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Chapter 1

AutoCAD 2D Fundamentals
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Learming Qyjeeuives

Create and Save AutoCAD drawing files
Use the AutoCAD visual reference
commands

Draw, using the LINE and CIRCLE
commands

Use the ERASE command

Define Positions using the Basic Entry
methods

Use the AutoCAD Pan Realtime option




1-2 AutoCAD 2027 Tutorial: 2D Fundamentals

Certified User Reference Guide

AutoCAD Certified User Examination Objectives Coverage

This table shows the pages on which the objectives of the Certified User Examination are
covered in Chapter 1.
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Introduction

Learning to use a CAD system is similar to learning a new language. It is necessary to
begin with the basic alphabet and learn how to use it correctly and effectively through
practice. This will require learning some new concepts and skills as well as learning a
different vocabulary. Today, the majority of Mechanical CAD systems are capable of
creating three-dimensional solid models. Nonetheless, all CAD systems create designs
using basic geometric entities, and many of the constructions used in technical designs
are based upon two-dimensional planar geometry. The method and number of operations
that are required to accomplish the basic planar constructions are different from one
system to another.

In order to become effective and efficient in using a CAD system, we must learn to create
geometric entities quickly and accurately. In learning to use a CAD system, lines and
circles are the first two, and perhaps the most important two, geometric entities that one
should master the skills of creating and modifying. Straight lines and circles are used in
almost all technical designs. In examining the different types of planar geometric entities,
the importance of lines and circles becomes obvious. Triangles and polygons are planar
figures bounded by straight lines. Ellipses and splines can be constructed by connecting
arcs with different radii. As one gains some experience in creating lines and circles,
similar procedures can be applied to create other geometric entities. In this chapter, the
different ways of creating lines and circles in AutoCAD 2027 are examined.

Starting Up AutoCAD 2027

1. Select the AutoCAD 2027 option on the Program menu or select the AutoCAD
2027 icon on the Desktop. Click New to start a new drawing.

All

A AutoCAD 2027

g Access [
[ Open... v
T Accessibility :

New v
- Lol 0
a®®  AMD Settings
T AutoCAD 2027 - English
Darant

Autodesk

% Once the program is loaded into memory, the AutoCAD 2027 main drawing screen
will appear on the screen.
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» Note that AutoCAD automatically assigns generic names, Drawing 1, as the new
drawing is created. In our example, AutoCAD opened the graphics window using the
default system units and assigned the drawing name as DrawingI.

—
B CoHES S 5 5 Asae Autodesk AutoCAD 2027 Drawing].dwg ¥ yve a keywordor phvase: | & rshin ~Rd- O - o x
Home nsert Amnotate Pameiric View Manage Output Add-ins Collaborate  ExpressTools  Featured Apps [+
/' ) @ B e G i A m - £Z2 [ %d Mo '@ @ 5 [E @ Eeee '[g‘r L2 A FD' B- 5
e e =l by . 22 s ‘| = Bylayer + 6 i -

1 P Goe e o [T A 7 B0 o Giteon & | sl 8 A Insett Detectand_ =0 Match VLT Group [: wesre B[ pame D g
s R - [Dstetch Glscle 8- & - Properti 254 T Comvert T & - Properties £ Byloyer ~ = * =
Modify ~ Annotation Block ~ Properties = s Groupsw  Uilties~  Clipboard  View v ¥

e e e e e e e e e e T T T T el

i

= Model layoutl | layouz =+ /

2. Ifnecessary, click on the down-arrow in the Quick Access bar and select Show
Menu Bar to display the AutoCAD Menu Bar. The Menu Bar provides access to all
AutoCAD commands.

vDE;EEgQEE‘G:'R')';hﬂShaIE Hi

More Commands...

Home  Insert  Annotate  Parametric  View  Manage O
2 0 e .
/ ) @ [ = KERVE I Show Below ti S s Ha
. . s . O3 I~ i ow Menu Bar
Line Polyline Circle  Arc o A o T T 11 ]
T -REBElB-€ @]

Show Menu Bar

Press F1 for more help

3. To switch on the AutoCAD Coordinates Display, use the Customization option at
the bottom right corner.

Coordi Tgtes

+ Model Space
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Drawing Units Setup

Every object we construct in a CAD system is measured in units. We should determine
the system of units within the CAD system before creating the first geometric entities.

€

IR E K& ¥

a ‘::'

& Q]

Format = Tools Draw

&

£
e

Layer...

Layer States Manager...

Layer tools >
Color...

Linetype...

Lineweight...

Transparency

Scale List...

Text Style...
Dimension Style...
Table Style...
Multileader Style
Plot Style...

Point Style...
Multiline Style...

Units...
Thickness

Drawing Limits

B

Rename...

Dimen

Click on the Length Type

option to display the different

types of length units

available. Confirm the Length

Type is set to Decimal.

Angle
Type:
Decimal Degrees !

Deg/Min/Sec
Grads

Radians
Surveyor's Units

Also note the Insertion Scale section will show
the default measurement system, such as the

English units, inches.

1.

In the Menu Bar select:
[Format] = [Units]
The AutoCAD Menu Bar contains multiple pull-
down menus where all of the AutoCAD commands
can be accessed. Note that many of the menu items
listed in the pull-down menus can also be accessed
through the Quick Access toolbar and/or Ribbon
panels.

B Drawing Units hod
Length Angle
Type: Type:
Decimal w | Decimal Degrees -
Architectural Precision:
Engineering 0 e
Fractional
Sciertific [ Clockwise

Insertion scale

3. On your own, examine the other settings that are
available.

Insertion scale
Units to scale inserted content:

Inches w
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ﬂ Drawing Units

Length
Type:
Decimal

Precision:

0.0000

0

0.0

*
%Ef_ 4. Set the Precision to two digits
- after the decimal point as shown in
Decimal Degrees w
— the above figure.
Precision:
0 e

Pick OK to exit the Drawing Units
dialog box.

[ Clockwise

Drawing Area Setup

Next, we will set up the Drawing Limits by entering a command in the command
prompt area. Setting the Drawing Limits controls the extents of the display of the grid. It
also serves as a visual reference that marks the working area. It can also be used to
prevent construction outside the grid limits and as a plot option that defines an area to be
plotted and/or printed. Note that this setting does not limit the region for geometry
construction.

