Chapter

Freehand Sketching and Lettering Techniques

OBJECTIVES

After studying the material in this chapter, you should be able to:

. Create freehand sketches using the correct sketching techniques.
» Sketch parallel, perpendicular, and evenly spaced lines.

. Sketch a circle and an arc of a given diameter.

. Use techniques to keep your sketch proportionate.

. Enlarge an object using grid paper.

. Sketch various line types.

. Add lettering to a sketch.

. Create and read a drawing at a specified scale.

. Use standard sizes for drawing sheets.
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OVERVIEW

Sketching technique is one of the most important

skills for engineering visualization. Sketching isa: .-

quick way to communicate ideas with other mem-
bers of the design team. A picture is often worth a
thousand words (or 1K words, as it were). Sketch-
ing is a time-efficient way to plan out the drawing
processes needed to create a complex object.

Sketches act like a road map for the completion of
a final paper or CAD drawing. When you sketch
basic ideas ahead of time, you can often complete
a drawing sooner and with fewer errors. Legible
hand lestering is used on the sketch to specify
important information.

3.1 = TECHNICAL SKETCHING

Freehand sketches are a helpful way to organize your
thoughts and record ideas. They provide a quick, low-
cost way to explore various solutions to a problem so
that the best choice can be made. Investing too much
time in doing a scaled layout before exploring your
options through sketches can be a costly mistake.
Sketches are also used to clarify information about
changes in design or provide information on repairing
existing equipment,

The degree of precision needed in a given sketch
depends on its use. Quick sketches to supplement verbal
descriptions may be rough and incomplete. Sketches
that are supposed to convey important and precise
information should be drawn as carefully and accurately
as possible. .

The term freehand sketch does not mean a sloppy
drawing. As shown in Figure 3.1, a freehand sketch

# FIGURE 3.1 » Great Ideas Often Start as
Freshand Sketches Made on Scratch Paper.
Courtasy of ANATech, Inc.

shows attention to proportion, clarity, and correct
line widths.

3.2 = SKETCHING MATERIALS

One advantage of freehand sketching is that it requires
only penci), paper, and eraser. Small notebooks or
sketch pads are useful in the field (when working at a
site) or when an accurate record is needed. Graph
paper can be helpful in making neat sketches like the
one in Figure 3.2. Paper with 4, 5, 8, or 10 squares per
inch is convenient for maintaining correct proportions.

Find a style of pencil that suits your use. Figure 3.3
shows three styles which are all good for preparing
sketches. Automatic mechanical pencils (shown in
Figure 3.3a in the illustration) come in .3-mm, .5-mm,
7-mm, and .9-mm leads that advance automatically
and are easy to use. The .5-mm lead is a good general




3.2 Skefching Materials 555

size, or you can use a 7-mm lead for thick lines and
:3-mm for thin lines, The lead holder shown in Figure
» 3.3brequires a special sharpener, so it is not usually suit-
able for work in the fieid. Plain wooden pencils work
great. They are inexpensive and make it easy to produce
thick or thin lines by the amount you sharpen them,

A sketch pad of plain paper with a master grid
sheet showing through underneath works well as asub-
stitute for grid paper. You can create your own master
grid sheets for different sketching purposes using
CAD. Specially ruled isometric paper is available for
isometric sketching.

Figure 3.4 shows the grades of lead and their uses,
Use soft pencils, such as HB or F, for freehand sketch-
ing, Soft vinyl erasers are recommended.

L[] -39 2]74)

*% FIGURE 3.2 # Sketch on Graph Paper,

# FIGURE 3.3 » Drawing Pencis,

Thin fecas reguire
0 sharpening

—SHARP CONICAL POINT
ror general fine work

and fettering

Hard

The hard leads in this group (lefi)
are used where extreme accuracy
is required, as on graphical com-
putations, charts, and diagrams,
The softer leads (right) are some-
times used for line work on engi-
neering drawings, but their use i
restricted because the lines are
apt to be too light,

]
DRAFTING PENCIL LEADS
Available i alf grades

(a)

THIN-LEAD MEC HANICAL PENCIL

(b)

MECHANICAL PENCIL

{©)

DRAWING PENC|L

GRADE MARK
Do not sharpen this end /

# FIGURE 3.4 % |pag Grade Chart,

Medium

These grades are general purpose
The softer prades (right) are used
for technical sketching, lettering,
arrowheads, and other freehand
work. The harder jeads (Ieft) are
used for line work on machine
drawings and architectural draw-
ings. H and 2H leads are used on
pencil tracings for reproduction,

B 3B 4B 5B @B 7B

Soft
These leads are too soft to be use-
ful in mechanical drafting. Their
use for such work results in
smudged, rough lines that are hard
o erase, and the lead must be

sharpened continually. These . +-

grades arc used for art work of'
various Kkinds, and for full-size
details in architectural drawing.
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= FIGURE 3.5 ® Types of Projection.

