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2 Design and Sketching

Chapter Objectives
Describe the three 
basic aspects of design.
Describe the tradi-
tional and concurrent 
engineering design 
models.
Explain how sketch-
ing is used to commu-
nicate design ideas.
Create freehand 
multiview and pictorial 
sketches.
Develop techniques 
for sketching in correct 
proportion.
Letter clear, neat free-
hand notes and dimen-
sions on a sketch.
Explain the concept of 
sketching from the CAD 
operator’s point of view.
Create text in CAD.

•

•

•

•

•

•

•

•

Glass Plus Glass blower 
Chihuly worked with architect 
Arthur Adersson to create this 
pedestrian bridge. How many 
ways can you think of how glass 
is used? 
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Go to glencoe.com for this book’s OLC to learn more 
about Dale Chihuly.

The Museum of Glass in Tacoma, Washington 
commissioned Dale Chihuly to help create a 500-foot 
pedestrian bridge connecting downtown Tacoma 
with its waterfront. Upon its completion, Chihuly 
said, “This will be the gateway that welcomes peo-
ple to Tacoma. We wanted something unique in the 
world, something that has a lot of color, a joyous 
experience, night or day.” Chihuly worked with an 
architect, Arthur Andersson. They created a walkway 
in three sections.

 
Entering the Seaform Pavilion with its ceiling 

made of 2,364 colorful glass objects is like walking 
underwater. Crystal Towers mark the central section 
of the bridge. Made of Polyvitro, stacked monumen-
tal pieces that look as if they are cut from a frozen 
alpine lake soar 40-feet above the walkway. The third 
section, the Venetian Wall, contains a display of 109 
Chihuly sculptures. According to Chihuly, “You can 
sit and view the Venetians on concrete benches . . . 
and be enveloped in color and shape.”

Drafting Career
Dale Chihuly, Glass Blower

Academic Skills and Abilities
Art
Science
Industrial Technology
Eye-hand Coordination

Career Pathways
A four-year college degree in not required to 

pursue a career as a craftsperson in a fi eld such as 
glassblowing. Some postsecondary schools and 
craft schools offer a certifi cate or associates degree 
in scientifi c glass technology. Apprenticeship pro-
grams and on-the-job training is available.

•
•
•
•
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Design and Freehand Sketching2.1

Preview  Diff erent types of sketches serve diff erent purposes. As you read this section, examine 
the benefi t to the design process of using each type of sketch. 

Content Vocabulary

• design
• creativity
• sketch

• multiview sketch
• pictorial sketch

• oblique sketch • isometric 
sketch

• isometric line
• nonisometric 

line

Academic Vocabulary

• concurrent • comprehensive

Graphic Organizer

Use a chart like the one below to organize the facts you learn about freehand sketching.

Go to glencoe.com for this 
book’s OLC for a downloadable 
version of this graphic organizer.

Academic Standards

  
English Language Arts

Read texts to acquire new information (NCTE)

  
Mathematics

Number and Operations Computer fl uency and make reasonable estimates (NCTM)

NCTE National Council of 
Teachers of English

NCTM National Council 
of Teachers of 
Mathematics

Types of Sketches

Multiview

One 

View

Pictorial

2 - View
3 or 

More
? ?

? ?
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Aspects of Design
How are new design ideas initiated?

The words design and creativity are 
often used interchangeably. This is because 
creativity is the key to good design. Creativ-
ity is the combination of imagination, knowl-
edge, and curiosity. Design is the conception 
of an idea and its development, through 
graphic communication, into a practical, pro-
ducible, and usable product or process.

Designers are concerned with three basic 
issues:

aesthetics the look and feel of the fi nal 
product
function the successful operation of the 
fi nal product
feasibility the manufacturing process and 
choice of materials

Bringing new ideas to life is the essence of a 
designer’s work. When you learn to use draw-
ings to bring new ideas to life, you will know 
that the saying “ideas are born in the mind and 
brought into being at the point of a pencil,” is 
true. This reinforces the importance of learning 
to sketch. A sketch is simply a rough draw-
ing that shows the main features of an object. 
Freehand sketching, or sketching by hand with 
pencil and paper, is only one way of commu-
nicating ideas graphically. Another way is with 
the use of a computer using graphics software 
that allows you to transform ideas quickly into 
graphic representations. In this chapter you 
will learn to use both freehand and computer-
aided sketching techniques to capture, analyze, 
and solidify basic graphic thoughts as well as 
more complex design concepts.

 
Identify What three qualities must a design 
have?

Refi nement in Design
How does refi nement play an important 
role in the design of new products?

Since the beginning of civilization, men
and women have used their imagination, 
knowledge, and curiosity in creative ways to 

•

•

•

build tools and machines that make their work 
easier. As time went on, refi nements made the 
tools and machines more effi cient and the lives 
of the people who used them more pleasant.

The design of products need not be entirely 
original. Rather, ongoing improvements tend
to build on one another, and the design 
evolves. Critical thinking is an important part
of the design process. It involves analyzing 
and evaluating concepts, statements, and 
propositions that are considered to be true 
and accurate and applying them to the design 
problem being considered. In the design pro-
cess, critical thinkers use existing proven 
design elements around which they build new 
ideas and eventually arrive at a workable solu-
tion to the design problem. 

For example, the design, or invention, of 
the wheel led to the design and development 
of carts and wagons. Over a very long period 
of time, with many intermediate steps, it led to 
the development of modern automobiles like 
the one shown in Figure 2-1. Carefully and 
methodically brainstorming each step in the 
process builds upon the creative efforts of indi-
viduals who developed earlier models. Design-
ers do not fi nd it necessary to “reinvent the 
wheel” continually. 

 
Figure 2-1 

The design of the modern automobile began with 
the invention of the wheel and evolved into an 
effi  cient, practical, aesthetically-designed machine.
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Figure 2-2 

Steps in the linear design process.

 
Contrast What do function and aesthetics 
contribute to design?

The Design Process
How do the traditional and concurrent 
engineering design models differ?

Many models for the design process are 
used throughout different industries. Design-
ers and engineers tend to work from a basic 
design model and modify it to suit their own 
particular interests and needs. Two basic 
approaches are traditional engineering design 
and concurrent engineering design.

Traditional Engineering Design
The traditional engineering design model 

uses a linear approach. In this method, a 
design engineer takes the design of a product 
from the initial design problem or idea stage 
and carries it through, step by step, until it is 
turned over to the production division.

The basic steps of the design process are 
shown in Figure 2-2. Each step is described 
more fully here:

Step 1 The basic design idea is conceived by 
or assigned to the design engineer. The con-
ception phase usually includes brainstorming, 
which is collaboration among the team to 
arrive at the best ideas, and research. All the 
possibilites for the new design are explored.

Step  2 The design engineer carefully ana-
lyzes the need for the product to determine if 
it is practical and marketable. 

Step  3 General and specifi c objectives are 
set for the design. At this point, a proposal 
must be written which explains the problem 
to be solved, the design concept including 
specifi cations, and estimated costs needed to 
make the design.

Step  4 Serious consideration is given to the 
physical design of the product. Constraints 
and criteria for the new design are calculated 
and specifi ed. Generally, several alternative 
designs are conceived and sketched or gener-
ated on a CAD system. 

Step  5 The various design concepts are 
checked for feasibility. The design engineer 

will want to know which concepts best meet 
the design objectives, which will be most mar-
ketable, etc. Notice in Figure 2-2 that a loop 
appears to develop between steps 4 and 5. This 
is the method used to optimize the design 
solutions. 

Step 6 The best and most feasible solution 
is carefully selected and a prototype is con-
structed to test and evaluate the design using 
specifi cations. The prototype can be a physical 
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COMPUTERIZED
DATABASE

SUPPORT
PERSONNEL

MATERIAL
SUPPLIERS

CONSUMERS

LINES OF
COMMUNICATION

MANUFACTURING
ENGINEERING

DESIGN
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MARKETING

• PROBLEM 
 IDENTIFICATION
• PRELIMINARY IDEAS
• PRELIMINARY DESIGN

•  SERVICING
•  FINANCING
•  MARKETING
•  PRODUCING
•  PLANNING
•  DOCUMENTING

•  MODELING
•  DESIGN ANALYSIS
•  DESIGN VISUALIZATION

IDEATION

REFINEMENT IMPLEMENTATION

3D CAD DATABASE

While many models show the process of 
concurrent engineering, the one shown in 
Figure 2-4 is one of the most common. Ide-
ation, refi nement, and implementation over-
lap throughout the process to guarantee total 
integration of the three phases. Notice that a 
3D CAD database becomes the nucleus of the 
process. Each of the three phases is further 
broken down, as shown in Figure 2-4. As you 
review each of these items, can you imagine 
how the drafter fi ts into the process?