< £

=z
5

1 |
LEOE v Q@RS ¥

Format | Tools  Draw

Layer...

Layer States Manager...

Layer tools
Colar...
Linetype...
Lineweight...
Transparency
Scale List...

Text Style...
Dimension Style...
Table Style...
Multileader Style
Plot Style...

Point Style...
Muiltiline Style...

Units...
Thickness
Drawing Li&ﬂs

Rename...

Diment

3.

1. In the Menu Bar select:
[Format] - [Drawing Limits]

2. In the command prompt area, the message “Reset Model

Space Limits: Specify lower left corner or [On/Off]
<0.00,0.00>: is displayed. Press the ENTER key once to
accept the default coordinates <0.00,0.00>.

- I 4
MFcsct Model space limits: |EEESEEEEEEES

X f F=1v LIMITS Specify lower left corner or [ON OFF] <0.00,0.005>:

In the command prompt area, the message “Specify upper right corner
<12.00,9.00>:” is displayed. Press the ENTER key again to accept the default
coordinates <12.00,9.00>.

X f F=l+ LIMITS Specify upper right corner <12.00,9.0@>:

6,0.00>: N
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4. On your own, move the graphics cursor near the upper-right corner inside the drawing
area and note that the drawing area is unchanged. (The Drawing Limits command is
used to set the drawing area, but the display will not be adjusted until a display
command is used.)

B "~HEBEL f] 8 = - = -5 4 shae

File Edit View Insert Format Tools Draw Dimension

Home  Insel ..” Redraw Manage Ouput | O. Inside the Menu Bar area select:
.| Regen C, Rotate " Trim - [View] = [Zoom] - [All]
/ ._.) % Regen All . e
-Line Polyline +|\ Mirrar Fillet. . . .
“o Realtime % The Zoom All command will adjust
Pan o X . . .
| © StewingWhesis a i:_ev;ous the dl.splay so'that all objects in the
=/ Stat | P9 5howotion e S, drawing are displayed to be as large
: | T2 ynamic 5 .
-ImgplD Wi Orbit '| B scale as possible. If no objects are
Ca o . ..
Walk andFly i o constructed, the Drawing Limits are
£ Obj : ;
o Jedt used to adjust the current viewport.
ean Screen Ctrl+0 +q In
Viewports *| Tq Out [
@é] Named Views... )
|‘!|+ Create Camera x‘ e |

6. Move the graphics cursor near the upper-right corner inside the drawing area and note
that the display area is updated.

7. Hit the function key [F7] once to turn off the display of the Grid lines.

B CoHES - = = Ashae Autodesk AutoCAD 2027 Drawingl.dwg » | Draw Lines O, 2 Rshih -EA- O- - o x
File Edt View Inset Format Tools Draw  Dimension Modify  Parametric  Window  Help  Express - o %

ric  View Manage Output Add-ins Collaborate Express Tools Featured Apps  [X1+

- B pN‘med [D L& . . @ D: Q @\ 3 Fﬁ Iﬂ%TMeHonmntaHy
T estore. s W”‘ bs

Tile Vertical
ara Geomay shewst o y
cros  Cleanup Manager [ [7]  Windows T Cascade

[~1Topl[2D Wireframe]

T<

X

Model  Layoutl |/ Layout2 | + moDeL # i v L [@]~ \ ~ [ K A v 8-+ =

e Note that function key [F7] is a quick key, which can be used to quickly toggle on/off
the grid display. Also, note the command prompt area can be positioned to dock
below the drawing area or float inside the drawing area as shown.
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Drawing Lines with the Line Command

D-CcoHBL IS

File Edit View Insert Fori 1

Move the graphics cursor to the first icon in the

Home Insert ~Annotate Param Draw panel. This icon is the Line icon. Note that a
/' > @ {./" i - brief description of the Line command appears next
. — i & . to the cursor.

Linhpolyline Circle  Arc

. - .
Line 2. Select the icon by clicking once with the left-

mouse-button, which will activate the Line
[-1To o LINE command.

— Creates straight line segments -

Press F1 for more help

3. In the command prompt area, near the bottom of the AutoCAD drawing screen, the
message “Line Specify first point.” is displayed. AutoCAD expects us to identify the
starting location of a straight line. Move the graphics cursor inside the graphics
window and watch the display of the coordinates of the graphics cursor at the bottom
of the AutoCAD drawing screen. The three numbers represent the location of the
cursor in the X, Y, and Z directions. We can treat the graphics window as if it was a
piece of paper, and we are using the graphics cursor as if it was a pencil with which
to draw.

Coordinates of the graphics

""" Command : cursor
X Command: <Grid offs

& B~ Type a command

= Model Layoutl | Layout2 | + / 50,-014,000 MODEL HE i3 «

L

*» We will create a freehand sketch of a five-
point star using the Line command. Do not
be overly concerned with the actual size or
accuracy of your freehand sketch. This
exercise is to give you a feel for the
AutoCAD 2027 user interface.
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. We will start at a location about one-third
from the bottom of the graphics window.
Left-click once to position the starting
point of our first line. This will be point 1
of our sketch. Next, move the cursor
upward and toward the right side of point
1. Notice the rubber-band line that follows
the graphics cursor in the graphics
window. Left-click again (point 2) and we
have created the first line of our sketch.

. Move the cursor to the left of point 2 and
create a horizontal line about the same
length as the first line on the screen.

6. Repeat the above steps and complete the
freehand sketch by adding three more lines
(from point 3 to point 4, point 4 to point 3,
and then connect to point 5 back to point I).

Enter I 7. Notice that the Line command remains activated even
Cancel after we connected the last segment of the line to the
Recent Input > starting point (point 1) of our sketch. Inside the graphics
Close window, click once with the right-mouse-button and a
eXit pop-up menu appears on the screen.
Undo . .
_ 8. Select Enter with the left-mouse-button to end the Line
Osnap Overrides > command. (This is equivalent to hitting the [ENTER] key
Pan on the keyboard.
the keyboard
io. Zoom .
@ SteeringWheels 9. Move the cursor near point 2 and point 3, and estimate the

length of the horizontal line by watching the displayed
QuickCalc coordinates for each point.
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Visual Reference

The method we just used to create the freehand sketch is known as the interactive
method, where we use the cursor to specify locations on the screen. This method is
perhaps the fastest way to specify locations on the screen. However, it is rather difficult
to try to create a line of a specific length by watching the displayed coordinates. It would
be helpful to know what one inch or one meter looks like on the screen while we are
creating entities. AutoCAD 2027 provides us with many tools to aid the construction of
our designs. For example, the GRID and SNAP MODE options can be used to get a
visual reference as to the size of objects and learn to restrict the movement of the cursor
to a set increment on the screen.

