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Enqgineering Graphics

FREEHAND SKETCHING

I ntroduction to Freehand Sketching

Sketching isavery important technique for tech-
nical communication. Sketchescantransfer ideas,
instructions and information in a clear, concise
form. "Thinking with a pencil” is a practice de-
signers use to bring ideas and mental pictures to
reality. Freehand sketches are often thefirst view
of new designs. Long before formal drawings are
made or computer models are created, a series of
detailed sketches are analyzed and approved.

Sketchingisa personal skill which everyonecan
improve.

Sketching tools include:

__Pencil or leadholder.

__Leads: "H","F" or "HB" hardness.
__Eraser: pink type preferred or white.
__Sketching paper: rectangular grid, isometric
grid, vellum overlay, newsprint, etc.
__Straightedge.

__Circle and dllipse templ ates.

__Plastic triangles.

__Gadgets like tiny drafting machines, roller
parallel toals, etc.

Designers may use avariety of thesetoolswhen
many sketches are to be made. Since sketches
may be needed quickly, itis best to rely only on
pencil, paper and eraser.

Printed grids or papers with lightly ruled lines
are often used for sketching. The grids are used
to keep freehand lines straight. Grids may also
be used to create accurately scaled sketches,
keeping the drawing in correct proportion.

Grids act as guides for sketching. They help
keep lines straight and in correct proportion.
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Using Sketching Grids

Grids may be used to keep featuresin correct X - Y
scale. The rounded corner is measured three units
horizontal, three units vertical and a construction
point is measured half-way around the arc.

Sketches must be very neat and proportional tothe -
real objects. Linesmust beveryblacktoscanor fax - . : .
clearly.

Engineering and architectural forms are available

with many guide line spacings. 1/4 inch forms are ”,,,
common. Sketches of objects may be scaled down _;_:1'-0"}— f7f_fsf ]
(or up) to fit the sheet size. The examples show - & & % 27 0 0 o oo ST
severa possible scale factors. Ty ApIt R IITIIEIS SN SRR IS

_1_.-—__-_100 ......... l‘_ S'ZS N J\ ................
Accurately scaled sketches are needed to convey : 4 o T iU b oo oo
proportions. oo O TUOE U SNU UL SOU SNt SRS SU NN

1/4"=1'-0". Itindicatestheroomisabout 9'-6" wide ..:...:. f.. . ¥= — 3
by 11'-0" deep. The bookcase is 14" deep and 5 S Lo SR
wide. Other furnishings are sketched to scale. RN I R | DESK """""""
Scaled sketches are often the first step in working ..o} e
out the sizes and proportionsfor a design. UL BED L
g(etchesmaybecreatedanywhereandatanytlme . ...... : : .
with a minimum of tools. Neat sketches convey ..:...i.ff...i...ii o fnonn
accurateinformation. Professionalstekeprideinthe = - bt - C 4o L
appearance and accuracy of their sketches.
The quality of thework projects theintegrity of i+~ {3 it
the designer. l' e et £
Lo : Boolk S :
-:..!-?-—‘.:5.2 ......... L
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Sketching Arcsand Circles

Construction lines and points will improve the .

seconds to block in horizontal, vertical and 45:" """
degree points shown. These points help whenﬁ---}--{‘ :
sketching the arcs for the circle. e NG

for measuring pointson acircle.

Tangent points define the extent of an arc. Tangent
pointsarelocated by sketching alinefromthe center
of thearc or circle perpendicular to the tangent line.
These points show where the arc ends and the
straight line begins.

Locating tangent points will improve the appear-
ance of sketches.

When two circles aretangent, the tangent point son
the line connecting the centers. This point shows
where one arc ends and the other begins.

Thereare only two rulesto remember when locat-
ing tangent points:

1. Thepoint of tangency between alineandacircle
ison the line perpendicular through the center of
thecircle.

2. The point of tangency between two circlesison
theline connecting the centers of the circles.

Ellipses may be sketched using four arcs. Sketch a
small arc at each side and a longer arc across the
top and bottom.
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Sketching Techniques

Block in the entire circle even if only a part of the
circle will be needed. This helps space the object
and verify proportions.

__Sketch thethreecircles.

__Sketch the lines tangent to the circles.

__Sketch each radius perpendicular to each tangent :
line. '

These constructions will locate points needed for
darkening-in the final shape. :

Thefinal shapeis sketched by pressing down hard
on the pencil to create a smooth black outline.

