
8 Sectional Views

Chapter Objectives
Describe the purpose 
of a sectional view.
Identify the differ-
ent types of sectional 
views.
Identify symbols 
used in sectioning.
Use the correct tech-
niques for section 
lining.
Identify features that 
are not sectioned.
Explain section-
ing techniques that 
increase effi ciency.
Prepare a drawing 
with sectional views 
using board-drafting 
and CAD techniques.

•

•

•

•

•

•

•

Section 8.1 
Types of Sectional 
Views

Section 8.2  
Techniques for 
Sectioning

Hip Hop at the Rock and Roll 
Hall of Fame Courtney Sloane’s 
aesthetic connection with the 
hip hop movement made her 
the obvious choice to design the 
Hall of Fame’s exhibit celebrating 
hip hop’s 20th anniversary. What 
design elements would you use?
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Drafting Career

Do you ever wonder who designs those beauti-
ful rooms you see in House Beautiful and Seventeen? 
Courtney Sloane is one of these designers, called 
“Interior Designers.” “Living spaces and work areas 
should read like an engaging novel,” she says. “Every 
room should tell a different story, and each threshold 
should invite new and exciting twists while main-
taining continuity.”

 
Sloane’s award-winning studio produces dynamic 

environments that tell stories for clients  including 
Academy Award-nominated Queen Latifah and 
Sean “Diddy” Combs. Of her work at Sony Music’s 
Manhattan recording studio and soundstage, Andy 
Kadisen of Sony says her “willingness to take risks, 
her creative eclecticism, responds to our needs.”

Academic Skills and Abilities
English
Math
Social science
Science
Fine arts
Computer-aided design

Career Pathways
A bachelor’s degree followed by a one- to three-

year apprenticeship is recommended for entry-level 
positions. Some states register or license interior 
designers; to take their eligibility exam, applicants 
must have at least six years of combined education 
and experience.

•
•
•
•
•
•

Go to glencoe.com for this book’s OLC to learn more 
about Courtney Sloane.

Courtney Sloane, Interior Designer
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Preview Sectional views of hidden details add clarity; How can a drawing show these details?

Content Vocabulary
• cutting plane
• section lining
• crosshatching

• full section
• off set section
• half section

• broken-out section
• revolved section
• removed section

• auxiliary section
• phantom section
• aligned section

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

Graphic Organizer

Use a chart like the one below to organize your notes about sectional views.

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

Types of Sectional Views8.1

Sectional Views

Types Special Cases

Academic Standards

     
Mathematics

Number and Operation Understand numbers, ways of representing numbers, 

relationships among numbers, and number systems (NCTM)

English Language Arts

Students should read a wide range of print and non-print texts to acquire new information (NCTE)

  
ADDA Section 15

Standards and Practices Listing (ASME Y14.3M)

Industry Standards

NCTE National Council of 
Teachers of English

NCTM National Council 
of Teachers of 
Mathematics

ADDA American Design 
Drafting Association

ASME American Society of 
Mechanical Engineers
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ARROW SHOWS
DIRECTION OF
SECTIONAL
VIEW

CUTTING PLANE
LINE

CUT SURFACE IS SHOWN BY SECTION LINES

A

CB

 
Figure 8-1 

(A) When an object’s 
internal structure is 
complex, hidden lines 
become confusing 
or hard to read. 
(B and C) A sectional 
view provides a much 
clearer description 
of the inside of the 
object.

Understanding Sectional 
Views
How can a drafter show interior features of 
an object?

Technical drawings must show all parts of 
an object, including the insides and other 
parts not easily seen. Such details can be 
drawn with hidden lines, but this method
works well only if the hidden part has a sim-
ple shape. If the shape is complicated, the hid-
den lines can be confusing (see Figure 8-1A). 
In these cases, a special view called a section, 
or sectional view, should be drawn. A sectional 
view shows an object as if part of it were cut 
away to expose its insides  (see Figure 8-1B). 

To best understand sectional views, imag-
ine that a wide-blade knife has cut through an 
object. Call the path of this knife a cutting 
plane. Then imagine that everything in front 
of the cutting plane has been removed so that 
the cut surface and whatever is inside can 
be seen (see Figure 8-1B). On a normal view, 
a special line called a cutting-plane line shows 
where the cutting plane passes through the 
object (see Figure 8-1C). On the sectional 
view, the cut surface is marked with thin, 
evenly spaced lines, known as section lining
or crosshatching.

The basic section lining pattern that uses 
thin, evenly spaced lines is used in most 
cases. It is a general-purpose symbol used for 
objects made of any material. It is used espe-
cially when only one kind of material need be 
shown, such as on a drawing of a single part. 

Section lining symbols are provided by 
ASME to indicate specifi c materials for a sec-
tioned object (see Figure 8-2). Under this 
system, the general-purpose symbol can also 
mean that an object is made of cast iron. 
These special symbols are most useful on a 
drawing that shows several objects made of 
different materials. However, do not depend 
on these symbols alone to describe the mate-
rials to be used. Specify the exact materials 
needed in a note or in a list of materials. 

The Cutting-Plane Line
The cutting-plane line represents the edge 

view of the cutting plane (see Figure 8-3). 
ASME specifi es two forms for cutting-plane 
lines, as shown in Figure 8-4. The fi rst form 
is more commonly used. The second shows 
up well on complicated drawings. At each 
end of the line, draw a short line with an 
arrow to show the direction for looking at the 
section. Draw the arrows at right angles to the 
line. Place bold capital letters at the corners as 
shown, if needed to reference the section.
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CAST IRON AND 
MALLEABLE IRON. ALSO 
FOR GENERAL USE 
FOR ALL MATERIALS

BRONZE, BRASS,
COPPER, AND
COMPOSITIONS

CORK, FELT, FABRIC,
LEATHER, FIBER

RUBBER, PLASTIC,
ELECTRICAL 
INSULATION

MAGNESIUM, 
ALUMINUM
AND ALUMINUM 
ALLOYS

ELECTRIC WINDINGS,
ELECTROMAGNETS,
RESISTANCE, ETC.

FIREBRICK AND
REFRACTORY MATERIAL

THERMAL INSULATIONSOUND INSULATION

EARTH

ROCK

CONCRETE MARBLE, SLATE,
GLASS, PORCELAIN,
ETC.

BRICK AND STONE
MASONRY

WOOD ACROSS GRAIN
WOOD WITH GRAIN

WATER AND
OTHER LIQUIDS

SAND THIN PARTS

WHITE METAL, 
ZINC, LEAD, BABBITT,
AND ALLOYS

STEEL

EDGE VIEW OF
CUTTING PLANE

.06"
1.5 mm

.75" TO 1.50"
20 TO 40 mm

.12"
3 mm

.25"
6 mm

.06"
1.5 mm

NOTE: ALL SIZES ARE ESTIMATED, NOT MEASURED.

A A

B B

 
Figure 8-2 

ASME symbols for section lining

A cutting-plane line is not needed when 
it is clear that the section is taken along an 
object’s main centerline or at some other 
obvious place. See Figure 8-5 for an example 
of a symmetrical object in which the center-
line serves as the cutting-plane line.

