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Consider times in your life when 
you tackled a challenging project 
or learned a new skill. What 
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helped you accomplish your goal?
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Customize Your Workspace
When you have completed this unit, 
you will create a full set of technical 
drawings for a design idea of your own. 

Project Checklist 
As you read this unit, use this checklist 
to prepare for your unit project:  

Keep notes on industries of  interest 
to you that employ drafters and 
designers.
Jot down ideas for technical drawings 
you would like to produce.
Practice your board and CAD draw-
ing skills.
Use geometry to construct drawings 
and solve technical problems. 
Create various views of an object. 
Estimate the time required to com-
plete various drafting tasks. 

As you wrap up the study of Chapter 8, 
you’ll be ready to launch into your unit 
project. 

Go to glencoe.com for this book’s 
Online Learning Center (OLC). Find the 
WebQuest Internet Project for Unit 2 
called Becoming a Certifi ed Drafter. 

✓

✓

✓

✓

✓
✓

Go to glencoe.com for this book’s OLC 
for Unit 2 Practice Tests, Skills Reviews, 
and Study Guides. 

Internet Project

Hands-On Math Project
UNIT

Preview
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6 Multiview Drawing

Section 6.1 
Understanding Ortho-
graphic Projection 

Section 6.2 
Creating a Multiview 
Drawing Using CAD

Chapter Objectives
Explain orthographic 
projection.
Describe fi rst- and 
third-angle projection.
Determine the num-
ber of views needed 
to describe fully the 
shape and size of an 
object.
Locate multiple views 
on a drawing.
Create the various 
views of an object.
Develop a multiview 
drawing using board 
drafting.
Develop a multiview 
drawing using CAD.
Explain the advan-
tages of using solid 
models in CAD.

•

•

•

•

•

•

•

•

Form and Function Terblanche 
has said that everything needs 
to be extremely practical, which 
means form must closely follow 
function. Explain how this applies 
to motorcycle design.
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Renowned motorcycle designer Pierre Terblanche set 
out “to create a bike for a real-world rider who wants 
to be on the bike as often as possible: to commute, to 
go for a hard ride, to pick up the groceries” when he 
designed the Multistrada.

 
Terblanche said the greatest challenge in design-

ing this bike was to create it to do everything well, 
with plenty of storage and massive visual impact. “We 
worked long and hard until it looked right. Getting 
those sides slim enough, making a frame as narrow as 
possible, and building a low bike took a lot of time.”

Academic Skills and Abilities
Problem identifi cation, formulation, and 
solution
Critical thinking and systems thinking 
Seeing things in the mind’s eye
Monitoring and correcting performance 

Career Pathways
Mentoring is an excellent way to learn about 

careers. Mentors help students in their job explora-
tion and career development by giving advice based 
on their own knowledge and experience in the fi eld. 
Does your school have a mentoring program?

•

•
•
•

Go to glencoe.com for this book’s OLC to learn more 
about Pierre Terblanche.

Drafting Career
Pierre Terblanche, Motorcycle Designer
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Go to glencoe.com for this 
book’s OLC for a downloadable 
version of this graphic organizer.

6.1 Understanding Orthographic 
Projection

Preview  Board drafters must visualize an object and then represent it on paper in a way that 
describes its exact shape and proportion. As you read the section, practice the techniques for 
visualizing objects. 

Content Vocabulary
• visualization
• implementation

• multiview 
drawing

• normal view 

• orthographic 
projection

• fi rst-angle 
projection

• third-angle 
projection

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

Graphic Organizer

Use a table like the one below to organize notes about orthographic projection.

Orthographic Projection

Planes First-Angle 
Projection

Third-Angle 
Projection

  
English Language Arts

Read texts to acquire new information (NCTE 4)

  
Mathematics

Measurement Understand measurable attributes of objects and the units, systems, and 

processes of measurements (NCTM) 

  
ADDA Section 14

Standards and Practices Listing (ASME Y14.3)

NCTE National Council of 
Teachers of English

NCTM National Council 
of Teachers of 
Mathematics

ASME American Society of 
Mechanical Engineers

ADDA American Design 
Drafting Association

Academic Standards

Industry Standards
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Technical Drawing
How can a technical drawing give more 
accurate information than a photograph?

Technical drawing requires skill in visual-
ization and implementation. Visualization
is the ability to see clearly in the mind’s eye 
what an object looks like. Implementation
is the process of drawing what has been visu-
alized. The designer, engineer, or drafter fi rst 
visualizes an object and then explains it using 
technical drawing.

A properly made technical drawing gives a 
clearer, more accurate description of an object 
than a photograph or written explanation. 
Technical drawings result in views that give 
an exact visual description of an object.

A technical drawing is different from a 
photograph or a pictorial drawing. A pictorial 
drawing shows an object as it appears to the 
human eye. Notice that the pictorial view of 
the V-block (Figure 6-1), shows three sides 
of the V-block in a single view. But photo-
graphs and pictorial drawings cannot show 
the exact forms and relationships of parts that 
make up the object. They show the V-block as 
it appears, not as it really is. For example, the 
circular holes in the base appear as ellipses, 
not as true circles.

Multiview Drawing
A drafter must represent an object on a 

sheet of paper in a way that describes its 
exact shape and proportions. This is done by 
drawing “views” of the object from different 

positions. The views are arranged in a standard 
order so that anyone trained in drafting can 
understand them. This type of graphic repre-
sentation is called multiview drawing.

Normal Views
The front, top, and right-side views are 

known as the normal views because they 
are the ones most often used to describe 
objects in technical drawing. The normal 
views of the V-block from Figure 6-1 are 
shown in Figure 6-2.

To understand each view, you must imag-
ine you are are looking at an object from a 
position directly in front of it, then above it, 
and fi nally at the right side of it. 

In Figure 6-2, the front view of the V-block 
shows the object’s exact width and the height. 
The dashed lines show the outline of details 
hidden behind the front surface.