Since concurrent engineering design is 
nonlinear, it is diffi cult to outline the pro-
cess in a step-by-step manner. However, it 
is acceptable to view the three areas in the 
order that they fall into the design process. 
It all begins with ideation. In this phase, the 
design problem is identifi ed, preliminary 
solutions are developed, and the preliminary 
design is agreed upon. Remember that all 
members of the team are involved in every 
phase. Following ideation comes refi nement, 
which includes:

preparation of models and prototypes
thorough physical, production, and legal 
analysis of the design
design visualization, or analysis of the 
aesthetics

•
•

•

 
Figure 2-3 

Concurrent engineering design model

 
Figure 2-4 

Each of the three areas of concurrent engineering 
can be broken down into specifi c tasks.

model or a computer-generated model of the 
design. 

Step   7 The prototype is generally submit-
ted to a select group of consumers for market 
response before fi nal drawings and specifi ca-
tions are prepared. If changes are needed based 
on this feedback, the design process loops back 
through step 4. 

Step   8 Final drawings are prepared, along 
with specifi cations and all other documenta-
tion required for manufacture.

Concurrent Engineering Design
While the traditional design model uses a 

linear approach, with the concurrent engineer-
ing design model, all the design phases take 
place at the same time. Because of this, concur-
rent design must function within a compre-
hensive team environment. Figure 2-3 shows 
a model for concurrent engineering design. The 
team consists of designers, engineers, drafters, 
and others associated with the overall design, 
manufacturing, marketing, and servicing of the 
product. In addition to the basic functions and 
concepts, the team considers important issues 
such as manufacturability, quality, life cycle, 
cost, and whether the fi nished product will 
meet the original design objectives. The entire 
team meets regularly and considers all of these 
issues as the need arises. When the design is 
complete, the manufacturing and marketing 
departments are prepared to move quickly to 
their part of the project. There are few delays, 
and there is seldom a need for redesign.
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Finally, the implementation phase takes 
place. This involves a careful analysis of pro-
duction, fi nancing, servicing, documenting, 
fi nal planning, and life cycle issues. Again, 
while there appear to be three distinct phases 
in concurrent engineering design, they all 
overlap, and the entire team is involved in 
every step of the process. As a result, con-
current engineering design gives signifi cant 
improvement in overall quality, as much 
as a 40% reduction in project time and cost, 
and as much as an 80% reduction in design 
change during production. For these reasons, 
the concurrent engineering design process is 
now used in most industrial applications. 

 
Explain What happens at the feedback stage 
in the traditional engineering design model?

Freehand Sketching
Why do most objects require more than 
one view to describe them?

Throughout the design process, there are 
many opportunities to use good sketching 
techniques to capture initial design ideas. You 
can also use sketches to refi ne these ideas and 
to communicate technical information. Here 
you will learn more about the various types of 
sketches, how they are used, and how they are 
made.  

The language of sketching has fi ve basic 
visual symbols: a point, a line, a surface,
a plane, and texture. A point is a symbol 
that describes a location in space. The path 
between two points, straight or curved, is 
called a line. A fl at or nonfl at element created 
from curved lines defi nes a surface. If the sur-
face is fl at, such as a circle, triangle, or square, 
it is referred to as a plane. Texture refers to 
the surface quality of an object. Any idea, no 
matter how simple or complicated, plain or 
spectacular, can be sketched using these fi ve 
visual symbols. 

Multiview Sketches
There are two types of drawings that you 

can sketch easily: multiview and pictorial. 

Multiview projection will be discussed in full 
in Chapter 6. However, you need to know 
some basic things about views and how they 
are placed in order to create good multiview 
sketches. 

A multiview sketch, as the name 
implies, presents an object in more than one 
view. This is done by drawing side views of 
the object and relating them to each other, as 
shown in Figure 2-5. The system by which 
the views are arranged in relation to each 
other is known as multiview projection, or 
orthographic projection. 

One-View Sketches
If an object can be described in two dimen-

sions (height and width, for example), a one-
view drawing is generally suffi cient. Objects 
shown in one-view drawings generally have a 
depth or thickness that is uniform (the same-
throughout). In these cases, drafters may 
give the depth in a note rather than drawing 

 
Figure 2-5 

Typical multiview drawings
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an extra view. Typical one-view drawings are 
shown in Figure 2-6. The thickness of the 
stamping is shown by a note on the sketch. 
Many objects that are shaped like cylinders 
can also be shown in single views if the diam-
eter of the cylindrical part is noted, as shown 
in Figure 2-7.

Two-View Sketches
Many objects, such as the one shown in 

Figure 2-8, can be described in two views. 

 
Figure 2-7 

A cylindrical object may require only one view.

 
Figure 2-8 

A two-view sketch

 
Figure 2-6 

For typical one-
view drawings, the 
thickness is shown 
in a note.

This can help simplify the drawing if you are 
careful to select two views that describe the 
object well.

Sketches with Three or More Views
A pictorial drawing shows how the object 

looks in three-dimensional form. Three direc-
tions are suggested for viewing the residence 
in Figure 2-9. From the front, you can see the 
width and height. This is the front view. From 
the side, you can see the depth and height. 
This is the right-side view. From above, the 
depth and width show. This is the top view. 
However, a three-view pictorial does not fully 
describe this residence. Some of the lines and 
details are not entirely visible.

 
Recall When can a one-view sketch be used 
to describe an object?

 
Figure 2-9 

A vacation residence in pictorial, showing three 
dimensions
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The Glass Box
To get an idea of how many views are 

required to describe an object, many draft-
ers imagine that the object is inside a glass 
box. The residence from Figure 2-9, for 
example, can be thought of as being placed 
inside a transparent glass box, as shown in
Figure 2-10. By looking at each side of the 
building through the glass box, you can see 
the fi ve views of the building. Figure 2-11
shows the glass box opened up into one plane 
as the views would be drawn on paper.

Pictorial Sketches
A pictorial sketch is a picturelike sketch 

in which the width, height, and depth of an 
object are shown in one view. The many dif-
ferent kinds of pictorial drawings will be dis-
cussed in Chapter 12. For sketching, we will 
consider only two kinds of pictorial repre-
sentations: oblique and isometric. Sketch-
ing objects in oblique and isometric views 
will help you learn how to visualize or “see” 
objects in your mind.  

Oblique Sketches
Every object has three dimensions: width, 

height, and depth. Each of these dimensions 
is related to an axis (plural, axes). An oblique 
sketch, is a type of pictorial sketch in which 
two of the axes are at right angles (90°) to 
each other. The third axis can be drawn at any 
angle to the other two, although an angle of 
45° is commonly used. See Figure 2-12. 

 
Figure 2-12 

Oblique drawings always have one right-angle 
corner.

The front view is usually considered the 
main view of an object. As you may remem-
ber, the front view shows the width and 
height of the object. Any side of an object 
may be its front view; however, it is usu-
ally best to make it the side with the most 
detail. The drawing of a digital clock radio in
Figure 2-13 is an example of an oblique pic-
torial sketch. The dial side has been made the 
front view because it has the most detail and 
shows the width and height of the radio. The

 
Describe What is the relationship between 
a pictorial sketch and an oblique sketch?

 
Figure 2-10 

The elevations can be projected from the 
pictorial drawing to the transparent glass box.

 
Figure 2-11 

A vacation residence in pictorial, showing three 
dimensions
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front view is sketched just as the clock radio 
would appear when you look at it directly 
from the front.

Isometric Sketches
Like an oblique sketch, an isometric 

sketch is a kind of pictorial sketch that relies 
on three axes to show the width, height, 
and depth of objects. However, an isometric 

sketch, shows the axes spaced equally at 120° 
apart, as shown in Figure 2-14. You can 
think of the axes as part of a cube (an object 
that has six equal square sides).