Geometric shapes like this hexagon are based on
first sketching acircle. Draw the hexagon using the
circleasacontrol surface. Construct tangent lines at
approximately 60 degrees (in this case).

Blacken the lines for the final shape.

An octagon has eight sides.

__Sketchacircle.

__Sketch horizontal and vertical linestangent to the
circle.

__Sketch lines from the center of the circle at 45
degrees. (Use the diagonals of the grid boxes.)
__Sketch lines perpendicular at each diagonal.
__Blacken-in the octagonal shape.
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Pictorial Sketches

Pictorial sketches are easier if an isometric '
sketching grid is used. By following the angles
of the guide lines, the shape of the front, top and

side faces may be sketched. o

| sometric axes are 30 degrees upwardtotheleft = |
(width), 30 degreesupward to theright (depth) e k\
and vertical (height). R

Pictorial sketches show three faces of athree dimensional object. This 5
type of sketch helps designers and viewers portray three dimensional
shapes quickly.

Circular shapes appear as €lipses on
pictorial sketches. 4-center ellipses are
often sketched or drawn. Centers are
located by construction lines.

CYLINDRICAL SURFACES
IN
ISOMETRIC

FIG. NO.1-2-3-4 SHOW THE STEPS IN
DRAWING A FOUR-CENTER APPROXIMATE
ELLIPSE. FIG. NO. 5 SHOWS AN ELLIPSE
IN EACH FACE OF THE CUBE.

Pictorial sketch of a counter bored hole.
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PENCIL LINES
| THICK
MEDIUM
2 —_————— e ——— o ——
THIN
3
THIN
4 —_
Leader
5 ~—Extension Line

Lo Dimension Line
y | THIN
_
B

2'- 3l2 THIN

ANSI Linetypes
INK LINES
THICK
VISIBLE L.INE |
MEDIUM
HIDDEN LINE 22— —
THIN
SECTION LINE 3
THIN
CENTER LINE 4 —
Leoder
N s }Exfenszon Line
Dimensron Line
DIMENSION | THIN
LINE 6 4—’—~—3§
> EXTENSION {
LINE

AND LEADERS

2|"3’é‘ CTHIN

Q THICK } * THICK }
8 - — = CUTTING-PLANE | 8 _————
LINES OR
VIEWING-PLANE
LINES
L THICK _5 L THICK
9 — — —— — — ———— g AR G TGS L SE——  SEEmS—
THICK THICK
10 (10 —
Il
BREAK LINES -
THIN THIN
I AN J LH
THIN THIN
2 - PHANTOM LINE 2 ——— — — ——— = ——

WIDTH AND CHARACTER OF LINES

FIGURE 1

Extracted from American National Standards Instituteg( 14.2
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Drawing Sizes - Copying L arge Drawings

Inverted suppiementary drowing
number dlock ot upper lefr
rner for 6,C, 08 E

Drawings may require very large

sheet sizes. Standard sizes are la-

beled:

_A=812x11

_B =11x17 asize §3ct
__C=17x22¢tc.

—{ $'inr' 1“LOptionsl for binding)

(Figure extracted from A.N.S.I B sizelyi iy —| T
Y14.1). n %E:n_t[ = 1 :

—+{ k2 or 1" (0prIORD ]

[PR-P /AL J—

Drawings are created on trans- R IR
parent paper or plastic film. The | S SN S [ O
reason the material is transparent | :
relates to the copy process used to oszedi —W R —
duplicate drawings. Many draw- e S ‘e’ s ).
ings are copied using the diazo
process. Thisprocessallowslarge LR ey
sheets to be duplicated at rela- € size Janad Zone sizes 4} x & are standard for 9x 12 muiniples
tively low cost. 2

Zone sizes 4% 1 53 ore standocd for 8% a i multiples
+ 2 2

Prints are made by copying
through the original. The copy pa-
per isplaced underneath. A bright
light shines through from the top.
Lines ontheoriginal must be very

black to prevent light from pass-

ing through.

In commercial machines a mer- Glass cylinder

cury-vapor light is placed inside a \
glass cylinder. The origina and Mercury vapor

copy paper roll around the cylinder tube.

during exposure. Very long draw- \

ings may be duplicated this way. Original ",

Hot ammonia gas is used to de- Copy |
velopthe dry copy. \
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Copyright 1998

J.W & 0.B. Craig

NOTE: Use this grid format

in horizontal direction. FILE NUMBER .. ... o GRADE
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FREEHAND SKETCHING

Copyright 2004

JW. & 0.B. Craig MAKE LINES BLACK

FILE NUMBER GRADE

SKETCH THE FIGURE
SHOWN 2X LARGER
ON THE GRID.
CENTER THE SKETCH.
SHOW CENTER LINES
AND TANGENT LINES.

