the
front view.

Objects Located in Front View
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5.

Use the Region and Extrude tools
to extrude the elements .75
inches.

When extruding, do not select
the hidden line.

Use the Solid, Subtract tool to
create the voids.

Voids Created

Creating the Model (Rounding the Corners)

Click inside the Isometric view to make it current.

Click on the Single Viewport tool in the View panel to make the
Isometric view the only view.

You may notice that the arcs have facets. Eoe=as

To make the arc appear smoother, type __
VIEWRES to change the view resolution. ~ —=4

Press Enter to accept yes for - e S
Fast Zooms.

Type 10000 for the zoom s e e
circle percent. - e

Zoom Circle Percent set to 10000
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5.

10.

Zoom in and out to see the changes.

The arcs should appear smoother.

Click on the Fillet tool in
the Modify panel.

Select the upper corner of
the solid.

Edge Selected

Type .25 for the radius and press Enter.

Right-click and select the Chain option in the
menu.

Enter
Cancel

Recent Input >

Loop

N Radius S
\"-..\...g.....ﬁh i _\“Mﬁ\.«_

Chain Option

Click the small arc next to the line.

The entire edge around the front of the
solid will highlight.

Press Enter to accept the selection and
end the tool.

The corners are now rounded.

Corners Rounded
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11. Repeat the process for the other side of

the solid and for the two inside corners
of the finger slot.

Remaining Corners Rounded

Creating the Model (Creating the Kerf)

1.

The last feature you will add to the solid will be the kerf (narrow slit) to
hold the saw blade.

You will use the hidden line for the edge of the shape.

Change the hidden line to the object line layer.

Draw a shape starting at the angled line.

Use Object Snap tracking to make sure that the
lines are on the same plane.

The length of the lines do not matter as long as
the left edge of the shape extends past the
edge of the solid.

Make the shape into a region.

Region Created
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4. Move the shape _ Ko
into the part .34 = e e
inches so that _[%-ﬁ&nﬂ-wﬂarnﬁaﬁr&thﬁﬁt&-%hﬁb: EN =

the shape and
solid intersect.

. Move the Shape Along the Y Axis
Use Object

Tracking to
move the shape
along the Y axis.

5. Extrude the region .06 inches along
the Y axis towards the back side of
the solid.

e 2

Region Extruded .06 Inches
6. Use the Solid, Subtract tool to create the kerf.

7. Use the VOLUME command to

check the volume. T SOLIDS = —-——mmmme
Mass: 12.4649

The volume should be 12.4649 Volume:

cubic inches. Volume of Solid

8. If you will be creating the 2D views and dimensions, you will need to
modify the 2D sheet page set-up. This is covered in the next section.

If not, this concludes the tutorial.
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Setting up the 2D Sheet Layout Tab (Optional)

1. Click on the 2D Sheet tab to open the layout tab.
2. Confirm that the layout is in Paperspace.

Unfreeze the VPORTS layer and delete all of the elements.

3. Right-click on the 2D Sheet
tab and select the Page
Setup Manager... choice.

4. The Page Setup Manager
dialog box opens.

This dialog box is used to

change the settings for the
layout page setup.

5. Click the Modify... button.

UCS icon ato
LI

U Page Setup Man.ager..._)
Vig PTot...

Activate Model Tab

Drafting Standard Setup...

Impert Layout as Sheet...

Export Layout to Model...

L~

2D Shews

Dock above Status Bar
Model

Page Setup Manager...

M\ Page Setup Manager

ram
|5

C tl £ 2D Sheet
" ‘ urrent layoul ==

Page setups
Current page setup: <Mone>

‘mw Set Current

*3D Views™

Modify...

Import...

Selected page setup details
Device name: Mone
Plotter: None
Flot size: 8.50 x 11.00 inches {Landscape)

Where: Mot applicable

Description: The layout will not be plotted unless a new plotter

configuration name is selected.

[ pisplay when creating a new layout

Page Setup Manager Dialog Box

The Page Setup - 2D Sheet dialog box opens. This is similar to the Plot

dialog box.

Match the changes to the example below.
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i\ Page Setup - 20 Sheet x
Page setup Plot style table {pen assignments)
r.
iy ey
Name: <None n}. Mone | B
[ oisplay plot styles
Printer /plotter
MName: I: | {8 AutoCAD PDF (High Quality Print)pc3 } s Properties
E Shaded viewport options
Plotter: WG To PDF - PDF ePlot - by Autodesk As displayed
ke o
Where: File il \L
s Quality MNormal »
Description: =
100
PDF Options... ’[‘
Paper size Flot options
@m full bleed B (17,00 x 11,00 mm@ % Plot object lineweights
[IPlot transparency
Plot area Plot scale Plot with plot styles
Vihat to plot: [CIFit to paper Plot paperspace last
s [ i []Hide paperspace objects
Plot offset {origin set to printable area) [1 | e Drawing orientation
x: |0.000000 | nch [ Center the plot ——= O Portrait
| 1 |t A ]
|WWDDD S (®) Landscape
¥: ‘ inch i
| [ scale ineweights B
CK Cancel Help

6. Press OK to close the dialog box and update the setting for the layout.

You will see that the page boundary has increased to 17” x 11”.

7. Open the B-Size Border file.

Select the elements and copy paste into the 2D Sheet layout in PROJ-
05-3D.

8. The pasted elements will most Plot area
likely not be centered on the edges Vithat to plot:

of the paper boundary. Window<

Re-open the Page Setup manager
and change the Plot area setting to
Window.

Plot Area set to Window

Use the points at the corners for
the boundary of the window.
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Setting up the 2D and Isometric Views

This is a continuation from the previous section. A new method of generating
the hidden line view will be covered. The reason for this is that the Solid View
and Solid Drawing tools are not able to create hidden line views with
tangential edges. Since the edges of this project are rounded, the Solid
Profile tool will be needed for the isometric view.

1. Using the Solid Drawing and
Solid Views tools, set up the
front and left side views using o=V = == W
the same method covered in 8 E=4uENE
previous tutorials. O

2. Before using the Solid Profile
tool, you will need to create a
viewport for the view.

Use the VPORTS key-in
command to open the
Viewports dialog box to add a
single viewport at the top right
corner of the border.

3. Zoom in to the view.

Switch to modelspace and click
inside the view to make it current.

Use the ViewCube to rotate the
view to the Front Left Isometric
orientation.

Set the scale of the viewport to
1:2.

View Rotated
This is done using the Viewport = :
Scale tool in the status bar. ﬁ.ﬂ R & E:' o '@.

Viewport Scale Tool
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r—i_fl Polysolid

4. Click on the Solid Profile tool in the Modeling D r—‘
I

ey,

[k Presspull

panel.
Box Extrude
You will not need to create a new UCS for the i ’
tool. This tool will automatically project a
profile of the object to a plane that is parallel ] @
{1

to the view. Modeling

Solid Profile Tool

5. Click on the solid when asked to
select objects. Press Enter to
accept the selection.

Press Enter to answer “Yes”
when asked to display hidden
profile lines on a separate layer.

Press Enter to answer “Yes”
when asked to project profile A
lines onto a plane.

YN/ . Profile View Created
Press “"N” to keep the tangential

edges.
The profile view is created.

Freeze the Object Lines layer in
the viewport to hide the solid
and leave the profile view.

6. Open the Layer Properties manager dialog.

Object Lines

Foints

Text

PH and PV Layers

You will see two new layers. One layer has
PH-XXXX for the name format and the
other has PV-XXXX. PH means Profile
Hidden and PV means Profile Visible.

S R

Note: The XXXX portion of the layer name
represents the designation of the viewport
handle. This designation will vary.
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7. Change the PV layer to Green and
0.50mm lineweight and the PH layer
to White and 0.20mm lineweight.

Note: If you do not see the lines
change lineweight, you will need to
explode the group of lines, isolate
them, and change the lineweight
setting to ByLayer in the Properties IS
window. (You may need to re-open
the Properties window.)

Completed View

8. This concludes this section and the tutorial. Dimension the drawing if
needed.
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Project #6 - 3D - Guide

File Name: PROJ-06-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: For this project you will only be using the base shape in the 2D

file for the base of the solid. The Modeling tools will be used to
create the cylinders, fillets, and rounds. You will also use the
Chamfer tool to create a chamfered corner. Lastly, you will use

the section view option to create the section view with the Solid
View and Solid Draw commands.

Beginning the Project

1.

Open PROJ-05-3D.dwg and save the drawing as PROJ-06-3D.dwg.