The GRID and SNAP MODE options can be turned ON or OFF through the Status Bar.
The Status Bar area is located at the bottom left of the AutoCAD drawing screen, next to
the cursor coordinates.

Option Buttons

—— o — — L
- —_

14.22, 3.13, 0.00 MODEL’\% HH L_- AN '\;‘A’ A 117 4

The second button in the Status Bar is the SNAP MODE option and the third button is the
GRID DISPLAY option. Note that the buttons in the Status Bar area serve two functions:
(1) the status of the specific option, and (2) as toggle switches that can be used to turn
these special options ON and OFF. When the corresponding button is highlighted, the
specific option is turned ON. Using the buttons is a quick and easy way to make changes
to these drawing aid options. The buttons in the Status Bar can also be switched on and
off in the middle of another command.

L

Snap mode - Off

SNAPMODE (F9)

62,000 MODEL Hf i\~ L& -] 1)
—

Display drawing grid - Off
GRIDMODE (F7)

69, 0.00 MODEL i iii v L& -] 1)
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GRID ON
1. Left-click the GRID button in the Status Bar to turn ON the GRID DISPLAY option.
(Notice in the command prompt area, the message “<Grid on>" is also displayed.)

| L L1l |

Display drawing grid - On
GRIDMODE (F7)

2,0.00 MODEL @%EEE L@+ -l £T-

2. Move the cursor inside the graphics window, and estimate the distance in between the
grid lines by watching the coordinates displayed at the bottom of the screen.

2.01,3.98,0.00 MODEL

2.00,4.00,0.00 MODEL

» The GRID option creates a pattern of lines that extends over an area on the screen.
Using the grid is similar to placing a sheet of grid paper under a drawing. The grid
helps you align objects and visualize the distance between them. The grid is not
displayed in the plotted drawing. The default grid spacing, which means the distance
in between two lines on the screen, is 0.5 inches. We can see that the sketched
horizontal line in the sketch is about 4 inches long.
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SNAP MODE ON
1. Left-click the SNAP MODE button in the Status Bar to turn ON the SNAP option.

| Snap to drawing grid - On |
-| SNAPMODE (F9)

000 mooeL H[ gl L |G~ % - 2T~ [R] K

2. Move the cursor inside the graphics window, and move the cursor diagonally on the
screen. Observe the movement of the cursor and watch the coordinates display at the
bottom of the screen.

» The SNAP option controls an invisible rectangular grid that restricts cursor movement
to specified intervals. When SNAP mode is on, the screen cursor and all input
coordinates are snapped to the nearest point on the grid. The default snap interval is
0.5 inches and aligned to the grid points on the screen.

Home  Insert Annotate  Parametric

@ <O |
:'\ - o3
Lme Polyllne C|rcle Arc et

N IZ' Da_'\

3. Click on the Line icon in the Draw toolbar. In
the command prompt area, the message “Line
Specify first point:” is displayed.

Line

Creates straight line segments

4. On your own, create another sketch of the five-point star with the GRID and SNAP
options switched ON.

Enter h
Cancel
Recent Input >

Close
eXit
Undo

Osnap Overrides >

@ Pan
*o, Zoom 5. Use the right-mouse-button and select Enter in the pop-up
@) SteeringWheels menu to end the Line command if you have not done so.

QuickCalc
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Using the Erase Command

One of the advantages of using a CAD system is the ability to remove entities without
leaving any marks. We will erase two of the lines using the Erase command.

Manage Output Collaborate & -~

T =S A e 1° %

. Pick Erase in the Modify toolbar. (The

= | icon is a picture of an eraser at the end of
e S Ghptayed in he command promptares
| Removes objects from a drawing .
it~ and AutoCAD awaits us to select the
' ERASE objects to erase.
= Press F1 for more help

2. Left-click the SNAP MODE button on the Status Bar to turn OFF the SNAP MODE
option. We can toggle the Status Bar options ON or OFF in the middle of another

command.

Snap mode - Off
SNAPMODE (F9) |

oo mooeL [#| v L [&]~ % ~ [ £[T] - (K] &

3. Select any two lines on the screen; the selected lines are highlighted as shown in the
figure below.

» To deselect an object from the selection set, hold down the [SHIFT] key and select
the object again.

4. Right-mouse-click once to accept the selections. The selected two lines are erased.
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Repeat the Last Command

QZCP:::I "':tsE . 1. Inside the graphics wipdow, click once with the right-
S X mouse-button to bring up the pop-up option menu.
folate >| 2. Pick Repeat Erase, with the left-mouse-button, in the

i .. pop-up menu to repeat the last command. Notice the

% pan other options available in the pop-up menu.

£ oom

@ ztee,ingWhee.s » AutoCAD 2027 offers many options to accomplish the
Action Recorder > same task. Throughout this text, we will emphasize the
Subobject Selection Filter > use of the AutoCAD Heads-up Design™ interface,
Quick Select.. which means we focus on the screen, not on the
quickcale keyboard.

3. Move the cursor to a location that is above and toward the left side of the entities on
the screen. Left-mouse-click once to start a corner of a rubber-band window.

Z;I' First corner I

| A
I \

Second corner

4. Move the cursor toward the right and below the entities, and then click once with the
left-mouse-click to enclose all the entities inside the selection window. Notice all
entities that are inside the window are selected. (Note the enclosed window selection
direction is from top left to bottom right.)

5. Inside the graphics window, right-mouse-click once to proceed with erasing the
selected entities.

» On your own, create a free-hand sketch of your choice using the Line command.
Experiment with using the different commands we have discussed so far. Reset the
status buttons so that only the GRID DISPLAY option is turned ON as shown.

00 MODELEEE*I;_@"%\'LT:Ivf):At
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The CAD Database and the User Coordinate System

Designs and drawings created in a CAD system are

Y usually defined and stored using sets of points in what is
called world space. In most CAD systems, the world
space is defined using a three-dimensional Cartesian
coordinate system. Three mutually perpendicular axes,
usually referred to as the X-, Y-, and Z-axes, define this

X system. The intersection of the three coordinate axes

forms a point called the origin. Any point in world space
can then be defined as the distance from the origin in the
X-, Y- and Z- directions. In most CAD systems, the
directions of the arrows shown on the axes identify the
positive sides of the coordinates.