The top view of the V-block shows the exact 
shape of the top. Therefore, it provides the 
width and depth of the V-block. Notice that 
the circular holes are true circles in this view, 
and the rounded ends of the base are true 
radii.

The right-side view of the V-block shows the 
depth and height accurately. Notice that the 
shape of the V appears to be symmetrical in 
the right-side view. It appeared distorted in 
the pictorial drawing.

Notice the top view is directly above the 
front view. The right-side view is to the 
right of the front view. Each view is where it 
logically belongs. The edges of the views line 

 
Figure 6-1

This pictorial shows the top, front, and right 
side in a single view, but it does not supply all 
information necessary to build a V-block.

 
Figure 6-2

The relationship of the three normal views of the 
V-block
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up exactly. For example, the center of a hole 
in the front view is directly in line with the 
center of the hole in the top view.

In some cases, it may be necessary to show 
other views. The next section discusses all the 
main views of objects and the importance of 
their relationship to one another.

Infer What do you think is meant by ‶see 
clearly in the mind′s eye?″

Orthographic Projection
How does the angle of vision affect the way 
you see an object?

Most objects have six sides, or six views: 
top, front, bottom, rear, right side, and left 
side, as shown in Figure 6-3. The views 
that make up multiview drawings are devel-
oped using the principles of orthographic 
projection. This is the process of projecting 
two or more views of an object onto imagi-
nary planes perpendicular to the object.

Orthographic projection uses three planes: 
the vertical plane, the horizontal plane, and the 
profi le plane, or side view (see Figure 6-4). A 
view of an object is projected and drawn onto 
each plane.

Angles of Projection
Notice that the vertical and horizontal 

planes divide the space into four quadrants, 
or quarters of a circle. In orthographic projec-
tion, quadrants are also referred to as angles.

First-Angle Projection
In European countries, the accepted 

method of projecting views onto the quad-
rants, or angles, is known as fi rst-angle 
projection. Using this method, the object 
is projected from the fi rst angle, or quad-
rant, onto the other quadrants (Figure 6-5). 

 
Figure 6-4

The three planes used in orthographic projection

 
Figure 6-3

Pictorial drawing and six views

 
Figure 6-5

The position of the three planes used in 
fi rst-angle projection
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The front view is projected to the vertical 
plane, the top view to the horizontal plane, 
and the left-side view to the profi le plane. To 
create a multiview drawing, the horizontal 
and profi le planes are rotated so that all views 
lie in a single plane (see Figure 6-6). Using 
fi rst-angle projection, the front view appears 
above the top view, and the left-side view 
appears to the right of the front view.

Third-Angle Projection
Third-angle projection uses the same 

basic principles as fi rst-angle projection. 
But the object is projected onto the planes 
from the third angle, not the fi rst angle. This 
method is used in the United States and 
 Canada. In Figure 6-7, you see the same 
object projected onto the planes within the 
third quadrant. In this case, the front view is 
projected to the vertical plane, the top view to 
the horizontal plane, and the right-side view 
to the profi le plane. Again, the planes are 
rotated to lie in a single plane. The result is a 
drawing in which the top view appears above 
the front view (see Figure 6-8).

The Glass Box
We mentioned earlier that most objects 

have six sides. Therefore, six views may result. 
We explain the theory of projecting all six 
views by imagining a glass box.

Imagine a transparent glass box around the 
bookend in Figure 6-9A. In your mind’s eye, 
project the views of the bookend onto the 
sides of the glass box. When the glass box is 
opened, the six views are seen in their relative 

 
Figure 6-6

Three views in fi rst-angle projection
 
Figure 6-8

Three views in third-angle projection

 
Figure 6-7

The position of the three planes used in 
third-angle projection.
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positions as if they had been drawn on paper 
(Figure 6-9B). These views are arranged 
according to proper order for the six views 
in third-angle projection. The back view is 
located to the left of the left-side view.

Notice that some views give the same infor-
mation found in other views. Some views may 
also be mirror images of one another. Thus, 
it is not necessary to show all six views for a 
complete description of the object. In this 
case, the object can be described completely 
using the three normal views. They are shown 
in the blue highlighted area of Figure 6-9B.

Contrast To which planes are the front 
view, the top view, and the left-side view 
projected?

Drawing the Views
How do you decide which views to use 
when making a technical drawing?

In most cases, three views are suffi cient to 
describe an object. The general  characteristics 
of an object often suggest the three views 
required to describe its shape. Sometimes, 
however, an object has features that can be 
more clearly described by using another view 
or part of another view.

Most objects can be recognized because 
they have a characteristic view. This is the 
fi rst view to consider. The characteristic view 
usually becomes the front view and the fi rst 
view drawn. Consider also the normal posi-
tion of the part when it is in use. It is often 
desirable to draw the part in its normal 
position. 

However, it is not always practical. For 
example, tall parts, such as vertical shafts, 
can be drawn more easily in a horizontal 
position. Views with the fewest hidden lines 
are easier to read and take much less time to 
draw.

Choosing the Number of Views
The main purpose of drawing views is to 

describe the shape of something. There-
fore it is a waste of time to make more views 
than are necessary to describe an object. For 
example, parts of uniform thickness such as 
the latch in Figure 6-10, require only one 
view. The thickness is given in a note. Cir-
cular objects such as the bushing and sleeve 
shown in Figure 6-11 can also be shown 
in one view. Dimensions for diameters are 
marked with the diameter symbol [Ø].

See Figure 6-12 for examples of objects 
that can be described with two views. When 
you use two views, you must select them 
carefully so that they describe the shape of 
the object accurately. For the base in  Figure 
6-12A, the top view and either front or side 

 
Figure 6-9

(A) Imagine that the bookend is inside a glass box. 
(B) When the glass box is opened, you can see all 
six sides of the bookend easily.

 
Figure 6-10

Parts of uniform thickness require only one view.
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view are enough. The top view and front view 
describe the slide block in Figure 6-12B
adequately. A third view would add noth-
ing to the description of the placer cone in
Figure 6-12C.