If you just completed PROJ-05-3D.dwg, save the file before saving it
under a new file name.

Delete all the objects in the file. You will not need any elements from
the previous project.

Use Ctrl+A to select any elements that may be hidden or frozen.

Merge the layers generated by the Solid View tool into the Object Line,
Hidden Line, and Dimension layers.

Creating the Model

Open the 2D version of PROJ-06.

Select the outline of the
top view. Include the
outside circles

Use the Isolate tool to
isolate the Object Lines
layer.

Elements to be Copied

Switch to PROJ-06-3D

and paste the elements | i
into the Top View. L )

Locate the view with the
center of the center
circle at the origin of the
view,

Elements Pasted in Top View
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4,

Trim the lines to form a
single profile.

Create a region from
the lines and extrude
the up .54 inches.

Use the cylinder tool to
add the three cylinders
at the bottom of the
base solid.

Locate the centers by
shapping at the center
of the arcs.

The radius can be set
by snapping to the
edge of the arcs.

Use the Solid, Union
tool to union the base
and the three cylinders
together.

After clicking the tool,
select all four solids and
press Enter.

Cylinders Added

@' @ Extract Edges -

an %& @ Extrude Faces -
@ & [} Separate -
Sofid Editing -

Solid, Union Tool

Cylinders and Base Unioned



Project #6 - 3D - Guide Learn AutoCAD! Page 244

7. Use the Cylinder tool
and the Solid, Subtract
tool to create the holes
through the cylinders.

For the counterbored
hole, start with the
larger diameter.

Holes Created

8. Use the Chamfer tool for the countersink.

Press "D” to use the Distance option and set
both distances to .30 inches.

Click on the top of the hole at the inside corner
for the edge to be chamfered.

The entire top surface will highlight.

Press Enter for the next step. Hole Chamfered to
Create Countersink

Press Enter twice to accept the distances.

Click the edge again and press Enter to accept
the chamfer and end the tool.

9. The last features to add will be
the fillets and rounds.

Use the Fillet tool to add these
features.

The radius is .25 inches for all
rounds and fillets.

When choosing the corners for
the fillets and rounds pick at the
intersection of the surfaces.

Edges Chosen for Fillets and Rounds

You may pick all of the corners
at once.

Note: It is a good idea to make
a copy of the solid before adding
the fillets and rounds. This way
if they do not come out
correctly, you can try another
method.
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10. Press Enter to accept the
edges.

The corners are now filleted
and rounded.

If they are correct, delete the
copied solid.

Edges Filleted and Rounded

11. Use the VOLUME command to

e T Ty =
check the volume.
Mass: G, 55682
The volume should be 9.5502 Volume:
cubic inches. Volume of Solid

12. This concludes the 3D portion of the tutorial.

Creating the 2D Views

In this section you will use the Solid View and Solid Drawing tools to create
a 2D section view of your project. This will create an additional layer that
contains the hatch lines showing the location of the section.

1. Open the 2D Sheet Layout view.
2. Delete the viewports from the previous project.

3. Use the Solid View tool to add
the top view of the object.

Use the UCS option and the
World UCS.

Name the view: Top Top Viewport Created

4. For the next viewport, use the Section
option.

Note: You must have at least one view Enter an option
placed to use the Section option. —r————

Section Option
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5.

The next step is to place the first point of the . _ .. __ =~~~ 7"~
cutting plane. — Extension

This will be located along the imaginary plane [E] Geometric Center

that shows the inside of the object. Muadﬁtw

a_@x,{?«.@'nh :
Snap at the center of the left hole in the top Center Snap Mode
view. The Object Snap tool has been Selected

temporarily turned off. Use the snaps
override to turn on the Center Snap Mode.

This is done by holding the Ctrl or Shift key
and right-clicking the mouse. Select the
Center snap mode in the pop-up menu.

After snapping at the center of the
circle, drag the mouse to the right
and click the second point.

Use Polar Tracking to make sure
that the line is horizontal.

The line does not need to go
through the entire solid.

Click the next point below
the solid to indicate which
side to view the section
from.

Click Below View

Press Enter to accept the view scale at 1.000.

Click below the view for the view ‘
center.

Specify the corners of the viewport.

The top view may temporarily
disappear.

Section View Placed
Name the view: Section

Press the Esc to end the command.

Note: The view will not appear

sectioned until the Solid Drawing tool
is used.
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10.

11.

12.

Click the Solid Drawing tool.

Select both viewports and
press Enter.

The hidden line and section

views are created.

Open the Layer Properties
Manager dialog.

You will see an additional layer
created for the Section view
called: Section-HAT. The letters
HAT stand for Hatch.

Use Red for the color, Continuous

for the linetype, and 0.20 mm for
the lineweight.

Create a new viewport at

Section-HAT Layer

\

7 |

|

|

Views Created

== Object Lines W
| &= Points !
pF Secticn-DIM L
Section-HID 9
o Section-VIS e
|- Text L
| Title Rlork 2

the upper right corner of
the sheet using the VPORTS
command.

Viewport Created
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13. Switch to Modelspace.

Rotate the view to Right
Front Isometric

Set the viewport scale to
1:2 scale.

14. Since the solid had rounded
corners, use the Solid
Profile tool to create a
hidden profile view of the
solid.

Profile View of Solid

15. This concludes the tutorial, dimension the drawing if needed.
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Project #7 — 3D - Gasket

File Name: PROJ-07-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will use the extrusion method. Only the outside
shape will be extruded. The holes will be placed using the
Cylinder tool and then subtracting the intersecting solids.
Arraying the cylinders use the Array tool will also be covered.

Beginning the Project

1. Open PROJ-06-3D.dwg and save the drawing as PROJ-07-3D.dwg.

If you just completed PROJ-06-3D.dwg, save the file before saving it
under a new file name.

2. Delete all the objects in the file. You will not need any elements from
the previous project.

Use Ctrl+A to select any elements that may be hidden or frozen.

3. Merge the layers generated by the Solid View tool into the Object Line,
Hidden Line, Dimension layers, and Section Lines layers.

Creating the Model

1. Open the 2D version of PROJ-07.
2. Select the outline of the view.

Do not include the eight circles around
the larger hole.

You may use the Isolate tool to isolate
the Object Lines layer.

3. Switch to the PROJ-07-3D file.

Paste the elements in the top view.
Locate the objects with the origin at
the center of the large circle.

Elements Pasted in Top View
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4. Create a region and
extrude .06 inches upward.

5. Use the Solid, Subtract
tool to create the holes.

Holes Created

6. Add a .51 diameter cylinder up 2.23 from the center
of the large hole.

©

.51 Cylinder
Added

7. Before subtracting to create
the hole, array the cylinder to
create eight cylinders total.

Refer to the 2D procedure for
PRQOJ-07 for the use of the
Array tool.

Array Created
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8. You will not be able to subtract the solids until the

. g . 06 @ & %G + -
array is changed to individual cylinders. g e
Y ’ Y E®ORA
Click on the Explode tool in the Modify panel. & AB] &55-
Select one of the eight cylinders. B EE? Ak
= o
Press Enter to explode the array into individual 2 o5t
cylinders. B Modfy
Explode Tool

9. Use the Solid, Subtract tool to
create the eight holes.

Holes Created

10. Use the VOLUME command to = | cccemmmemmce 2 SOLINS =~ —--——--—-

check the volume.
= 1.7928

The volume should be 1.7920 okames

cubic inches. Volume of Solid

11. This concludes the tutorial, create a hidden line view and dimension the
drawing if needed.
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Project #8 — 3D -
Geneva Cam Assembly

File Names: See Chart
Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will be your first Assembly project. The assembly
will consist of four parts. Each part will be created in a separate
file and then inserted into the assembly drawing with the use of
the Reference tool.

You will also create a 2D exploded isometric assembly drawing
with a parts list.

Beginning the Project

1. Open PROJ-07-3D.dwg and save the drawing as PROJ-08-3D.dwg.
If you just completed PROJ-07-3D.dwg, save the file before saving it
under a new file name.

2. Delete all the objects in the file. You will not need any elements from
the previous project.
Use Ctrl+A to select any elements that may be hidden or frozen.

3. Merge the layers generated by the Solid View tool into the Object Line,
Hidden Line, Dimension layers, and Section Lines layers.