3.3 » TYPES OF SKETCHES

Technical sketches of 3-D objects are usually one of
four standard types of projection, shown in Figure 3.5:

Multiview projection

e Axonometric (isometric) projection
Oblique projection

Perspective sketches

Multiview projection shows one or more necessary
views. You will learn multiview projection in Chapter 5.
Axonometric, oblique, and perspective sketches are
methods of showing the object pictorially in a single
view. They will be discussed in Chapter 6.

3.4 = SCALE

Sketches are not usuvally made to a specific scale.
Sketch objects in their correct proportions as accu-
rately as possible by eye. Grid paper helps you sketch
the correct proportions by providing a ready-made
scale (by counting squares). The size of the sketch is
up to you, depending on the complexity of the object
and the size of the paper available. Sketch small
objects oversize to show the details clearly.

3.5 = TECHNIQUE OF LINES

The main difference between an instrument drawing and
a freehand sketch is in the style or technique of the lines.
A good freehand line is not expected to be precisely
straight or exactly uniform, as is a CAD or instrument-
drawn line. Freehand lines show freedom and variety.
Freehand construction lines are very light, rough lines.
All other lines should be dark and clean.

/ 'Ef Practical Tips

Freehand lines

» To sketch long lines, mark the ends of the line with a
light 6H pencil.

« Draw long sweeps between, keeping your eye on the
mark you are moving your pencil toward.

*» Make several strokes, improving the accuracy of
your line.

¢ Finally darken in the distinct line with an HB lead.

\

* If your line looks like this you may be gripping your
pencil too tightly or trying too hard to imitate
rmechanical lines.

— ———

+ Slight wiggles are okay as long as the line continues
on a straight path.

» Occasional gaps are fine and make it easier to draw
straight.

One of the most important factors in making good
sketches Is line quality. For many people, the biggest
problem with line quality is not making object lines thick
and dark enough. Make object lines black and relatively
thick.

PRACTICE WITH PERMANENT MARKERS

» Engineers are often required to maintain permanent
records during the design process in a design note-
book. This can help when applying for patents and in
showing the steps the design went through. These
records are required to be in ink. Practice sketching
with felt-tip markers so that you can draw neat per-
manent sketches such as will be required in your
design notebook.

« Disposable engineering markers are available in var-
ious widths and may be used freehand or with tem-
plates to make neat permanent skstches.




i Practical Tips

Drawing freehand lines

LINE WEIGHTS

and centerlines thin, sharp,
and black.

and black.

* Make visible and cutting

¢ Make construction lines
thick and light.

HoRizoNTAL LINES

* Hold your pencil naturally,
about 1 inch back from the Keep eye on
right angles to the line to be
drawn. s

* Draw horizontal lines from 7@\%%
left to right with a free and
easy wrist-and-arm move-
ment.

DRAWING VERTICAL LINES

* Draw vertical lines down-
ward with finger and wrist
movements,

* Make dimension, extension, | SHARP-AND BLACK

* Make hidden lines medium MEDIUM-AND BLACK along the edge of the paper to maintain a
|5

. . SLIGHTLY
plane lines thick and black, [DULL—AND BLACK,

point, and approximately at  sn point R

\‘\\ the pencil down to paper. Slide your hand

3.5 Technique of Lines S2

TWO METHODS FOR BLOCKING IN HORIZONTAL
AND VERTICAL LINES

Method A

Hold your pencil firmly, sliding a rigid finger

uniform border,

| -KEEP THIS
DISTANCE
i FROM EDGE

R

FINGER RIGID ~
SLIDE ALONG EDGE:

Method B

Mark the distance on a piece of paper and
use it like a ruler. Hold your pencil as
shown and make distance marks by titting

to the next location.

~Keep eye on
J  end point

TWO METHODS FOR
FINDING MIDPOINTS

Method A

Gauge the half-distance with
your pencil. Try the distance
on the left and then right,
adjusting until it matches on
both sides.

Method B

Mark the endpoints of the
line on a strip of paper. Fold
the paper to bring the end-
points together Use the
crease as the midpoint.
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3.6 = STYLES OF LINES

Each line on a technical drawing has a definite mean-
ing. Drawings use two different line widths—thick and
thin—and different line styles indicate the meaning of
the line. A person reading a drawing depends on line
styles to communicate whether a line is visible or hid-
den, if it represents a center axis, or if its purpose is to
convey dimension information. Without making these

Visible line

Hidden line

Section line

Center line

Dimension line,
Extension line,

Leaders

Cutting-plane
or
Viewing-plane
lines

Short-break line

Long-break line

Phantom line

Stitch lines

# FIGURE 3.6 # Alphabet of Lines
{Full Size).

Chain line

distinctions, drawings would become a confusing jum-
ble of lines. To make your drawings clear and easy to
read, make the contrast between the two widths of
lines distinct. Thick lines such as visible lines and cut-
ting plane lines should be twice as thick as thin lines.
Thin lines are used for construction lines, hidden lines,
dimension lines, extension lines, center lines, and phan-
tom lines. Figure 3.6 shows the different styles of Lines
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SMOCTH
JANGENCIES