Many objects, such as the angle plate in 
Figure 6-13, require three views to describe 
them completely. The sliding base in 
Figure 6-14 also requires three views.
Though all six views are shown to illustrate 
the selection of views, you see that the top, 
front, and right-side views give the best 
shape description and contain the fewest 
hidden lines.

 
Figure 6-11

Cylindrical objects such as these can be shown in 
one view. Diameters must be marked clearly.

 
Figure 6-12

Two-view drawings

 
Figure 6-13

This angle plate requires a three-view drawing.

 
Figure 6-14

Choice of views
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Curved Surfaces
Some curved surfaces, such as cylinders and 

cones, do not show as curves in all views. This 
is illustrated in Figure 6-15. A cylinder with 
its axis, or centerline, perpendicular to a plane 
shows as a circle on that plane (See Figure 
6-15A and B). It shows as a rectangle in the 
other two planes. When choosing the views 
for an object that contains curved surfaces, be 
sure to include a view that defi nes the curved 
surfaces accurately.

A cone appears as a circle in one view. It 
appears as a triangle in the other (Figure 6-15C). 

The top view of a frustum of a cone appears 
as two circles. Refer to Figure 6-15D. In this 
view, the conical surface is represented by the 
space between the two circles.

Cylinders, cones, and frustrom of cones 
have single curved surfaces. They appear as 
circles in one view and straight lines in the 
others. Other objects, such as the handles in 
Figure 6-16A, have double curved surfaces 
that appear as curves in both views. The ball 
handle has spherical ends. Thus, both views of 
the ends are circles because a sphere appears as 
a circle when viewed from any direction. The 
slotted link in Figure 6-16B is an example 
of a tangent plane and curved surfaces. The 
rounded ends are tangent to the sides of the 
link, and the ends of the slot are tangent to 
the sides. Therefore, the surfaces are smooth. 
There is no line of separation.

Infer Why is it best to use only two or three 
views to describe an object?

Placing Views
How does view placement affect the way a 
drawing is interpreted?

The size of the drawing sheet should allow 
enough space for the number of views needed 
to give a clear description of the part.  Working 
space for an A-size drawing sheet is shown 
by the sheet layout in Figure 6-17.  Working 

 
Figure 6-15

The curved surfaces of cylinders and cones 
appear as straight lines in some views.

 
Figure 6-16

Two-view drawings of curved surfaces: (A) double curves; (B) single curves
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1.00 1.25

1.75

3.00

5.25 1.75

3.00
+ 1.75

4.75

Height (for front view)
Depth (for top view)
Vertical space needed for views

7.00
– 4.75

2.25

Total available vertical space
Total needed for views
Remaining vertical space

2.25
– .75
– .62
– .88
0.00

Remaining vertical space
Space between front and top views
Space at top of sheet
Space at bottom of sheet
(All vertical space accounted for)

5.25
+ 1.75

7.00

Width (for front view)
Depth (for right-side view)
Horizontal space needed for views

10.50
–7.00
3.50

Total available horizontal space
Total needed for views
Remaining horizontal space

Remaining horizontal space
Space between front and side views
Space at left side of sheet
Space at right side of sheet
(All horizontal space accounted for)

3.50
– 1.00
– 1.25
– 1.25

0.00

A

B

C

space for other sheet sizes is discussed in Chap-
ter 4. The method for working out the posi-
tions of the views is the same for any space.

Locating the Views
In Figure 6-18A, a pictorial drawing of 

a slide stop is shown with its overall width, 
height, and depth dimensions. Some simple 
arithmetic is needed to properly place the 
three normal views. It may also be helpful to 
make a rough layout on scrap paper, as shown 
in Figure 6-18B. This rough layout need not 
be made to scale.

A working space of 7.00″ × 10.50″ is used 
to explain how to place the views of the 
slide stop. The width, depth, and height 

 
Figure 6-17

A-size sheet layout

 
Figure 6-18

Calculations for the placement of three views on an A-size sheet
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dimensions are given in magenta on the 
sketch. The dimensions in blue indicate the 
spacing at the top, bottom, side, and between 
views. Use the following procedure to deter-
mine spacing. Figure 6-18C shows the actual 
calculations.

Vertical Placement
Determine vertical placement by following 

these steps.

 1. Add the height and depth of the object 
to fi nd the total vertical space needed to 
draw the front and top views.

2. Subtract the result of step 1 from the 
total vertical drawing space (7.00″).

The calculations show that a total of 2.25″ is 
left for the space between views and the space 
at the top and bottom of the sheet. If you spec-
ify a space of .75″ between the front and top 
views, you will have 1.50″ left for spaces above 
the top view and below the front view. These 
could be .75″ each, but a better visual balance 
will result if .88″ is used below and .62″ above.

Horizontal Placement
Determine horizontal placement by follow-

ing these steps.

1. Add the width and depth to fi nd the 
total horizontal space needed to draw 
the front and right-side views.

2. Subtract the result of step 1 from the 
total horizontal of the drawing space 
(10.50″).

The remaining 3.50″ is the amount left for 
the space between the front and right-side 
views and the space at the left and right of the 
sheet. If you specify 1.00″ between the front 
and side views, you will have 2.50″  remaining. 
You can divide this equally for the left and 
right sides. Keep in mind that you may need 
to make these spaces larger or smaller for 
other drawings, depending upon the shapes 
of the views, the space available, and the 
space needed for dimensions and notes.

Regardless of the number of views, the 
basic procedure does not change. Figures 
6-19 and 6-20 show the same procedure 

Lines, Line Segments, 

and Rays
Identify each of the following as line, line 
segment, and ray.

a.

b.

c.

 In geometry, a line is made 
up of points and has no width. A line seg-
ment is a measurable part of a line that 
consists of two points, called endpoints, and 
all of the points between them. A ray is part 
of a line that has one endpoint and extends 
infi nitely in one direction.

AutoCAD’s RAY command allows you to 
create mathematically correct rays.

For help with this math activity, go 
to the Math Appendix located at the 
back of this book. 