SKETCH THE FIGURE
SHOWN 2X LARGER
ON THE GRID.
CENTER THE SKETCH.
SHOW CENTER LINES.

C—102 FREEHAND SKETCHING
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Enqgineering Graphics
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Copyright 2004

GRADE

JW. & 0.B. Craig
~1 R2 SKETCH THE ELE-
TRONIC SCHEMATIC
= ON THE GRID.
UJT = BAT ENLARGE 3X.
LABEL AS SHOWN
c1 TR3 LED

SKETCH THE CON-
STRUCTION DETAIL
ON THE GRID.
MAKE THE FOOTING
8 UNITS WIDE.

| FOOTING

FREEHAND SKETCHING

C—104 SKETCH FREEHAND
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FREEHAND SKETCHING

Copyright 2004
J.W. & 0.B. Craig
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, . , % 3’ 3) 4)
78 = 3 TYPICAL
3B | 3
) 4}8[/
3 10 &
3 o -
- 3 D4
5}
’ DRAFTING DESK
3 VERTICAI_ FILES o
. 8’6" F—A TYPICAL
6 -~
\ WINDOW ’
NOTE: PRODUCT DESIGN OFFICE 4
INSIDE WALLS 8¢ THICK SKETCH 1/4* = -0

OUTSIDE WALL 1" THICK

C-206. Sketch the design office layout on rectangular grid. Use 1/4" = 1'-0" scale.
(One grid = 1 foot). Use rectangular grids printed on the back of other pages in this chapter.
Dimension as shown.

Some dimesnions may have to be moved inside the walls to fit the page.
Do not place dimensions outside the title block border lines.
Note size and shape of arrows. Arrows should be 1/8" long and 1/3 as wide as long.

Omit text under NOTE:

C-14
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................. @_ J -a- AR
aavyo L d3gANN 3714 o 0 oy knt
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FREEHAND SKETCHING

Copyright 1998 NOTE: Turn the page

JW. & 0.B. Craig vertically for use. FILE NUMBER 000 GRADE

C-16



AutoCAD 2009 Relative Coordinates
Fia Iative
and Angular
Input Uit
. R |ative R lative
FD\TFIlaumve hde azurements RS nput
P ws. Absalute Format
Palar Input format R |atiwe
(Angular) and Edist<angle
Inputs options Format
Object Object Snap Funning
inaps o difiers Object Snaps
Fia st Lsing Cther
"Last Point” IO o =et Options —f—— Examples
Last Paint
Orawing IFpt Plutting Use AutoCAD Classic
Enviornment.
* ACAD.dwt template
Evardzes

Most drawings are created using relative coordinates. This means that the next point is set from the last point
drawn. The last point drawn is stored as “temporary 0,0”. AutoCAD uses the “@” (shift 2) as a prefix to the
X,Y coordinates to denote relative input mode. Any measurements after the “@” are referenced from the last
point drawn rather than from the world space 0,0.

Absolute input: X,Y
Relative input:
Polar (angular) input: @dist<angle

@X,Y

DYNamic input is a new form of input recently introduced. We will work with dynamic input at a later time.
For now, be sure dynamic input is turned off.

Cortnstd

¥.5552, -0.3654, 0.0000

EEL

0« |

Dynamic Input
= ]

lar

Turn Dynamic input OFF
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Relative Coordinates

AutoCAD 2009

Relative coordinates have two basic
formats: One (@X,Y) when the endpoints
of lines are known, and Two (@dist<angle)
when the length of a line and the angle is
known.

The example shows the sequence for
drawing horizontal and vertical lines.
Two inputs are needed.

Any point to the right is positive.
Any point to the left is negative.
Any point up is positive.

Any point down is negative.

]

# 1.00 =

Above, an offset input is shown. Lines may
be drawn at angles by giving the X distance
over and the Y distance up from the start
point. Positive or negative offsets may be
specified.

Angular (polar) input specifies the length
along the line (hypotenuse) and the angle
from zero.

Zero defaults to East or the X-axis but may
be set to a different direction.

Positive angles are measured counter-
clockwise.