4. Since this is an Assembly Project, you will need to create additional
files for all of the parts. To keep things organized, use the following
chart for the file names for the 3D and 2D files:

Part/Drawing Name File Name

Geneva Cam (3D) PROJ-08-3D-1-Cam.dwg

Drive Wheel (3D) PROJ-08-3D-2-Wheel.dwg

Base & Pin (3D) PROJ-08-3D-3-Base.dwg

Shaft & Key (3D) PROJ-08-3D-4-Shaft and Key.dwg
Assembly of Parts - Assembled (3D) PROJ-08-3D-Assembled.dwg
Assembly of Parts - PROJ-08-3D-Exploded.dwg
Exploded (2D and 3D)

Cam & Drive Wheel (2D) PROJ-08-02-Cam & Wheel

Base, Shaft & Key (2D) PROJ-08-03-Base, Shaft & Key

Note: The Base and the Shaft & Key do not have 2D files, dimensions for these parts
will be given later in this tutorial. For now, create the 3D drawing files using the
PROJ-08-3D-1-Cam.dwg as a starting point. You will also create a subfolder in the
Projects — 3D folder called: Geneva Cam Assembly.
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Creating the Model (Geneva Cam)

1.
2.

Open the 2D version of PROJ-08.
Select the outline of the Geneva
Cam portion of the drawing.

Use the Isolate tool to isolate the
Object Lines layer.

The outside shape of the cam may
still be grouped as an array.

Explode the array into individual
elements before copying to the
elements to the clipboard.

Paste the elements into the top
view of the PROJ-08-01-Cam file.

Locate the center of the part at the
origin.

Elements Pasted to Top View

Create a region for the outside edge of the cam and the inner hole and
keyway.

This can be done by selecting the entire group of elements.

Three regions will be created.

Extrude the outside shape .200
inches downward.

Outside Shape Extruded



Project #8 - 3D - Geneva Cam Assembly Learn AutoCAD! Page 254

6. So that the objects will be at
the correct height in relation to
the origin, you will move the
elements upward in the
isometric view.

You will use the Gizmo tool to
aid in doing this.

In the isometric view, click the

outside extruded shape.
Gizmo

You will see the Gizmo appear

near the center of the part.

7. Click at the bottom of the
Gizmo where the three axes
intersect and move it out of
the way.

Gizmo Moved

8. Click on the vertical axis of the
Gizmo.

You will see a vertical line
appear and a field appear
asking to specify the move
point.

Type .263 for the distance.

9. Next you will extrude the two
inner shapes .525 upward.

If you are working in the
isometric view, you will need
to rotate the view to see the
shapes beneath the cam.

Shapes Extruded
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10. Union the outside cylinder to the cam.

11. Subtract the inner shape from the solid.

12. This completes the

cam.
13. Use the VOLUME commandto =~ e
check the volume.
Mass: 2.2998
The volume should be 2.2996 Volume: 2.29962

cubic inches. Volume of Solid
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Creating the Model (Drive Wheel)

1.

Starting with the 3D Cam file, create the next 3D file called PROJ-08-

3D-2-Wheel.

Switch to or open the 2D version of PROJ-08.

Select the outline of the Drive
Wheel portion of the drawing.

Use the Isolate tool to isolate
the Phantom Lines layer.

Paste the elements into the top
view of the PROJ-08-02-Wheel
file.

Locate the center of the part at
the origin.

Change the elements to the
Object Lines layer.

Create regions of the four
shapes.

Extrude the two small circles
and the inner shape .463 inches
vertically.

L

#,250)

Elements to be Copied

Elements Pasted to Top View

Regions Extruded
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5. Extrude the outer circle .200
inches vertically.

Union the outer solid, the inner
shape, and the pin on the left
together.

Subtract the other small circle
in the center to create the hole.

6. Use the VOLUME command to
check the volume.

= 2.26149
The volume should be 2.2619 alume:

cubic inches.

Volume of Solid

Creating the Model (Base)

1. Starting from the previous file, create a new file named PROJ-08-3D-
Base.

2. Use this drawing
for the dimensions
of the base.

M

T
——
| T
1

o

—{

Drawing for Base
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3.

Draw the outline for the
base and the two circles
in the top view.

Place the lower left corner
of the rectangle at the
origin.

\\

Outline for Base

Extrude the smaller circle = s <
on the left upward .713 > =
(.250 + .463).

Extrude the rectangle and
other circle upward .250
inches.

Union the rectangular
shape and the .713 high
cylinder.

Subtract the .505 cylinder
on the right from the solid
to create the hole.

Solids Unioned and Subtracted

Use the VOLUME commandto b e
check the volume.

Mass: 18,9718
The volume should be 10.9718  Velume:

cubic inches. Volume of Solid
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Creating the Model (Shaft and Key)

1.

Create the new drawing file from the
previous file.

Name the file PROJ-08-3D-4-Shaft and
Key.

Use this drawing for the dimensions of
the Shaft and Key.

These parts will be drawn as two
separate solids within the same file.

Note: The purpose of the key is to keep
the Shaft from spinning inside the hole
in the cam.

Normally there would be a tolerance

dimension for the shaft diameter to
allow for the proper fit within the cam.

Begin with the shaft.

Use the Cylinder tool to create a cylindrical

solid.
Use the dimensions from the drawing.

Do not include the slot for the keyway.

Use the Box tool to create the solid for the key.

Place the key with the left side at the center of

the top of the cylinder.

ZOO_" SHAFT

W25 - .350

(&N
0]
0
—
[
———

®.500

Drawing for Shaft and Key

Key Located at Top
of Cylinder
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5. Use the Gizmo tool to move the key to the left
along the X axis .350 inches.

6. Before using the Solid, Subtract tool to create
the keyway, make a copy of the key at locate it
away from the shaft.

7. Use the Solid, Subtract
tool to make the void for
the keyway.

Move the copied key into
position inside the keyway.

Key Moved into

Void Created Position
8. Use the VOLUME commandto | e
check the volumes for both
parts. ass: 8.1474
alume:

The volume should be 0.1474

Vol f Shaf
cubic inches for the Shaft and olume of Shaft

0.0097 for the Key. ________________ SOLIDS = ———-———m-
Mass 3 Ao
Volume; @.Bea7

Volume of Key
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Creating the Assembly

Now you will create an assembly drawing of the parts. There will be two
versions, one with the parts touching each other and the other in an
exploded version. You will then create a 2D drawing of the exploded
version with a parts list and find numbers for the individual parts.

1. Open or Create the PROJ-08-Assembled file.
2. You will use the Attach tool in the

Insert tab, Reference panel to E Dl_ll @_g 5 Undesiay Layes

reference the individual part files Attach) Clip Adjust L) "Frames vary® -

into the assembly file. ™ Snap to Underlays ON ~
Reference = u

This will create a link between the
two files. This method is more
efficient than using the copy/paste
method.

Attach Tool

With the reference method, if the
part dimensions are changed they
will be updated in the assembly file
as well.

3. The Select s Select Reference File X
REfe rence Flle oo Geneva Cam Assembly v @ B @ ¥ E Vews v Tods ~
dialog box opens. [

-~

g Name Dati Preview
a‘ [ PROJ-08-3D-01-Cam.dwg 81
[ PROJ-08-30-02-Wheel.dwg 42
You can attach o FS PROJ-08-20-03-Base.dwg &1
the fO ur ~=H 'S PROJ-08-3D-04-Shaft and Key.dwg BT/
ﬁ PROJ-08-3D-Assembled.dwg 66y

reference files at
the same time or -
one at a time.

After attaching @
the files, you will
move them into 7
position. ¢ >
Fiename: | PROJ-08-30-04-5haft and Key dwg" "PROJ-08-30-01Camdng” ' || Open |~

Files of type: meir!g {*.dwa) ~ Cancel

Select Reference File Dialog Box
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4' The AttaCh #\ Attach External Reference X
External y
. ame: |Vanes
Reference dialog
Preview Scale Pathtype
box opens.
Specify On-screen
. Full path v
. X 1100 ’
Click the Ok
button to attach S Rotaton
the fl|eS. Z | Specity On-screen
[] Uniform Scale ]
Insertion point e
Specify On-screen
Reference Type Unit: ’—‘
(®) Attachmert ) Overay i
2 Factor:
Show Details 0K Cancel Help

Attach External Reference Dialog Box

5. All of the parts
are added to the
drawing.

You will notice
that they appear
in the same
location relative
to the origin as in
the original
drawings.

6. The parts are gray in color
because they have been
referenced.

This is due to the Xref Fading
setting.

Use the slider bar to change this
setting to zero.

The parts will now be black in
color.