1. Click on the [View] pull-down menu and select
[Display] = [UCS Icon] = [On]
Render 7
ITT Motion Path Animations...

[T Toolbars... ViewCube 4 N &

Attribute Display r
(=] Cameras

[4h] Lights

A CAD file, which is the electronic version of the design, contains data that describes the
entities created in the CAD system. Information such as the coordinate values in world
space for all endpoints, center points, etc., along with the descriptions of the types of
entities, are all stored in the file. Knowing that AutoCAD stores designs by keeping
coordinate data helps us understand the inputs required to create entities.

)/ . _J3pucsicon

%

T Gﬁ-la‘ﬂd’ <Polar off>
Command: <Snap off>

jb P~ Type a command

Model Layout1 Layout2 +

The icon near the bottom left corner of the default AutoCAD graphics window shows the
positive X-direction and positive Y-direction of the coordinate system that is active. In
AutoCAD, the coordinate system that is used to create entities is called the user
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coordinate system (UCS). By default, the user coordinate system is aligned to the
world coordinate system (WCS). The world coordinate system is a coordinate system
used by AutoCAD as the basis for defining all objects and other coordinate systems
defined by the users. We can think of the origin of the world coordinate system as a
fixed point being used as a reference for all measurements. The default orientation of the
Z-axis can be considered as positive values in front of the monitor and negative values

inside the monitor.

Changing to the 2D UCS Icon Display

In AutoCAD 2027, the UCS icon is displayed in various ways to help us visualize the
orientation of the drawing plane.

hd

L.

2D UCS at WCs

e
k\(
Y

3D UCS at WCS

AN

2D UCS broken
penci

Z

X

30 UCS viewed from

below

he

.

right side view of
2D UCs

7
e

Shaded UCS icon

2. Click on the [View] pull-down menu and select
[Display] 2 [UCS Icon] - [Properties...]

Render b |
ITI Motion Path Animations... |
Display > UCS Icon > E. O“—
[Ii Toolbars... ViewCube > |4 Origin
Attribute Display > Property
(8] Cameras
| Lights
E Navigation Bar
=] Text Window Ctrl+F2
T
B ucsicon X
UCS fcon sty Proviem 3. Inthe UCS icon style section, switch to
0oz the 2D option as shown.
3o Line width 1 A=
UCS con sze < 4. Click OK to accept the settings.
® | | —+
P % Note the W symbol in the UCS icon
icon calor . . . .
Model space icon color: Layout tab icon color: lndICateS that the UCS 1S allgl’led tO the
I Back > I ok 160 - world coordinate system.
18 Apply single color
Cancel Help
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Cartesian and Polar Coordinate Systems

In a two-dimensional space, a point can be represented using different coordinate
systems. The point can be located, using a Cartesian coordinate system, as X and Y units
away from the origin. The same point can also be located using the polar coordinate
system, as r and 0 units away from the origin.

X

+6

For planar geometry, the polar coordinate system is very useful for certain applications.
In the polar coordinate system, points are defined in terms of a radial distance, 1, from the
origin and an angle 0 between the direction of r and the positive X axis. The default
system for measuring angles in AutoCAD 2027 defines positive angular values as
counterclockwise from the positive X-axis.

Absolute and Relative Coordinates

AutoCAD 2027 also allows us to use absolute and relative coordinates to quickly
construct objects. Absolute coordinate values are measured from the current coordinate
system's origin point. Relative coordinate values are specified in relation to previous

coordinates.

Drawing Coordinates
COORDS (Ctrl + )

T

4.48,13,0.00 MODEL @ By &

» Note that the coordinate display area can also be used as a toggle switch; each left-
mouse-click will toggle the coordinate display on or off-

In AutoCAD 2027, the absolute coordinates and the relative coordinates can be used in
conjunction with the Cartesian and polar coordinate systems. By default, AutoCAD
expects us to enter values in absolute Cartesian coordinates, distances measured from the
current coordinate system's origin point. We can switch to using the relative coordinates
by using the @ symbol. The @ symbol is used as the relative coordinates specifier,
which means that we can specify the position of a point in relation to the previous point.
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Defining Positions

In AutoCAD, there are five methods for specifying the locations of points when we
create planar geometric entities.

>

>

Interactive method: Use the mouse cursor to select on the screen.

Absolute coordinates (Format: X,Y): Type the X and Y coordinates to locate the
point on the current coordinate system relative to the origin.

Relative rectangular coordinates (Format: @X,Y): Type the X and Y
coordinates relative to the last point.

Relative polar coordinates (Format: @Distance<angle): Type a distance and
angle relative to the last point.

Direct Distance entry technique: Specify a second point by first moving the
cursor to indicate direction and then entering a distance.

GRID Style Setup

oDEL [HE| i v |, B~ Y v £ [ top.

| 4l7 | . . | 1. In the Status Bar area, right-mouse-click on

Polar Snap Snap Mode and choose [Snap settings].
v Grid Snap
Snap Sﬁttings... 2. Inthe Draﬁing-Settings.d%alog box, select the
; Snap and Grid tab if it is not the page on

3. Change Grid Style to Display dotted grid in 2D model Space and Grid X & Y
Spacing to 0.5 as shown in the below figure.

- —

I L | . . : . I I .
B Drafting Settings x

Snap and Grid  Polar Tracking  Object Snap 3D Object Snap  Dynamic Input QLIIC_‘_E_;1

[ Snap On (F%) BGidOn (F7)
Snap spacing Grid style
S Mgy 050 Display dotted grid in:
B 2D model space
Snap Y spacing: 0.50 ] Block editor [}
SheetAayout
B Equal X and Y spacing O e
Grid spacing
Polar spacing Grid X spacing: 0.50 B
i Polar distance: 0.00 Grid Y spacing: 0.50

4. Pick OK to exit the Drafting Settings dialog box.
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The Guide Plate

We will next create a mechanical design using the different coordinate entry methods.