Sections Through Assembled 

Pieces
If a drawing shows more than one piece in 

section, place the section lines in a different 
direction on each piece using common angles 
of 30°, 45°, or 60° (see Figure 8-6). Avoid using 
horizontal or vertical section lining. Remem-
ber, however, that any piece can show several 
cut surfaces. Make sure that all cut surfaces of 

 
Figure 8-3 

The cutting-plane line represents the edge view 
of the cutting plane.

 
Figure 8-4 

ASME-specifi ed 
cutting-plane lines
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TOP VIEW

FRONT VIEW

BRACKET WITH CUTTING PLANEBRACKET 

FRONT OF BRACKET
MOVED AWAY TO
EXPOSE CUT SURFACE

D

A B C

TOP VIEW

FRONT FULL-SECTIONAL VIEW

E

any one piece have section lines that go in the 
same direction, as shown in Figure 8-6.

 
Identify Why are diff erent section lining 
patterns sometimes used in drawings?

Types of Sectional Views
How does a drafter know where to place 
the cutting plane?

Sectional views can be drawn in different 
ways to make the internal features as clear as 
possible while keeping the drawing  simple. 

The various types of sectional views are 
described here.

Full Sections
A full section is a sectional view that 

shows an object as if it were cut completely 
across from one end or side to the other (see 
Figure 8-7). Such views are usually just called 
sections. The vertical section—a full  section 
taken from an object’s vertical or front view—
and the profi le section—a full section taken 
from an object’s profi le view (see Figures 8-8 
and 8-9, respectively)—are the two most com-
mon types of full sections.

 
Figure 8-6 

When a sectional view contains more than one 
assembled piece in section, the section lines 
must be drawn at diff erent angles for each piece.

 
Figure 8-7 

Full section

 
Figure 8-5

A centerline may be 
used to represent a 
cutting-plane line.
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B

B

B

B

VIEW OF BEARING FLANGE

TOP VIEW 

FRONT VIEW 

TOP VIEW 

OFFSET-SECTIONAL VIEW 

FLANGE WITH CUTTING PLANE

FRONT OF FLANGE 
MOVED AWAY 
TO EXPOSE CUT SURFACE

A B
C

ED

A

AA A

 
Figure 8-8

Vertical section

 
Figure 8-9

Profi le section

Off set Sections
The cutting plane of a section is usually 

taken straight through the object. However, it 
can also be offset, or shifted, to show a detail 
or avoid a part. See Figure 8-10 for this type 
of section, known as an offset section. The 
cutting plane in this fi gure is offset to pass 
through the two bolt holes. If it were not, the 
bolt holes would not show in the sectional 
view. Show an offset section by drawing it on 
the cutting-plane line in a normal view.

 
Figure 8-10

Off set section

Half Sections
A half section is one-half of a full 

 section. While a full section shows the object 
as if half has been cut away, a half section 
shows one-quarter cut away.  Imagine that 
two cutting planes at right angles to each 
other slice through the object as shown 
in Figure 8-11A through Figure 8-11C. 
Figure 8-11D shows the object’s exterior (not 
in section). The half section shows one-half of 
the front view in  section (see Figure 8-11E).
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TOP VIEW

VIEW OF DOUBLE PACKING GLAND GLAND WITH CUTTING PLANE PART OF GLAND MOVED
AWAY TO EXPOSE  CUT SURFACE

FRONT VIEW

D

A B C

TOP VIEW

FRONT VIEW WITH BROKEN-OUT SECTION

E

ONE QUARTER MOVED AWAY
TO EXPOSE CUT SURFACE

PACKING GLAND WITH 
CUTTING PLANE

VIEW OF PACKING GLAND 

TOP VIEW

FRONT VIEW

B CA

D

TOP VIEW

FRONT VIEW

E

 
Figure 8-11

Half section

Half sections are useful when drawing a sym-
metrical object. Both the inside and the out-
side can be shown in one view. Use a centerline 
where the exterior and half-sectional views meet 
because the object is not actually cut. In the top 
view, show the complete object because no part 
is actually removed. If the direction of viewing is 
needed, use only one arrow (see Figure 8-11E). In 
the top view of Figure 8-11E, the cutting-plane 

line could have been left out, because there is no 
doubt where the section is taken.

Broken-Out Sections
A view with a broken-out section shows 

an object as it would look if a portion of it 
were cut partly away by a cutting plane and 
then “broken off” to reveal the cut surface and 
insides (see Figure 8-12). This view shows 

 
Figure 8-12

Broken-out section
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MOST COMMON METHOD

A

OTHER ACCEPTABLE METHODS

B

B

LENGTH

51.62

PARALLEL (SAME SLOPE)

A

some inside detail without drawing a full or 
half section. Note that a broken-out section is 
bounded by a short break line drawn freehand 
with the same thickness as a visible line.

Revolved Sections
Think of a cutting plane passing through 

part of an object, as shown in Figure 8-13A. 
Now think of that cut surface as revolved 90°, 
so that its shape can be seen clearly, as shown 
in Figure 8-13B. The result is a revolved 
section (also called a rotated section).

Use a revolved section when the part is long 
and thin and when its shape in cross section 
is the same throughout, as in Figure 8-14. 
In such cases, the view may be shortened, but 
the full length of the part must be given by a 
dimension. This lets you draw a large part with 
a revolved section in a shorter space.

Removed Sections
When a sectional view is taken from 

its normal place on the view and moved 
somewhere else on the drawing sheet, the 
result is a removed section. Because the 
removed  section is easier to understand when 
 positioned to appear in its normal place on the 
view, it cannot be rotated in just any  direction. 
See Figure 8-15 for correct and incorrect ways 

to position removed sections. Use bold letters 
to identify a removed section and its corre-
sponding cutting plane on the regular view.

A removed section can be a sliced section 
(the same as a revolved section), or it can 
show additional detail visible beyond the cut-
ting plane. You can draw it at the same scale 
as the regular views or at a larger scale to show 
greater detail.

Auxiliary Sections
When a cutting plane passes through the 

object at an angle (see Figure 8-16A), the 
resulting sectional view is called an auxiliary 
section, and it is drawn like any other auxiliary 
view. Auxiliary views are discussed in Chapter 9.

On typical working drawings, only the aux-
iliary section is shown on the cut surface. How-
ever, if needed, other background features or 
parts beyond the auxiliary cutting plane may be 
shown. In Figure 8-16B, notice that the auxil-
iary section contains hidden lines. It also con-
tains three incomplete views.

Phantom Sections
A phantom section, also called a hidden 

section, shows in one view both the inside 
and the outside of an object that is not sym-
metrical. Figure 8-17 shows an object with a 
circular boss on one side. Because the object is 
not symmetrical, the inside cannot be shown 
with a half section, so a phantom section is 
used instead.