Parts Added to Drawing

E E Underla} Layers
& ’__| *Frames vary™ -

Attach Clip .—'«d_|ut
Snaptu Underlays ON -

| Edit Reference

N =))

3y = g Ll

Xref Fading
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7. Using the Move tool
move the parts into
their correct locations
in the assembly.

You will need to rotate
the Shaft & Key part
90 degrees clockwise.

Do not move the base
part.

Parts Moved

8. In the next step, you will change -« "B“"k"m;""-“"‘w""doj"f“ i a0
acKgrounds n
the color of each of the parts. P .
Show Facet Edges
To see this change you will need |0 oonidtie -
to change the setting for the '
Hidden visual style to show

colors. Edge Settings Color Changed to By
Entity

MANAGER

Show

Yes ;.
Ay ARl saatlP m&w&“” "\f g ,@@f"‘aﬁ“‘j‘

Open the Visual Styles Manager
dialog box and change the Edge
Setting Color to "By Entity”.

9. Up to this point, the colors of the | 4.
3D versions of the projects have
been green.

Identify Reference Settings

Reference name: Preview

ks I1P-08-3D-01LCam

To make the parts easier to see
you will change the colors of
each part. Since the parts are
referenced, you will need to

change.

Path:  F\AutoCAD Projects’2 - Initi...sembhy I P-08-30-01-Cam dwg
Double_cllck on the Cam part to @Momaﬁcallyseledallnes.tedobjeds

. (_) Prompt to select nested objects
edit it.
OK_ Cancel Help_

The Reference Edit dialog box :
opens. Reference Edit Dialog Box

Note: For this section of the
tutorial, the screen shots will be
in grayscale.
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10. Click the Ok bu_tton to edit SREBERTIES
the reference file.
[3D Solid || @ + <
The other parts will turn (Genera ' -

11.

12.

13.
14.

15.

gray.

Layer $0%50bject Lines

Click on the cam then right-
click and select Properties to
open the Properties window.

Override the color in the
General area to Red.

Click the Save Changes tool in the
Edit Reference panel.

Click OK in the Alert box to save the
changes.

This not only changed the color of the
part in the Assembly file but also in
the original file.

Open the PROJ-08-3D-01-Cam.dwg
file.

You will see that the solid has been
changed to red.

Close the Cam file.
Switch to the assembly file.

You will see an alert box in the lower
right corner of the screen stating that
a referenced file has changed and will
need to be reloaded.

Click on the blue text to reload the
file.

Repeat the process for the other
parts.

Change the parts to the following
colors:

Wheel - Green
Base - Cyan

Shaft - Yellow
Key - Magenta

LR, !?ﬁewpew e r‘«uﬂmﬂ‘m'*

Cam Part Changed to Red

7 * ”
en on
Discard Add to Remowve from

ChangesfChanges = Working Set Working Set
Edit Reference

Edit Reference Panel

Solid Changed to Red

[ﬂ External Reference Files Have Changed .XT\

7| Reference files have changed and may need reloading:
Reload PROJ-D8-30-01-Cam

A

LXAV-B-+ T @B @ =

Alert Box

Part Colors Changed
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16. To see the parts clearer, you

may change the display LARESame e IRl _ >
style to Shaded with Edges. B B '
2D Wireframe
This may be done by clicking = Conceptual
on the display setting at the - +  Hidden
upper left corner of the - Realistic
view.
____.-"" 4 Shades of Gray
> Sketchy
=T .- Wireframe
- X-ray
k o Visual Styles Manager...

Shaded with Edges Visual Style

17. The parts will now appear
shaded.

Parts are Shaded

18. This concludes this section of the tutorial.
You may wish to create a 2D version of the assembled parts.

In the next section you will create an exploded version of the assembly.

Creating the Exploded View

In this section you will create a second version of the assembled parts. The
parts will be moved away from one another as if they were exploded. This
will make it easier to see the individual parts and how they are to be

assembled.
1. If needed, open the PROJ-08-3D-Assembled.dwg file.

Save the file as: PROJ-08-3D-Exploded.dwg file.
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2. In the Isometric view, move
each of the parts away from
each other as indicated in
the example.

Leave the Base part in the
original location.

3. Open the 2D Sheet
layout tab.

NOTES:

]

Use the Solid View tool
to create a view of the
parts.

Use the saved Ucs, Iso
when placing the view.

Use 1.000 for the view
scale and name the
view Iso.

View Placed in Border

4. For the next step you will first need to remove the attachment of the
parts to the file.

This is done by binding the reference files to the assembly file.

The result will be that the individual files will become part of the
assembly file and their link back to the part drawing will be lost.

Before doing this, you will create a backup of the file.

5. Save the drawing file.

Then, save the file as PROJ-08-3D-Exploded-Bound.
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6.

8.

9.

In the new file, open the

. B-o-n-0
External References dialog
‘ File References

%
é

bOX. ‘ ‘ Reference Mame
™ PROJ-08-3D-Exploded-Bound
E& PROJ-08-3D-01-Cam

This is in the Insert tab, [ PROL06-3D-02-Whee!
E& PROJ-08-3D-03-Base
Reference panel.

B3 PROJ-08-30-04-Shaft and Key

Click on the small arrow
at the bottom right of the

Opened
Loaded
Loaded
Loaded
Loaded

219 kB
111 kB
88,8 KB
1248
120k8

- StatLL 7‘7 S\;e 77! Type

Current
Attach
Attach
Attach
Attach

i

Date L&
| 6/6/2016 £05:23...
/6/2016 3:58:00... ’
6/6/2016 3:53.04.. i
6/1/2016 8:50:22..,
6/1/2016 B:50:44...

-

= m\"’__.,,_“\ -‘&.M\W\

Reference Files Attached

7

*

panel.

Select the four reference

files. by -2 - M-
Right click and select | File References

Bind... from the menu. Reference Mame

a | Status _|_ Si

%

i

PROJ-08-3D-Exploded-Bound
PROJ-08-30-01-Cam
5% PROJ-08-30-02-Wheel

Unload

Reload
Detach

#ref Type

Path

»

i

.u*- Wm‘”ﬁ**

Bind... Selected

The Bind Xrefs/DGN underlays
dialog box opens.
Bind Type

Select the Insert option. O Bind
Note: The Insert option is used
to strip the layer name from each
individual part and combine them
when the file is bound. This
makes the layer names easier to
manage.

A Bind Xrefs/DGN underlays

Opened 2
Loaded
Loaded
Loaded
Loaded

Bind Xrefs/DGN underlays
Dialog Box

The part drawing files are now merged into the assembly file.

Close the External References dialog box.
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10.

11.
12.

Next you will need to explode
the parts.

Select the four parts in the
Modelspace viewport and click
the Explode tool.

Note: When an xref file is
attached it becomes a Block
Reference. The Explode tool is
used to remove the block
reference and allow the Solid
View tool to create the hidden
line views.

Four Parts Selected

The parts are now changed to 3D Solids.

Use the Solid View tool to create

the hidden line views.

Hidden Line Views Created

13. Change the Object Lines and the Hidden Lines layers to the appropriate

attributes.
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Modifying the View Scale

Even though the view scale was set to 1.000 when the view of the
assembly was added, the view is not at the correct size.

The graphic shows a one-inch cube that was converted from 3D to 2D.
When the line dimensioned at 1.000 was measured after the cube was
converted it changed to .8165.

The reason for the difference in sizes is that a 3D isometric view is
foreshortened when projected onto a flat plane such as a computer
monitor.

To compensate for this, the view will be scaled to 1.2247. This is the ratio
between a full scale 3D view and a 2D isometric view.

Since changing the view scale to 1.2247:1.000 would make the parts too
large for the border size, you will use 3/4 scale for your project.

One Inch Cube Before and After Scaling

1. Switch to modelspace if needed. TRk {i‘.lﬁ o ,g
Click on the Viewport Scale control in the Viewport Scale Control
status bar.

2. Scroll down to the bottom of the scales and & "pag7d e
click the Custom... option. = ~

aaeeneeesenaeny ( Custom.. ).

Xref scales

Percentages
=sh K Lkagnw-K &~ +

Custom... Option
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3. The Edit Drawing Scales

) @\ Edit Drawing Scales o
dialog box opens. -

Scale List

Click the Add... button to add
a new drawing scale.

[ =]
T
>

Mawa; Lip
| Move Down |

teteie

e P s e ey S S
HE e e Pl = — 00 L b P

wil | Reset

1 paper unit = 71 drawing unit

T e

Edit Drawing Scale Dialog Box
4. The Add Scale dialog box opens.