HIDDEN LINE
DASHES

7—-m
SHARP ENDS

Accerrtms
DARK LINES
THIS

SHARP CORNERS
A F7

THIS

DASHES TQO SHORT

F‘ — a—
INDEFINITE

' ENDS
: k] GRAY-
ﬂwozﬂmn—:k +INDEFINITE LINES
ENDS ENDS
‘NOT THI1S NOT THIS NOT THIS

(a) (b) (c)

that you will be using. All lines except for construction
lines should be sharp and dark. Construction lines
should be very light so that they are not visible (or are
barely visible) in the completed drawing, Figures 3.7
and 3.8 show examples of technique for sketching
using different line patterns,

Find Worksheet 3.1 in the tear-out section
and practice sketching freehand lines. You
will probably want to use your own paper
for additional practice.

<3.7 m SKETCHING CIRCLES, ARCS,
AND ELLIPSES

Small circles and arcs can be sketched in one OT twWo
strokes without any preliminary blocking in. Sketching
arcs is similar to sketching circles. In general, it is easier
to sketch arcs by holding your pencil on the inside of
the curve. In sketching arcs, look closely at the actual

3.7 Sketching Circles, Arcs, and Ellipses S

# FIGURE 3.7 # Technique of
Lines {Enlarged).

CENTER LINE DASHES

ENDS SHAFEP,/4'6(:&)7.74.‘@’X

ZDARK LINES

THIS

INDEFINITE ENDsj

ZUGHT LINES X
SPACES TOO LARGE

NOT THIS
(d)

geometric constructions and carefully approximate all
points of tangency so that the arc touches a line or other
entity at the right point. Circle templates also make it
easy to sketch accurate circles of various sizes,

If a circle is tipped away from your view, it appears

as an ellipse. Figure 3.9 shows a coin viewed so that it
appears ds an ellipse. You can learn to sketch small
ellipses with a free arm movement similar to the way
you sketch circles, or you can use ellipse templates to
help you easily sketch ellipses. These templates are
usually grouped according to the amount a circular
shape the would be rotated to form the ellipse. They
provide a number of sizes of ellipses on each template,
but usually only one or a couple typical rotations.
Find Worksheet 3.2 in the tear-out section
and practice sketching circles and ellipses.
Additional practice on white paper, a dry
erase board, or a chalkboard will help you
create circles and ellipses quickly and accurately,

# FIGURE 3.8 % Contrast of Lines (Enlarged).

THICK,
DARK,
THIN,
- DARK
CONTRAST
—d MOSTLY
CONSTRUCTION IN WIDTH,
LINES, VERY Zg#Ar/  LTTLE IN
(Q) COLOR

THICK,
DARK,
~

(c)
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Step by Step 3.1

Sketching circles

THREE METHODS FOR SKETCHING CIRCLES

Method A

1. Sketch lightly the enclosing square and mark the
midpoint of each side.

2. Draw light arcs connecting the midpoints.

3. Darken in the final circle.

Method B

1. Sketch the two centerlines.

2. Add light 45-degree radial lines. Sketch light arcs
across the lines at an estimated radius distance
from the center.

3. Darken the final circle.

Method C

1. Mark the estimated radius on the edge of a card or
scrap of paper and set off from the center as many
points as desired.

2. Sketch the final circle through these points.

SKETCH CIRCLE
THROUGH PCINTS

# FIGURE 3.9 = Circle Viewed as
an Ellipse. [T H N TTATIEIIN

After you have gone through the steps for
drawing circles, ellipses, and arcs shown in
in Step by Steps 3.1, 3.2, and 3.3, find
Worksheet 3.3 in the tear-out section.
Apply the line and curve techniques you have learned
to sketch actual parts.

3.8 = MAINTAINING PROPORTIONS

The most important rule in freehand sketching is to
keep the sketch in proportion. No matter how brilliant
the technique or how well-drawn the small details, if the
proportions are bad, the sketch will be of little use. To
keep your sketch in proportion, first determine the rela-
tive proportions of the height to the width and lightly
block them in. Then lightly block in the medium-size
areas and the small details,

Compare each new estimated distance with
already-established distances. One way to estimate dis-
tances is to mark an arbitrary unit on the edge of a card
or strip of paper, Then see how many units wide and
how many units high the object is.

To sketch an object with many curves to a differ-

ent scale, use the squares method. On the original pic-
ture, rule accurate grid lines to form squares of any
convenient size. It is best to use a scale and some con-
venient spacing, such as 1/2 inch or 10 mm. On the
new sheet, rule a similar grid, marking the spacing of
the lines proportional to the original, but reduced or
enlarged as needed. Draw the object’s contours in and
across the new grid lines to match the original as
closely as you can by eve.
Find Worksheet 3.4 in the tear-out section.
On the grid lines provided, you will use the
squares method to enlarge the shape of a car
and a photo detail of your choice.