 
Figure 8-13

Revolved section

 
Figure 8-14

Revolved sections in long parts
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A

A

B

B

C

C

D

D

E

E

SECTION A–A

SECTION 
A–ASECTION B–B

SECTION 
B–B

SECTION C–C

SECTION
 C–C

SECTION D–D

SECTION
 D–D

SECTION E–E

SECTION
 E–E

CORRECT INCORRECT

A

AUXILIARY
SECTION

B

AUXILIARY
SECTION

A A

SECTION A-A

 
Figure 8-15

Correct and incorrect positions of 
removed sections

 
Figure 8-17

Phantom section

 
Describe When should a revolved section 
be used?

Special Cases 
What parts of an object are usually not 
sectioned?

Sometimes drafters make exceptions to gen-
eral sectioning rules, and these exceptions 
have become standard practice. For example, 
although showing hidden lines in a section 
view is undesirable, it is allowed in special cases 
to improve accuracy and clarity.

 
Figure 8-16

Auxiliary sections
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RIB

POOR PRACTICE
SECTION THROUGH RIB

A

RIB

RIB

PREFERRED
CONVENTIONAL SECTION 

B

WEB

CORRECT INCORRECT

A B

PREFERRED
HIDDEN LINES
NOT SHOWN

POOR PRACTICE!

Ribs and Webs in Section
Ribs and webs are thin, fl at parts of an 

object that are used to brace or strengthen 
another part of the object. Often a true sec-
tion of the object that contains ribs or a web 
 structure does not appear to describe the part. 
For example, the section in  Figure 8-18A
would give the idea of a very heavy, solid 
piece, which does not truly describe it. There-
fore, when a cutting plane passes through a rib 
or web parallel to the fl at side, section lining 
is not drawn for that part. See Figure 8-18B. 

Think of the plane passing just in front of 
the rib.

If a cutting plane passes through a rib, a 
web, or any other thin, fl at part at right angles 
to the fl at side, draw in section lines for that 
part. Figure 8-19 shows an example.

Hidden and Visible Lines
Do not draw hidden lines on sectional 

views unless they are needed for dimension-
ing or for clearly describing the shape. In 
Figure 8-20A, a hub is described clearly 

 
Figure 8-18

Ribs in section

 
Figure 8-19

Web in section

 
Figure 8-20

Omit hidden lines when not 
needed for clarity.
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CORRECT
A

B C

1
2

3
4

5

1 2 3 4 5

INCORRECT

RIB

A

B

RIB SHOWN BY ALTERNATE
SECTION LINING

using no hidden lines. Compare it with the 
incorrectly drawn section in Figure 8-20B. 
On sectional assembly drawings or sectional 
views of how parts fi t together, hidden lines 
are generally omitted. This keeps the drawing 
from becoming cluttered and diffi cult to read 
(see Figure 8-21). Sometimes a good way to 
avoid using hidden lines is to draw a half sec-
tion or partial section.

In a sectional view, you should normally 
include all lines that would be visible on or 
beyond the plane of the section. In Figure 8-22, 
for example, the section drawing in part A cor-
rectly includes the numbered lines, which match 
the lines on the drawing in part B. A drawing 
without these lines, as shown in part C, would 
have little value.

Alternate Section Lining
Alternate section lining is a pattern made by 

leaving out every other section line. It can be 
used to show a rib or another fl at part in a sec-
tional view when that part otherwise would not 
show clearly. In Figure 8-23A, an eccentric 
piece is drawn in section. (An eccentric piece is 
one that has two or more circular shapes that 
do not use the same centerlines.) A rib is visible 
in the top view, but in the sectional view, it is 
not shown by any section lining.

The omission of section lining is standard 
practice with a fl at part such as a rib. There 
are no visible lines to represent the rib either, 

because its top and bottom are both even with 
the surfaces they join. In fact, without the top 
view, you might not know that the rib was 
there. A drawing of an eccentric piece without 
a rib would look exactly the same. This prob-
lem is solved in Figure 8-23B, where alter-
nate section lining is used with hidden lines 
to show the extent of the rib.

 
Figure 8-22

Show all visible lines beyond the sectioned 
surface.

 
Figure 8-23

Alternate section lining

 
Figure 8-21

Omit hidden lines to keep the drawing from 
becoming confusing.
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BUTTON
HEAD

NUT

STUD

STUD BOLTRIVETS

CONE
HEAD

ROUND TOP
  COUNTERSUNK
     HEAD

BALL BEARING

SHAFT

SHAFT
BREAK

BALL 

SPOKE

PHANTOM LINES REPRESENT
GEAR TEETH

GEAR TOOTH

Other Parts Usually Not 

Sectioned
Do not draw section lines on spokes and gear 

teeth when the cutting plane passes through 
them. Leave them as shown in  Figure 8-24. In 
addition, do not draw section lines on shafts, 
bolts, pins, rivets, or similar items when the 
cutting plane passes through them lengthwise
(through the axis) as in  Figure 8-25. These 
objects are not sectioned because they have 
no inside details. Also, sectioning might give 
a wrong idea of the part. However, when such 
parts are cut across the axis, they should be sec-
tioned (see Figure 8-26). The sectional assem-
bly in Figure 8-27 shows names and drawings 
of other items that should not be sectioned.

 
Identify What kinds of parts are usually not 
sectioned?

Rotated Features in Section
A section or an elevation (side, front, or rear 

view) of a symmetrical piece can sometimes 
be diffi cult to read if drawn in true projection. 
See Figure 8-28A for the true projection of a 
symmetrical piece with ribs and lugs. Notice 
that the true shapes of the ribs and lugs are 
not shown. When drawing such a view, 

 
Figure 8-26

Section bolts, screws, rivets, and similar parts 
are sectioned when the cutting plane cuts 
across the axis.

 
Figure 8-25

Shafts, bolts, screws, rivets, and similar parts are 
usually not sectioned if the cutting plane passes 
through them lengthwise (along the axis).

 
Figure 8-24

Spokes and gear teeth should not be sectioned.

 follow the example in  Figure 8-28B. In this 
 drawing, the ribs and lugs have been rotated 
on the vertical axis until they appear as mirror 
images of each other on either side of the cen-
terline. Their true shape is now shown. Note 
that only the parts that extend completely 
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REVOLVED
SECTION

REVOLVED
SECTION

BROKEN-OUT
SECTIONKEY

PIN

PIN

SETSCREW

RIB

RIB

RIVET

NUT

SHAFT

STUD

BREAK (GROUND SECTION)

A

B

TRUE PROJECTION
(POOR PRACTICE)

CONVENTIONAL PRACTICE
(PREFERRED)

 
Figure 8-27

Examples of features not sectioned

around the vertical axis are drawn with sec-
tion lining. See Figure 8-29 for another 
example in which the lugs are rotated to show 
true shape. Note that they are not drawn with 
section lines.

 
Figure 8-28

Some features should be rotated to show true 
shape.

 
Figure 8-29

Do not section lugs.

When the section passes through spokes, 
do not draw section lines on the spokes. Leave 
them as shown in Figure 8-30A. Compare 
this drawing with the section drawing for a 
solid web in Figure 8-30B. It is the section 
lining that shows that the web is solid rather 
than made with spokes.