& Add Scale o

Type in the name of the new Scale name
drawing scale as shown. Name appearing in scale list

qusomeh'ic: 374 Scale ) w
Type in the Paper units and
Drawing units. Gl prapeing

i Paper units: Drawing units;

Note: If the new drawing scale - -
were Isometric Full Scale, the Q2 | = 133 D
paper units would still be 1.2247 .
but the drawing units would be |EEmes ] [Tk

1.0000. Add Scale Dialog Box

5. Press Ok to close each dialog box.
Scale to fit
Click on the Viewport Scale control 7 1
and select the new scale you created. — .
:Cisnmetn’c 3/4 Scale ||
The view will be slightly smaller. 12

Isometric 3/4 Scale
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6. To check to see if the scale has B
been set up correctly, switch to -
Paperspace and draw a line on
top of the edge of the base part.

G4
7

Move the line away from the
edge of the part.

Line Drawn and Moved

7. Use the MEASUREGEOM key-in
to measure the new line.

“MEASURE
{54 MEASUREMENT
£33 MEASUREINIT
-
MEASUREGEOM Key-in

8. Snap to the endpoints. The line | | - | S
should be 5.999 long. ;

If you round the value to 6.000,
this is 3/4 of the full scale length
of the base which is 8.000.

Line Measures at 5.999

Adding the Assembly Drawing Annotation Information

In this last section of the tutorial you will add a parts list, part bubbles (find
numbers), and a procedure to assemble the parts.

1. Delete the line that was drawn in the previous section.

2. Lock the viewport scale using the lock o | = ;
' /4 Scale ~ [,
tool in the status bar. i R }@)@ sometric 3/4 Scale ~ [l & §

] ) Viewport Scale Lock
This will prevent you from

accidentally changing the viewport
scale.
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3.

Move and
resize the 1" ore 1

2. NOTE f2.
viewport so
that it is to
the left of
the title
block.

INTRODUCTICN TO AUTOCAD

Viewport Moved and Resized

Delete the text for the general notes, you will not need it for this

drawing.

Also, turn off the VPORTS layer to hide the outline of the viewport.

Next you will add the Part Balloons to

identify the parts in the assembly.

The circle is .50 in diameter and the
text is .25 high.

Use Romans.shx for the font and
Middle Center for the justification.

Use the Multileader tool to place the
arrows and leaders to point at each
part.

Do not add text for the leader. You
will be using the tool for the arrow
and the line only.

Snap the balloon to the end of the
leader line.

Q: .25 TEXT.
.50 DIA.
CIRCLE.

Part Balloon

Part Balloon for Cam
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7. Add the part balloons for
the other parts.

Part Balloons Added for Remaining Parts

8. Use the Insert Block command to insert the block for the Parts List.

This file is located in the Support Files folder.

9. Place the Pa_rts List AETTTRE
above the Title Block. 3 X | X
AR AE
1| xxxx | X |DESCRIPTION MATERIAL
TEM PART# QTY. DESCRIPTION MATERIAL
PARTS LIST
“TOLERANCES ARE I MicIES. INTRODUCTION TO AUTOCAD
DECIMALS NGLES TITLE:
Wl e W TITLE
+/= XX 4= XXX|+/- X
THIRD ANGLE JmaTeRIAL o I gl ‘ AERT X _E;I.T....X.
MATERIAL SIZE | DATE: MM/ YYYY
= [ CRAWN BY: I'Ikgl' Ln‘*T
O 0 FINISH: it _% = =

Parts List Block Placed

10. 'tl)'lhlskblc?ci_:lgbdc;es ?Ot tuhse 4 [P8—03| 1 |BASE B0B1—T6
: O(tf attributes for the 3 |P8—04 | 1 |SHAFT AND KEY |1018
ext. 2 [ PB—01| 1 |CAM PLASTIC
o 1P8—02 | 1 |DRIVE WHEEL PLASTIC
You WI” fl” OUt the table ITEM PART# QTy. DESCRIPTION MATERIAL
using text editing. o T
O BN A e INTRODUCTION TO AUTOCAD
Note: The item numbers Bepres W&?!-
start at the bottom and Parts List Filled Out

go upward so that new
parts may be added to
the list easily.
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11. Add the assembly sequence and the ASSEMBLY SEQUENCE
description above the parts list on 1. ATTACH DRIVE WHEEL TO PIN
the left side of the sheet. ON BASE.

2. PRESS FIT CAM ONTO KEY END
i ; OF SHAFT.
.Use.'.125. inch text with Top Left 3. INSERT OTHER END OF SHAFT
justification. INTO BASE.

GENEVA CAM DESCRIPTION

THE PURPOSE OF THE GENEVA
CAM IS FOR INCREMENTAL
ROTATION.

THE DRIVE WHEEL IS USED TO
TURN THE CAM PORTION OF THE
ASSEMBLY. DUE TO THE SHAPE OF
THE CAM AND THE NUMBER OF
SLOTS, THE CAM TURNS 60
DEGREES FOR EVERY REVOLUTION
OF THE DRIVE WHEEL.

Text for Assembly Sequence
and Description

12. The assembly drawing is finished.

Create a new 2D file for the Base, Shaft & Key.

13. Since the Base, Shaft

& Key drawing has 250 TEXT

multiple parts, you SBASE & PIN -

will need to include a PART NO: P8-03

view label under each NO REQ'D: 1

set of parts. MATERIAL: 6061—T6  ——.125 TEXT
SCALE: 1:2

Use the example to

the left for the text View Label
sizes. Use Middle
Center justification.
14. To avoid confusion, A e W el i " S ST
for each of the three DRAWN BY DA\/E MART\ N

sheats cangethe GG pRO | (03 ()
title block to Drawing
No:

Part No: Changed to Drawing No:
Note: You do not

need to change the
sheets for the other
2D drawings.
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15. If creating PDF files, save the files as: PROJ-08-01-Assembly, PROJ-08-
02-Cam & Wheel, and PROJ-08-03-Base, Shaft & Key

You will also need to modify the original Geneva Cam drawing to make
this the second sheet in the set.

See example drawings at the end of this tutorial for the three 2D
sheets.

Note: When plotting the Assembly drawing from the 2D Sheet layout,
you will need to change the color of the object lines to black.

16. This concludes the tutorial.
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Project #9 - 3D - Hole Guide

File Name: PROJ-09-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will use the primitive method. A box (cube) will be

drawn and then material will be removed to form the cut and
the holes. This will be the first project to have an auxiliary
surface. You will also create a set of 2D views using third angle
projection.

Beginning the Project

1.

Open PROJ-08-3D-Exploded-Bound.dwg and save the drawing as PROJ-
09-3D.dwg.

If you just completed PROJ-08-3D-Exploded-Bound.dwg, save the file
before saving it under a new file name.

Delete all the objects in the file. You will not need any elements from
the previous project.
Use Ctrl+A to select any elements that may be hidden or frozen.

Merge the layers generated by the Solid View tool into the Object Line,
Hidden Line, Dimension layers, and Section Lines layers.

This is a metric drawing.

Change the grid spacing to 5.000 with a major line every 4 grids.

Creating the Model

1.

Since this model will be created using the primitive method, you will
begin by adding a box for the overall dimensions of the solid.

Click on the Box tool in the Modeling panel.

Start the first corner of !
the solid at the origin of
the drawing in the top
view.

The base of the box will
be 78.41mm wide and
50.40mm deep. iy

TR

Width and Depth of the Box
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3. The height of the box is Wi
63.17mm. X
[Speciyheghtor ]

Height of Box

4. The next feature will be the notch on the left
side.

Draw a shape using these dimensions in the
top view.

5. Create a region from the shape
and extrude it 45.56mm.

This dimension came from 63.17
(Overall Height) - 17.61 (Height
of Step).

Move the extrusion so that the
top left corner is at the top left
corner of the box.

15.89
e

60.00

Shape Dimensions

2o

<

e

Extrusion Moved to Top Left Corner
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6. Use the Solid, Subtract tool to create
the notch.
Notch Created
7. To place the cylinder at the correct angle, you will 4. @
need to create a new UCS at the face of the o I: % Ei @
angled surface. G- B L L@
[E] - [LUnnamr:d -
Click on the 3-Point tool in the Coordinates panel. Coordinates .
. . . Point Tool
This will use three snapped points to create a new 3 Point Too
UCS plane.
8. Snap at the lower left, lower THiRg
right, and upper left corner POINT \
of the angled face.
You will see the UCS icon /
rotate as you snap the ';'OR'%T
points. I

The grid squares will
reorient to lay along the face
of the surface.