As you can see in Figure 2-15A, an
isometric cube has three equal sides.
Figure 2-15B shows how to estimate the 
location of the axes for an isometric sketch. 
The height OA is laid off on the Y axis. The 
width OB is laid off to the left on a line 30° 
above the horizontal. The depth OC is laid off 
to the right on a line 30° above the horizontal. 
The 30° lines receding to the left and right can 
be located by estimating one third of a right 
angle, as shown in Figure 2-15B.

Any line that is parallel to one of the axes is 
called an isometric line. The estimated dis-
tances are laid off on the axes, as shown for 
the cube at Figure 2-15C. Then the rest of 
the isometric lines are blocked in, as shown in 
Figure 2-15D.

 
Figure 2-13 

An oblique pictorial sketch

 
Figure 2-14 

The axes for an isometric sketch are located 120° 
apart.

 
Figure 2-15 

Sketching the isometric axes and an isometric cube
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A line that is not parallel to any of the iso-
metric axes is a nonisometric line. These 
lines are usually drawn after the isometric 
lines are in place, because the isometric lines 
help defi ne the endpoints of the nonisomet-
ric lines. Examples of nonisometric lines are 
shown in Figure 2-16.

Proportions for Sketching
Sketches are not usually made to scale 

(exact measure). Nonetheless, it is important 
to keep sketches in proportion so that each 
part of the drawing is approximately the right 
size in relation to other parts of the drawing. 

Estimating Proportions
In order to sketch well, you must be able 

to “eyeball,” or estimate by eye, an object’s 
proportions. In preparing the layout, look at 
the largest overall dimension, usually width, 
and estimate the size. Next, determine the 
proportion of the height to the width. Then, 
as the front view begins to take shape with 
the height and width, compare the smaller 
details with the larger ones and fi ll them in. 
See Figure 2-17.

It is important when sketching an object 
that the design drafter have a good sense of 
how various parts of the object relate to each 
other. This allows the drafter to show the 
width, height, and depth of an object in the 
right proportions.

For example, suppose that the design 
drafter plans a cabinet that is to be 60� wide 

and 30� high. In this case, the proportion is 2 
to 1 since it is twice as wide as it is high. If the 
designer then chooses to make the depth 15�, 
the proportion of width (60�) to depth (15�) is 
4 to 1 (60 � 15 � 4). The proportion of height 
to depth is 2 to 1 (30 � 15 � 2).

Technique in Developing 
Proportion

With practice, you can train your eye to 
work in two directions so that you can both 
divide and extend lines accurately. For exam-
ple, you should be able to divide a line in 
half by estimating. You can divide the halves 
again to give fourths, and so on. Using a 
similar technique, you can expand lines one 
unit at a time. Start by drawing a line of one 
unit. Increase it by one equal unit so that it 
is twice as long as it was at fi rst. Practice add-
ing an equal unit and dividing a unit equally 
in half. Practice developing units on parallel 
horizontal lines. Then develop them verti-
cally. By learning to compare distances, you 
can get better and better at estimating. See 
Figure 2-18. 

You can use scrap paper or a rigid card to 
measure when you do not have a scale or 
ruler at hand. For example, the proportion 
of width to height of the glass-top table in 

A

B

NONISOMETRIC LINES

ISOMETRIC

HEIGHT

WIDTH DEPTH

PARALLEL DIAGONALS CAN 
HELP MULTIPLY PROPORTIONS

PROPORTIONS:
    WIDTH TO HEIGHT  2:1
    HEIGHT TO DEPTH  2:1

 
Figure 2-16 

The nonisometric lines form an inclined plane on 
the isometric drawing.

 
Figure 2-17 

Sketching a cabinet with proportional units
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Figure 2-19 is 2 to 1. Mark the width on the 
scrap of paper, as shown. Then fold the paper 
in half, aligning the marks that indicate the 
width, to fi nd the height.

Dimensioning a Sketch
An effective sketch must fully describe 

an object. Generally, however, the initial 
sketches are made before the measurements 
of an object have been decided. After the 
needed dimensions are determined, they can 
be recorded on the sketch if required. 

Two types of dimensions are used on 
sketches. Size dimensions describe the over-
all geometric elements that give an object 
its form, as shown in Figure 2-20. Location 
dimensions relate these geometric elements to 
each other. Together, the two types of dimen-
sions accurately and completely describe the 
size, shape, and other details of the object. 

Several types of lines are used to dimension 
a drawing. Refer to Figure 2-21 as you read 
the following defi nitions.

DIVIDE UNITS 
IN HALF

FIRST
STROKE

SECOND
STROKE
ADD EQUAL

UNIT FIRST
STROKE

SECOND
STROKE

ESTIMATING PROPORTIONS
(EYEBALLING)

A

A

B

BB

B
B

A
A
A

A

A
A

A = SIZE DIMENSIONS
B = LOCATION DIMENSIONS

STRIP OF PAPER

A

B

A B

LEADER

EXTENSION LINE

DIMENSION LINE

 
Figure 2-18 

Practice estimating proportional units.

 
Figure 2-19 

Using a strip of paper to estimate proportions

 
Figure 2-21 

Drafters use special kinds of lines to clarify 
dimensioned drawings.

 
Figure 2-20 

Overall size and location dimensions
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A dimension line is a thin line used to show 
the direction of a dimension. Dimension 
lines generally have an arrowhead at each 
end to show where the dimension begins 
and ends. 
Extension lines are thin lines used to extend 
the shape of the object to the dimension 
line.
A leader is a thin line drawn from a note or 
dimension to the place where it applies. 
A leader starts with a horizontal dash and 
angles off to the part featured, usually at 
30°, 45°, or 60°. It ends with an arrowhead. 

 
Explain How are size dimensions and 
location dimensions used to fully describe 
an object?

Learning to Sketch
How does sketching help in the design 
process?

The ability to create good-quality freehand 
sketches, even on the spur of the moment, is 
an important skill for drafters. The purpose of 
this section is to familiarize you with the vari-
ous types of sketches and sketching techniques. 
Sketching and lettering are best learned in 
short, unhurried periods. Take your time, and 
practice the techniques as you read about them.

Any image drawn on paper freehand (with 
limited use of straightedge or other tools) 
may be called a sketch. Most drafters use sev-
eral types of sketches. The type of sketch used 
depends on the purpose of the sketch and its 
intended life span.

Rough Sketches
Rough sketches are usually made quickly 

using loosely drawn lines. Their primary pur-
pose is to record or express an idea quickly. 
Figure 2-22 shows rough sketches that were 
used to develop preliminary designs of a two-
position automobile mirror. 

Do not use instruments or straightedges 
to prepare a rough sketch. Instruments tend 
to restrict the creative expressions devel-
oped with good pencil technique. Avoid a 

•

•

•

mechanical, hard-line look. Concentrate on 
using good proportions, and add a few choice 
notes if necessary to clarify the drawing.

Refi ned Sketches
Refi ned sketches are drawn more carefully 

than rough sketches. Many refi ned sketches 
are based on a rough sketch that has captured 
the general idea.

You may use a straightedge to control long 
lines on a refi ned sketch. You may also use a 
circle template or compass to draw large cir-
cles in order to save time.

Presentation Sketches
Pictorial sketches that have been greatly 

refi ned are known as presentation sketches. 
These sketches are used to convince a client or 
management to accept and approve the ideas 
presented. Pictorial sketches have a three-
dimensional view that can be understood eas-
ily by nontechnical people. Such sketches are 
generally drawn so that they look attractive or 
artistic. 

As a member of a design team, you may 
be called upon to present an idea or project 
on short notice. Skill in sketching can help 
you make these presentations clearly. Prac-
tice sketching and speaking so that you can 
deliver presentations easily and coherently 
even on short notice. 

 
Figure 2-22 

Study of a two-position mirror for a racing car
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Temporary Sketches
Many technical sketches have short lives. 

Some are done merely to solve an immedi-
ate problem and then are thrown away. Other 
technical sketches are kept longer. It may take 
weeks or even months to study some sketches 
and make mechanical drawings from them. 
However, these sketches too may eventually 
be thrown away. 

Permanent Sketches
Sometimes the engineering department or 

the management of a company will include a 
sketch in a notice or memo to other employ-
ees. Such a sketch is an important record and 
should be kept. In this way, certain sketches are 
fi led as part of a company’s permanent records. 