=31

3.0

1.3

@13

B2.3 25

23

2.2

20

++» The rule for creating CAD designs and drawings is that they should be created at full
size using real-world units. The CAD database contains all the definitions of the
geometric entities and the design is considered as a virtual, full-sized object. Only
when a printer or plotter transfers the CAD design to paper is the design scaled to fit
on a sheet. The tedious task of determining a scale factor so that the design will fit on
a sheet of paper is taken care of by the CAD system. This allows the designers and
CAD operators to concentrate their attention on the more important issues — the

design.

B -CoHEL 8=
File Edit WView Insert Form]

Home  Inset  Annotate  Paramet

VNG NER

Lin%Pnlyline Circle  Arc

= = = .
Line
— Creates straight line segments -

[-1To [ LINE
Press F1 for more help

I.

Select the Line command icon in the Draw toolbar.
In the command prompt area, near the bottom of the
AutoCAD graphics window, the message “Line
Specify first point.” is displayed. AutoCAD expects
us to identify the starting location of a straight line.

We will locate the starting point of our design at the
origin of the world coordinate system.

Command: Line Specify first point: 0,0
(Type 0,0 and press the [ENTER] key once.)
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3. We will create a horizontal line by entering the absolute coordinates of the second
point.
Specify next point or [Undo]: 5.5,0 [ENTER]

Y

‘W X

- No]

Specify first point: @,@ .
Specify next point or [Undo]: @5.5,0
F== LINE Specify next point or [eXit Undo]:

Model Layout1 Layout2 +

e Note that the line we created is aligned to the bottom edge of the drawing window.
Let us adjust the view of the line by using the Pan Realtime command.

4. 1Inthe Menu Bar area select: [View] = [Pan] 2 [Realtime]
nv CDEHEL B & <~ = -5 4 Share

File Edit WView Insert Format Tools Drraw Dimension

Horme  Inse| <’ Redraw nage Output C
/. -:) - Regen Rotate ﬂ; Trim -
— & Regen All -
=il , Fo RegenA b Mirror (" Fillet

Line Polyline 7 »
Zoom Coal OO0 _tecqy
Pan 4
@ SteeringWheels ™ Paint
= / Start %‘“ Sho?vMotion X ..@ Left
[-IMopll2D Wiy~ Orbit M Right
Camera r 1 U
=p
Walk and Fl 4
alk and Fly *QT_"J Down

¢+ The available Pan commands enable us to move the view to a different position. The
Pan-Realtime function acts as if you are using a video camera.

5. Move the cursor, which appears as a hand inside the graphics window, near the center
of the drawing window, then push down the left-mouse-button and drag the display
toward the right and top side until we can see the sketched line. (Notice the scroll bars
can also be used to adjust viewing of the display.)
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6. Press the [Esc] key to exit the Pan-Realtime command. Notice that AutoCAD goes
back to the Line command.

7. We will create a vertical line by using the relative rectangular coordinates entry
method, relative to the last point we specified:
Specify next point or [Close/Undo]: @0,2.5 [ENTER]

Specify first point: @, :
Specify next point or [Unde]: §5.5,ﬁ

== LINE Specify next point or [eXit Undo]: @e,2.5
Model Layout1 Layout? +

8. Left-click once on the coordinates display area to
switch to a different coordinate display option. Click
again to see the other option. Note the coordinates
display has changed to show the length of the new
line and its angle. Each click will change the display
format of the cursor coordinates.

Drawing Coordinates
COORDS (Ctrl + 1)

LY

3.86:297%3.{)0 MODE

9. On your own, left-click on the coordinates display
area to observe the switching of the coordinate
display; set the display back to using the world
coordinate system.

Drawing Coordinates
COORDS (Ctrl + 1)

L

7.59, —D.% 0.00 MOD

10. We can mix any of the entry methods in positioning the locations of the endpoints.
Move the cursor to the Status Bar area, and turn ON the SNAP MODE option.

Snap to drawing grid - On
SNAPMODE (F9)

DO, -1.00, 0.00 MODEL @v\,g_ &G~ L0

++ Note that the Line command is resumed as the settings are adjusted.

11. Create the next line by picking the location,
world coordinates (8,2.5), on the screen.

(] -

12. We will next use the relative polar coordinates entry method; distance is 3 inches
with an angle of 90 degrees, relative to the last point we specified:
Specify next point or [Close/Undo]: @3<90 [ENTER]
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13. Using the relative rectangular
coordinates entry method to create
the next line, we can imagine a
reference coordinate system
aligned at the previous point.
Coordinates are measured along
the two reference axes.

?

Reference Coordinate System
aligned at the previous point

L o Specify next point or [Close/Undo] :
N o @-1.5,1 [ENTER]

I (1.5 and 1 inches are measured
relative to the reference point.)

14. Move the cursor directly to the left of the last point and use the direct distance entry
technique by entering 6.5 [ENTER].

x Specify next point or [Close/eXit/Unde]: @-1.5,1
Specify next point or [Close/eXit/Undo]: 6.5

=1~ LINE Specify next point or [Close eXit Undo]:
Model Layout’ Layout2 +

EiLer 15. For the last segment of the sketch, we can use the Close
Cancel option to connect back to the starting point. Inside the
Recent Input 4 graphics window, right-mouse-click and a pop-up menu
Tless appears on the screen.

eXit h

16. Select Close with the left-mouse-button to connect back
to the starting point and end the Line command.

Undo
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Creating Circles

The menus and toolbars in AutoCAD 2027 are designed to allow the CAD operator to
quickly activate the desired commands.

n' DEHEL =< 1. In the Draw toolbar, click on the little triangle
File  Edit  View Inset  Format below the circle icon. Note that the little triangle
Home Insert Annotate  Parametric indicates additional options are available.