3.8 Maintaining Proportions &1

Step by Step 3.2

Three ways to sketch an ellipse

Method A

1. Hold the pencil naturally, rest-
ing your weight on your upper
farearm, and move the penci
rapidly above the paper In the
elliptical path you want.

2. Lower the pencil to draw sev-
eral light overlapping ellipses.

3. Darken the final eliipse.

Method B

1. Sketch lightly the enclosing
rectangle.

2. Mark the midpoints of the
sides and sketch light tangent
arcs, as shown,

3. Complete the ellipse lightly
and darken in the final eliipse.

Method C

1. To sketch an ellipse on given
axes, lightly sketch in the
major and minor axes of the
ellipse.

2. Mark the distance along the
axes and lightly block in the
ellipse.

3. Darken the final ellipse.

Practical Tip

| b

The trammel method is a good way to sketch accu-
rate ellipses.

Using a trammel

To make a trammel!, mark one-half the desired length
of the minor axis on the edge of a card or strip of
paper (A-B). Using the same starting point, mark one-
half the length of the major axis (A-C). The measure-
ments will overlap.

MINOR AXIS

MAJOR axIs

Next, line up the last two trammel poinits (B and C) on
the axes and mark a small dot at the location of the
first point (A). Move the trammel to different positions
keeping B and C on the axes and mark points at A to
define the eliipse.

Line up with axes

Sketch the final ellipse through the pointéf a:q shown.
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Step by Step 3.3

Three methods for sketching arcs

Method A

1. Locate the center of the arc and lightly
block in perpendicular lines. Mark off
the radius distance along the lines.

2. Draw a 45-degree line through the \,><\ ;
center-point and mark off the radius U
distance along it. B S

3. Lightly sketch in the arc as shown.
Darken the final arc.

Method B

block in perpendicular lines. Mark off

2. Mark the radius distance on a strip of P
paper and use it as a trammel.

3. Lightly sketch in the arc as shown.
Darken the final arc.

Method C

Use these steps to draw arcs sketched to
points of tangency.

1. Locate the center of the arc and lightly ;

the radius distance along the lines. b

1. Locate the center of the arc and 7
sketch in the lines to which the arc is " P
tangent. / /

» p)! Practical Tips
' Freehand circles

This method of drawing freehand circles is particu-
larly quick and easy.

Using your hand like a compass, you can create cir-
cles and arcs with surprising accuracy after a few
minutes of practice.

HAND 1S RIGID, LIKE
A COMPASS

LITTLE

BOTATE-  FiNGER
PAPER IS PIVOT

1. Place the tip of your little finger or the knuckle
joint of your little finger at the center.

2. “Feed” the pencil out to the radius you want as
you would do with a compass.

3. Hold this position rigidly and revolve the paper
with your free hand.

2. Draw perpendiculars from the center
to the tangent lines.

3. Draw in the arc tangent to the lines
ending at the perpendicular lines.

4. Darken in the arc and then darken the
lines from the points of tangency.

7

P { .




® FIGURE 3.10 ® Estimating Dimensions.

In sketching from an actual object, you can com-
pare various distances on the object by using your pen-
cil as a sight, as shown in Figure 3.10. Hold your pencil
at arm’s length and don’t change your position. Com-
pare the length you sighted with the other dimensions
of the object to maintain the correct proportions. If the
object is small, such as a machine part, you can com-
pare distances by actually placing the pencil against the
object. In establishing proportions, use the blocking-in
method shown in Step by Step 3.5, especially for irreg-
ular shapes.

3.9 = FITTING VIEWS ON PAPER

With the many details that must be shown to repre-
sent complex objects clearly, you need to use paper
sheet sizes and drawing scales that allow your infor-
mation to come across clearly to the reader. For
example, if the part you are drawing is very small,
you may need to show it oversized. If you are draw-
ing a large system, you may need to represent the
details at one scale and the overall plan at a smaller
scale.

3.10 = DRAWING MEDIUMS

You should find a drawing medium that works for you.
There are many different types of paper, vellum, and
other tracing papers available. Vellum and blue fadeout
grid paper are popular and come in a variety of sizes.
Some companies provide vellum, paper, and engineer-
ing notebooks in standard sizes printed with the com-
pany’s border and title block.

Polyester film, or Mylar,is a superior drafting mate-
rial because it erases cleanly, is transparent, is durable,

. Sketch the enclosing rectangle in the correct pro-

. Divide the available drawer
space into three parts with

. Darken all final lines, mak- C3

3.10 Drawing Mediums &3

Wt

Step by Step 3.4

Sketching a utility cabinet

If you are working from a given picture, such as this
utility cabinet, first establish the relative width com-
pared to the height. One way is to use the pencil as
a measuring stick. In this case, the height is about
1-3/4 times the width.

portion. This sketch is to be slightly larger than the
given picture.