When drawing a section or elevation of 
a part with holes arranged in a circle, follow 
the preferred example in Figure 8-31. In this 
example, the holes have been rotated for the 
section drawing until two of them lie squarely 
on the cutting plane. These views then show 
the true distance of the holes from the center, 
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POOR PRACTICEPREFERRED

DIA DIA

A

B

whereas a true projection would not. This is 
often called an aligned section.

Rotating features in drawings is very use-
ful when you want to show true conditions or 
distances that would not show in a true pro-
jection. Moreover, for some objects, only part 

of the view should be rotated, as shown by 
the bent lever in Figure 8-32.

Conventional Breaks, Symbols, 

and Intersections
Conventional breaks and symbols are used to 

show that a uniform part of a very long object 
has been cut out of the  drawing. This makes
some details easier to draw and easier to 
understand. See Figure 8-33 for examples 
of long, evenly shaped objects whose parts 
have been broken out in the drawing. Using 
a break lets you draw a view in a larger scale. 
Because the break shows how the part looks 
in cross section, an end view usually need not 
be drawn. Give the length by a dimension. 
Board drafters usually draw the symbols for 
conventional breaks freehand. However, on 
larger drawings, they often draw conventional 
breaks with instruments to give a neat appear-
ance. In CAD, polylines are used for breaks. 
See Figure 8-34 for breaks drawn for cylin-
ders and pipes.

Intersections in Section
In this discussion, an intersection is a point 

where two parts join (see Figure 8-35). Draw-
ing a true projection of an intersection is diffi -
cult and time consuming. Also, such accuracy 
of detail is of little or no use to a print reader. 
Therefore, approximated or conventional sec-
tions are usually drawn (see Figure 8-36).

 
Figure 8-32

Rotation of a part of a view to show true shape

 
Figure 8-31

Preferred and poor practice for showing holes

 
Figure 8-30

A section through spokes

278    Chapter 8  Sectional Views



RECTANGULAR

SOLID ROUND

RECTANGULAR WOOD ROPE OR CABLE

PIPE OR TUBING

PIPE OR TUBING

LONG BREAK

PICTORIAL BREAK STRUCTURAL SECTIONS

ROLLED SHAPES

CHAIN

1
2
3

1
3 R

30°

R

SOLID ROUND

1

2

1
2 R

30°
R

PIPE OR  TUBING

30° 30°

 
Figure 8-33

Conventional breaks and 
symbols

 
Figure 8-34

Drawing the break 
symbols for cylinders 
and pipes
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TRUE
PROJECTION

USE CIRCLE
TEMPLATE TO
APPROXIMATE
ARCS

CONVENTIONAL PRACTICE
PREFERRED

Section 8.1 Assessment
After You Read

 Self-Check

 1. Explain the purpose of a sectional view.
 2. List and describe the different types of 

sectional views.
 3. Identify symbols used in sectioning.
 4. Explain how to use the correct tech-

niques for section lining.
 5. Identify features that are not sectioned.

  Academic Integration
English Language Arts

 6. Section 8.1 discussed nine types of sec-
tional views. Choose a sectional view 
and create a poster for your class that 
illustrates the view. Your poster should 
include a label that shows which view 
you have chosen, its defi nition, and a 
drawn example.

 Drafting Practice 
 7. Make a two-view drawing of the col-

lar shown in Figure 8-37. Draw a full 
section.

 
Figure 8-37 

O

O
O

O

2.50.50

5.00

7.00

5.50

.75

10.50
12.00

R.25

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

 
Figure 8-35

Intersecting parts

 
Figure 8-36

Approximated and conventional sections
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Techniques for Sectioning8.2

 

Connect Some special techniques are available for more effi  ciently creating sectional views. 
How do these techniques save a drafter time and eff ort?

Content Vocabulary

• hatching • associative hatch

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

Graphic Organizer
Use a chart like the one below to organize notes about sectioning.

Sectioning Techniques

Board Drafting: CAD:

1. ___________________ 1. ___________________

2. ___________________ 2. ___________________

3. ___________________ 3. ___________________

4. ___________________ 4. ___________________

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

Academic Standards

  
English Language Arts

Apply a wide range of strategies to comprehend, interpret, evaluate, and appreciate texts (NCTE) 

  
Mathematics

Specify locations and describe spatial relationships using coordinate geometry and other 

representational systems (NCTM)

  
ADDA Section 15

Standards and Practices Listing (ASME Y14.3M)

NCTE National Council of 
Teachers of English

NCTM National Council 
of Teachers of 
Mathematics

ADDA American Design 
Drafting Association

ASME American Society of 
Mechanical Engineers

Industry Standards
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.10
.06

.12

Board-Drafting 
Techniques
What board-drafting techniques can be 
used to effi ciently draw sectional views?

Creating a sectional view using board-drafting 
techniques is similar to creating any other type 
of view. However, because section lining must 
be drawn, creating one can become very time-
consuming. Techniques to help you create good 
sectional views with minimal effort and drawing 
time are discussed next.

Section Line Spacing
Section lines are spaced close together or far 

apart, depending on how much space must be 
fi lled (see Figure 8-38). According to ASME, 
section lines can be spaced from about .03″ (1.0 
mm) to .12″ (3.0 mm) apart. However, they must 

 
Figure 8-38 

Space section lines by eye. The distance between 
section lines varies according to the size of the 
space to be sectioned.

be evenly spaced, and they are usually slanted at 
a 45° angle. The drawing will be neater and will 
take less time if you do not space section lines 
extremely close together. In most cases, the lines 
will look best spaced about .10″ apart.

The distance between section lines need 
not be measured; you may space them by 
eye. If the area to be covered is large, space 

Metric Conversions
In drafting, the primary working unit of 
measure in the metric system is the millime-
ter. It is often necessary for the drafter
to convert inches to millimeters or from
millimeters to inches. This is especially true 
in industries involved in international trade. 

Convert 4.5 inches to millimeters and 
250 millimeters to inches.

 The metric standard of mea-
sure is the meter, which is subdivided into 
100 centimeters, 1,000 millimeters, etc. The 
English standard is the yard, subdivided into 
3 feet or 36 inches.

Example 1:
Convert 3.25″ to millimeters.

3.25″ × 25.4 = 82.55 mm
In drafting, millimeters are generally given 
to one decimal place, so 82.55 mm becomes 
82.6 mm.

Example 2:
Convert 82.6 millimeters to inches.

82.6 mm ÷ 25.4 = 3.25196850393″
In drafting, inches are generally rounded 
to two decimal places, so 3.25196850393″ 
becomes 3.25″.

Academic Standards

  
Mathematics

Number and Operation Understand numbers, 

ways of representing numbers, relationships among 

numbers and number systems (NCTM)

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

the lines farther apart. If the area is small, 
space them closer together. If the area is very 
small, as for thin plates, sheets, and structural 
shapes, blackened (solid black) sections may 
be used (see Figure 8-39). Note the white 
space between the parts.