Academic Standards

  
Mathematics

Geometry Use visualization, spatial reasoning, and 

geometric modeling to solve problems (NCTM)
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used for a two-view drawing. When only 
the front and side views are necessary, you 
can arrange the views as shown in Figure 
6-19D. When the  drawing includes only the 
front and top views, arrange them as shown 
in Figure 6-20D.

 
Figure 6-19

Calculations for the placement of views for a front- and right-side view drawing

 
Figure 6-20

Calculations for the placement of views for a front- and top-view drawing

 
Calculate How do you determine the total 
horizontal space needed to draw the front 
and right-side views?
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Second Position of the 

Side View
An alternate position for the side view in 

third-angle projection is to the right of the 
top view (see Figure 6-21). This  second 
position may be necessary due to the 
proportions of the object or the size of the 
drawing sheet. Using the glass box model, 
you can achieve this position by revolving 
the side plane around its intersection with 
the top plane.

Beginning to Draw
How can you ensure your drawing gives all 
the necessary information?

Carefully review the earlier text on plac-
ing views. Then read both “Laying Out the 
Views” and “Adding Details,” paying careful 
attention to the illustrations. Be sure you 
are familiar with all steps before you begin 
to draw.

Laying Out the Views
To lay out a multiview drawing of the rod 

support shown in Figure 6-22, fi rst perform 
the calculations to locate the views. Then 
follow these steps:

1. Study Figure 6-22 and determine which 
view should be used as the front view.

2. Determine which views will be required 
to describe the part fully. In this case, the 
front, top, and right-side views will be used.

3. Locate the views as shown in Figure  
6-23A, referring to Figure 6-19 or 6-20 
as necessary. Use only short, light pencil 
marks.

4. Block in the views with light, thin layout 
lines, as shown in Figure 6-23B.

Adding Details
After you have located and blocked in the 

views, you must fi nish the details. Follow 
these steps:

1. Lay off principal detail measurements, as 
shown in Figure 6-23C. To transfer depth 
from the side view to the top view or from 
the top view to the side view, use one of 
the methods shown in Figure 6-24:

Method A: Draw arcs from a center O.
Method B: Construct a 45° line, called 
a miter line, through O.
Method C: Use dividers to transfer 
distances.
Method D: Use a scale to measure 
distances.

•
•

•

•

 
Figure 6-21

Second position of the side view in third-angle 
projection

 
Figure 6-22

Study this rod support and visualize the 
necessary views.
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Figure 6-23 

Steps for creating a multiview drawing

 
Figure 6-24 

Methods of locating 
depth measurements
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 2. Draw the principal detail lines or layout 
lines, including centerlines, as shown in 
Figure 6-23D.

 3. Draw circles and other details needed to 
complete the views. See Figure 6-23E.

4. Darken all lines to make them sharp and 
black and of the proper thickness, as 
shown in Figure 6-23F.

Section 6.1 Assessment
After You Read

 Self-Check
  1. Explain how orthographic projection is 

used to develop multiple drawings.
 2. Describe the difference between fi rst- 

and third-angle projection.
 3. Recall how to determine the number 

of views needed to describe fully the 
shape and size of an object.

  4. Describe how to locate multiple views 
on a  drawing.

 5. Describe how to create the various 
views of an object.

 6. List the steps to develop a multiview 
drawing using board drafting.

  Academic Integration
Mathematics

 7. Determine the vertical placement for an 
object with a height of 4″ and a depth of 
2.25″ for a working space of 10.50″ × 7″

 
To calculate vertical placement, add 

the height and depth of the object to 
fi nd the total vertical space needed to 
draw the front and top views. Subtract 
the result from the total vertical draw-
ing space.

 Drafting Practice 
These problems provide practice in visual-

izing and creating normal views of objects. 
Do not draw the pictorial views, and do not 
dimension the drawings.

 8. Draw the two views of the sanding 
block shown in Figure 6-25, and com-
plete the third (top) view. The block is 
.75″ × 1.75″ × 3.50″. Scale: Full size.

 9. Draw the front and top views of the 
step block shown in Figure 6-26. 
Complete the right-side view in its 
proper location. The step block is 
20 mm × 44 mm × 88 mm. The notch 
is 22 mm × 44 mm. Scale: Full size.

 
Figure 6-25 

1.00

1.00

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

 
Figure 6-26 

26

26
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Creating a Multiview Drawing 
Using CAD

6.2

Connect Connect the principles you learned in Section 6.1 to the CAD techniques discussed in 
this section to create multiview drawings.

Content Vocabulary
• wireframe • solid model

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

Graphic Organizer
Use a table like the one below to take notes about drawing views using CAD.

Drawing Views with CAD

Independent Views Using a solid Model

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

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

Academic Standards

  
English Language Arts

Apply knowledge of language structure and conventions to discuss text (NCTE 6)

Use information resources to gather information and create and communicate knowledge (NCTE 8)

  
Mathematics

Representation Students should use representations to model and interpret physical, social, and 

mathematical phenomena.

  
ADDA Section 14

Standards and Practices Listing (ASME Y14.3)

NCTE National Council of 
Teachers of English

NCTM National Council of 
Teachers of Math

ASME American Society of 
Mechanical Engineers

ADDA American Design 
Drafting Association

Industry Standards
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Creating Views 
Independently in CAD
How does CAD add effi ciency to creating 
views?

Although CAD techniques may differ in 
their approach from board drafting tech-
niques, it is important to keep in mind the 
basic drafting principles covered in the fi rst 
section of this chapter. Unless specifi cally 
stated otherwise, all drafting principles apply 
equally to board and CAD drawings.

One way to create a multiview drawing 
using a CAD system is to create the necessary 
views independently of each other. This pro-
cess occurs in two dimensions, and is much 
the same as for board drafting. However, CAD 
offers an effi cient method to create and align 
the views.