@—1.3,0

@0,—1

@5.0

0,2

\\3——ﬁhy start point

[Corrnand:

Specify

Specify

Specify

Specify

Specify

1

LINE Specify first

next point

next point

next point

next point

next point

roint:

or

ar

ar

ar

ar

[Undo] = (3,0

[Undo] @ [@0,2
[Cloge/Undo]: @-1.5,0
[Close/Undo] : @O,-1

[Clo=e/Undo] :

>

0 degrees

C-18



AutoCAD 2009

Relative Coordinates

Object Snaps.

Drawings require very accurate connections. Information
from drawings may be used in many different ways.
Approximate ( “eyeball” ) connections may cause inaccurate
results or failure of extended uses. Exporting drawing data
to machine tools is a common process. Machine tools need a
series of connected lines to calculate tool paths. If the lines
are not connected, the machine will stop.

AutoCAD provides a number of modifiers (Object Snaps)
which assure accurate connections. Object snaps may be
invoked as the drawing is created or a series of Running
Object Snaps may be set.

Basic format: Start a line (you can use an object snap to
start the line accurately) the end the line (you can add an
object snap to end the line accurately.

Accurate

Not
Accurate

A circle with a 2.00 inch diameter was drawn. L ine |

1. The Line command was started then the object from

snap Quadrant was invoked. Duodront
Qint

Line - Qua . {point at left side of circle P

the endpoint was @0,-1.5

The next point was object snap Tangent. 2

Tan J @0,-1.5

Common Object Snaps are:

Endpoint Endpoint
Intersection

Tangent

Center Midpoint
Quadrant

Perpendicular

Nearest

Cen

Quadrant

Tangent
ter

Midpoint Perpendicular Intersection
Use the first three letters. Some drafters

prefer to invoke each object snap by

typing each command as the drawing is

created.

C-19
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AutoCAD 2009

Running Object Snaps.

Pop down Tools .....
Drafting Settings

Toggle on the Object Snaps you
wish to use. (All on at one time
can cause confusing results. )

Study the icons for each object
snap. These appear as you work.
Click when you see the icon to set
the connection

F-3 function key turns the running
object snaps off/on.

Click OSNAP on the bottom
toolbar to turn running object
snaps on/off.

54552, 26431, 0.0000

Draﬂ:ing Settings

Snhap and Gridl Polar Tracking Object Snap |D_I,Inamiu: Inputl

[ Object Snap On [F3]

[ Object Snap Tracking On [F11]

2 x|

— Object Snap modes
O W Endpoint B8 [ Insertion Select Al |
Ao [ Midpoint b W Pempendicular Clear Al |
enter angen
¥ Cent o= W t
[ Mode = [ Mearest
< v Quadrant B [ Apparent interzection
2 W Intersection 2 [ Parallel
-. ¥ Extension
n To track fram an Ozhap point, pauze over the point while in a
\&f cammand. A& tracking vector appears when you move the cursar.
To stop tracking, pause over the point again.

o]

Cancel |

Optiohz... |

Help

SMN&F| GRID| ORTHO| POLAR| [ngng2biect Snap

DUCS| DYN| LwT||

Dynamic Input may be set from the
next tab over.

To use Dynamic Input, turn on the
DYN button. (see above).

Experiment with these available
tools. See what you prefer to use as
you draw.

AutoCAD will configure menus,
toolbars and input options to
work as you like to work. After
several months, designers begin to
customize their workspace.

Drafting Settings

Shap and Gridl Palar Tracking' Object Snap  Dwnamic Input |

v Enable Painter [nput

[+ Enable Dimension Input where possible

2l

— Painter Input — Dimenzion [nput

Settings... Settings...

— Dynamic Prompts

st paint: !j

ophiors.

¥ Show command prompting and
command input near the crosshairs

In & dynamic prompt, press the
WY Do Arrow key to access

Drafting T ooltip Appearance... |

C-20
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Adding the Object Snap Toolbar to  [alij{Sd &=
your drawing. =LA XK 08 O0IL 7 ® -
__right-click on any toolbar. b

___select Object Snap |Snap ko Endpaint: |

Picking a reference point -
(Resetting the temporary 0,0 point.)

Situations occur while creating

drawings where an object must be A

drawn in reference to an existing point B *
0232 J

or intersection.

The circle B must be drawn in reference
to the intersection at A.