The Overlay
A good way to refi ne or improve a sketch 

is to use an overlay. An overlay is a piece 
of translucent tracing paper that is placed 
on top of a sketch or drawing as shown in
Figure 2-23. Because you can see through 
the paper, you can quickly trace the best parts 
of the sketch or drawing underneath. Refi n-
ing ideas often means sketching over and over 
again on tracing paper, changing the drawing 
until the design is fi nal.

 
Recall Why are instruments or straightedges 
not used when drawing a rough sketch?

Materials for Sketching
What are the advantages of sketching over 
drawing?

Sketching has two major advantages over 
formal drawing. First, only a few materials are 

required to create a sketch. Second, you can cre-
ate a sketch anywhere. You are ready to sketch 
with a pad of paper, a pencil, and an eraser.

Paper
You can use plain paper for sketching. If 

you need to refi ne the sketch, use tracing 
paper as an overlay. You may also use graph 
paper to control proportions while sketching. 
The most common type of graph paper has 
heavily ruled 1.00� squares. The 1.00� squares 
are then subdivided into lightly ruled 1/10�, 
1/8�, ¼�, or ½� squares. This paper is called 10 
to the inch, 8 to the inch, and so on. 

Graph paper ruled in millimeters (mm) is 
also available, and there are many specially 
ruled types of graph paper for particular kinds 
of drawing. For example, you can use special 
graph paper for isometric or perspective draw-
ings. These kinds of drawings are explained 
further in Chapter 12.

While you can sketch on any convenient 
size of paper, standard 8.50� � 11.00� letter-
sized paper is best for making small sketches 
quickly. You can hold the paper on stiff card-
board or on a clipboard while working on it. 
If you use graph paper, you may want to put 
it under tracing paper to help guide the lines 
and spacing. 

Pencils and Erasers
Soft lead pencils (grades F, H, or HB), prop-

erly sharpened, are best for sketching. Erasers 
that are good for soft leads, such as a plastic 
eraser or a kneaded-rubber eraser, are most 
commonly used.

Four types of pencil points are used for 
sketching: sharp, near-sharp, near-dull, and 
dull. The points should make lines of the fol-
lowing kinds:

Sharp point thick black lines
Near-sharp point thick lines

•
•

 
Figure 2-23 

The overlay can speed 
up the design process 
by allowing various 
options to be viewed 
without redrawing the 
entire sketch each time.
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FREELY
SKETCHED

DASH TO
DASH

SERIES OF 
SEPARATED
STROKES

SERIES OF
OVERLAPPING
STROKES

Draw one long, continuous line.
Draw short dashes where the line should 
start and end. Then place the pencil point 
on the starting dash and draw toward the 
ending dash.
Draw a series of strokes that touch each 
other or are separated by very small 
spaces.
Draw a series of overlapping strokes.

Before you try to draw objects, practice 
sketching straight lines to improve your line 
technique. Draw vertical lines from the top 
down and horizontal lines from left to right 
(if you are right-handed).

Slanted Lines and 

Specifi c Angles
You should sketch slanted, or inclined, 

lines from left to right. However, it might be 
easier to turn the paper and draw an inclined 
line as if it were a horizontal one. When try-
ing to sketch at a specifi c angle, fi rst draw a 
vertical line and a horizontal line to form a 
right (90°) angle, as shown in Figure 2-25. 
Divide the right angle in half to form two 45° 
angles. Or divide it in thirds to form three 30° 
angles. By starting with these simple angles, 
you can estimate other angles more exactly. 
Figure 2-26 shows the direction in which 
you would sketch to create lines inclined at 
various angles. 

Circles and Arcs
There are several ways to sketch a circle. 

One way is to start by drawing very light 

•
•

•

•

Near-dull point extra-thick lines
Dull point light, temporary lines that may 
later be erased

 
Contrast Describe the diff erences between 
sketching and drawing.

Sketching Techniques
What techniques can help you achieve the 
natural feeling of a freehand sketch?

Sketches drawn freehand have a natu-
ral look. The slight unevenness in the direc-
tion of lines shows freedom of movement. 
The explanations in this section are intended 
to help you get started using good sketching 
techniques. As you become a more experi-
enced drafter, you may add techniques and 
variations of your own. 

Straight Lines
To draw a line, hold the pencil far enough 

from the point that you can move your fi n-
gers easily and yet can put enough pressure 
on the point to make dense, black lines when 
necessary. Draw light construction lines 
with very little pressure on the point. They 
should be light enough that they need not 
be erased.

You can sketch lines in the following ways, 
as demonstrated in Figure 2-24: 

•
•

 
Figure 2-24 

Four ways to sketch straight lines

 
Figure 2-25 

Draw horizontal and vertical lines before 
sketching inclined lines.
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horizontal and vertical lines, as shown in 
Figure 2-27A. These lines are the vertical 
and horizontal centerlines of the circle. The 
point at which they cross forms the center 
of the circle. Then estimate the length of the 
radius (the distance from the center of the 
circle to its edge; plural radii), and mark it 
off. Using the marks as guides, draw a square 
in which you can sketch the circle, as shown 
in Figure 2-27B.

The second way to draw a circle is to draw 
very light centerlines and extra lines through 
the center, as shown in Figure 2-28A. Next, 
estimate the length of the radius and mark 
off this distance on all the lines, as shown in 
Figure 2-28B. Then draw a curved line that 
runs through all the radius marks, as shown 
in Figure 2-28C. The bottom of the curve 
is generally easier to form, so draw it fi rst. 
Then turn the paper so that the rest of the 
circle is on the bottom, and fi nish drawing 
the circle. 

You can use these same methods to sketch 
variations on circles, as shown in Figure 2-29
(see page 42). These include: 

arcs parts of a circle
tangent arcs parts of two circles that touch
concentric circles circles of different sizes 
that have the same center

Use light, straight construction lines to 
block in the area of the fi gure. You can also 
use your hand as a compass. To do this, use 
your little fi nger as a pivot (turning point) at 
the center of the circle. Use your thumb and 
forefi nger to hold the pencil rigidly at the 
radius you want. Turn the paper carefully 

•
•
•

 
Figure 2-26 

Sketching inclined lines and angles

 
Figure 2-27 

Mark off  the radii and draw a square in which to 
sketch the circle.

 
Figure 2-28

(A) Draw centerlines and other lines through the 
center of the circle. (B) Mark off  the estimated 
radii on all lines. (C) Sketch the circle.
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CONCENTRIC CIRCLES

ARCS TANGENT ARCS

R
o

tate paper.

under your hand, thereby drawing the circle. 
Also, for large circles and arcs you may want 
to use a compass in order to save time and 
increase accuracy. 

A third way to draw circles is to use two 
crossed pencils. Hold them rigidly with the 
two points as far apart as the length of the 
desired radius. Put one pencil point at the cen-
ter. Hold it there fi rmly and turn the paper, 
drawing the circle with the other pencil point. 
See Figure 2-30.

 
Identify What are three ways to draw a 
circle without using a compass?

Making a Proportional 
Sketch
Why is observation an important step 
in sketching?

To create drawings in the correct propor-
tions, you should follow seven basic steps:

 1. Observe the object to be sketched. For 
this example, observe the chair in 
Figure 2-31A.

 2. Select the views needed to show all 
shapes. In this case, you can describe 
the chair fully using the top, front, and 
right-side views.

 3. Estimate the proportions carefully. On 
your drawing paper, use light construc-
tion lines to mark off major distances 
for width, height, and depth in all three 
views. See Figure 2-31B. Notice how 
the diagonal 45° line is used to project 
the depth dimensions between the top 
and right-side views. 

 4. Block in the enclosing rectangles, as 
shown in Figure 2-31C.

 5. Locate the details in each of the views. 
Block them in, as shown in Figure 2-31D.

 6. Finish the sketch by darkening the object 
lines.

 7. Add any dimensions and notes if required. 

Oblique Layout
To make an oblique sketch of an object, fol-

low the steps shown in Figure 2-32.
 1. Estimate the proportions of the object. 

See Figure 2-32A.
 2. Block in lightly the front face of the 

object, using the estimated distances for 
the width and height.

 3. Decide on the angle of the third 
(depth) axis depending on which part 
of the object you want to emphasize 
or show most clearly. As you can see in 
Figure 2-33A, if you draw the depth 

 
Figure 2-29

Control the shape of arcs and concentric circles 
by fi rst sketching squares.