-
/\ S

Points for UCS Plane

9. After reorienting the UCS, click on the
Top surface in the ViewCube to rotate
the view.

The angled surface is now parallel to
the screen and is true size.

View Rotated
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10. Click on the Cylinder tool.

Use the FROM option to locate the
origin of the cylinder at the
bottom left corner of the surface.

The distance will be 26.35 on the
X axis and 22.78 on the Y axis.

Set the diameter to 25.4mm.

Rotate the view and drag the end 1 T e
of the cylinder through the solid
and click to place the other end.

Location for Center of Cylinder

11. Use the Solid, Subtract tool to
create the hole.

12. Return to the WCS (World Coordinate e
System) using the ViewCube controls. i T

Fromt
lso

Left Iso
Right

Mew UCS
o = - :

WCS
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13.

14.

15.

Create two cylinders for the
counterbored hole.

Make the smaller cylinder with a
height of 20mm so that it extends
below the bottom edge of the
solid.

Locate the cylinders near the

solid.

Move the cylinders onto the lower
left corner of the solid.

Cylinders Moved

Rotate the view to the top orientation.

Move them into location using the Move tool and keying in the
coordinates.

The X-Axis distance is 13.65mm and the Y-Axis distance is 13.95.

R e e e e B
Moving the Cylinders
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16. Use the Solid, Subtract tool to create
the counterbored hole.

Counterbored Hole Created

17. The solid is completed.

Solid Completed

18. Use the VOLUME command to

---------------- SOLIDS cosccooms
check the volume.

ass: 163987 .3199
The volume should be olume: 163987.3199

) i illimeters.
163987.3199 cubic millimeters Volume of Solid

19. This concludes the 3D portion of the tutorial, the next section will cover
creating the 2D hidden line views.

Setting up the 2D and Isometric Views

Since this is a metric drawing, you will need to change the 2D Sheet layout
for an A3 size drawing. If you are dimensioning the drawing, you may use

the Autodesk Design Center to bring over the dimension styles used in the
2D version of the project.

1. Click on the 2D Sheet layout tab to open it.

2. Confirm that the drawing is in Paperspace.

Delete all of the elements in the layout tab.
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3.

Right-click on the 2D Sheet tab
and choose Page Setup Manager.

Click the Modify... button to modify
the page setup settings.

Make or verify the following changes:

e e
o

Acfivate Brévious [ayout

Activate Model Tab

Page Setup Manager...

Change the paper size to: ISO full bleed A3 (420.00 x 297.00 MM).

Set the Plot Area to Extents.
Set the Plot Scale to 1:1.

Press OK to save the changes and close the dialog box.

Open the A3 border file and copy the elements to the clipboard.

Switch back to PROJ-09-

3D and paste the
elements to the original
coordinates.

The points at the top left
and the bottom right will
be at the corners of the
sheet.

A3 Border File Placed on Sheet
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7. Now that the border is placed, use
the Solid View tool to add the top
view of the solid in the Layout
view.

Even though the border show First- @
Angle as the projection method,
you will be using Third-Angle when
placing the views.

Use the World UCS for the rotation.

Name the view: Top. O

Use the Ortho option to place the
front view below the top view. Sppnis

Name the view: Front.

Top and Front Views Placed

8. For the Auxiliary view, you will use
the Auxiliary option in the Solid
View tool.

When projecting the view, use the
top view as the originating view.

9. The command will ask for the first
and second point of the inclined
plane.

To pick the points, click in the top
view and then snap at the top and
bottom edge of the angled surface.

You will need to turn on the Object
Snap toggle in the status bar and

set the snap mode to Endpoint. Second Snap Point for Inclined
Plane
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10.

11.

12.

13.

After the second point has been
selected, pick a point to the left of
the top view within the viewport.

Then click a point for the center of
the auxiliary view.

You will see the paperspace icon
rotate to the new angle.

Click to place the view and then
draw the edges of the viewport.

Name the view: Aux

Create an Isometric view at the
upper right corner of the sheet.

Used the named UCS, Left Iso for
the rotation.

Name the view: Iso

After placing the view, set the
scale to the Isometric 3/4 Scale
setting that was created in the last
tutorial.

UCS Icon Rotated

L

=y

Auxiliary View Placed

Left Isometric View

Use the Solid Draw tool to create the hidden line views.

To see the hidden lines correctly, use the LTS key-in to set the linetype

scale to 25.4.
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|

T
il

Top, Front, Auxiliary, and Isometric Views (Third-Angle Projection)

14. Since the views appear that same as the 2D version of PROJ-09, you
can move the viewports to the opposite sides of the front view to create

a First-Angle Projection version of the drawing.
15. This concludes the tutorial, dimension the drawing if needed.
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Project #10 - 3D - Cover Plate

File Name: PROJ-10-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This tutorial will introduce you to some of the Solid Editing tools.
With these tools you can move, delete, taper, and copy portions
of the 3D solid. You will also be instructed on how to extract
faces from the solid.

Beginning the Project

1. Open PROJ-07-3D.dwg and save the drawing as PROJ-10-3D.dwg.

2. Delete all the objects in the file. You will not need any elements from
the previous project.

Use Ctrl+A to select any elements that may be hidden or frozen.

3. If needed, merge the layers generated by the Solid View tool into the
Object Line, Hidden Line, Dimension layers, and Section Lines layers.

Creating the Model

1. Open the 2D version of PROJ-10.

2. Select the object lines portion of the
drawing.

Use the Isolate tool to isolate the “ @ 4@-
Object Lines layer. @
k ;_ | e %j | :-
gmisidl

Elements to be Copied
3. Switch to the PROJ-10-3D file. '
Paste the elements in the top view. L
Locate the objects with the origin at - x| |
the lower left corner of the object.

Lower Left Corner at Origin

4. Use the Explode tool to explode the rectangular array into individual
circles.
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5. Set the Object Lines layer as the

current layer.

Click the Region tool in the Draw

panel.

i : §
b8 23 Regions created. ™
oy = - Type o comand &

23 Regions Created

Select all of the objects to create 23

regions.

6. Use the Extrude tool to extrude the

regions vertically .0598 inches.

7. Use the Solid, Subtract
tool to create the voids.

After selecting the outside
rectangular solid, you
may select all of the
interior solids at one time.

8. This completes the Cover
Plate.

9. Use the VOLUME
command to check the
volume.

The volume should be
6.8571 cubic inches.

ass:
alume:

Volume of Solid

10. This concludes this portion of the tutorial, create a hidden line view and
dimension the drawing if needed before continuing.
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Modifying the Solid (Moving 3D Faces)

1.

Before modifying the
solid, make a copy and
position it away from the
original solid.

You will need to be in the
Isometric view when
modifying the solid.

Solid Copied

You will start with moving one of the holes.

Zoom in the far left hole.

Click on the Move Faces tool.
This tool is located in the Solid Editing panel.

Click on the down arrow to find the tool.

Hold down the CTRL key and mouse over the
inside edge of the hole.

Do not pick the corner.

The entire inside face will highlight.

Far Left Hole

@ & FJ Imprint -

(o] &, '*' Mowe Faces |=
@ Q Extrude Faces [~

50

1P-10-30 @ Taper Faces

a _¢__¢(E Mu‘-.reFace. j‘

b

@ Copy Faces
Offset Faces
ﬁ Delete Faces
CJ Rotate Faces

g-
.1 Color Faces

yer

Move Faces Tool

Face of Hole Selected
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5.

Press the Enter key.

Click a point near the hole for the
Base Point.

Click a second point to move the
hole. Use the Polar tracking tool to
make sure that the hole moves in a
specific direction.

You may also use the coordinate
key-in with the @ symbol to move
the hole a specific distance.

Using either method, move the hole
.500 inches vertically.

Note: If the edge of the solid is still
highlighted after completing the
operation, select the entire solid and
then press the ESC key.

Modifying the Solid (Deleting Faces)

1.

Next you will delete the
rectangular hole.

=

Hole Moved

Rectangular Hole

2. Since the hole consists of four sides, you will

need to select the four inside faces to delete the

hole.

Click on the Delete Faces tool in the Solid Editing

panel.

P
ER

e

.[Of'fsetFa-:e:-

"

ﬁ Delete Faces }

e, il
C‘J Fotate Faces
_ﬁ\nﬁ'&' '-.-I@\\.‘Rf

Delete Faces Tool

.
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3. Hold the CTRL key and click on the
two faces that are facing you.