__1st method. ID the intersection at B0 &3 /
“A”. Type ID d (identify) ... Int 1 and
point at the intersection at “A” —= (0,70 =
This resets the temporary
“last point” 0,0 to “A”.

Type C (circle) ! and key in

@-.75,-.25 J to set the center. Newer versions of AutoCAD added the “from” command
Key in D Jand .625  to set the size. to shorten the sequence of locating one object from
another.

__2nd method. Start the circle
command.

C J (type) from  (type) int J
and point at “A”.

key in @-.75,-.25

Key in D J and .625 to set the size.

_3rd method. Use the From option on .
the Object Snap Toolbar. mj?j' & AKX - | @ & O |

Start the circle command then

click the Snap From icon.
Select the point at “A” then key in the

offsets: @-.75,-.25.
Type in the circle diameter.

C-21
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Tutorial - Relative and Polar mode drawing.
The drawing shown below combines a number of relative (linear) and polar (angular) drawing inputs.
To start the drawing, start the line command and pick any point for “A”.

Command: line J |

From point: pick any point 2 A e Sl = 0,75
To point :@1.50,0 (a to b) r

To point:@1.80<34 (angle from T ! h
zero - b to ¢) T
To point:@1.50,0 (c to d) —1——
To point:@0,1.25 (d to e) ol i
To point:@-1,1 (e to f) ] 100 ;

To point:@1,1 (fto g) — 31 '*‘ E
To point:(@0,.75 (g to h) 1,50
To point:(@-2.75,0 (h to 1) — —— 1,00
To point:@-1.5,-1.25 (i to j)
To point:@0,-1.5 (j to k) L - .00 - e

To point:(@1.46<239 (angle from 1.50 |

zero — k to 1) e 1 1.25
c! to close. ( Or, osnap endp at “a”) \Z S, p—— l

|
Note: Key in this example. Verify #1.00 -
the steps, math and reasoning. 1457
o

Below: (Some numbers will vary.) 0 (zerad
Sequence to draw the circle and ‘ {56 \\/

hexagon:

—— | 5[] —an

|

Command: 1d  Draw the circle: first ID point “c”
Foint: int .
of X = 3.8307 ¥ = 1.9197 z = 0.0pon  (These numbers will vary)

Command: circle .
APA2P-TTR~<Center point:: @-2, .5 Key in the offset from “c
Diameter<<Radiu=s:: d

Diameter: 1

L‘ 29

and draw the circle

Command: 1d
Foint: int
of X = 4.3307 ¥ = 4. 1697 Z = 0.0000

Draw the polygon: ID point “f”

Command: polwgon
Humnber of =ide=s <4:: 6

Edge<«Center of polygon:: @-1_ 50, 5§
Ins=cribed in circle-Circum=scribed about circle (I-C) <I:: o

Fadiu=s of circle: B

Command

C-22
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Save the drawing. Make a habit of saving drawings each 15 to 20 minutes. A computer crash can wipe out a lot

of work.

Dimension the drawing approximately as shown. Some dimension settings need to be changed:

@Dimension Style Manager

Current dimension style: Standard

Pop down Dimension .... Hf Obiigue
Align Texk
__Select Dimension Style
KM Cverride
M Update

__Select Modify on the

Reassociate Dimensions

Stylez:

Freview of. Standard

£ Annotative

Standard

Dimension Style Manager
dialog box.

__Select the
Primary Units Tab.

__Set the number of
decimal places as shown to
2 places.

Note: The number of
decimal places on a
dimension is often used on
drawings to indicate the
required accuracy of the
dimensions. No dimension
can be perfect so all
dimensions on a drawing
must have a Tolerance. A
Tolerance Block is placed
on drawings to show the
required accuracy.

11955

2o
&0
{

Ny

Ru.8045—"
List: r— Drezcription

Standard
IAII shyles j Sl

¥ Dion't list styles in wrefs

Set Current
N
todify. .

Overide...

A1

Compare...

Cloze I Help
Bl Modify Dimension Style: Standard 2lx|
Lines I Symbolz and Arrowsl Text I Fit Prirnary Lnits |Alternate Unitsl Tolerancesl
i~ Linear dimerisions
Uit format: IDecimaI 'I A‘ Lo "
Frecizion 0.00 > 1— /\
0
Fraction format: L20
0.0 J 202
Decimal separator: 0.000 _ /
0.0000 &0
Round off: 0.00000 {
0.000000 _/ /
Prefis: [ 0non0a0n FO.20
0.00000000
Suff |
~ Measurement scale
Scale factor: I‘I .hooa ::II —Angular dimensions
[~ Apply to layout dimensions anly
: Uitz format: IDecimaI Degrees j
~ Zero suppression
[ Leading | feet Eieehe IU j
[ Trailing W Oinches
ZEM0 SUPpression
™ Leading
[T Traiing
Ok I Cancel Help

TOLERAMNCES

A 1 I

R, 032 IM
XK + 010 IM,

_|_

.X =+/-.1 inches is a very large tolerance - rarely used.