 
Figure 2-30 

Two pencils can serve as a compass.
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STUDY PROPORTIONS

W D H

ESTIMATE DIMENSIONS BLOCK IN SHAPE ADD DETAIL

A B C D

HEIGHT

WIDTH DEPTH

A TWO-VIEW SKETCH

CABINET
HALF DEPTH

CAVALIER
FULL DEPTH

B CABINET AND CAVALIER
OBLIQUE SKETCHES

30° 60°
45° 45°

60° 30°

EMPHASIS
DEPENDS ON AXIS

A

B

axis at a small angle, such as 30°, the 
side shows more clearly. If you choose a 
larger angle, such as 60°, the top shows 
more clearly. Figure 2-33B shows the 
effect of using other angles for the depth 
axis. Lightly sketch the axis at the angle 
you have chosen. 

 4. Lightly sketch the object lines along the 
depth axis. You may draw the depth of 
the object at the same proportions as the 
rest of the object, or you can reduce its 

size by up to one half. When the depth 
dimension of a drawing is exactly one 
half of the true dimension, it is called a 
cabinet oblique sketch. Using a full-depth 
dimension produces a cavalier oblique 
sketch. See Figure 2-32B.

 5. Darken the fi nal object lines. 

 
Contrast How does a cabinet oblique 
sketch diff er from a cavalier oblique sketch?

 
Figure 2-31

Developing a multiview 
sketch

 
Figure 2-32

Converting a two-view sketch into cabinet and 
cavalier oblique sketches

 
Figure 2-33

(A) The eff ect of two diff erent angles of 
projection on oblique sketches; (B) Other 
examples of angles of projection
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B C D

GIVEN VIEWS

DEVELOPING OBLIQUE PICTORIAL

A   B C D

SKETCH AXES DEVELOP 
PROPORTION

BLOCK IN
OBJECT LINES

ADD DETAILS

Oblique Sketching on Graph Paper
Ordinary graph paper can be used as an aid 

in making oblique sketches. See Figure 2-34.
To develop the oblique pictorial drawing on 
graph paper from a multiview drawing on 
graph paper, simply transfer the dimensions 
from one to the other by counting the graph 
paper squares. 

Proceed as follows:

 1. Block in lightly the front face of the 
object by counting squares.

 2. Sketch lightly the depth axis by drawing 
a line diagonally through the squares. 
For a cabinet oblique sketch, fi nd the 
depth by using half as many squares as 
on the side view. Since the top view of 
Figure 2-34A shows a depth of four 
squares, you should use two squares 
for the depth in the oblique sketch. See
Figure 2-34B.

 3. Sketch in any arcs and circles, as shown 
in Figure 2-34C.

 4. Darken the fi nal object lines, as shown in 
Figure 2-34D.

Oblique Circles
In oblique sketching, circles in the front 

view can be drawn in their true shape. How-
ever, circles drawn in the top or side views 
appear distorted. Therefore, you must draw 
an ellipse to show such circles. Ellipses are 
more diffi cult to represent accurately, and in 
some cases they may confuse the viewer. As a 
result, it is better practice to show the circular 
shapes of important parts in the front view, 
as in Figure 2-32.

Isometric Layout
Figure 2-35 shows the steps in making an 

isometric sketch.

 1. Sketch the isometric axes, as shown in 
Figure 2-35A.

 2. Develop the proportion using the tech-
niques that were described earlier in this 
chapter. See Figure 2-35B.

 3. Block in the major features of the object, 
as shown in Figure 2-35C.

 4. Darken the fi nal object lines and add 
detail, as shown in Figure 2-35D. 

 
Figure 2-35 

The steps in making an 
isometric sketch

 
Figure 2-34

Graph paper can assist in developing oblique pictorials.
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GIVEN VIEWS LAY OUT AXES
MARK OFF DISTANCES

BLOCK IN

1
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3
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3
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BLOCK IN LINES 1-2 AND 3-4 ISOMETRIC

d
c

b

a

GIVEN – THREE VIEWS

a
b

d

c

ISOMETRIC

OBLIQUE
PLANE

Sketched lines for isometric axes tend to 
become steeper than 30° if you do not prepare 
the layout carefully. A better pictorial sketch 
results when the angle is at 30° or a little less. 
Using isometric graph paper with 30° rul-
ing, as shown in Figure 2-36, lets you make 
sketches quickly and easily. 

Another way to prepare an isomet-
ric drawing is to sketch the object inside a 
lightly drawn isometric box, as suggested in 

Figure 2-37. Note, however, that the objects 
in Figures 2-37 through 2-39 have some noni-
sometric lines. You can draw these lines by 
extending their ends to touch the blocked-in 
box. Locate points at the ends of the lines by 
estimating measurements parallel to isometric 
lines. Having located both ends of the non-
isometric lines, you can sketch the lines from 
point to point. Nonisometric lines that are par-
allel to each other also appear parallel on the 
sketch, as shown in Figure 2-37. Note how the 
ends have been located on lines 1-2 and 1-3 in 
Figure 2-39 (see page 46). Distances a and b 
are estimated and transferred from the fi gure 
at part A to part B. Any inclined line, plane, or 
specifi c angle must be found by locating two 
points of intersection on isometric lines.

 
Figure 2-36 

Isometric graph paper can be used for quick sketches.

 
Figure 2-37 

Developing an isometric sketch using an 
isometric box as reference

 
Figure 2-38 

Developing an oblique plane in an isometric 
sketch

Section 2.1  Design and Freehand Sketching    45



b

a

a

b

1

1

2

2 2

3

3 3

GIVEN – THREE VIEWS

b a

1

2

3
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C

DIA

TOP VIEW

DIA
TOP T

TT

T

ISOMETRIC SQUARE

ISOMETRIC CIRCLES
ON CUBE

CYLINDRICAL SHAPES

 
Figure 2-39 

Developing three oblique surfaces in an isometric sketch

 
Figure 2-40 

The isometric square with arcs tangent to form 
an ellipse, or isometric circle

 
Figure 2-41 

Isometric circles sketched on the front, top, and 
side of a cube

Isometric Circles and Arcs
All circles in an isometric view are drawn 

as ellipses. To sketch a circle in an isomet-
ric view, fi rst sketch an isometric square, as 
shown in Figure 2-40. Sketch the small-end 
arcs tangent to (touching) the square. Then 
sketch the larger arcs tangent at points T to 
fi nish the square. Note that the long axis of 
the ellipse, or isometric circle, is no longer 
than the true size of the circle. The short 
axis of the ellipse is shorter. This difference 
is caused by the isometric angle. Figure 2-40 
shows an ellipse for a top view only. Circles 
on the three faces of an isometric cube are 
sketched in Figure 2-41. 

You will use isometric circles to develop 
cylindrical and conical shapes in a sketch. 
Some ways to block in cylindrical shapes are 

 
Figure 2-42 

Blocking in isometric circles on cylindrical forms
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DIA
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PLOTTING CURVES

A

B

shown in Figure 2-42. Methods of blocking 
in conical shapes are shown in Figure 2-43. 

Arcs developed in an isometric view are 
shown in Figure 2-44. A semicircular open-
ing and rounded corners appear in the front 
view. The object is blocked in at Figure 
2-44A. The outline of the object is darkened 
at Figure 2-44B. Note that only partial circles 
are needed here. The rounded corners take up 
only a quarter of the full isometric circle that 
was plotted. 

Irregular Curves
Draw irregular (noncircular) curves in pic-

torial sketches by plotting points along the 
path of the curve. To locate the curve, you 
generally transfer the points from a multiview

 
Figure 2-43 

Blocking in conical shapes on isometric sketches

 
Figure 2-44 

To block in arcs on an isometric sketch, use a 
method similar to the one for circles.

 
Figure 2-45 

Plot irregular curves using a coordinate grid.

sketch. In Figure 2-45A, a grid is applied, 
and points are plotted on the front view 
where the grid lines intersect the curve on 
the object. In Figure 2-45B, the grid is 
rotated to align with the axis in the pictorial 
view. The points are then plotted at the same 
distance from the left edge of the object. 
Similar points are plotted on the pictorial in 
Figure 2-45C. The intersections serve as points 
of reference for sketching the pictorial curve.