Difference befween
ASight and width

’-ﬁwwom

il

HEIGHT

—_—

1 2.
the pencil by trial. Hold your

pencil about where you J Jé

think one third will be and
then try that measturement.
If it is too short or long,
adjust the measurement P —
and try again. Sketch light
diagonals to locate centers 5
of the drawers and block in
drawer handles. Sketch all

|

remaining details.

ing them clean, thick, and
black.
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Step by Step 3.5

How to block in an irregular object

__‘L R

%
"

1. Capture the main pro- 2. Block in the general 3. Lightly block in addi-
portions with simple sizes and direction of tional details.
lines. flow of curved shapes.

4. Darken the lines of the
completed sketch.

Block in the irregular object
Block in the part at right using the steps shown in Step by Step 3.5.

4— —F




and has high-dimensional stability, not stretching or
shrinking. Many companies plot their final CAD draw-
ings on polyester film and store them in a central loca-
tion where blueprints or copies can be made quickly for
distribution.

3.11 = STANDARD SHEETS

Paper and Mylar come in rolls and standard sheet sizes.
Two systems of sheet sizes, together with length, width,
and letter designations, are listed by ANSI, as shown in
Table 3.1.

The use of the basic sheet size, 8-1/2 X 11inches
or 210 X 297 mm, and multiples thereof permits filing
of small drawings and of folded prints in standard files
with or without correspondence. These sizes can be cut
without waste from the standard rolls of paper, cloth,
or film.

For layout designations, title blocks, revision
blocks, and a list of materials blocks see the sheet lay-
outs at the front of this book.

3.12 = SCALE

A drawing of an object may be the same size as the
object (full size), or it may be larger or smaller than
the object. The scale of a drawing states the ratio of
the size of the object as drawn to its full size. The
scale you choose depends on the size of the object
and the size of the sheet of paper you will use. For
example, a machine part may be drawn half size, a
building may be drawn 1/48th size, a map may be
drawn 1/1,200th size, or a printed circuit board may

TABLE 3.1 = Sheet Sizes.

i s

A4210 X 297 AB8S5 x 110
A3297 X 420 B 11.0 X 17.0
A2 420 X 594 C17.0 X 220
Al1594 x 841 D220 x 340
A0 841 X 1189 E 34.0 x 44.0

* ANSI Y14.1m-1992.

3.13 Decimal Scales 65

W FIGURE 3.11 ® Printed Circuit Board. united Nations/Guthrie.

be drawn four times its size (Figure 3.11). It is pre-
ferred to show parts or assemblies full scale when
practical. Choose some other scale that shows all
drawing items clearly when they are too large or too
small to show full scale.

Measuring devices also called scales are used in
making technical drawing full size, enlarged, or
reduced. Figure 3.12 shows (a) the metric scale, (b)
the engineers’ scale, (c) decimal scale, (d) the
mechanical engineers’ and (e) the architects’ scale.
On full-divided scales the basic units are subdivided
throughout the length of the scale. On open divided
scales, such as architects’ scales, only the end unit is
subdivided.

3.13 = DECIMAL SCALES

On the full-size decimal scale, each inch is divided
into fifths of an inch, or .02 inch (Figure 3.13c), and
on half- and quarter-size scales, the inches are com-
pressed to half size or quarter size and then are
divided into 10 parts, so that each subdivision stands
for .1 inch. You will learn more about the decimal
inch system of dimensioning in Chapter 9. Engi-
neers’ scales are a type of dectmal scale. Their units
of 1 inch are broken down into 10, 20, 30, 40, 50, and
60 parts, making it useful for decimal dimensions. To
measure 1.65 inch full size on the10-scale, use one



3.18 = SPECIFYING THE SCALE ON A DRAWING

For technical drawings, the scale indicates the ratio of
the size of the drawn object to its actual size, no matter
what unit of measurement is used. Note scales as fol-
lows: SCALE: 1:1, SCALE: 1:2, or SCALE: 1. Specify
enlargement as SCALE: 2:1, SCALE: 2, SCALE: 5:1,
and so on. The preferred metric scale ratios are 1: 1,
1:2, 1:5,1:10, 1:20, 1:50, 1: 100, and 1:200.

Map scales are indicated in terms of fractions,
such as Scale 1/62500, or graphically, such as:
400 O 40D 80O F+

3.192 = DRAWINGS NOT TO SCALE

For drawings where a scale is not appropriate, such as a
cable assembly, diagram, or some pictorials, use the
word “NONE” in the Scale: area of the drawing format
(e.g.. SCALE: NONE).

3.20 = DATING DRAWINGS

Dates should be given numerically on drawings. Use the
order year-month-day following one of these formats:

1989-06-22

89-06-22

19890622

890622

1989/06/22

89/06/22

LETTERING

Lettered text is often necessary to completely describe an
object or to provide detailed specifications. Lettering
should be legible and easy to create, and should use styles
acceptable for traditional drawing and CAD drawing.