Outline Sectioning 
When you are drawing a large sectioned 

area, one way to save time is to use outline sec-
tioning. This method is shown in Figure 8-40. 
Drafters who use it often draw the section 
lines freehand and spaced widely apart. You 
can also shade the sectioned area as shown in 
Figure 8-41. Shade only along its outline as 
shown in Figure 8-41B, or rub pencil dust 
over it. Apply a fi xative to prevent smudging.

Do not draw section lines parallel to or 
at right angles to an important visible line 
(see Figure 8-42). Draw them at any other 

 
Figure 8-40 

Outline sectioning

  
Figure 8-41 

A cut surface may be 
shaded (A) or have 
a shaded outline (B).

POOR
PRACTICE

CORRECT

A B

 
Figure 8-42 

Do not draw section lines parallel to or 
perpendicular to a main line of the view.

 suitable angle and spacing. Section lines at 
different spacing and angles are commonly 
used to identify different sectioned parts.

Drawing Practice
To develop a sectional-view drawing, fi rst 

determine which normal views are necessary. 
Then you can decide what type of sectional 
view is needed to show interior detail clearly 
with few, if any, hidden lines. As for any mul-
tiview drawing, you may then fi nd it useful to 
prepare a freehand sketch with dimensions and 
notes to help determine the amount of space 
required before starting on the fi nal drawing. 

Figure 8-43 is a pictorial drawing of a fl at-
belt pulley. It will serve as the basis for the 
drawing developed in Figure 8-44. A circular 
front view and a side or profi le view will be 
required. Because it is a symmetrical object, a 
half-section on the profi le view will be suffi -
cient to show the interior detail.

Begin the drawing by blocking in the 
two views. For the circular view, use center-
lines to establish the location of the center 
point and draw a light circle (R3.00) to lay 
out the view. Project light lines from the cir-
cle to block in the profi le view, as shown in 
Figure 8-44A.

 
Figure 8-39

You may blacken in the entire sectioned area instead 
of using section lines when the area is very small.
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Next, use light construction lines to fin-
ish blocking in both views as shown in 
Figure 8-44B. Darken visible lines and 
add section lining. Finally, complete the 
drawing by adding dimensions and notes 
as shown in Figure 8-44C.

The drawing process is essentially the same 
for all sectional-view drawings.

Identify When may solid black sectioning 
be used instead of section lining?

CAD Techniques
What advantages does CAD give for 
creating sectional views? 

Hatching
Among CAD operators, the more common 

term for section lining is crosshatching, or sim-
ply hatching. Most CAD programs provide 
an easy method for creating a hatch.

Depending on your version of AutoCAD, 
you will use the Hatch and Gradiant dialog box 
or the Boundary Hatch dialog box to specify 
the type of hatch, its scale, and its location on 
the drawing (see Figure 8-45). Notice that the 
default pattern is ANSI 31, the general-purpose 
symbol. The swatch just below the pattern 
window allows you to see the pattern.

Hatch Angle
The default angle of 0 results in a hatch 

that looks exactly like the swatch, with lines 
slanted at 45°. This is considered 0 because it 
is the most common angle. When you need 
to set a different hatch angle, pick the arrow 
to the right of the Angle text box to choose 
from a list of other common angles.

Line Spacing
The scale of the hatch determines the 

line spacing. In small areas, the lines should 
be closer together, and in larger areas, far-
ther apart. Generally, you can start with the 

 
Figure 8-44 

Steps in making a sectional-view drawing

 
Figure 8-43 

The fl at-belt pulley developed in the practice drawing
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HATCH SCALE .5

HATCH SCALE 1.0

HATCH SCALE 2.0

A

B

default scale of 1.0000. AutoCAD allows you 
to preview the result on your drawing. There-
fore, if the scale does not seem right, you can 
return to the dialog box and change the scale 
as many times as necessary to achieve the 
right effect before you apply the hatch to the 
drawing (see Figure 8-46).

 
Figure 8-45 

AutoCAD’s Hatch and Gradient dialog box

 
Figure 8-46 

The scale of a hatch controls the spacing of the 
section lines.

Defi ning Hatch Boundaries
Use the Pick Points and Select Objects but-

tons return to specify the area to be hatched. 
Pick Points allows you to pick a point any-
where within each area to be hatched and 
let AutoCAD calculate the boundaries. This 
allows you to hatch more than one area at 
one time (see Figure 8-47). Select Objects 
allows you to pick an object to be hatched.

Associativity
The Hatch and Gradient dialog box allows 

you to choose an associative hatch. An
associative hatch updates the hatch as the 
hatched object changes. For example, sup-
pose you hatch a Ø3.00 circle, as shown in 
Figure 8-48A. Later, the design changes, and 
you need to change the diameter of the circle 
to Ø2.25. When you change the diameter, 
the associative hatch updates automatically, 
as shown in Figure 8-48B. If you use a non-
associative hatch, the hatch does not update 
(see Figure 8-48C).

After you have set up the hatch, pick the 
Preview button in the lower left corner to 
see the hatch in place on your drawing. 
Press Enter to accept the hatch, or right-click 
to return to the dialog box and make any 
 necessary changes. When you are satisfi ed 
with the hatch, pick OK to apply the hatch to 
the drawing. To remove a hatch, just enter the 

 
Figure 8-47 

(A) Pick a point inside each area to be hatched. 
(B) AutoCAD hatches both areas simultaneously. 
The two hatched areas are created as a single 
AutoCAD object.
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ERASE command (or press E and Enter). The 
entire hatch pattern disappears.

Preparation for Drawing 
This section describes creating a drawing of a 

fl at-belt pulley (see Figure 8-43). A circular front 
view and a side or profi le view will be required. 
Because the pulley is a symmetrical object, a 
half-section on the profi le view is suffi cient to 
show its interior detail. Figure 8-43 serves as the 
basis for the drawing developed in Figure 8-49.

Planning
Study the views in Figure 8-49 carefully 

before you begin. It is important to plan how 
to use AutoCAD most effi ciently. For this 
drawing, you may well decide that the views 
are easiest to draw by liberally using construc-

tion lines and the OFFSET command. If you 
draw the circles for the front view fi rst, you 
can snap horizontal construction lines to the 
quadrants of the circles to identify key points 
on the profi le view. Using those lines and the 
vertical centerline of the profi le view, you can 
use OFFSET to place most of the features in 
the profi le view. For example, offset the verti-
cal centerline .90 to the right and left to locate 
the edges of the profi le view.

There is an incline noted at the top right 
of the profi le view: .01:1. With CAD, it is pos-
sible to draw this incline exactly, and it is 
tempting to do so. However, drawn at its true 
proportions, this incline is far too subtle to 
be seen by print readers. Therefore, common 
practice is to exaggerate the incline in the 
drawing and place the true angle in a note, as 
shown in Figure 8-49. It is important, how-
ever, to be consistent. Use the same angle for 
the inclines at both the top and the bottom 
of the view. In Figure 8-49, construction lines 
were used to transfer the top and bottom 
points from the top and bottom quadrants of 
the largest circle in the front view. Then these 
lines were offset .10″ to the inside, as shown 
in Figure 8-50, and the inclines were con-
structed using the Intersection object snap to 
pick the points shown by Xs.