Laying Out the Views
To lay out a multiview drawing of the rod 

support shown in Figure 6-22 (Section 6.1) 
using CAD techniques, fi rst set up a drawing 
fi le (see Section 4.2). Be sure to set up Hidden, 
Centerline, and Object layers. You may also 
want to set the grid and snap to a convenient 
spacing. Determine the location of the views 
according to the instructions given earlier in 
this chapter. Then follow these steps:

1. With Ortho on, use vertical and horizon-
tal construction lines (XLINE) to block in 
the main object lines for the front view, 
as shown in Figure 6-27. Because con-
struction lines extend infi nitely, they also 

form the basis for the top and side views. 
Note: After you have placed the fi rst hor-
izontal or vertical construction line, you 
can use the OFFSET command to quickly 
place the other construction lines.

2. Add horizontal construction lines at the 
proper distances to fi nish blocking in the 
top view.

3. Add vertical construction lines at the 
proper distances to fi nish blocking in 
the right-side view. Figure 6-28A shows 
the appearance of the drawing when all 
construction lines are in place.

 
Figure 6-27

Use construction lines rather than regular lines to 
block in the front view. This provides the basis for 
the top and side views automatically.

 
Figure 6-28

(A) Finish placing the construction lines. 
(B) Visualize the three views before beginning the 
trimming operation. Trim away all parts of the 
lines except those shown in black. (C) The result 
of the trimming operation.
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4. Trim the construction lines to create the 
main object lines for all views. Note that 
this requires careful study of the rod sup-
port to determine the appropriate places 
to trim. Remember to trim between the 
views. Figure 6-28B shows the appro-
priate trimming operations for the rod 
support, and Figure 6-28C shows the 
result after trimming.

Adding Details
Add the holes and fi nish the views by 

following these steps:

1. Pick the interior line in the right-side 
view to select it. Then pick the Layer 
Control dropdown box at the top of 
the drawing area (or in some versions of 
AutoCAD, on the Dashboard), as shown 
in Figure 6-29, and pick the Hidden 
layer. This moves the line to that layer.

2. In the right-side view, use the OFFSET 
command to offset the top object line 
down by 1.00. Offset the left object line 
to the right by 1.25. These temporary 
lines will intersect at the correct position 
for the center of the circle that represents 
the hole. Refer again to Figure 6-22. Add 
the circle, using the intersection of the 
temporary lines as its center point. Then 
delete the temporary lines.

3. Use horizontal construction lines to 
determine the placement of the hid-
den lines that represent the circle on 
the front view. Use the Quadrant object 
snap to place the construction lines at 
the exact top and bottom of the circle 
in the right-side view (see Figure 6-30). 
Trim the construction lines to fi nish the 
hidden lines on both arms of the rod, 
and move them to the Hidden layer.

 
Figure 6-29 

The Layer Control dropdown box 
allows you to select a new current 
layer or change the layer of selected 
objects.

 
Figure 6-30

Construction lines drawn tangent to the exact 
top and bottom of the circle show the correct 
placement of the holes in the front view. Use the 
Quadrant object snap to snap to these points.

LINE and XLINE 
Commands

Lines created with AutoCAD’s LINE 
command have defi nite starting 
and ending points. Because of this, 
mathematically they are not lines at 
all. They are line segments.

Construction lines created using 
the XLINE command are true lines in 
the mathematical sense. Unlike lines 
created with the LINE command, they 
extend infi nitely in both directions. 
This characteristic makes them useful 
for laying out multiview drawings.  
Views are easier to align using con-
struction lines, and the construction 
lines can be edited to become parts 
of several diff erent views.
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4. In the top view, use the Midpoint object 
snap and LINE command to create a 
temporary line from the midpoint of the 
left side to the midpoint of the right side. 
This line places the center of the holes in 
the top view. Offset the line .50 above 
and below, as shown in Figure 6-31A. 
Trim the lines and change the linetype 
to hidden. Figure 6-31B shows the fi n-
ished hidden lines.

5. Use the centerline you created in step 4 
as a basis for the centerlines through the 
holes. Extend the line .50 on each end 

and trim the center of the line so that 
.50 extends past the inside of each arm. 
Select the centerlines and move them to 
the Centerlines layer. The fi nished top 
view is shown in Figure 6-31C.

6. Use a horizontal construction line 
through the center of the hole in the 
right-side view to place the centerlines 
in the front view. Trim the construction 
line and move it to the Centerlines layer 
to fi nish the centerlines for both holes.

7. Right-click any button on one of 
the  toolbars on the screen and pick 
Dimension from the list to open the 
Dimension toolbar. Pick the Center Mark 
button and select the hole in the right-
side view to create the centerlines for 
that view  (Figure 6-31D). Note: If only 
a center mark, or cross, appears, pick the 
Dimension Style button and modify the 
current dimension style to show “lines” 
for centers of circles.

 
Figure 6-31 

Transferring the circle to the top view

List  What are three characteristics of 
construction lines?

Creating Views from a 3D 
Model
How can a 3D model help to create 2D 
views?

Another way to create a multiview draw-
ing is to extract the necessary views from a 3D 
model. In AutoCAD, the two main types of 
3D models are wireframes and solid  models. 
A wireframe is similar to a physical model 
made of toothpicks—it has no interior. A
solid model is also a physical 3D model, but 
it has interior properties. Three- dimensional 
models exist within the CAD drawing fi le. 
A depth dimension (Z axis) is added to the 
width (X axis) and height (Y axis) of a two-
dimensional CAD drawing. Figure 6-32 illus-
trates the relationship of the Z axis to the X 
and Y axes. Because CAD programs allow you 
to rotate the model or change the point of 
view, you can create any view you need.
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Solid Models
AutoCAD includes a set of predefi ned solid 

models called primitives. All versions of the 
software contain at least the six primitives 
shown in Figure 6-33. By positioning two or 
more primitives together, many other com-
plex models can be created.

Solid primitives can be modifi ed using 
standard AutoCAD commands. You can use 
the COPY, MOVE, ROTATE, and SCALE com-
mands to manipulate and size them as needed. 
To erase a solid primitive, use the DELETE 
command.