3.21 u FREEHAND LETTERING

Most engineering lettering is single-stroke Gothic font.
A font is the name for a particular shape of letters.
Figure 3.17 shows some common fonts. Most hand-
drawn notes are lettered 1/8 inch high and are drawn

ABCDEFGH
abcdefghij

ABCDEFGHI
abedefghijklm

classifie

J&alic- All slanhng letters are
d as Italics~ These may

be further designafed as Roman-
Ttalics, Gobhic Ttalics orToxt Italic,

3.22 Lettering Standards 21

Practical Tips

|
4 Accurate measurements

* The methods you use to take measurements can
affect the accuracy of your drawing, because even a
small errcr will get bigger when it is sized up.

* Place the scale on the drawing with the edge parallel
to the line on which the measurement is to be made.
Use a sharp pencil to make a short dash at right
angles to the scale.

¢ You can avoid cumulative errors in distances that are
all end-to-end by adding each successive measure-
ment to the preceding one instead of moving the
scale each time. This way several minor errors won't
add up to one major one. '

within light horizontal guidelines. CAD notes are
typed from the keyboard and sized according to the
piotted size of the drawing. Certain rules applying to
the placement of lettering and CAD notes will be dis-
cussed in Chapter 9.

3.22 w LETTERING STANDARDS

‘The modern styles of letters were derived from the
design of Roman capital letters, whose origins date all
the way back to Egyptian hieroglyphics. The term
Roman refers to any letter that has wide downward

Roman Al Letters kaving
elementayy strokes “accenked * or
consisting of heavy and light
lines, are classified as Roman.

% FIGURE 3.17 = Serif and Sans-Serif Lettering.



P2 Chapter 3 Freehand Sketching and Lettering Technigues

Practical Tips

Lettermg with a pencn

* Usea soft pencn such as an F, H, or HB. Lettering should be dark » Draw vertical strokes downward or toward
and sharp, not gray and blurred. you with a finger movement.

* Keep your pencil sharp. « Draw horizontal strokes from left to right
with a wrist movement and without turning

» Sharpen wooden pencils to a needle point, then dull the point very th o
e paper.

slightly.

¢ Turn the pencil frequently during lettering to wear the lead down t
uniformly and keep the lettering sharp.

e Don’'t worry about making the exact letter strokes unless you are : L
having trouble making the letters look right. If you do have trouble, N
the letter strokes are designed to help you draw uniform and sym-
metrical letters, and you may want to refer to them.

e Draw curved strokes and inclined strokes
with a downward motion.

KO

» Use extremely light, 1/8-inch (3.2-mm) horizontal guidelines to
regulate the height of letters. Use a few light vertical or inclined
lines randomly placed to help you visually keep the letters uni-
formly vertical or inclined.

-~ VFRT\CAL GUIDE LINES DRAWN AT RANDOM

LE T‘E ERING 1S [EASIER
l F g BER | |__O_‘>_
( Vi IDELINEDS [ [ \ g/
~SPACE BETWEEN LINES USUALLY FROM %TO TOTAL HEIGHT OF LETTERS O
« Since practically all pencil lettering will be reproduced, the letters
should be dense black. INCLINED

strokes, thin connecting strokes, and ends terminating
in spurs called serifs. In the late 19th century, the devel-
opment of technical drawing created a need for a sim-
plified, legible alphabet that could be drawn quickly
with an ordinary pen. Single-stroke Gothic sans-serif
(meaning without serifs or spurs) letters are used
today because they are very legible.

3.23 » COMPUTER LETTERING

Lettering is a standard feature available in computer
graphics programs. Using CAD software, you can add

titles, notes, and dimensioning information to a drawing.
Several fonts and a variety of sizes may be selected. When
modifications are required, it is easy to make appropriate
lettering changes on the drawing by editing existing text.

CAD drawings typically use a Gothic style of
lettering, but often use a Roman style of lettering for
titles. When adding lettering to a CAD drawing, a
good rule of thumb is not to use more than two fonts
within the same drawing. You may want to use one
font for the titles and a different one for notes and
other text. However, you may have a couple different
sizes of lettering in the drawing and perhaps some




slanted lettering all using the same font. It is some
times tempting to use many different fonts in a
drawing because of the wide variety available on
CAD systems, but drawings that use too many differ-
ent fonts have been jokingly referred to as having a
ransom note style of lettering.

<b.@:4 a LETTERING TECHNIQUE

Lettering is more similar to freehand drawing than it is
to writing, so the six fundamental drawing strokes and
their directions are basic to lettering. Horizontal
strokes are drawn left to right. Vertical, inclined, and
curved strokes are drawn downward. If you are left-
handed, you can use a system of strokes similar to the
sketching strokes that work for you.