Setting Up the Drawing
After you have determined the best way to 

draw the views, create a new drawing fi le and 
set it up for a B-size sheet. Set up the units and 

 
Figure 8-49

Sectional-view drawing of the fl at-belt pulley

 
Figure 8-50

Off set the top and bottom construction lines by 
.10 to establish the incline for the profi le view.

 
Figure 8-48 

When a hatch is associative (A) it changes when 
the boundaries that defi ne it change (B). A 
nonassociative hatch does not change (C).
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layers. In addition to the usual Objects, Hidden 
Lines, and Centerlines layers, create a Hatch 
layer to hold the hatches. Specify a thin line 
width, such as .13 mm, for the Hatch layer.

Notice that some of the dimensions are 
given to two decimal places, and others 
are given to three decimal places. One of the 
dimensions is a limit dimension. It is pos-
sible to use a single dimension style for the 
entire drawing and simply override the attri-
butes for individual dimensions. However, 
this is considered poor practice, and it takes 
extra time. Instead, you should set up three 
distinct dimension styles to use in this draw-
ing. Follow these steps:

 1. Enter DIMSTYLE or pick the Dimension 
Styles button on the Dimension toolbar 
or the Dashboard to open the Dimension 
Style Manager.

 2. Instead of modifying the Standard style, 
pick the New ... button to begin a new 
dimension style. Name the style Two 
Decimal Places, as shown in Figure 8-51. 
Accept the defaults to base the style on 
the Standard style and apply it to all 
dimensions. Pick Continue to display 
the same tabbed dialog box you used in 
Chapter 7. Set up this dimension style 
exactly as you set up the Standard style 
in Chapter 7, including all of the text 
and line attributes. Be sure to set the pri-
mary units to two decimal places. Pick 
OK to return to the Dimension Style 
Manager.

 3. Pick the New ... button of the Dimension 
Style Manager again to create another 
new style. Name this style Three Decimal 

Places. If you base the style on Standard, 
you will have to specify the settings all 
over again. To avoid this, base this new 
style on the Two Decimal Places style you 
created in step 2. Now the only change 
you will need to make is to set the pri-
mary units to three decimal places. Then 
pick OK to return to the Dimension Style 
Manager.

 4. Pick the New ... button a third time to 
create the third new style. Name this 
style Limits. Because the limit dimension 
in the fl at-belt pulley drawing has three 
decimal places, base the Limits style on 
the Three Decimal Places style you cre-
ated in step 3. Now you will have to 
change only the tolerance. Pick the Toler-
ances tab and set Method to Limits. Then 
set the upper value and lower value to 
.001. By doing this, you can later create 
the hole with an actual radius of 1.251. 
When you dimension the hole using the 
Limits dimension style, the upper and 
lower tolerances of .001 will produce the 
required dimension. Pick the box next to 
Zero suppression to activate it, and then 
pick OK to return to the Dimension Style 
Manager.

 5. Pick Close to close the Dimension Style 
Manager. On the Dimension toolbar, the 
Dim Style Control dropdown box says 
Standard. This refers to the Standard 
dimension style. To change the style, 
pick the down arrow and select the style 
you want. See Figure 8-52. All of the 
styles you have created will appear in 
this list.

 
Figure 8-51

Create a new style named Two Decimal Places.

 
Figure 8-52

The Dimension Style Control dropdown box on 
the Dimension toolbar allows you to change 
dimension styles quickly and easily.
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Drawing the Views
Follow these steps to create the two-view 

drawing of the fl at-belt pulley:

 1. Draw both of the views shown in 
Figure 8-49, using the discussion in the 
previous sections for guidance.

 2. From the Dimension Style Control box 
on the Dimension toolbar or on the 
Dashboard, select Three Decimal Places. 
Then place the two three-place dimen-
sions in the front view of the pulley.

 3. From the Dimension Style Control box, 
select the Limits dimension style. Then 
place the diameter dimension for the 
hole in the front view.

 4. Activate the Two Decimal Places dimen-
sion style. Create the overall Ø6.00 
dimension and the .90 and 1.80 dimen-
sions at the bottom of the profi le view.

 5. To create the partial dimensions in the 
profi le view (Ø5.40 and Ø2.40), offset 
temporary lines from the horizontal 
centerline to place the lower end of the 
dimension. Create the dimensions, and 
then delete the two temporary lines. The 
text of the two dimensions may overlap 
the Ø6.00 dimension. If so, pick one of 
the dimensions to activate it. Notice the 
blue grip box on the dimension text. 
Pick the grip so that it becomes solid red. 
Then drag the text straight up (using 
Ortho will help) so that it no longer 
interferes with the other text, as shown 
in Figure 8-49.

 6. Notice that the Ø5.40 and Ø2.40 dimen-
sions have an incomplete lower dimen-
sion line, no lower arrow, and no lower 
extension line. To achieve this effect, 
double-click the Ø5.40 dimension to dis-
play its properties in the Properties dialog 
box at the left of the drawing area. Pick 
Lines & Arrows to see a list of proper-
ties of the lines and arrows that make up 
the dimension. From the list, pick Arrow 
2 so that a down arrow appears next to 
the property. Pick the down arrow, scroll 
almost all the way to the end of the list 
of available arrowheads, and select None. 
This removes the second arrowhead. 
Then, in the Lines & Arrows section of 
the Properties dialog box, pick Ext line 2 

and pick the down arrow that appears. 
Select Off to turn the second extension 
line off. Repeat this procedure for the 
Ø2.40 dimension.

 7. Create the 1.50 interior dimension in 
the profi le view. Then pick the Continue 
Dimension button on the Dimension 
toolbar to add the .15 dimension in exact 
alignment with the 1.50  dimension. 
Notice that AutoCAD does not ask you 
for a fi rst point; the fi rst point is auto-
matically set to the end of the 1.50 
dimension. Use the Perpendicular object 
snap to snap the second point of the 
dimension to the exterior line of the pro-
fi le view. Press Enter twice to leave the 
Continue Dimension mode.

 8. Create the .65 and .50 interior dimen-
sions. Notice the dot that takes the place 
of arrowheads between the dimensions. 
To create the dot, display the proper-
ties of the .65 dimension (double-click 
it), and change the second arrowhead 
to None. Then display the properties of 
the .50 dimension, and change the fi rst 
arrowhead to Dot.

3D CAD Sections
Some CAD software makes it easy 

to create 3D sectional views. This 
is more diffi  cult in AutoCAD since 
the software was not designed for 
this purpose. The simplest method 
is to create a 3D model and use the 
3DCLIP command to “clip” away a por-
tion to show the interior. The 3DCLIP 
command activates front and back 
clipping planes that you can position 
to display a full section at any loca-
tion on the object. However, only full 
sections can be created using 3DCLIP. 
To create other types of sections, 
such as rotated, off set, and half sec-
tions, the best method in AutoCAD is 
to create a 2D isometric drawing that 
shows the section in 3D.
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the Roman text style and a height of 
.12, to create the text, and position it as 
shown.