XX =+/-.03 inches. Common shop tolerance for non-critical
features. .06 inches is the thickness of a penny. Preferred.

XXX =+/-.010 inches. About the thickness of 5 pieces of paper.
Closer tolerance. More expensive to produce.
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The dimension pop down menu is Dimensiory, Modiy Window  Help
shown. E M Quic%mensiun —
- [
___Use Object Snaps Endpoint, 3 [~ Linear . ‘ A,
Intersection, Center, etc. when 4"7 Aligned Right click any 7
placing dimensions to be sure you are ‘ﬁ Arc Length toolba}r and .SeleCt b
connecting to the correct points. 2 Ordinate the Dimension i
toolbar.
. ) . @ Radius @
- Use Linear d1rgensmps to place R b | 2
horizontal and vertical dimensions. () Diameter Tag anyplace on o
= the window.
. . . ﬁ_ angular
___Use Aligned dimensions to place o ) 4
dimensions on an angle. [T Baseline This is a quick [ angular
M Continue way to select and -
__Always dimension the Diameter of "F' Dimension Space place dimensions. -
full circles and dimension the Radius of | Dimension Break -
arcs. L
P Multileader ‘l_""
The easiest way to edit a dimension is to Tolerance. ..
erase and re-dimension. () Center Mark ®
b= Inspection
__You do not need to place the letters W Jogged Linear "z
(a,b,c,d,e,f etc.) on the drawing. 4 Oblique E
- B@ sure to put your name on the Align Tesxt , A
drawing. 2
__Save the drawing and plot the kly Dimenision Style. . -
drawing as we did in the previous "M Oyerride s
chapter. P Update W
Elld Of Tutorial Reassociate Dimensions L—

J,f — ALt
- 2100 -l - 1.504>\—7 275 ————=
i N\
’«— 1,50 —

\%%
0,20 C T
\%
a3
=00 146.00° >V) Lfﬂ < nso | 7
/ = T ‘anj.rnn

Use object snap to center to dimension There is no center for the polygon. For now,
from “c” to the center of the circle. Vertical dimension from “f” to the Intersection at “v”

and “f” to the Midpoint at “w”.

i

N

and horizontal dimensions are needed.
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Using the List command to verify objects.

__Type List and select an object. A dialog box will appear that tabulates all the information about the object.
This is a tool which allows you to verify starting points, lengths, angles, etc. It is very helpful when
troubleshooting a drawing.

. Select objects:
The hexagon from the tutorial

was selected. This is the LWPOLYLINE Layer: "O"
. Space: Model space
data j[hat the list command Hahale = 1ip
provided. Closed
Constant width 0.0oo0
area 0.37
perimeter 3.46

at point E= 4,78  T= 6.61 Z= 0.00
at point E= 4,49 Y= 6.11 Z= 0.00
at point E= 4,78  T= 5.61 zI= 0.00
at point = 5.35 ¥= 5.61 zI= 0.00
at point XE= 5.64 Y= 6.11 2= 0.00
at point = 5.35 T= 6.61 Z= 0.00

Exercise C-101.

Start a new drawing

and draw the object 90

shown.

You will use many j 1.00

different input formats

for the layout. 9

Pick any point to start 0.25

at “a”. Draw to b and

to c. Then go back to

a and draw to k, j,i etc.

Length c-d is not
given. When you
finish, c¢-d should be
a vertical line. Save
often.

__ Put your name
on the drawing.

r 0.75 NOTE: LENGTH
0.63 C—D NOT GIVEN.
1.00 /&
G
1.41
45 y
__Dimension the

b
: 4.00 _‘
drawing. L

__Plot the drawing @ .75 2 HOLES
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Relative Coordinates
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Exercise
C-102.

Layout the
drawing. Be
sure to put
your name on
and dimension
the layout as
shown.

_ Save
__plot.