Wireframe Models
To create a wireframe model, you can 

either use the THICKNESS command or enter 
the 3D coordinates using the keyboard. The 
THICKNESS command works with most 2D 
drawing commands and simply gives the 
objects a thickness, or depth. 

Extraction of the 2D Profi les
After you have created a model and have 

positioned it appropriately, you can use it to 
extract the views. These extracted views are 
known as profi les. Use the View pulldown 
menu to display the various profi les. These 
include all of the six basic views and four iso-
metric views. AutoCAD allows you to display 
more than one view on the screen.

To create the two-view drawing of the cyl-
inder shown in Figure 6-34, you would fi rst 
create the cylinder as a 3D wireframe or solid 
model. Then from the View pulldown menu, 
select two Viewports. This places two copies 
of the cylinder on the screen. Change the top 
viewport to the Top predefi ned view by selecting 
3D Views and then Top from the View menu. 
Then change the bottom viewport to the front 
view. This provides the multiview drawing. You 
can move the viewports around to place the 
views more precisely.

Using this method saves time because you
draw the object only once, no matter how 
many views you need. Also, the model itself 

 
Figure 6-32 

(A) Two-dimensional 
drawings use the 
X axis (horizontal) 
and the Y axis 
(vertical). (B) Three-
dimensional 
drawings use three 
axes. The third, 
called the Z axis, lies 
at 90° angles to both 
the X axis and the Y 
axis and is used for 
depth.

 
Figure 6-33 

AutoCAD’s six solid primitives
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can become a “pictorial view.” You can spec-
ify the viewing angle for the best pictorial rep-
resentation. Since the views and the pictorial 
are made from the same model, there can be 
no discrepancies between them.

In industry, solid models are often preferred 
over wireframes because of their fl exibility. 
They can be rendered to look almost like pho-
tographs (see Figure 6-35). This allows any-
one to visualize how an item will look when it 
is fi nished, which is helpful when marketing 
or promoting an item.

In addition, because they are “solid,” these 
models can have mass properties such as 

 
Figure 6-35 

A solid model created using a CAD program can be rendered to look realistic. In this case, a diff erent color has 
been used to render each material that will be used in the fi nal product.

Exploding a Solid 
Model

You will occasionally need to 
extract a wireframe drawing from 
an existing solid model. To do this, 
simply enter the EXPLODE command 
and select the solid model. The model 
becomes a wireframe automatically.

 
Figure 6-34 

You can easily create top and front views of 
the cylinder model on the left by changing to 
AutoCAD’s predefi ned Top and Front views.
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Section 6.2 Assessment
After You Read

 Self-Check
 1.  Develop a multiview drawing using 

CAD techniques.
 2. Explain the advantages of using solid 

models in CAD

  Academic Integration
English Language Arts

 3. Use the library or Internet to research 
the etymology or origin of the content 
vocabulary term orthographic. What are 
the word origins for ortho and graphic? 
How do these word parts suggest the 
meaning of orthographic projection? . 

 Drafting Practice 
Perform these drafting assignments using 

CAD techniques.

 4. Draw the two views of the sanding block 
shown in Figure 6-36, and complete 
the third (top) view. The block is .75″ × 
1.75″ × 3.50″. Scale: Full size. 

 5. Draw the front and top views of the step 
block shown in Figure 6-37. Complete 
the right-side view in its proper location. 
The step block is 20 mm × 44 mm × 88 
mm. The notch is 22 mm × 44 mm. Scale: 
Full size.

 
Figure 6-36 

 
Figure 6-37 

90°

.50

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

mass, volume, and moments of inertia. Engi-
neers can assign materials to a model and the 
CAD software will calculate the mass proper-
ties. Engineers can develop automation or 
animation programs that allow a model to be 
tested much like a physical prototype.

Finally, solid models can be used to generate 
prototypes and even products. Links between 
CAD software and computer-aided manu-
facturing (CAM) software allow information

from the solid model to drive the manufac-
turing equipment. Any changes to the solid 
model result in changes to the program-
ming instructions that are passed to the CAM 
software.

To make solid models, however, you must 
be able to think in three dimensions. Though 
this is something drafters do all the time, 
it takes practice to learn to work in all three 
dimensions at once.
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Section 6.1  
The views that make up multiview 
drawings are developed using the 
principles of orthographic projection. 
In fi rst-angle projection, the object is pro-
jected onto the planes from the fi rst angle, 
or quadrant. Third-angle projection uses the 
third quadrant, not the fi rst, for projection.
The number of views needed to describe 
an object completely depends on its shape 
and characteristics.
Multiview drawing represents an object 
on paper using views as seen from 
different positions. These views are then 
arranged in a standard order so that 
trained drafters can understand them.
Views are chosen based on an object’s 
characteristic view, its normal position, 
and the relative number of hidden lines in 
the views that are being considered.

•

•

•

•

•

Section 6.2  
Although CAD techniques may differ 
in their approach from board drafting 
techniques, all drafting principles apply 
equally to both. However, CAD has tools 
that add effi ciency to the processes.
One way to create a multiview drawing 
using CAD is to create the necessary views 
independently of each other. 
A second method for creating multiview 
drawings is to extract the necessary views 
from a 3D model.

•

•

•

Chapter Summary

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

Content Vocabulary
visualization (p. 185)
 implementation (p. 185)
multiview drawing (p. 185)
normal view (p. 185)

•
•
•
•

  orthographic projection 
(p. 186) 
fi rst-angle projection (p. 186)
 third-angle projection (p. 187)
 wireframe (p. 200)
 solid model (p. 200)

•

•
•
•
•

Academic Vocabulary
technical (p. 185)
 distorted (p. 185)
locate (p. 194)
offset (p. 199)

•
•
•
•

Review Key Concepts
 2. Defi ne orthographic projection.