Rotate the view and select the other .
two faces.

When picking the faces, make sure Four Faces Selected
that no other part of the solid is

highlighted. You will need to zoom in

to pick the inside of the face, do not

pick the corner.

Note: You cannot pick faces that are
hidden.

4. This tool can also be used to delete rounded or filleted corners of holes.
Use the Undo command to bring back the deleted rectangular hole.

Add a filleted corner to the inside edge of the rectangular hole and then

delete it by deleting the rounded face.

Face Selected

Filleted Corner

Corner Restored
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Modifying the Solid (Copying Faces)

1.

Next you will copy the hole at the top
right corner of the solid.

This tool can be used to create a
surface from a solid.

Top Right Hole

Click on the Copy Faces tool in the T
Solids Editing panel. Y )

I ™
‘D@ Copy Faces
b A

[ergeecs

Copy Faces Tool

Select the inside face of the hole and press Enter.

Click a point for the base point and drag
away from the solid.

Click to place the face.

Face Copied

Modifying the Solid (Extracting Edges)

1.

Next you will extract the edges of the solid.

This can be used to create a set of lines from an existing solid without
having to explode the solid to individual lines and surfaces.

Click on the Extract Edges tool in the r
Solid Editing panel. @ 5’
& Delete Faces -

@ 2 [ Clean ~
Solid Editing =

Extract Edges



Project #10 - 3D - Cover Plate Learn AutoCAD! Page 295

3. Select the solid and press Enter.

4. Move the solid away from its original
location to expose the lines.

Lines Created

Modifying the Solid (Extruding a Face)

1. The last modification will be to increase the thickness of the solid by
extruding the top face.

2. CIic_k on_t_he Extrude Faces tool in the @ & (P beract Edges -
Solid Editing panel. @ % [E Btrude Faces ||

s
= @ Extrude Faces
5
L[S

3. Select the top face of the solid and press Enter.

Type in a value to select the height of
the extrusion.

Type in .50 for the height. This will add
an additional thickness for a total of
.5598 inches.

Press Enter to accept O degrees for the : s

angle of the taper for the extrusion. Specifying the Height of the
Extrusion

Note: Try entering a value for the angle

to see the results.

5. The solid is now
thicker.

Solid Thickness Increased to .5598 inches

6. This concludes the tutorial.
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Project #11 - 3D - Weldment

File Name: PROJ-11-3D.dwg

Note: All screenshots are from the Autodesk® AutoCAD® software.

Description: This project will show you the method to create a three
dimensional version of the weldment completed in Project
#11b. The parts will be created separately and then assembled
within the file.

Unlike Project #8, you will not be referencing the parts from
other files, all of the parts will be created in this file.

Beginning the Project

1. Open PROJ-10-3D.dwg and save the drawing as PROJ-11-3D.dwg.

2. Delete all the objects in the file. You will not need any elements from
the previous project.

Use Ctrl+A to select any elements that may be hidden or frozen.

3. If needed, merge the layers generated by the Solid View tool into the
Object Line, Hidden Line, Dimension layers, and Section Lines layers.

Creating the Model

1. Open the 2D version of the Weldments project, PROJ-11b.dwg.

2. Select the object lines for the edge of ) LT |
the object in the top view portion of e +ﬂ
|
l T
1101128
| f
|
|
&

the drawing.

Also include the outline of the existing
part except for the break lines.

\
\
‘ i {
Use the Isolate tool to isolate the ' @ Q%é

Object Lines, Hidden Lines, and
Phantom Lines layers.

et e 517 -

Note: You will be using the 2D lines Elements to be Copied
to create the regions for the

extrusions instead of creating them in

the 3D file only. This will make the

drawing of the solids go quicker.

3. Switch to PROJ-11-3D and paste the elements into the top view.

You may need to use the Paste to Original Coordinates option.



Project #11 - 3D - Weldment Learn AutoCAD! Page 297

4. Repeat the process for the elements in the front view and the right side
views.

Paste the elements into their respective views in the 3D file. Before
pasting you will need to change the UCS for each view.

5. After pasting the
three sets of views,
move them closer to
one another.

They do not need to
be aligned with each
other.

6. Begin with the base.

Create a region from
the four lines and
extrude to a
thickness of .25
inches.

3D Solid Created from 2D lines

As you create the
parts, locate them
away from the 2D
lines.

7. Create the extrusion for the existing
portion of the weldment.

Locate it beneath the base. \
Locate it so it overlaps 1.56 inches. \/

Existing Portion Overlapping
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8. Move to the front view to create the
next part.

Place the part at the corner of the
base.

Next Part Placed

9. When placing Part A, you will need to use the
Object Snap Tracking function to select the
part from the intersection of the right and
bottom surfaces.

Object Selected at
the Intersection of
Surfaces

10. Place the part at the corner first and then use

the Gizmo tool to move it .88 inches along the
corner.

Moving the Part .88
Inches

11. Copy the circles from their original
locations to the base.

Circles Copied
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12. Select both circles and use the
Gizmo to move them .46 vertically.

Circles Moved .46 Inches
Vertically

13. Extrude both circles downward 1.25
inches.

14. Union the larger cylinder with the base.

Subtract the smaller cylinder to create

the hole.
Cylinders Unioned and
Subtracted
15. The last parts that you will create will S
be the three studs. s
[
| |
You will create a shape with V-grooves ]
to simulate the threads.
Use the profile of the stud in the front e

view to start the shape.
Profile of Stud
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16. Draw the shape as shown. 45X 083
CHAMFER. ﬂ 950 k
The V-grooves are 1/13 (.077) inches —<
apart from one another. 6\;/9{7%
This is equal to the pitch of the e
threads.
You may wish to switch to the front
view to draw the shape. -

17.

18.

Use the Array tool for the V-grooves.
Explode the array after placement or

you will not be able to create the
region.

Create a region from the shape.

You will use the Revolve tool to revolve
the shape into a solid.

Click on the Revolve tool in the
Modeling panel.

It is located in the drop-down under
the Extrude tool.

Dimensions for Profile

Region Created

D u’— = | §) Polysolid
Revolve

L’:L Presspull

St P12

A
.NUG [-’j Revolve

( —D/J Sweep . E
Loy Dim

Revolve Tool



Project #11 - 3D - Weldment Learn AutoCAD! Page 301

19. Select the region first and then snap
on the bottom corner of the shape.

Then snap at the top corner of the
shape.

20. After snapping the second point, press
Enter to accept the 360 degree
rotation.

The stud is created.

Stud Created

21. Move the stud into the correct location
on the base and make two copies.

Refer to the 2D drawing for locations.

22. This completes the weldment.

To check the volume, copy the
assembly and then union the
parts together.

Do not delete the original
assembly this will be used for
the 2D hidden line views in
the next section.

Unioned Version of Weldment
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23. Use the VOLUME command to
check the volume.

The volume should be Volume:
13.5996 cubic inches.

Volume of Solid
24. This concludes the 3D portion of the tutorial.
Creating the 2D Views

1. Click on the 2D Sheet tab to open the layout tab.
2. Delete the viewports.

3. Select the Border and
scale it to twice the
size.

Border Scaled to Twice Size

3. Since this project is at half scale (1:2) you Plot scale
will need to modify the page setup of the 2D [ Tritkipeners
layout tab to a scale of 1:2.

Scale: | 1:2 |

T e

[ 5cale lineweights

Plot Scale Changed to
1:2

4. Use the Solid View to place the views.

When placing the views use a scale of 1.000.

Since the border has been doubled, the views will appear at 1/2 scale
on the sheet.

Place the Top, Front, Right, and Isometric Views.
Lock the viewports when finished.

Use the Solid View tool to create the hidden line views.
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5. To show the threads of the studs correctly in the | |
right side and front views, delete the V-grooves i
and show the threads in simplified form after - f
creating the hidden line views. |

Do not do this in the isometric view.

Threads Changed
to Simplified

6. Delete the lines for the i . : ; @
existing part in the top, | H | |

front and side views.

Lines Deleted

7. Switch to Paperspace.
You may wish to turn off the VPORTS layer.
Add the break lines and phantom lines for the existing part.

Add the dimensions and welding symbols.

8. This concludes the 2D portion and the tutorial.
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Conclusion

Congratulations on completing the book! You now should have a basic
understanding of the 2D and 3D capabilities of the AutoCAD 2016
software program. With these skills you possess a valuable commodity.