NOTE: LENGTH D—E NOT GIVEN
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AutoCAD Geometry
AutoCAD
Geometry |
Setting Point Node Divide
. —— .
Points Styles Object Snap Measure
. Construction . .
Lines —— . —®=  Polylines ¥ Splines
Lines
Geometric — Arcs —®=  Polygons Ellipses
Shapes o P
Tangent Tangent Obtaining -
Constructions Options Information Use AutOCAD Classic
Enviornment.
4 ACAD.dwt template
Editing — Trim = Copy
Move
Getting
Information Tools  Draw Dirnen:
) Lawer...
Points are the most basic element of a £2 Layer States Manager...
drawing. Lines are defined by two points. Lasierronls 3
A circle is defined by a center point and @ color
a point on the radius. Setting points at Ak pe
key locations on a layout is a very good il

drawing technique and helps assure
accuracy.

A point is a single pixel on the drawing
screen and by being so small may be very
hard to see. AutoCAD provides special
point marker icons which make points
more visible on drawings. At plot time
there is an option to display or not display
the points on a drawing.

__Pop down Format menu and select
Point Style.

f Scale List. ..

Ay Text style. ..
}.!fi Dimension Style. ..

O Table Style...
/5 Mulileadsr Style

= Plat Style...

"8 Multiline Style. . !!

EE Units, .,
o Thickness

Drawing Limits

[T] Rename. ..
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Select a marker shape from the chart. Note the options for a

single dot and no marker in the upper left.

Earlier versions of AutoCAD set point styles using the O O
command: Pdmode. (Point description mode).

The marker highlighted is Pdmode 34.

The command to draw a point is: Point ./

To snap to a point use Object Snap: Node.

Bl Point Style

|

i

+
5]
&

B =<
EhElE

L B

Poirt Size:  |5.0000

Tip: Since polygons do not have a center point, set a point

first then draw the polygon. Dimensions to the center of he

polygon can reference the Node.

!
'

=

T
-‘h:/

Divide and Measure are on
a flyout from the Point command.

Draw ..... Point .... Measure or Divide
These commands set points at intervals
along lines, polylines, circles, arcs, splines,
etc.

Divide will place points at equal intervals.
Measure will place points at the distance

specified. Pick the end of the object to start
measuring from.

{* Set Size Relative to Screen
{~ Set Size in Abzolute Units

k. I Cancel

Help

P N A

R
4 Table... I
1 Hatch.., = Multiple Paint
H Gradient. ., ';'I Civide
H Boundary. .. ,-':’“ Measure
(2 Region I

Measure along an arc.
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Lines. Several types of lines are available.

Standard lines are individual entities used
to draw shapes.

Construction lines are infinite in length and
do not print on drawings.

Polylines are a series OD connected lines and arcs. They are considered one entity. Polylines were originally
added to define tool paths for machining. Polylines are also important for defining shapes to be extruded onto
solids. Polylines should be used for drawing shapes whenever possible.

Comtmand: xline Specify a point or [Hor/Ver/Ang/Bisect/Offzet]:
Specify through point: B3<30

Construction lines - xlines
are defined as shown. They are

used to quickly “block in” key
locations on a layout. C)

an )

()
O

]
L

Polylines may be returned to
individual lines and arcs using

the Explode command. Command: pedit

SJelect polyline or [Multiple]:
Ohiject selected iz not a polyline
Do you want to turn it into one? <¥>

Individual lines and arcs may
be joined into polylines using

the Pedit .... Join commands. Enter an option [Close/Join/Width/Edit wertex/Fit/Spline/Decurve/Ltype

gen/Undo] @ 3

Polylines may be assigned
thickness and variable
thickness.

Spline is a special type of _E
mathematical curve. It is used

to define curved shapes that are
more complex than simple arcs.

A spline curve was placed
through several points.
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Arecs. B :
Many options are available for drawing arcs. {3 Points
Circle .
) o ;’H_ Skart, Center, End
In many drawings it is better to draw a © ponu e
. . . ] S Start, Center, Angle
circle then trim the circle to display the arc r~ Spline
. 7 Start, Center, Length
segment needed. (Examples will be shown Ellipse
laj[er-) . . Block b W Start, End, Angle
Clrcl.es require 2 points to draw - Arcs = ¥ Start, End, Direction
anle, ..
require 3 points. R 7| start, End, Radius
Paink
Polygons were drawn on m?nual' drawings T Hatch. . £ Center, Start, End
by first drawing a construction circle then . /7, Center, Start, Angle
inscribing the polygon or circumscribing B Gradert... o B, S el
the polygon. The circle acted as a “control T Boundary... : ! =
surface” to assure accuracy. [Ty Region {+ Continue

AutoCAD used this analogy when prompting
for polygon construction data.