3. Contrast fi rst- and third-angle projection.
4. Identify the six sides and six possible views that most objects have. 
5. Explain how to locate multiple views on a drawing according to accepted principles of drafting.
6. List the steps to create various views of an object. 
7. Summarize how to develop a multiview drawing using a drafting board.
8. Summarize how to develop a multiview drawing using CAD techniques.
9. Explain why some manufacturing companies prefer information from solid models rather 

than that from two-dimensional drawings.

Review and Assessment6
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 Technology
 10. Gaspard Monge and Descriptive 

Geometry
French mathematician Gaspard Monge was 

the inventor of descriptive geometry. What 
were Monge’s greatest achievements?  During 
what years did he live? What challenges did 
he overcome to complete his work? Write 
a two-page paper accurately summarizing 
Monge’s life and work. Gather and organize 
information from primary and secondary 
sources and write a report using your research. 
Be sure to cite sources properly when quoting. 

 11. Integrity and Honesty
For the past seven years, you have been 

a drafter for a small shop. You have made 
friends with many of your coworkers and 
clients. You are thinking about opening your 
own shop nearby, which would provide the 
same service. You believe there is enough busi-
ness to support another shop. Do you think 
it is fair to open a shop in direct competition 
with your current employer? Why or why not? 

 Mathematics
 12. Calculate Vertical and Horizontal 

Placement
Determine the vertical and horizontal spac-

ing needed for an object with a height of 4.5″, a 
width of 3.25″, and a depth of 2.75″. The work-
ing space is 10.50″ × 7″. 

  Apply appropriate techniques 

to determine measurements

To calculate vertical placement, add the 
height and depth of the object to fi nd the total 
vertical space needed to draw the front and 
top views. Subtract the result from the total 
vertical drawing space. To calculate the hori-
zontal placement, add the width and depth to 
fi nd the horizontal space needed to draw the 
front and right-side views. Subtract the result 
from the width of the drawing space.

Win 
Competitive 
Events

 13. Computer-Aided Drafting 
and Design

Organizations such as SkillUSA 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 Use CAD software to create 
multiview drawings of an object you use 
at school. An example might be a writ-
ing instrument, a book, or a desk. Be sure 
your drawing is drawn to scale. 

True/False Questions
Directions Read each 
statement and determine 
whether the statement is 
true or false.
 1. The three most often-used views for a 

multiview drawing are known as the 
normal views. 

T
F

 2. Technical drawings describe two-
dimensional objects using three 
dimensions on a fl at surface.

T
F

TEST-TAKING TIP

If you do not know the answer to a ques-
tion, make a note and move to the next 
question. Come back to it later, after you 
have answered the rest of the questions. 

Prep 
For 

Go to glencoe.com for this book’s 
OLC for more information about 
competitive events.
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Problems6

 
2.

  
Draw the top and right-side views of 
the rod support shown in Figure 6-39. 
Complete the front view. The overall 
sizes are 2.00″ square × 3.50″. The bot-
tom and ends are .50″ thick. The holes 
are 1.00″ square and are centered on the 
upper portions. Allow 1.00″ between 
views. Scale: Full size.

Drafting Problems
The problems in this chapter can be performed using board drafting 

or CAD techniques. The problems within each part are presented in 
order of diffi culty, from least to most diffi cult.

Problems 1 through 5 provide practice in visualizing and creating 
normal views of objects. Do not draw the pictorial views, and do not 
dimension the drawings.

 
Figure 6-38 

1.
 
Draw the front and top views of the 
slide shown in Figure 6-38. Complete 
the right-side view in its proper location. 
The overall size is 2.12″ square × 3.75″. 
The slots are .38" deep and .50" wide. 
Allow 1.00" between views. Scale: Full 
size.

 
Figure 6-39 
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3.
  
Draw the front view of the cradle shown 
in Figure 6-40. Complete the top 
view in the proper shape and location. 
Height = 50 mm; width = 150 mm; 
depth = 58 mm; base = 12 mm thick; 
A = 76 mm; B = 26 mm. Allow 26 mm 
between views. Scale: Full size.

4.
  
Draw the top view of the spacer shown 
in Figure 6-41. Complete the front 
view. Base = 2.50″ × 1″; top = Ø1.50″ 
× .75″; hole = Ø1.00″. A vertical sheet 
will permit a larger scale. Allow 1.00″ 
between views. Scale: As assigned.

 
Figure 6-41 

 
5.

  
Draw the front view of the strap shown 
in Figure 6-42. Complete the top view 
in the proper shape and location. Allow 
1.00″ between views. Overall width is 
6.00″. Scale: Full size.

 
Figure 6-40  

Figure 6-42 

 
Figure 6-43 

  
Problems 6 through 11 are two- and 
three-view problems. Each problem 
has one view missing. Draw the view or 
views given and complete the remaining 
view in the proper shape and location. 
Scale: Full size or as assigned.

 
6.

  
Stop. See Figure 6-43. W = 5.00″; H = 
2.00″; D = 2.00″; base = 1.00″ × 2.00″ × 
5.00″; part = .75″ × 1.00″ × 3.00″.

METRIC
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9.

  
Saddle. See Figure 6-46. W = 140 mm; 
D = 50 mm; H = 56 mm; material thick-
ness = 12 mm; hole = Ø26 mm.

7.
  
Link. See Figure 6-44. W = 7.50″; D =
2.50″; H = 1.25″; holes = Ø1.06″.

8.
  
Angle bracket. See Figure 6-45. W =
5.00″; D = 2.00″; H = 2.25″; material 
thickness = .50″; holes = Ø1.00″.

 
Figure 6-44 

 
Figure 6-45 

 
Figure 6-46 

 
10.

  
Spacer. See Figure 6-47. W = 6.50″; D =
3.25″; thickness = 1.00″; holes = Ø2.38″ 
and Ø.75″; A = R.75″.

 
Figure 6-47 

METRIC
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11.
  
Dovetail slide. See Figure 6-48. W = 
4.25″; D = 2.50″; H = 2.00″; base thick-
ness = .75″; upright thickness = 1.25″; 
holes = Ø.62″; A = .50″; B = .50″; CD = 
1.50″; DE = .75″.