 
Identify What is diff erent about drawing 
circles and arcs in isometric views?
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INCORRECT LETTER, WORD, AND LINE SPACING

CORRECT LETTER, WORD, AND LINE SPACING

Lettering
What are some reasons for adding text to a 
drawing?

Freehand sketches generally need some 
freehand lettering to explain features of a 
new idea or product. Lettering is the practice 
of adding clear, concise words on a drawing to 
help people understand the drawing. 

The notes lettered on the rough sketch in 
Figure 2-46 describe features that are func-
tional and important to operation. Simple 
freehand lettering complements the idea 
that is captured in a sketch, especially if the 

lettering is neat and carefully placed on the 
drawing. 

Composition
In lettering, composition means arranging

words and lines with letters of the right style 
and size. Letters in words are not placed at 
equal distances from each other. They are 
placed so that the spaces between the let-
ters look equal. The distance between words, 
called word spacing, should be about equal to 
the height of the letters. Figure 2-47 shows 
examples of proper and improper letter and 
word spacing.

 
Figure 2-47 

Study the word and letter spacing in these 
examples.

 
Figure 2-46 

A rough sketch 
with notes about 
important features
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Figure 2-48 

Guidelines for 
lettering should be 
evenly spaced.

 
Figure 2-50

Variations in 
lettering styles for 
the designer

CAPITALS (UPPER CASE)

LOWER CASE

NUMERALS

 
Figure 2-49 

Single-stroke Gothic letters

Tools such as lettering triangles and the 
Ames lettering instrument are available to 
help create neat, uniform lettering with 
the proper spacing. See Figure 2-48. On 
mechanical drawings, drafters create ruled 
guidelines spaced .12" (3.5 mm) apart to help 
keep their lettering uniform. When you are 
sketching, however, you will estimate the 
appropriate distances. 

Types of Lettering
The lettering style most commonly used on 

working drawings is single-stroke Gothic let-
tering, as shown in Figure 2-49. It is easy to 

read and easy to hand letter. It is made up of 
uppercase (capital) letters, lowercase (small) 
letters, and numerals. Nearly all companies 
now use only uppercase lettering. As a result, 
this book stresses uppercase lettering. Let-
ters and numerals may be either vertical or 
inclined. However, vertical lettering is used 
almost exclusively. You can vary your lettering 
to make it more personalized. Figure 2-50 
shows some of the possible variations. They 
are common styles for designers and archi-
tects. Whichever style you choose, remem-
ber that the same style should be followed 
throughout a set of drawings.
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Figure 2-51 

Single-stroke vertical capital letters and numerals

Section 2.1 Assessment
After You Read

 Self-Check
 1. Identify and describe the three basic 

aspects of design.
 2. Describe the traditional and concurrent 

engineering models.
 3. Explain the importance of sketching to 

communicate design ideas.
 4. Describe how to create freehand multi-

view and pictorial sketches.
 5. Explain how to develop techniques for 

sketching in correct proportion.
 6. Explain the importance of adding clear, 

concise notes and dimensions to a tech-
nical drawing or sketch.

  Academic Integration
Mathematics

  Calculating the Area of a Cylinder
What is the surface area of a cylinder four 
inches wide and nine inches tall?

Analyze characteristics and 

properties of two- and three-dimensional 

geometric shapes and  develop 

mathematical arguments about geometric 

relationships

The surface area of a cylinder is the 
sum of the areas of two circles and a rect-
angle. The two bases of a cylinder are 
equal in area. The height of the rectangle 
is the height of the cylinder. Its length is 
the circumference of the cylinder. To fi nd 
the surface area, you would use the for-
mula for the area of a circle (A � �r2) to 
fi nd the area of each base. Then fi nd the 
area of the rectangle using the formula 
h � (2�r) 

 Drafting Practice 
 7. Sketch a simple object in pictorial form. 

Add lettering to identify the dimensions. 

Go to glencoe.com for this 
book’s OLC for help with this 
drafting practice.

The shapes and proportions of single-stroke 
vertical letters and numbers are shown in 
Figure 2-51. It also shows the pencil strokes 
needed to create each letter and the order in 

which letters should be made. Each character 
is shown in a six-unit grid. By following these, 
you can easily learn the right shapes, propor-
tions, and strokes.
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Computer-Aided Sketching2.2

Connect Learning to design and sketch involves applying certain techniques and mathemati-
cal principles. What basic techniques and principles do you need to know? 

Content Vocabulary

• digitizing

Academic Vocabulary
Learning these words while you read this section will also help you in your other subjects 
and tests. 

• uniform

Graphic Organizer

On a chart like the one below, list the function of each AutoCAD command.

Command Function

SKETCH

STYLE

TEXT

MTEXT

Go to glencoe.com for this 
book’s OLC for a downloadable 
version of this graphic organizer.

Academic Standards

  
English Language Arts

Apply strategies to interpret texts (NCTE) 

Apply knowledge of language structure and conventions to discuss texts (NCTE)

  
Mathematics

Number and Operations Understand numbers, ways of representing numbers, relationships 

among numbers, and number systems (NCTM)

NCTE National Council of 
Teachers of English

NCTM National Council 
of Teachers of 
Mathematics
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Sketching with CAD 
How does the concept of a sketch differ 
when using CAD?

The term sketching has a slightly differ-
ent meaning for drafters using CAD systems. 
Although AutoCAD and many other CAD pro-
grams include a SKETCH command, this com-
mand is generally not used for the kinds of 
freehand sketching described in Section 2.1. This 
is because the concept of freehand sketching is 
not as practical on a CAD system. It is just as easy, 
if not easier, to create a perfectly straight line in 
CAD as it is to “sketch” a line. Circles, including 
isometric circles, can be drawn perfectly using 
the appropriate CAD commands. Figure 2-52
shows an example of why the SKETCH com-
mand is not used for traditional sketching pur-
poses. The sandpaper block in Figure 2-52A,
which was drawn using the SKETCH command, 
took longer to draw and is not as pleasing or 
accurate as the one in Figure 2-52B.

Therefore, the term sketching is generally used 
by CAD operators to mean rough drawings that 
will be refi ned later. These drawings are created 
with the same commands as fi nished CAD draw-
ings. In other words, there is no separate proce-
dure for sketching using a CAD program. You will 
learn the commands and techniques for creating 
drawings in AutoCAD throughout this textbook.

Creative ideas may strike you at any time. In 
fact, many good design ideas result from casual 
conversations among friends or coworkers. 
The ability to record those ideas quickly and 
informally using pencil and paper—traditional 
“sketching”—is just as important for the CAD 

 
Figure 2-52 

The same sandpaper block drawn using 
AutoCAD’s SKETCH command (A) and regular 
CAD commands (B)

operator as for the board drafter. Therefore, it 
is important to work through the “Freehand 
Sketching” section of this chapter. Even if you 
plan to do nothing but CAD drafting, sooner 
or later you will need the techniques discussed 
in “Freehand Sketching.”

The SKETCH Command
As mentioned above, AutoCAD provides a 

SKETCH command that allows you to draw 
“freehand” within the CAD system. Although 
most drafters do not use it for traditional 
sketching tasks, this command is actually very 
useful for certain jobs. One of its most impor-
tant uses is in digitizing irregular surfaces, 
such as lakes, county or state lines, and other 
features on maps.

Digitizing is the process of converting 
a paper copy into an electronic format. To 
digitize a map, drafters use a digitizing tablet 
(discussed in Chapter 3) and the SKETCH com-
mand to trace the boundaries and lines. The 
advantage of using the SKETCH command for 
this purpose is that it allows you to draw con-
tinuous, irregular lines by holding down the 
mouse button and tracing the original. Each 
line created by the SKETCH command is made 
up of many control points that can later be 
edited to perfect all of the tiny irregular curves 
that make up most lines on maps. Map draft-
ing and the SKETCH command are discussed 
in more detail in Chapter 20, “Map Drafting.” 

 
Explain Why isn'   t the SKETCH command 
typically used for traditional sketching 
purposes?

CAD Lettering
Why is lettering style an important design 
element?

Lettering in a CAD drawing is generally 
referred to as text. CAD systems maintain uni-
form letter and word spacing automatically for 
notes and dimension text. Text size is also uni-
form. Most CAD programs provide several letter-
ing styles. Each style is right for a particular use. 
It is the drafter’s responsibility to set up a text 
style and size that is appropriate for the drawing. 
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Lettering styles in CAD and other computer pro-
grams are known as fonts. A few commonly used 
fonts are shown in Figure 2-53. 