=GN

Line Polyline Circle  Arc
- - #-

Draw =

2. In the option list, select: [Center, Diameter]
B -oHBL g8 <<= -5 Ashre

File Edit View Insert Format Tools Draw Dimension Mo

Home  Insert  Annotate  Parametric  View Manage Output  Collabo

./' _) @ {."" - Move () Rotate % Tim - 7

& | R Mi {7 Fillet -
Line Polyline Circle  Arc o> Copy A Miror | : (=
- - - D_.l Stretch m Scale BR Armay - (=

@ Center, Radius Medify ~
= | Start

{=1Mopl[2D Wir @ Center, lga meter | . . . . . . . Lo

...... ( ) 2-Point Center, Diameter

""" Creates a circle using a center point and a diameter

N
""" (../' FPoint = CirauE

...... Press F1 for more help
______ () oot

...... O‘Tan,Tan,Tan

Notice the different options available under the circle submenu:

e Center, Radius: Draws a circle based on a center point and a radius.

e Center, Diameter: Draws a circle based on a center point and a diameter.
e 2 Points: Draws a circle based on two endpoints of the diameter.

e 3 Points: Draws a circle based on three points on the circumference.

e TTR-Tangent, Tangent, Radius: Draws a circle with a specified radius
tangent to two objects.

e TTT-Tangent, Tangent, Tangent: Draws a circle tangent to three objects.
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3. Inthe command prompt area, the message “Specify center point for circle or
[3P/2P/Ttr (tan tan radius)]:” is displayed. AutoCAD expects us to identify the
location of a point or enter an option. We can use any of the four coordinate entry
methods to identify the desired location. We will enter the world coordinates (2.5,3)
as the center point for the first circle.

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: 2.5,3 [ENTER]

: _circle

F=1+ CIRCLE Specify center point for circle or [3P 2P Ttr (tan tan radius) ]: 2.553
Model Layout1 Layout2 +

4. In the command prompt area, the message “Specify diameter of circle:” is displayed.

Specify diameter of circle: 2.5 [ENTER]

Repeat CIRCLE 5. Inside the graphics window, right-mouse-

Recent |nFlUR > click to bring up the pop-up option menu.

Clipboard " |6 Pick Repeat CIRCLE with the left-mouse-

Isolate 4 button in the pop-up menu to repeat the last
<= Unda Circle command.

Redo =¥ 7. Using the relative rectangular coordinates

Pan entry method, relative to the center-point
Zoom coordinates of the first circle, we specify the
' relative location as (@2.5,2).

I

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: @2.5,2 [ENTER]
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8. In the command prompt area, the message “Specify Radius of circle: <2.50>" is
displayed. The default option for the Circle command in AutoCAD is to specify the
radius and the last radius used is also displayed in brackets.

Enter 9. Inside the graphics window, right-mouse-click to bring
Cancel up the pop-up option menu and select Diameter as
Recent Input b shown.

Diameter

10. In the command prompt area, enter 1.5 as the diameter.

QOsnap Overrides >

Specify Diameter of circle<2.50>: 1.5 [ENTER]

Save the CAD Design
OD-CEHELD 1

. In the Application Menu, select:

[Application] 2> [Save]

D New ’ % Note the command can also be activated with the quick-

E}' Open 4

=

B Save, Save (Ctrl+S)
1

key combination of [Ctrl]+[S].
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In the Save Drawing As dialog box, select the folder in which you want to store the
CAD file and enter GuidePlate in the File name box.

ﬂ Save Drawing As

X

w *.;'r b 4 ._', Views ~ Tools ~

Preview

Savein: 7 Projects

-

% Narme
This folder is empty.

Cptions

[ Update sheet and view
thumbnails now

Flename:  [GuidePlate e |[_§a‘[§,_]

Files of type:  ptoCAD 2018 Drawing (*.dwg)

3. Click Save in the Save Drawing As dialog box to accept the selections and save the
file. Note the default file type is DWG, which is the standard AutoCAD drawing

format.

Close the Current Drawing

Several options are available to close the current drawing:

B-CoHEBEL 8- Y5 Select [File] > [Close] in the Pull-down

File Edit  View Insert Format  Tools Menu as shown.
(] Mew... Ctrl+N

SRR » Enter Close at the command prompt.
[=r open... Ctrl+0O
& Open Sheet Set...
I_..ﬂ_] Load Markup Set... : _QSave

g B
Partial Load CLOSE
Model Layout1 Layout? +

» Another option is to click on the [Close] icon located at the
upper-right-hand corner of the drawing window.
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The Spacer Design

We will next create the spacer design using more of AutoCAD’s drawing tools.

2,00 2,00

} R1.50

() ()
4 \

®1.25

- 6.00 -

Start a New Drawing

B-ocolss
1. Inthe Application Menu, select [New] to start a new
drawing.
&1d 4
D NE‘"’ 2. The Select Template dialog box appears on the screen.
G Click Open to accept the default acad.dwt as the template
MNew (Ctrl+N)
Ey Op-.. . L to open.
1 1
B select template X
Lok in: | 2 Templte v «mxX® e -7ws -| » Thedwt file type is the
& Name . Previen AutoCAD template file
i ETempltes format. An AutoCAD

ﬁ Bacad -WNamed Plot Styles

Ea:ad -Named Plot Styles3D
Documerts i acad

BacadSD

template file contains pre-
defined settings to reduce the
. [ acadISO -Named Plot Styles amount of tedious

[ acadISO -Named Plot Styles3D

peskiep BE{EGISE repetitiOI’IS.
BacadisﬁD

BTuturia\-\Ar:h
@ Tutorial-iMfg
BTutoria\—mArch
ETutoria\-meg

File name: /E ~ | QPji E]

Files of type Drawing Template (" dwt) ~ Canee!
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Drawing Units Setup

Every object we construct in a CAD system is measured in units. We should determine
the system of units within the CAD system before creating the first geometric entities.

Format | Tools Draw  Dimens

1 % e 1. In the Menu Bar select:
£ Layer States Manager... [Format] S [UnItS]

Layer tools >

Color...

e The AutoCAD Menu Bar contains multiple pull-down
U=l menus where all of the AutoCAD commands can be
Transparency accessed. Note that many of the menu items listed in

. Scale List.. . the pull-down menus can also be accessed through the

' Quick Access toolbar and/or Ribbon panels.

Linetype...

A

A, TextStyle..

< Dimension Style...
Bl Table Style..

V5 Multileader Style
Plot Style...

“=. Point Style..

% Multiline Style...
Units...

&7 Thickness

El Drawing Limits

=[ Rename..

ﬂ Drawing Units b
Length Angle
Type: Type: 2. Click on the Length Type
Decimal w | Decimal Degrees o option to display the

different types of length

Architectural Precigion: : .
recsion units available. Confirm
Eﬂsl:lciirjeeﬂrg 0 - the Length Type is set to
raciiona H
Scientific [ Clockwise Decimal.