Many companies, municipalities, and government agencies use the
AutoCAD software. This software is used in the fields of Manufacturing,
Architecture, Civil, Geospatial, and Plant Management.

If you enjoyed this book, please feel free to share your comments with
me via email and/or the Amazon.com site.

Once Again, Congratulations!

HE—
MAFTIr

David Martin

Author
mechdrawautocad@gmail.com
http:/ /mechdrawautocad.com
March - June 2016

/

g
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2D
3D

Absolute
Coordinates

All-Around

ANSI
Array

Attribute

Auxiliary View

Break All Sharp
Edges

Block

Break Line

Chamfer

Coordinate

Counterbore

Detail View

Element

Two Dimensional
Three Dimensional

Coordinates on the drawing that are based on a fixed
point or origin.

Indicates a condition that effects a feature that goes
the entire distance of an intersection with another
feature. Used in weld symbols.

American National Standards Institute

A group of elements that are copied in a rectangular
or circular (polar) direction. The copies are located by
the row and column spacing in a rectangular array or
by their angular and distance from the center of the
copies in a polar array.

Properties of an element such as: color, linetype, or
lineweight.

A view of an inclined or oblique surface that is
projected 90 degrees. This is used to shown the true
size of a surface that is not one of the six standard
views. See Orthographic Projection.

A note placed on the drawing to indicate that sharp
corners are to be de-burred or smoothed after
machining.

The AutoCAD term used to describe a symbol. These
are groups of elements that are created and used for
different projects.

A type of line placed on the drawing used to indicate
that the part is larger than its size on the drawing.

An angled corner of an object. Indicated by the angle
and distance of the angled surface.

A point in space. X and Y for 2D coordinates and X, Y,
and Z for 3D coordinates.

A hole that has another hole placed inside. This type
of hole may be used for a cap screw or other fastener.

A view that is used to shown extra detail of a part.
May be drawn at a larger scale than the main drawing.

An individual part of the drawing such as a line, circle,
arc, or text.
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Extrusion

Feature

Fence

Field Weld

File Extensions

Fillet

Finish Mark

First Angle
Projection

GA

GDT

Hatch

Hole Chart

Isometric
Projection

Kerf

The process of converting a 2D shape to a 3D solid by
thickening the shape.

A 3D element of a solid. Examples would be a hole,
fillet, round, or surface.

A temporary box or other shape that is placed around
objects to aid in modification.

A weld that takes place in the field, not in a fabrication
or manufacturing facility. Indicated with a flag on the
weld symbol.

The following filename extensions are used for the
different type of AutoCAD files:

.dwg AutoCAD Drawing Files
.dwt Template Files (e.g. acad.dwt)

lin  Linetype Files containing information for
different linetypes.

.pat Pattern Files used for hatching.

An inside corner of an object that has been rounded
with a radius. Also a type of weld that is used to join
parts that are perpendicular or angled to one another.

A symbol placed on the drawing to indicate the surface
roughness of a feature or if a surface is to be
machined after a casting operation.

A type of projection where the view is projected
through the object rather that from it. Used primarily
in Europe and Asia.

Abbreviation for Gauge. Used to indicate the thickness
of sheet metal.

Geometrical Dimensioning and Tolerancing. A type of
dimensioning symbol used to show the relationship
between two mating parts or a condition of a feature.

A pattern added to the drawing to indicate an area of
a part in section.

A table on the drawing used to indicated the size,
quantity, and letter designation of a hole.

A type of projection that shows the height, width, and
depth of an object. Horizontal edges are typically
rotated to a 30-degree angle. Edges are drawn at true
size or at a standard scale.

A narrow slit made by a saw blade.
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Level

Limit

Linetype

Mirror

Modelspace

Ordinate
Dimensioning

Origin
Orthographic
Projection

Paperspace

PDF

Plus/Minus

Primitive

Region

Reference (File)

Relative
Coordinates

A category of similar elements in a drawing. Levels
may be categorized by their attributes such as color,
line style, or line weight. The equivalent AutoCAD®
term would be “Layer”.

A type of tolerance dimension that shows to upper
and lower limit of size and location.

A line that contains fixed dash and gap lengths. Used
to indicate different types of lines on a drawing.
Examples include: Hidden, Phantom, and Center lines.

To create a reversed image of an element or a group
of elements.

A portion of the drawing that contains elements
located in the Model tab. These elements are typically
the drawing views and dimensions. Depending on the
set-up of the drawing, all elements may be placed in
modelspace.

A type of dimensioning that does not use extension or
dimension lines. Also known as Arrowless
Dimensioning.

The base point of a project or the 0,0 coordinate. The
origin may be changed through the use of the
Auxiliary Coordinate System (ACS) tool.

Views of a single object that are projected 90 degrees
from one another. Consists of six standard views:
Top, Front, Right, Bottom, Rear, and Left.

A portion of the drawing that contains elements not
located in the Model tab (Modelspace). Access to
these elements are through the Layout tabs.
Sometimes the title block and dimensions of viewport
elements are placed in paperspace.

Portable Document Format. A type of file that is used
to show 2D and 3D drawings without the use of the
AutoCAD program.

A type of tolerance that indicates the maximum and
minimum size or location of a dimension.

A basic type of solid such as a slab, sphere, torus,
wedge, cylinder, or cone.

A group of linear elements that are joined together to
create a single shape.

To link a file from another location to another file. The
equivalent AutoCAD term would be “xref”.

Coordinates on the drawing that are based on a
movable point or origin.
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Resolution

Revolve

Round

Scale

Section

Slab
Slot

Solid

Spline

Stud

Tag

Third Angle
Projection

Tolerance

Union
U.N.O.
Weldment

Associated with the Working Units of the file. This
controls the accuracy of the model and is changed
based on its overall size.

A 3D tool used to project a shape in a cylindrical
direction

An outside corner of an object that has been rounded
with a radius.

The relationship between the size of the drawing on
paper/screen and its actual size.

A simulated cut made in the object to show additional
interior detail.

A flat 3D solid with height, width, and depth.

An opening in a flat part with parallel sides. May have
rounded corners.

A three dimensional object with height, width, and
depth.

An arc that does not have a fixed center. Also known
as a Bezier Curve. Also is a term for slots that are cut
on a cylindrical part for a mating part.

A threaded metal part. May be welded to another
component of a weldment.

A type of element that is used as a placeholder to add
text to a drawing. In this book tags are used to aid in
filling out the title block on a drawing.

A type of projection where the view is projected from
the object. Used primarily in the United States.

The amount that a feature is allowed to deviate from
perfect or design size.

To join two or more solids into one solid.
Unless Noted Otherwise.
A group of parts that are welded together.
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@ Center Mark 1-2 Dimension Style........ 160
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@ Symbol USe .....coeeevvvvnneennnnn. 26, 35, 48 Center Marks Dimension Style .............. 59
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3D View of Weldment.........c.covevverennen. 181 Chamfer Tool...........cooviiii 182
3-P0oint TOOI, UCS «vveeeeeeeeeeeeeeeee, 281 Chamfer Tool (3D Corner) .....cccvevenenens 244
Changing the Later of Elements ............ 20
Chart for Project #1 ....cooiiiiiiiiiiiiennns 13
A Circle ToOol ..ovvviiiiiiiiiiiic e 15, 47
aCad-Md.IIN FIlE vuvverriieeeeeiieeeeeerieeennns 41 Clipboard Panel...........cocooninninninn, 44
Add Page Setup Dlalog BOX.uoonioiiaiii, 71 Close PlteVleW WindoW ..covvvviieieeiiiiennns 70
Add Scale Dialog BOX ...........ccevvvvennnnn. 270 Conclusion......... FERSRRREEE R LLLL LR R R 304
Add... BULLON, PFNEING vevverveeeeeereneeen, 71 Cont!nue D|m_en5|on ............................ 62
Additional Format Dialog Box (Table Tool) Continue Option ..., 103
................................................... 166 Copy Clip TOOL v 44
Allgned Dimension TOOl wewuweeiii, 83 Copy Faces TOOl...ccovvviiiiiiiiiiiniiiinnenns 294
Alignment Tool (Table Tool)................ 167 COpY TOOL....ooiiiiiiiii 25
All-Around SymboI _____________________________ 173 Counterbore Symbol .......................... 114
Alternative Method to Access Videos ....... 2 Create New D|m(_enS|on Style...._ ............. 55
AMGDT FONE ..voeevearereeseeneeneneenenes 114 Create New Multileader Style Dialog Box 29
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