Setting the Text Style
The default text style in AutoCAD is the 

Standard style. This style is boxy and does not 
look much like hand-lettered text. Therefore, 
drafters generally use the Roman Simplex font 
for mechanical drawings. Follow these steps to 
set the text of a drawing to Roman Simplex.

 1. Start AutoCAD by double-clicking the 
AutoCAD icon on your screen, and open 
a new drawing fi le by selecting New... 
from the File menu. What happens next 
varies depending on your version of Auto-
CAD. In most versions, you can choose to 
start a drawing from scratch. If AutoCAD 
prompts you for a template fi le, choose 
acad.dwt and press Enter or OK.

 2. Enter the STYLE command and press the 
New... button in the dialog box.

 3. Type in a name for the new style, choosing 
a name (such as “Roman”) that will help 
you remember what font the style uses.

 4. Pick the down arrow under Font Name 
and select romans.shx to activate the 
Roman Simplex font.

 5. Pick the Apply button and then the Close 
button.

 
Figure 2-53 

Examples of commonly used CAD lettering styles

Ratio and Proportion

Ratio
A ratio is the quotient of one quantity 
divided by another quantity of the same 
kind. This is written:   
a __ 
b
   or a : b In either case, it is stated, ″a is to b.″

What is the ratio of a rectangle whose 
sides are 4.5″ and 8.0″?

Example: 
A playing fi eld is 50 meters long and 

25 meters wide. The ratio is 50 : 25. Since 
ratios are generally reduced to lowest 
terms, this ratio would be given as 2 : 1.

Proportion
A proportion is the equation obtained 

when one ratio is set equal to another. For 
example, if the ratio a : b equals the ratio 
c : d, we have the proportion:

 a : b � c : d       OR         a __ 
b
   �   c __ 

d
  

If two rectangles are proportional and 
the dimensions of rectangle A is 4.5� wide 
by 8.0″ long, what is the length of rect-
angle B if the width is 6.0�? Write your 
answer as a proportion.  
Example: 

Playing fi eld A is 50 meters long and 
25 meters wide; Playing fi eld B is 100 
meters long and 50 meters wide. The pro-
portion is 50 : 25 � 100 : 50.

For help with this math activity, go 
to glencoe.com for this book’s OLC 
and click on Math Handbook.  

Academic Standards

  
Mathematics

Number and Operations Understand numbers, ways 

of representing numbers, relationships among numbers, 

and number systems
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FIRST POINT

SECOND POINT

The Roman Simplex style is now activated 
in the current drawing and is set as the cur-
rent default. 

Adding Text to a Drawing
AutoCAD has two commands for adding 

text to a drawing: TEXT and MTEXT. TEXT 
is the older command. Formerly known as 
dynamic text (DTEXT), the TEXT command is 
useful when only one line of text is required. 
MTEXT, or multiple-line text, is used when 
more than one line of text is needed. 

Using TEXT
To use the TEXT command, follow these 

steps:
 1. Enter the TEXT command.
 2. Pick a point anywhere on the left side of 

the drawing area as a starting point.
 3. At the Command line in the lower left part 

of the screen, AutoCAD prompts for the 
text height. Use the keyboard to enter .12.

 4. The next prompt asks for the angle of 
rotation for the text. AutoCAD will set 
text at any angle you specify. Press Enter 
to accept the default of 0 (normal text).

 5. Enter the text for the note. For this 
example, enter ROMAN SIMPLEX IS 
AN APPROPRIATE FONT FOR MOST 
MECHANICAL DRAWINGS. Note that 
text for mechanical drawings is set in 
uppercase (capital) letters. 

 
Identify Where is the starting point in a 
drawing using the TEXT command?

Using MTEXT
The MTEXT command is a more complex 

command that allows you to insert formatted, 
multiple-line text into a drawing. It is actually 
a text editor that resides in AutoCAD. It allows 
you to change the font and to use fonts without 
setting up styles for them. 

MTEXT also wraps text automatically to fi t in 
the space you defi ne. In other words, you don’t 
have to worry about where to press Enter to start 
a new line of text. Also, all of the lines of text 
make up a single object, so that all of the lines 
can be moved together, maintaining their for-
matting, without having to pick the lines indi-
vidually. In addition, you can create automatic 
numbered lists using MTEXT, just as you can in 
most of today’s word processing software. This 
makes the MTEXT command a good choice for 
adding notes and specifi cations to a drawing.

To use the MTEXT command, follow these 
steps:
 1. Enter the MTEXT command.
 2. Pick two points on the screen. Pick the 

upper left and lower right corners of the 
rectangular space you want the text to 
fi ll. See Figure 2-54. For this example, 
pick points about 2� apart on the screen.

 3. The text style refl ects the current drawing 
default. In this case, if you followed the 
steps in “Setting the Text Style” earlier in 
this chapter, the default font is currently 
Roman Simplex. Enter the text for the 
note using the default style. Enter THE 
MTEXT COMMAND ALLOWS GREATER 
FLEXIBILITY FOR LONG, COMPLEX 
NOTES AND SPECIFICATIONS.

 4. Review all of the options available 
in the Text Formatting toolbar that 
appears above the text you created. See

 
Figure 2-54 

Pick the upper left and lower right corners of an 
imaginary rectangle to set the boundaries for MTEXT.

Annotative Text
Some versions of AutoCAD allow 

users to specify annotative text, or 
text that displays at the correct pro-
portional size no matter what scale 
is used to print the drawing. Consult 
your software documentation to 
see whether your version has this 
capability.

54    Chapter 2 Design and Sketching



 
Figure 2-55 

The Text Formatting toolbar allows you to create and style multiple lines of text.

Section 2.2 Assessment
After You Read

 Self-Check
 1. Defi ne the term “sketching” in the con-

text of the CAD environment. 
 2. Explain the difference between the two 

AutoCAD commands used to add text to 
a sketch.

  Academic Integration
English Language Arts

 3. Research the etymology, or history, of the 
word design. How and why did it come 

into use? What are some other ways 
the word is used in addition to drafting 
design? Write two or three paragraphs 
about what you discover. 

 Drafting Practice 
 4. Use board drafting or a CAD program 

to represent a simple object in picto-
rial form. Add lettering to identify the 
dimensions. 

  

Go to glencoe.com for this 
book’s OLC for help with this 
drafting practice.

Figure 2-55. Highlight different por-
tions of the text and experiment with 
the various options. Change the text 
style, the point size, and other charac-
teristics. Pick the Numbering button to 
see the automatic numbering format.

 5. When you have fi nished experimenting, 
pick the OK button to accept your 
changes and close the toolbar.

When you are ready to exit AutoCAD, sim-
ply click the box with the X at the top right 
of the screen. This closes AutoCAD.

Editing Text
To edit text created with either the TEXT com-

mand or the MTEXT command, simply double-
click on the text. When you double-click on 
text created with the TEXT command the text 
becomes highlighted in an editing box. Place 
the cursor where you want to make changes and 
type in the new text. When you double-click on 
text created with the MTEXT command, the 
text becomes activated and the Text Formatting 
toolbar appears, allowing you to make changes 
to the text and its characteristics.
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Section 2.1  
The three main concerns of design are 
aesthetics, function, and feasibility.
The traditional engineering design process 
is a linear process, although it allows for 
feedback in the development phase.
The concurrent engineering design pro-
cess employs a team approach.
Design communicates ideas in clear, unam-
biguous, and precise graphic images. Unlike 
a written description, a graphic image can 
convey the same idea anywhere in the world.
Sketches can be pictorial or multiview.
Oblique and isometric are the simplest 
forms of pictorial sketches.
Freehand lettering is generally done in 
single-stroke Gothic style.
The ability to estimate proportions helps 
a drafter create clear sketches that are easy 
to understand.

•

•

•

•

•
•

•

•

Section 2.2  
Although the idea of sketching differs 
slightly in the board-drafting and CAD 
drafting environments, in both cases a 
sketch can be thought of as a rough draw-
ing that will later be refi ned. 
The SKETCH command in CAD is most 
helpful in digitizing irregular surfaces, 
such as lakes and other features on maps.
AutoCAD provides several ways to add 
text to a drawing, including the TEXT and 
MTEXT commands.