Insertion scale

Angle
Type:
Decimal Degrees

3. On your own, examine the other settings that are
available.

Deg/Min/Sec
Grads
Radians
Surveyor's Units
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4. In the Drawing Units dialog box, set the Length Type to Decimal. This will set the
measurement to the default English units, inches.

B orawing Units ot
Length Angle 5. Set the Precision to two digits after
Type: Type: the decimal point as shown in the
Decimal b Decimal Degrees w above ﬁgure.
Precision: Precision:
0.0000 ~| o v

Pick OK to exit the Drawing Units
dialog box.

[ Clockwise

Drawing Area Setup

Next, we will set up the Drawing Limits by entering a command in the command
prompt area. Setting the Drawing Limits controls the extents of the display of the grid. It
also serves as a visual reference that marks the working area. It can also be used to
prevent construction outside the grid limits and as a plot option that defines an area to be
plotted/printed. Note that this setting does not limit the region for geometry construction.

Format | Tools Draw Dimen:
sé_@ Layer...
% Layer States Manager... 1. In the Menu Bar Select:
° ertools ’ [Format] - [Drawing Limits]
olor...
Linetype...
Lineweigh.. 2. In the command prompt area, the message “Reset Model
Transparency . . .
L Space Limits: Specify lower left corner or [On/Off]
A, Textste. <0.00,0.00>: is displayed. Press the ENTER key once to
+i Dimension Style.. accept the default coordinates <0.00,0.00>.
| B Table Style..
2 Multileader Style
= Plot Style... Command: '_limits
|, Point Style.. Reset Model space limits:
¥ Multiline Style... f F=1~ LIMITS Specify lower left corner or [ON OFF] <6.88,8.80>:
U= Model  Layout] Layout2 = +
| &7 Thickness
[F Drawing Li[Sns
=]l Rename...

3. Inthe command prompt area, the message “Specify upper right corner
<12.00,9.00>.” is displayed. Press the ENTER key again to accept the default
coordinates <12.00,9.00>.

Reset Model space limits:
Specify lower left corner or [ON/OFF] <©.08,8.88>:

F=+ LIMITS Specify upper right corner <12.00,9.080>:

Model Layout1 Layout2 +
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4. On your own, move the graphics cursor near the upper-right corner inside the drawing
area and note that the drawing area is unchanged. (The Drawing Limits command is
used to set the drawing area, but the display will not be adjusted until a display
command is used.)

B - CEHBL S - -2 -5 A shae

File Edit View Insert Farmat Tools Draw Dimension

5. Inside the Menu Bar area select:
[View] = [Zoom] = [All]

Home  Inse| «” Redraw Manage Output
- R N . .
/Dl R:::: Al C Retate Y Tim {8 ¢+ The Zoom All command will adjust
- = If_ - . . .
Line Polylme iz :!;E:“e = the dlsplay so that all Ob_]eCtS in the
Pan e drawing are displayed to be as large as
. La, Previous . .
_ @) steeringWheels o possible. If no objects are constructed,
= Start %ﬂ ShowMotion @ o . H H .
1% oen | L2 Dynamic the Drawing Limits are used to adjust
{~1TopH2D Wir o . Bd Scale th t vi rt
Camera [%‘ Center € curren VleWpO .
Walk and Fly ﬂ Object
Clean Screen Ctrl+0 +q In
o Viewports ¥ Tq Out
. | By Named Views...
3D Views v
o = Ex
. 8} Create Camera %‘ — t.EI'ﬂIS —

. F.,Dlla'r Slmllp' . 6. Move the graphics cursor near the upper-

v Grids right corner inside the drawing area, and note
rid shap that the display area is updated.
Snap ings...

7. In the Status Bar area, right-mouse-click on

L BIEL MG SnapMode and choose [Snap Settings].

8. Inthe Drafting Settings dialog box, switch on the Snap and Grid options as shown.

B Drafting Settings X
Snap and Grid Polar Tracking Object Snap 3D Object Snap  Dynamic Input  Quic| + [+ |
B Spap On (F9) 8 Giid On {F7)
Sn%spacing Grid style
Snap X spacing: 050 Dizplay dotted grid in:
B 20 model space
Snap Y spacing: 0.50 [l Block editor
SheetAayout
B Equal X and Y spacing 0 bt
(Grid spacing
Palar spacing Grid X spacing: 0.50
Polar distance: 0.00 Grid ' spacing: 0.50
Maijor line every:

» On your own, exit the Drafting Settings dialog box and confirm that only GRID
DISPLAY and SNAP MODE are turned ON as shown.

o mopeL [HE|H|~ L & v L v £ ]
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Use the Line Command

File Edit View Insert For

Param

ARG, o

Linhpolyline Arc

Home  Insert  Annotate

Circle

Press F1 for more help

3. We will create a horizontal line
by using the relative rectangular
coordinates entry method,
relative to the last point we
specified:

@6,0 [ENTER]

B-CceEHEL S

- - i
2.
Line
— Creates straight line segments -
[-]Mo i LINE

Select the Line command icon in the Draw
toolbar. In the command prompt area, near the
bottom of the AutoCAD graphics window, the
message “Line Specify first point:” is displayed.
AutoCAD expects us to identify the starting
location of a straight line.

To further illustrate the usage of the different
input methods and tools available in AutoCAD,
we will start the line segments at an arbitrary
location. Start at a location that is somewhere in
the lower left side of the graphics window.

. Next, create a vertical line by using the
relative polar coordinates entry
method, relative to the last point we
specified: @3<90 [ENTER]

5. Next, we will use the direct input
method. First, move the cursor

directly to the left of the last endpoint

of the line segments.

6. On your own, turn the mouse wheel to

zoom in and drag with the middle
mouse to reposition the display.
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Specify next point or [Undo]: @6,@

Specify next point or [eXit/Undo]: @3<9@ 7. Use the dlr?Ct distance
=1+ LINE Specify next point or [Close eXit Undo]: 2 entry.techmque by
Model Layout1 Layout2 = + enterlng 2 [ENTER]

On your own, repeat the
above steps and create
the four additional line
segments, using the
dimensions as shown.

e To end the line command, we can either hit the [Enter]
key on the keyboard or use the Enter option, right-
mouse-click and a pop-up menu appears on the screen.

Cancel
Recent Input >

Close
eXxit

9. On your own, end the Line command.
Undo




AutoCAD 2D Fundamentals 1-33

Use the Erase Command

The vertical line on the right was created as a construction line to aid the construction of
the rest of the lines for the design. We will use the Erase command to remove it.