 
13.

  
Dovetail slide. See Figure 6-50.

 
Figure 6-48 

  
For problems 12 through 22, create two- 
or three-view drawings of the objects 
shown. Do not draw the pictorial views, 
and do not dimension the drawings.

12.
  
Stop. See Figure 6-49.

 
Figure 6-49 

 
Figure 6-50 

 
14.

  
Slide. See Figure 6-51.

 
Figure 6-51 
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15.
  
Pivot arm. See Figure 6-52.

 
17.

  
Edge protector. See Figure 6-54.

 
Figure 6-52 

16.
  
Shaft support. See Figure 6-53.

 
Figure 6-53 

 
Figure 6-54 

 
18.

  
Socket. See Figure 6-55. A = Ø50.5 
mm × 7 mm; B = 38 mm; C = 25.2 × 17 
mm long with Ø13 mm hole through; 
slots = 4.5 mm wide × 8 mm deep; D =
Ø6 mm, 4 holes equally spaced.

 
Figure 6-55 

METRIC
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19.
  
Cam. See Figure 6-56. A = Ø2.62″; B = 
Ø1.25″, 1.75″ counterbore .25″ deep on 
both ends; C = 2.12″; D = R.56″; E = 
1.75″; F = .88″.

 
21.

  
Pipe support. See Figure 6-58. AB =
8.00″; BC = 4.00″; AD = .75″; E = 3.88″
centered; F = Ø2.75″ × 2.25″ long; G =
Ø2.23″ hole through centered; slots =
1.00″ wide centered.

 
Figure 6-56 

20.
  
Camera swivel base. See Figure 6-57. AB 
= 40 mm; AC = 38 mm; BD = 5.5 mm; 
BE = 20 mm; EF = 45 mm; H = R12 mm; 
G = Ø10 mm; J = 6 mm. Boss: K = Ø24 
mm × 9 mm long; L = Ø28 mm × 4 mm 
long; hole = Ø12 mm × 14 mm deep; 
counterbore = 18 mm × 3 mm deep.

 
Figure 6-57 

 
Figure 6-58 

 
22.

  
Angle plate. See Figure 6-59. AB = 6.00″; 
BC = 6.50″; AD = 9.75″; DE = 1.00″; CF 
= 1.00″; G = Ø.75″, 2 holes; EH = 2.00″; 
EJ = 2.50″; FL = 1.12″; LO = 2.00″; FM = 
1.50″; MN = 2.50″; P = 1.12″; K = Ø.50″, 
8 holes.

 
Figure 6-59 
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For problems 23 through 25, draw all 
necessary views of the objects shown. Do 
not draw the pictorial views, and do not 
dimension the drawings.

23.
  
Knife rack. See Figure 6-60. Back is 
.50″ × 9.00″ × 18.00″. Front is 1.50″ ×
7.00″ × 10.00″ with 30° bevels on each 
end. Slots for knife blades are .12″ wide ×
1.00″ deep. Grooves on front are .12″
wide × .12″ deep. Estimate all sizes not 
given. Scale: Half size.

 
24.

  
Mini sawhorse. See Figure 6-61. Top 
rail is 2.00″ × 4.00″ × 24.00″. Legs are cut 
from 2.00″ × 12.00″ stock, 14.50″ long. 
Scale: ¼″ × 1″. 

 
Figure 6-60 

 
Figure 6-61 

 
25.

  
Note-paper box. See Figure 6-62. All 
stock is 6 mm thick. AB = 168 mm, BC 
= 118 mm, BD = 24 mm, DE = 12 mm, 
F = 6 mm, GH = 38 mm. Initial inlay is 
optional. Scale: Full size or as assigned.

 
Figure 6-62 

METRIC
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Design Problems
Designing new or improved products requires creativity, problem-solving 

skills, and drafting skills to communicate the new ideas to other members of 
the team. The following problems provide practice to help you improve these 
important skills. Use board or CAD techniques to present your designs.

 
Figure 6-63

2.
  
Design a knife rack similar to the one 
shown in Figure 6-60. Design it to sit on 
a counter or table rather than hang on 
the wall. Draw all necessary views and 
specify the materials from which it is to 
be made.

Teamwork

3.
  
Design a shelf to hold sport trophies. The 
shelf should hang on a wall and should 
be able to support at least three trophies. 
Draw all necessary views and specify 
the materials from which it is to be 
made. Dimension all views using  metric 
measurements.

Challenge Your Creativity

1. Design a tic-tac-toe board similar to the 
one shown in Figure 6-63 to use golf 
tees. Devise a convenient way to store 
the golf tees with the board. Draw all 
necessary views.

Teamwork

 
4.

  
Design a rack to support a book on a 
table or counter. The rack should support 
books at a convenient angle for reading. 
Draw all necessary views and specify the 
materials from which it is to be made.

 
5.

  
Design a storage case for CDs or DVDs. 
The case should be able to hold up to 50 
of the “jewel cases” in which CDs and 
DVDs are commonly sold. Draw all nec-
essary views and specify the materials 
from which it is to be made.

6.
 
 Some curved surfaces are not easy to draw 
and describe. For example, think about 
the curves on a modern sports car. How 
would you create the curves in the body 
style accurately? Actually, many types of 
curved surfaces can be described math-
ematically, and most CAD programs are 
capable of creating these surfaces. The 
two most common classifi cations are 
analytic surfaces and non-analytic surfaces. 
Research curved surfaces and write a 
paper on the differences between analytic 
and non-analytic surfaces. In your paper, 
include defi nitions of the following 
terms: NURBS, B-spline, Gordon, Bezier, 
mesh, and Coons patch.

7.
 
 Find out which CAD packages can create 
one or more of the surface types listed in 
the previous problem. Give a class demon-
stration on how to create a non-analytic 
surface model using the CAD software of 
your choice. Identify the control points 
for the surface and show how to edit the 
position of a control point. Show how 
adding and removing control points can 
change the shape of the surface.

Problems    213
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