10. Add the notes using TEXT.

Creating the Hatch
Finally, you can add the hatch to the sec-

tioned area of the drawing. Pick the Hatch 
icon in the Draw toolbar to the left of the 
drawing area or on the Dashboard. Use the 
ASME 31 general-purpose pattern with an 
angle of 0 and a scale of 1. Select Pick Points, 
and pick a point anywhere inside the area to 
be hatched. Preview the hatch, and if it looks 
like the hatch in Figure 8-49, pick OK to set 
the hatch in place.

9. Use the Quick Leader on the Dimen-
sion toolbar or the Multileader button 
on the Dashboard to place the leader 
for the incline note. Use the Nearest 
object snap to snap to the top of the 
profi le view, and pick a second point 
up and to the right for the second point 
of the leader. Then keep pressing Enter 
to accept all of the prompts. When the 
text editing box appears, pick OK with-
out adding any text. Pick OK to place 
the leader on the drawing without any 
text. Then use lines or a polyline to 
create the small triangle, and position 
it as shown in Figure 8-49, next to the 
leader. Use the TEXT command, set to 

Section 8.2 Assessment
After You Read

 Self-Check

 1. Explain sectioning techniques that 
increase effi ciency.

 2. Describe how to prepare a drawing with 
sectional views using board-drafting and 
CAD techniques.

  Academic Integration
Mathematics

 3.  Convert 2″ to millimeters and convert 
50.8 mm to inches.

  Use Variables and 

Operations

See this section's Do The Math activity 
for help with this problem.

 Drafting Practice 
 4. Make a two-view drawing of the steam 

piston shown in Figure 8-53. Show a 
half section.

 
Figure 8-53
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R.25.25

.50

Go to glencoe.com for this 
book’s OLC for help with this 
drafting practice.
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Review and Assessment8
Chapter Summary

Section 8.1  
Sectional views are used to show complex 
interior details.
Special section-lining patterns, or 
symbols, are used to represent specifi c 
materials.
Each of the various types of sectional 
views has a specifi c purpose; these views 
should not be used interchangeably.
Cutting-plane lines or centerlines may be 
used to show where a section is taken.
Hidden lines are used on sectional views 
only if they are needed for clarity.
Bolts, shafts, pins, and other similar parts 
are usually not sectioned even if the cut-
ting plane passes through them.

•

•

•

•

•

•

Section 8.2  
Sectioning techniques are available for 
board drafting and CAD to help save time 
in creating sectional views.
Accurate sectional views can be drawn 
with board techniques by using section 
line spacing and outline sectioning. 
To develop a sectional-view drawing, fi rst 
determine which normal views are neces-
sary. Then decide what type of sectional 
view is needed to show interior detail with 
few, if any, hidden lines.
In CAD, section lining is often referred to 
as hatching. 
When developing sectional views, 
 planning is important to maximize 
effi ciency. 

•

•

•

•

•

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

Content Vocabulary
cutting plane (p. 267)
section lining (p. 267)
crosshatching (p. 267)
full section (p. 269)
offset section (p. 270)
half section (p. 270)

•
•
•
•
•
•

broken-out section (p. 271)
 revolved section (p. 272)
 removed section (p. 272)
 auxiliary section (p. 272)
 phantom section (p. 272)
 hatching (p. 284)
 associative hatch (p. 285)

•
•
•
•
•
•
•

Academic Vocabulary
method (p. 267)
section (p. 267)
primary (p. 282)

•
•
•

Review Key Concepts
 2. Describe the purpose of a sectional view.
 3. List and describe the different types of sectional views.
 4. Identify symbols used in sectioning.
 5. Explain how to use the correct techniques for section lining
 6. Identify features that are not sectioned.
 7. Explain sectioning techniques that increase effi ciency.
 8. Describe how to prepare a drawing with sectional views using board-drafting and CAD 

techniques.
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 Technology
 9. What Do Engineers Do?

Webster’s Dictionary defi nes engineering 
as “the application of science and mathemat-
ics by which the properties of matter and the 
sources of energy in nature are made useful to 
people.” How are engineers making things use-
ful for people? Research a type of engineering, 
such as architectural or biomedical engineer-
ing. Then, in a one-page paper, summarize 
what makes the fi eld important and name one 
major innovator working in the fi eld.

 10. Ethics and Design
A client of your interior design fi rm specifi ed 

the wood to use in her conference room table. 
It is very expensive. The wood company repre-
sentative, who owes you a favor, offers to sell 
you a look-alike wood of inferior quality and 
lower cost. You could use this wood but charge 
the client for the wood she ordered. What are 
the issues here, and what would you do?

 Mathematics
 11. Calculate Distance

A team from a landscaping fi rm is designing 
a garden for a library. First the team must deter-
mine how much fencing is necessary to enclose 
the garden. The garden is in the form of a right 
triangle. If the two legs measure 8 yards and
6 yards, how much fencing is needed in all?

 Pythagorean Theorem

In a right triangle, the sides adjacent to the 
right angle are called legs. The side opposite 
the right angle is the hypotenuse. The Pythag-
orean Theorem describes the relationship 
between the legs (a and b) and the hypote-
nuse (c): a2 + b2 = c2.

Step 1: Determine the lengh of the hypot-
enuse by taking the square root of the sum of 
the lengths of the legs squared.

Step 2: Add the lengths of all the sides (6, 
8, and the length of the hypotenuse) to deter-
mine the amount of fencing needed.

Multiple Choice Questions
Directions Choose the letter 
of the best answer. Write the 
letter for the answer on a 
separate piece of paper. 
 12. What is the name for a sectional view 

that has been taken from its normal 
place on the view and moved some-
where else on the drawing sheet?

A. Revolved section
B. Broken-out  section
C. Off-set section
D. Removed section

TEST-TAKING TIP

When studying for a test, write important 
ideas, defi nitions, and formulas on fl ash 
cards. Make a tape of your notes. Use these 
tools to review and prepare for test day. 

Prep 
For 

Win 
Competitive 
Events

 13. 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 Design a golf caddy that 
attaches easily to the handle of a golf pull-
cart. It must hold three golf balls, ten tees, 
a divot repair tool, a scorecard, and a pen-
cil. Each must be easily removed. Material: 
optional. Include various types of sec-
tional views. Begin with design sketches. 

Go to glencoe.com for this book’s 
OLC for more information about 
competitive events.
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Drafting Problems
The drafting problems in this chapter are designed to be completed using 

board-drafting techniques or CAD.

1.
  
Parts A and B of Figure 8-54 show 
examples of half and full sections. In 
the half sections, the hidden line is 
optional. Study these examples carefully 
before attempting any of the drawing 
assignments in this chapter. For parts C 

through L of Figure 8-54, take dimen-
sions from the printed scales at the 
bottom of the page. Make a full or half 
section as assigned. Add dimensions if 
required by your instructor. Estimate the 
sizes of fi llets and rounds.

 
Figure 8-54
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2.
  
Take dimensions from the printed scale 
for each of the two-view drawings in 
Figure 8-55. Draw both views. Make a 

sectional view as assigned. Add dimen-
sions if required by your instructor. Esti-
mate the sizes of fi llets and rounds.