Tools Draw  Dimension  Modify  Parametric  Window

Manage  Output  Collaborate ()~ 1. Pick Erase in the Modify toolbar.
C Rotate ‘Ji Trim - B A o The message “Select objects” is
A\ Mirrar (* Fillet ~ Erase displayed in the commar}d prompt
h GOlscale 53 Amay - @ objects from a drawing area and Aut.OCAD awaits us to
Modify ~ select the objects to erase.

[ ERASE

Press F1 for more help

2. Select the vertical line as
shown.

3. Click once with the right-
mouse-button to accept the
selection and delete the line.

Using the Arc Command

nnotate  Parametric  View

) /= G ¥ 1L Click the down-arrow icon of the Are command in the Draw

= © - EOi % - toolbar to display the different Arc construction options.
T | ~ s+ [ EE

-
{' 3-Point ¥

» AutoCAD provides eleven different ways to create arcs. Note
that the different options are used based on the geometry
conditions of the design. The more commonly used options are
the 3-Points option and the Center-Start-End option.

1 ) / Start, Center, End

ﬂ Start, Center, Angle

’ f Start, Center, Length ’
Start, End, Angle
_/(- g
) V Start, End, Direction )
/< Start, End, Radius
/ Center, Start, End
1 p— [
g
.Q Center, Start, Angle
/_ Center, Start, Length

K_J_ Continue

2. Select the Center-Start-End option as shown. This option
requires the selection of the center point, start point and end
point location, in that order, of the arc.
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S 3. Move the cursor to the
o o middle of the two horizontal
o I____l o lines and align the cursor to
o the two endpoints as shown.
Click once with the right-
- S mouse-button to select the
o location as the center point of
I the new arc.

4. Move the cursor downward and

select the right endpoint of the S I o I -

bottom horizontal line as the start
point of the arc.

5. Move the cursor to the right
endpoint of the top
horizontal line as shown.
Pick this point as the
endpoint of the new arc.

6. On your own, repeat the
above steps and create the
other arc as shown. Note
that in most CAD packages,
positive angles are defined
as going counterclockwise;
therefore, the starting point
of the second arc should be
at the endpoint on top.
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Using the Circle Command

B CoHEL U8 -~

File Edit View Insert Format Tools

1. Select the [Circle] = [Center,
Diameter] option as shown.

Home  Inset  Annotate  Parametric  View

/' ) @ f.f"" i -+ Move

¢+ 9% Co
Line Polyline Circle  Arc o ~oPY
- - - D_,l Stretch

@ Center, Radius
= | Start (
{~]MTopH2D Wire @ CerISl, Diameter

2-pog Center, Diameter

Select the same
location for the arc
center as the center
point for the new
circle.

In the command
prompt area, the
message “Specify
diameter of circle:”
is displayed. Specify
diameter of circle:
1.25 [ENTER]

4. On your own, create the other circle and complete the drawing as shown.
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Saving the CAD Design
1. Inthe Quick Access Toolbar, select [Save].

B 0CEHELR & - 0 -5 A shae
File Edit Vi Insert Format  Tools Draw Dimension Modify Pararnetri
Home  Insert w  Manage Output Collaborate  Express To
) C Saves the current drawing le Cl' Rotate { Tim - _{’/_, !
N  QSAVE Mirror {* Fillet - |
Llne Polylme Cire y A : i Text
- Press F1 for more help B Scale B8 Amay - (= =
Draw = Meodify - Anng

7

+ Note the command can also be activated with the quick-key combination of
[CtrI]+[S].

2. Inthe Save Drawing As dialog box, select the folder in which you want to store the
CAD file and enter Spacer in the File name box.

File name: |Spacer.dwg

Files of type: |AutoCAD 2018 Drawing (*.dwg)

3. Click Save in the Save Drawing As dialog box to accept the selections and save the
file. Note the default file type is DWG, which is the standard AutoCAD drawing

format.
Exit AutoCAD 2027
@ CEHEE = - - A

o o [ % To exit AutoCAD 2027, select Exit AutoCAD
B Qyrecentoaments in the Menu Bar or type QUIT at the command

By Ordered List = ‘=

[Huew prompt. Note the command can also be
lB' Open » :S:t:’;':r::ﬂ"’:“’a‘::‘:‘gmmeadm : aCtiVated Wlth the quiCk'key Combination Of
Sample.dwg : [Ctr|]+[Q]

N Assembly Sample.dwg B
i Save
D
T mpert b

@ Publish ¥
ﬁ print »
Drawing
Utilties
Ea Close 3

Options EﬂtAutod:sk%toCADZOZT
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Review Questions: (Time: 20 minutes)

1.

What are the advantages and disadvantages of using CAD systems to create
engineering drawings?

What is the default AutoCAD filename extension?
How do the GRID and SNAP options assist us in sketching?

List and describe the different coordinate entry methods available in AutoCAD.

. When using the Line command, which option allows us to quickly create a line-

segment connecting back to the starting point?

List and describe the two types of coordinate systems commonly used for planar
geometry.

Which key do you use to quickly cancel a command?
When you use the Pan command, do the coordinates of objects get changed?
Find information on how to draw ellipses in AutoCAD through the Autodesk

Exchange, and create the following arc. If it is desired to position the center of the
ellipse to a specific location, which ellipse command is more suitable?

e 15—

- |
1.0
| {

10. Find information on how to draw arcs in AutoCAD through the Autodesk Exchange

and create the following arc. List and describe two methods to create arcs in

AutoCAD.
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Exercises:

(All dimensions are in inches.) (Time: 90 minutes)

1. Angle Spacer

2. Base Plate
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3. T-Clip
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4. Channel Plate
1,25
- 25 "
y
~= 45* .e+n 457
t At
185 /
185 75 |=— 20 — S0
S0
1
185 \ 1
25 } 1 '
' ] 4Tt 20 is
: i
f——— P 4—‘ ‘ ,
125 |

L30




1-40 AutoCAD 2027 Tutorial: 2D Fundamentals

5. Slider Block

6. Circular Spacer

120°TYP.

@5.00
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7. Angle Base

8. Index Key
.._1.004—‘/\
1.50
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45°
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9. Guide Block

10. Positioning Key

®1.5 \ |
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