Lettering ability has little relationship to writing
ability. You can learn to letter neatly even if you have
terrible handwriting, There are three necessary aspects
of learning to letter:

3.25 Vertical Letters and Numerals 73

* Proportions and forms of the letters (to make
good letters, you need to have a clear mental
image of their correct shape)

¢ Composition—the spacing of letters and words

* Practice

& %% ™ VERTICAL LETTERS AND NUMERALS

The proportions of vertical capital letters and
numerals are shown in Figure 3.18 in a grid six units
high. Numbered arrows indicate the order and direc-
tion of strokes. The widths of the letters can be easily
remembered: The letter 1 and the numeral 1 are only
a pencil width. The W is eight grid units wide (1-1/3
times its height) and is the widest letter in the alpha-
bet. All the other letters or numerals are either five
or six grid units wide, and it is €asy to remember the
six-unit letters because when assembled they spell
TOM Q. VAXY. This means that most letters are as
wide as they are tall, which is probably wider than

# FIGURE 3.18 # Vertical Capital Letters and Numerals.

I

Ly only letter

: 5 A
The 8 Is ‘composed of two

STRAIGHT-LINE LETTERS
[rr——t—

ver G anifs wide, Letters in "TOM Q. VAXY e & units wide- all others ars 5, exceor Vand W
CURVED-{ INE LETTERS

CURVED-LINE LETTE2RS AND NUMERALS
I

e/fipses.  The 3,5,

o of the S and U ertipticar, 2

.
a%am Lasecf on Hhe B
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: ‘ N ' | ‘ ' ? |
THF IMPORTANCE, OF GOQD! LETTERING CAK OT BE_
I
j(_'_)_‘\/LR\— PHA%]' DL THE YE TF "RING C,AN_MAKE OH\
BREAK[Z Ar\uoﬂ HERWISEIGOOD DR WING...

_Eﬁzyﬁ// /LE? /ﬁﬁ’//\/(: JDHOULD BE U@FMTH A ,{‘AZE!_)S
SOFIT SHARP PENCIL AN ;S_‘HOQLD BECLEAN CZZT“
AND DARK ,HFU‘E’NT_TH@VQST OF THE STROKES:

# FIGURE 3.19 # Pencil Lettering (Full Size}.

your usual writing. All numerals except the 1 are five
units wide. Lowercase letters are rarely used in engi-
neering sketches.

Find Worksheet 3.5 in the tear-out sec-
tion and practice lettering vertical capi-
tals on the grid provided. Pay attention to
the arrows indicating stroke direction.

3.26 u GUIDELINES

Use extremely light horizontal guidelines to keep letter
height uniform as is shown in Figure 3.19. Capital letters
are commonly made 1/8 inch (3.2 mm) high, with the
space between lines of lettering being from three-fifths to
full height of the letters. Lettering size may vary depend-
ing on the size of the sheet. Refer to Table 3.1 for standard
sheet sizes and their corresponding letter heights. Do not

use vertical guidelines to space the letters—this should be
done by eye while lettering, Use a vertical guideline at the
beginning of a row of text to help you line up the left
edges of the following rows, or use randomly spaced ver-
tical guidelines to help you maintain the correct slant.

A simple method of spacing horizontal guidelines
is to use a scale and set off a series of 1/8-inch spaces,
making both the letters and the spaces between lines of
letters 1/8 inch high. Another quick method of creating
guidelines is to use a guideline template like the Berol
Rapidesign 925 shown in Figure 3.20.

When large and small capitals are used in combi-
nation, the small capitals should be three-fifths to two-
thirds as high as the large capitals.

Find Worksheet 3.6. Practice lettering typi-
cal notes using 1/8-inch guidelines.

# FIGURE 3.20 = The Berol Rapidesign 925 Template is Used to Quickly Create

Guidalines for Lettering.
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Hands on 3.3

Practice freehand lettering

| Use the space provided to repeat each letter or word shown.

USING A VARIETY OF sizes.

L ONE-EIGHTH INCH LETTERING 15 COMMONLY USED
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# FIGURE 3.21 % Guide Lines for
Dimension Figures.

Cg 8 _|_ i
8 4 4
Wrong ! Wrong /

(@) ()

Always leave omple clear spaces

SR R vE

Egual Spaces ( 0) ( b)

y,

4
2

25 25 5
32 32
Wrorg ! Wrong !/

(©) (d)

Wrong !/

# FIGURE 3.22 # Common Errors.

“%.# % w GUIDELINES FOR WHOLE NUMBERS
AND FRACTIONS

Beginners should use guidelines for whole numbers and
fractions. Draw five equally spaced guidelines for whole
numbers and fractions, as shown in Figure 3.21. Fractions
are twice the height of the corresponding whole num-
bers. Make the numerator and the denominator each
about three-fourths as high as the whole number to allow
enough space between them and the fraction bar. For
dimensioning, the most commonly used height for whole
numbers is 1/8 inch (3.2 mm), and for fractions 1/4 inch
(6.4 mm), as shown in the figure.

Some of the most common errors in lettering frac-
tions are shown in Figure 3.22. To make fractions
appear correctly:

+ Never let numerals touch the fraction bar.

+ Center the denominator under the numerator.

e Never use an inclined fraction bar, except when
lettering in a narrow space, as in a parts list.

* Make the fraction bar slightly longer than the
widest part of the fraction.

w4, %% a LEADERS

Use a leader line to locate a note so that it refers to a
particular drawing feature as shown in Figure 3.23.
Leaders should have an 1/8" horizontal tail and an
angled line ending in an arrowhead or dot depending on
whether the feature is on the edge of the view or inside
the object outline. Use an arrow to pointing to the edge
of the object. End the line in a dot when referring to a
surface or feature inside the object outline.