The circles are not drawn but the prompt is
based on the circle construction.

Polygons. AutoCAD will draw regular
polygons from 3 sides up.

Procedure:

1. Set a point at the center of the polygon.
2. Click Polygon INZCRIBED CIRCUMECREIEED
3. Input number of sides.

4. Select the center point.

5. Set Inscribed or Circumscribed. (I or C)
6. Input “Radius of circle.”

|cormmand: _bolygon Enter number of sides <3>: &

Specify center of polygon or [Edge]:
Enter an option [Inscribed in circlef/Circumscribed about circle] <Cx: o

Specify radius of circle: 1

Polygons are constructed using
polylines. Polygons may be exploded to

edit individual elements. |
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Ellipses are generated by two Command: ellipse

methods: Specify axiz endpoint of ellipse or [Lrc/Center]:
1. Specify the ends of the first Specify other endpoint of axis:

axis and one end of the second Specify distance to other axis or [Rotation]:

axis. (default method).
2. Specity the center, end of
one axis, end of the other axis.

A Ellipse Arc command is
also available.

Tangent constructions are needed for
many shapes.

Line Tangent to two circles.
__ Start the Line command.

___ Invoke Tangent Object Snap
to start the line.

__Pick the Ist circle.
__Invoke Tangent Object Snap
to finish the line.

__ Click the 2nd circle.

Circle Tangent to two circles.
__Start the circle command.

__ Type TTR (Two tangents and a
Radius).

__ Click the first circle

__ Click the 2nd circle

__Type in the Radius.

Note: AutoCAD infers the circle
connection and direction based on
how you select the existing circles.

Tangent lines show points of tangency
in the lower figure.

-
N

Major Axis

A\ Minor Axis
-
y

Deferred Tangent
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Editing Geometry

Trim. This command requires a bit
of practice as it works differently than
you might expect.

First, select the cutting elements.
Press Enter

Second, select the object to be cut.
(Select the line to remove).

Press Enter

_ Start the Trim command.

Copy and Move work in a similar way.

Ist select the objects.

Press Enter.

2nd Show where the objects are now.
Press Enter.

3rd Show where the object is to be
copied/moved to. Click to set.

Copy will continue placing more
copies.
Press ESC.

-----

rrrrr

_ Start Trim

_ Select the left and right
circles.

__ Press Enter

_ Select the bottom of the
middle circle.
__ Press Enter

_Select the top line and the
bottom arc.
__press Enter !

S

__ Click the inner arcs.
___press Enter

Practice with the commands shown. be sure you are familiar with the way each command works and what

responses are needed at each step.
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Getting Information. The
internal accuracy of AutoCAD
drawings is 17 decimal places. If
the drawing is accurate the very
accurate data can be obtained.

The X,Y location of the @000
tangent point at D is needed
for machining or surveying.
Calculating the tangent point
involves solving several right
triangles.

- 3000 ——

AutoCAD will display the

X,Y coordinates using the ID Specify new origin point <0,0,0>: end
command. of

1. Reset the UCS to the center Cormand: id

point at “A” Specify point: end

2. Type ID and point at the of X = 0.1233 ¥ = 0.9924 £ = 0.0000
tangent point at “D”. The X,Y

data is displayed.

ExerCise C'201. - 4,00 -

Draw the part shown.

_ Dimension as shown.

@ .3l TYP R 075 TYF

__Put your name on the
drawing.

__Save.

__Plot.

F1.50

THERMOSTAT GASKET
020 THICK PAPER

C-33



Geometry I

AutoCAD 2009

Exercise C-202
Draw the part shown.
__ Dimension as shown.

__ Put your name on the
drawing.

__Save.

__ Plot.

Exercise C-203.
Draw the part shown.
___ Dimension as shown.

___ Put your name on the
drawing.

__ Save.

__ Plot.

R30

Ka\
w1

@l

2 RE0
RIS : é

63 - 93

175

SUFPORT = RH
1 REGD, MILD STEEL
METRIC DIMENSIONS

18

Re
@ 7716 — 2 HOLES

] /
i

172

R 172 - 2 FLACEX

SCRAPER PLATE
1 REQD, ALUMINUM
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