 
Figure 8-55
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Problems8

3.
  
Take dimensions from the printed scale 
for each of the drawings in Figure 8-56. 
Draw both views and section the view 

indicated by the cutting-plane line. Add 
dimensions if required by your instructor. 
Estimate the sizes of fi llets and rounds.

 
Figure 8-56
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4.
  
Make a two-view drawing of the shaft 
cap shown in Figure 8-57. Show a full 
or half section as assigned.

 
Figure 8-57

5.
  
Make a two-view drawing of the
protected bearing shown in Figure 8-58. 
Show a full or half section as assigned.

 
Figure 8-58

6.
  
Make a two-view drawing of the water-
piston body shown in Figure 8-59. 
Show a full or half section as assigned.

 
Figure 8-59

7.
  
Make a two-view drawing of the cylinder 
head shown in Figure 8-60. Show a full 
or half section as assigned.

 
Figure 8-60
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8.
  
Make a two-view drawing of the cylinder 
cap shown in Figure 8-61. Show a full 
or half section as assigned.

 
Figure 8-61

9.
  
Make a two-view drawing of the cone 
spacer shown in Figure 8-62. Show a 
full or half section.

 
Figure 8-62

10.
  
Draw the rod guide shown in Figure 8-63, 
using the scale shown in the fi gure. Make 
top and front views. Show a broken-out 
section as indicated by the colored screen.

 
Figure 8-63

11.
  
Draw the chisel shown in Figure 8-64, 
using the scale from problem 12. Make 
revolved or removed sections on the 
 colored centerlines. A is a .25″ × 3.00″
(6.3 × 76 mm) rectangle; B is a 1.25″
(32 mm) octagon (measured across the 
fl ats); and C and D are circular cross sec-
tions. Determine the scale for the drawing 
before you begin.

 
Figure 8-64
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12.
  
Draw the structural joint shown in 
Figure 8-65, using the scale shown in 
the fi gure. Make a full-sectional view of 
the joint with rivets moved into their 
proper positions on the centerlines.

 
Figure 8-65

13.
  
Draw the adjusting plate shown in 
Figure 8-66, using the scale from 
problem 12. Draw front and top views. 
Make the broken-out section as indi-
cated by the colored screen.

 
Figure 8-66

14.
  
Draw the grease cap shown in 
Figure 8-67, using the scale from 
problem 12. Make front and right full 
or half sections as assigned.

 
Figure 8-67

15.
  
Draw the rotator shown in Figure 8-68, 
using the scale from problem 12. Com-
plete the right-side view and make a full 
or half section.

 
Figure 8-68

Problems    297



BLADE FERRULE HANDLE

    OCTAGONAL
.75 ACROSS FLATS

.10 X .30 .48O.50O.25O

O

O1.75

.25
.38

4.003.50

2.62

.62
.62

4X    .50

O
O

.75 THRU
      1.25 X    .12T      

100
82

R12

6 TYP
2638

22 REAM
NOTE: ALL FILLETS R6

38O

O2.50
O2.25

.188 X .094 DP
KEYWAY 

O2.00

O1.00

3.00

O2.75

O2.00

.75
.75

.75

R.50

Problems8

 
Figure 8-69

 
16.

  
Draw the screwdriver shown in 
Figure 8-69. Use the scale from prob-
lem 12, and draw the screwdriver 
twice the size shown. Add removed or 
revolved sections on the colored cen-
terlines. The overall length is 6.60″.

 
Figure 8-70

For problem 17 through 25, draw the required 
views at a suitable scale. Make one of the 
views a sectional view, as appropriate.

17.
  
Base plate. See Figure 8-70. Material: 
cast iron.

 
Figure 8-71

 
18.

  
Shaft base. See Figure 8-71. Material:  
cast iron.

 
Figure 8-72 

 
19.

  
Step pulley. See Figure 8-72. Material: 
cast iron.
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Figure 8-73

 
20.

  
Lever bracket. See Figure 8-73. Material: 
cast iron.

 
Figure 8-74

 
21.

  
Idler pulley. See Figure 8-74. Material: 
cast iron.

 
Figure 8-75

 
22.

  
Retainer. See Figure 8-75. Material: cast 
aluminum.

 
Figure 8-76

 
23.

  
Rest. See Figure 8-76. Material: cast 
aluminum.

METRIC

METRIC

Problems    299



6

16

22

20

44

50 20
88

44 22

84 50

22

82

24 20 64 20

16

6

BASE

SWIVEL

PIVOT

30
24

42

30

24

26

58
11

50

20

O

3

NOTE: FILLETS AND ROUNDS R3
            UNLESS OTHERWISE SPECIFIED

2X 45
CHAM

METRIC

NOTE: FILLETS R.12

3.00

4.50

3.38 2.25

3.00
9.00

.75

.75 1.12

.25

1.00

2.25

.251.00

2.00

6.75

2.75

.75

1.75

1.00 .38

Problems8

 
Figure 8-77

24.
  
Draw three views of the swivel base shown in Figure 8-77. Draw the front view in section.

 
Figure 8-78

25.
  
Draw three views of the swivel hanger shown in Figure 8-78. Draw the right-side view in 
section. There are two pieces: the hanger and the bearing.
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Figure 8-80

27.
  
Make a three-view drawing of the guide block shown in Figure 8-80. Show the front and right-
side views in section to improve clarity.

 
Figure 8-79

26.
  
Make a three-view drawing of the jacket shown in Figure 8-79. Show the front and right-side 
views in section to improve clarity.
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Figure 8-81

28.
  
Prepare a working drawing of the bearing bracket shown in Figure 8-81. Show three views, 
one in section. Make all changes (shown in color) as specifi ed by the design engineer. Refer 
to the appendix tables on limits and fi ts and dimension the precision holes accordingly. Add 
geometric dimensioning and tolerancing symbols to specify the following:
a. Datum A to be parallel to datum B to within .003″ at MMC.
b. Datum C to be perpendicular to datum A to within .002″ at MMC.
c. Datum C to be perpendicular to datum B to within .002″ at MMC.
d. Datum C to be fl at to within .001″.
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Teamwork

1.
  
Work as a team to design an organizer for 
your school lockers. It should include spe-
cially designed compartments for books, 
tablets, pencils and pens, and other items 
that the team decides are important. Mate-
rial: optional. Include various types of sec-
tional views. Begin with design sketches.

Teamwork

2.
 
 Design a pencil and pen caddy for your 
board-drafting or CAD station. It must 
hold a minimum of fi ve pencils or pens. 
Material: optional. Include various types 
of sectional views. Begin with design 
sketches.

Design Problems
Design problems have been prepared to challenge individual students or 

teams of students. In these problems, you are to apply skills learned mainly 
in this chapter but also in other chapters throughout the text. The problems 
are designed to be completed using board drafting, CAD, or a combination of 
the two. Be creative and have fun!

29.
  
Draw three views of the thrust bearing shown in Figure 8-82. Draw the right-hand view in 
section. There are three parts: the shaft, the hub, and the base.

 
Figure 8-82
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