%.#2% = SPACING OF LETTERS AND WORDS

Uniform spacing of letters is a matter of equalizing
spaces by eye. The background areas between letters, not
the distances between them, should be approximately
equal. Equal distances from letter to letter causes the let-
ters to appear unequally spaced. Equal background areas
between letters results in an even and pleasing spacing,

Some combinations, such as LT and VA, may even
have to be slightly overlapped to secure good spacing. In
some cases the width of a letter may be decreased. For
example, the lower stroke of the L may be shortened

PITCH 0.8 RAISED POLISH
DIAMOND KNURL
m zd’
CADMIUM PLATE
AFTER KNURLING 32

# FIGURE 3.23 # Leaders.




Practical Tips

Creating letters that appear stable

* Certain letters and numerals appear top-heavy when
they are drawn with equal upper and lower portions
like the exarnpie below.

CGBEKSX Z

* To correct this, reduce the size of the upper portion to
give a balanced appearance, as in this example.

BEKSXZ
GBEKSX
* If you put the central horizontal strokes of the letters B,

E,FandH at midheight, they wil) appear to be below
center.

* To overcome this optical illusion, draw the strokes for
B,E,F and H slightly above the center as you letter,
keeping [etters uniform, as in the second example

3852
3852

* The same practice
applies to numerals. The
upper example looks
top-heavy. Note how the
lower example looks
more balanced..

3.29 Spacing of Letters and Words 77

RELATIVELY

At left is a good example
of uniform lettering.

Lock at the examples of what not to do below.They
show a lack of uniformity of:

Style RFJC]Ti\/ED/
Letter height RE LATIVELY
RELATIVE LY
RELAT/IVELY
Angle

NELATING LY

RELATIVELY
RELATIVELY

Stroke thickness

RELATIVELY

Letter spacing

NOW IS THE TIME FOR EVERY
GO0D PERSON TO COME TO THE

Word spacing
AlD OF H1S OR HER CoUNTRY

when followed by A. These pairs of letters that need to
be spaced extra closely to appear correctly are called
kerned pairs in typesetting.

Space words well apart, but space letiers closely
within words. Make each word a compact unit well sepa-
rated from adjacent words. For either uppercase or low-
ercase lettering, make the Spaces between words
approximately equal to a capital O. Be sure to have space
between rows of letters, usually equal to the letter height,
Rows spaced too closely are hard to read. Rows that are

too far apart do not appear related.
The World Wide Web has resources for
@ vendors for engineering graphics supplies,
or look into the history of typography.

lettering and sketching. You can locate
You can also find more specific information such as

type fonts for use with your CAD system. Some eng;-
neering reprographic companies offer on-line cata-
logues and direct ordering,

Check the sites below for engineering graphics
supplies and equipment:

* http:Iiwww.reprint-draphix.coml
. http:llwww.esscosupply.com
. hﬂp:ﬂwww.seventen.comlart_englindex.html

http:Ilwww.reprographix.coml
EngineeringSupplies.htm

These sites feature typography information:
. http:llwww.graphic-design.comltypel
* http://www.fonts.com N
To find other sites like these, us€ keywords like
reprographic supplies or engineering type fonts.
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Hands On 3.4

Practice kerning pairs

Using equal spacing from one letter to the next does
not actually appear equal, as in this example.

LA THNG
iterate

Space your lettering so that background areas appear
equal, like the example shown below.

[EATEHIINIG
liercie

L1y L

Letter the following words in the guidelines provided to
achieve a visually balanced look. Adjust the space
between letters as shown in the examples above.

ELLIPSES

ANCHOR BRACKET
INVOLUTE

UTILITY
EQUILATERAL
VARIGRAPH
SURFACE WAVINESS
DRILL
COUNTERSINK
COUNTERBORE
SPOTFACE
SURFACE FINISH
UNIFIED THREAD
DRAWINGS
ENGINEERING
LOCATIONAL FIT
VISUALIZATION

'/—Scmp of paper underreath

# FIGURE 3.24 # Centering Title in Title Box.

3.30 = TITLES

In most cases, the title and related information are let-
tered in title boxes or title strips, which may be printed
directly on the drawing paper or polyester film, as
shown in Figure 3.24. The main drawing title is usually
centered in a rectangular space, which is easy to do in
CAD. When lettering by hand, arrange the title sym-
metrically about an imaginary centerline, as shown in
Figure 3.25. In any kind of title, the most important
words are given most prominence by making the letter-
ing larger, heavier, or both. Other data, such as scale
and date, can be smaller.

» FIGURE 3.25 w Balanced Machine-Drawing Title.

TOOL GRINDING MACHINE
TOOL REST SLIDE

SCALE : FULL SIZE

AMERICAN MAEHINE COMPANY
NEW YQPRK CITY

DRAWN BY | CHECKED 8Y

.J\fl