•

•

•

Chapter Summary

Review Content Vocabulary and Academic Vocabulary
 1. Use each of these content and academic vocabulary terms in a sentence or drawing. 

Content Vocabulary
design (p. 29)
creativity (p. 29)
sketch (p. 29)
multiview sketch (p. 32)
pictorial sketch (p. 34)

•
•
•
•
•

oblique sketch (p. 34)
isometric sketch (p. 35)
 isometric line (p. 35)
 nonisometric line (p. 36)
 digitizing (p. 52)

•
•
•
•
•

Academic Vocabulary
concurrent (p. 30)
comprehensive (p. 31)
uniform (p. 52)

•
•
•

Review Key Concepts
2. Identify the three issues that a design must address.
3. Name and describe the two kinds of design models.
4. Explain how sketching is important in the design process.
5. Describe the steps in creating freehand multiview and pictorial sketches.
6. Identify the techniques for developing proportional sketches.
7. Describe how to add notes and dimensions to a sketch.
8. Explain how the concept of sketching is different for a CAD drafter than it is for a board 

drafter.
9. Explain how to add text to a CAD drawing.

Review and Assessment2
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 Technology
 10. CAD Past and Present

Computer-aided drafting technology has 
helped drafters in many ways, from increas-
ing effi ciency, to creating three-dimensional 
drawings. Research the history of computer-
aided drafting. When was CAD software fi rst 
developed? What software company released 
the fi rst CAD application? Use the informa-
tion you fi nd to create a timeline showing 
these and other important milestones.

 11. Working with Cultural Diversity
When we work with people who differ 

from us—whether from a company’s differ-
ent departments or from different countries 
or cultures—we are less likely to rely on old 
assumptions and more likely to be open to 
new ideas and viewpoints. Why do you think 
people of different ages, cultures, ethnicities, 
or genders might not have the same perspec-
tive on a job-related decision? Give an exam-
ple to support your position.

 Mathematics
 12. Calculate Ratios

Tekla is gaining work-based experience as 
an intern at a design fi rm while also attend-
ing junior college. Of the 2,400 hours of work 
and school experience she gains each year, 
she spends 400 hours at the design fi rm. The 
rest of that time is spent taking classes. What 
is the ratio of her time spent interning to her 
time at school?

 Represent Ratios

Ratios are comparisons of numbers that 
can be represented in different forms. Usually 
ratios represent the simplest form. The ratio 
1:2 can also be expressed as 1 out of 2, 1 to 2, 
or   1 __ 2   

Set this ratio up as a fraction, with 400 as 
the numerator and 2,000 as the denominator. 
Your answer should be a fraction in lowest 
terms. 

Win 
Competitive 
Events

 15. Job Skills
Organizations such as SkillsUSA offer a 

variety of architectural, career, and draft-
ing competitions. Completing activities 
such as the one below will help you pre-
pare for these events.

Activity Create a two-view sketch for a 
chair of your own design. Develop rough 
sketches fi rst to develop your idea, and 
then draw a two-view sketch. Remember 
to select the two views that best describe 
the chair.

True/False Questions
Directions Read each state-
ment and determine whether 
the statement is true or false.
 13. Pictorial drawings help peo-

ple who are not trained to read mul-
tiview drawings understand basic 
shapes.

T
F

 14. CAD operators do not need to develop 
freehand sketching skills needed by 
board drafters. 

T
F

TEST-TAKING TIP

When taking a True/False test, make sure you 
understand each statement. All parts of a state-
ment must be correct for a statement to be true. 

Prep 
For 

Go to glencoe.com for this book’s 
OLC for more information about 
competitive events.

Review and Assessment 57

http://www.glencoe.com


Problems2

 
2.

  
Sketch the squares shown in Figure 2-57: 
(A) overlapping; (B and C) diminishing; 
and (D) as a transparent cube. Sizes are 
about 38 mm, 28 mm, and 18 mm.

Drafting Problems
  Problems 1 through 13 in this chapter are designed to be completed 

using freehand sketching techniques. You should complete them 
using only paper, pencil, and eraser, regardless of whether you plan to 
work with traditional board drafting or CAD techniques throughout 
the rest of the book. Problems 14 through 17 may be completed using 
freehand or CAD lettering. Note to CAD students: After you have stud-
ied Chapters 4 and 5, return to the problems in this chapter, complete 
them using CAD techniques, and compare the advantages and disad-
vantages of using each method.

 
Figure 2-56 

1.
 
Sketch the 2.00� overlapping squares 
shown in Figure 2-56 as creative visual 
studies. Then create two more of your 
own design.

A B

C D

A B

C D

 
Figure 2-57 

METRIC
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3.
  
Sketch a cube with the rectangular shape 
shown in Figure 2-58. Observe the opti-
cal illusion.

4.
  
Sketch the rectangular solid shown in 
Figure 2-59. Use .50�, 1.00�, and 2.00�.

 
Figure 2-58 

5.
  
Sketch the apparent two-dimensional form 
shown in Figure 2-60 using six diagonals.

 
7.

  
Sketch the 76-mm square shown in 
 Figure 2-62 with diminishing squares 
at midpoints.

 
8.

  
Sketch the pentagon shown in Figure 2-63
using 2.00� sides. Sketch diminishing 
fi ve-pointed stars inside the pentagon, as 
shown.

 
Figure 2-59 

 
Figure 2-60 

6.
  
Sketch a 3.00� equilateral triangle like the 
one shown in Figure 2-61, with dimin-
ishing triangles at midpoints. Note the 
proportions. How many triangles can 
you make diminish inside?

 
Figure 2-61 

 
Figure 2-62 

 
Figure 2-63 

 
9.

  
Sketch the fi ve basic solids shown in 
Figure 2-64. Use freehand lettering to 
label each solid.

TETRAHEDRON OCTAHEDRON

HEXAHEDRON ICASAHEDRON

DODECAHEDRON 
Figure 2-64 

METRIC

Problems    59



Problems2

10.
  
Sketch three-views of the objects assigned in Figure 2-65A through 2-65P.

 
Figure 2-65 

A B C
D E

F G H

I

J

K L M N O P

3.5 mm

7 mm

.25"

.12"11.
  
Draw light guidelines, like the one 
shown in Figure 2-66. Reproduce the 
abbreviations as they appear. Refer to 
Appendix A and other sources. Next to 
the abbreviations and symbols, letter 
the word or words that each represents. 
CAD students: Set up a text style to use 
the Roman Simplex font. Use DTEXT 
to complete the exercise. Do not draw 
guidelines.

 
Figure 2-66 
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Figure 2-67 

Design Problems
Design problems have been prepared to 

challenge individual students or teams of 
students. Complete all of the problems using 
freehand sketching techniques. Note to CAD 
students: After you have studied Chapters 4 
and 5, return to the problems in this chapter, 
complete them using CAD techniques, and 
compare the advantages and disadvantages of 
using each method. Be creative and have fun!

Teamwork

 1.  Work as a team to design a three-wheel 
vehicle. Refer to Figure 2-67 as a start-
ing point. Apply the concept of concur-
rent engineering design to the process. 
Choose one team member to serve as the 
design engineer (project engineer). Dis-
cuss and document the procedure you 
should follow to comply with the prin-
ciples of concurrent engineering design. 
How does this process differ from the 
traditional design process?

  Be creative! This vehicle can be pedal-
powered, gasoline engine-powered, or it 
can simply be a freewheeling downgrade 
coaster. Once the team has developed the 
basic concept, use overlays to refi ne the 
design. Your fi nal project should include 
sketches of the vehicle design, general 
specifi cations on materials and stock parts, 
and documentation of the design process.

 2.  In a world in which fuel economy is 
becoming increasingly important, manu-
facturers of vehicles such as automobiles, 
aircraft, and marine vessels recognize 
that aerodnamic vehicle designs can help 
fuel effi ciency. Research recent automo-
biles, airplanes, ships, and other vehicles 
to fi nd out what aerodynamic features 
are incorporated in their design. Which 
features are most effective? Which are 
most cost-effective? Hold a class discus-
sion or present a paper discussing your 
fi ndings. 

 3.  Investigate principles of aerodynamic 
design. Then sketch an original aerody-
namic design for a motorcycle. Label the 
aerodynamic features.
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