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1reta:ce 

Print Reading for Industry is a robust text that focuses on interpreting and visualizing drawings and 
prints used in industrial It is designed to assist beginning through intermediate students and 
those receiving training to build the skills necessary to read and understand 11 the of 
industry." It is ideally suited for teaching semester long courses. This text may also be used in apprentice
ship programs. 

Print Reading for Industry uses actual prints from various industries as examples so that students can 
become comfortable with real world common practices. The many prints found in the text are supple
mented with the accompanying Large Prints Packet containing 28 C-size prints for even more hands-on 
learning. In order to provide real-life print reading experiences1 actual variations from the national stan
dards have been retained on the prints in the textbook and in the Large Prints Packet. Many of these prints 
are available as PDFs for classroom display and discussion, and can be found on the Instructor's Resource 
CD, Online Instructor's Resources, and G-W Online. 

Additionally, Print Reading for Industry provides coverage of several foundational skills needed for 
print reading success, including basic mathematics, geometry principles, reading engineering drawings, 
measurement tools, and the design process. Coverage of specialized parts and prints, including applica
tions for fasteners, gears, cams, plastic parts, and precision sheet metal parts, is also included. 

In order to reflect modern trends in the manufacturing industry, this revised edition also includes new 
content that discusses the role of prints in the digital age, updates the coverage of geometric dimensioning 
and tolerancing to current standards, and provides the latest information on additive 
rapid Another important change to this edition of Print Reading for Industry was the addi
tion of new spatial visualization tools. These visualization exercises help students' spatial reasoning 
skills, making them better print readers. Some other changes to this edition include the following: 

• The addition of new images and updated art throughout the text. 

• Additional content related to computer-generated prints and the automatic generation of multiview 
drawings, section views, auxiliary views, and screw thread representations. 

• New content on drawings for precision sheet metal parts and the automatic generation of flat 

• Updated information to match latest ASME and AWS standards. 

Print Reading for Industry is organized into sections based on a progression of concepts from simple 
to complex. A list of objectives and technical terms are located at the beginning of each 
providing an overview of the content. Review questions, review activities, industry print exercises, and 
bonus print reading exercises based on the prints found in the Large Prints Packet provide ample means 
of assessing student progress. The write-in text workbook format with perforations allows students to tear 
practice prints out of the book, complete the review assignments, and turn them in directly to the instructor. 

This textbook will provide the reader with a solid foundation necessary to read prints in an industrial 
setting and find success in any career where prints are found. 

Copyright Goodheart-Willcox Co., Inc. 
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Dr. Ryan K. Brown is an Associate Professor Emeritus of the Depart
ment of Technology at Illinois State University, Normal, Illinois, where, for 
over 25 years, he taught various drafting and design topics. His teaching 
experiences also include four years as a faculty member at his alma mater, 
Eastern Kentucky five years teaching drafting at the junior 
and senior high level. His work experiences include short term and 
positions in a wide array of drafting and graphics-based applications, such 
as steel detailing, plant layout, robotic simulation, and civil engineering 
drawings. He also conducted several workshops for companies in the field 
of geometric dimensioning and tolerancing, most extensively for IBM. He 
continues to serve as an author for secondary-level drafting competitions 
in Illinois and provides architectural drafting services to local organiza
tions. Feel free to contact him at rkbrown@ilstu.edu with respect to the 
textbook and related materials. 

During his Walter C. Brown was a leading authority in the 
fields of drafting and print reading. He served as a consultant to industry 
on design and drafting standards and procedures. He authored several 
books in the fields of drafting, print reading, and mathematics, and was 
a professor in the Division of Technology at Arizona State University, 
Tempe, Arizona. 
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Prints: The Language of 
Industry 

completin}? this unit, you will be able to: 

:I Identify of prints. 

:I Discuss to 

:I Explain the historical and current role of prints in the design 

:I Ident ify anti define tPrms rP[aten tn 

:I Explain how prints 

:I Identify twn impnr tant .,[pmpnt,; nf print rPa<ling. 

:I Ident ify ways in care for prints. 

:I Identify an<I d iscuss nptinns fnr using (<ligital) 

:I Discuss the role of various organizations in of drawings. 

:J Discuss trends in engineering may reduce the need for paper prints . 

Technical Terms 
arl<litive manufacturing 

American of Mechanica l 
(ASME) 

comp uter-aided engineering (CAE) 
design process 

fnrmat 

diazo 

drafting 

TntPrnatinnal Organizati on fnr Stan<lar<liz.atinn 

mo<lel an<I <lrawing metho<I 
model only rr,ethod 

Illustrations have been 

designed to clearly and 

simply communicate the 
specific topic. Photographic 

images have been updated 
for this edition. 

Copyright Goodheart-Wi II cox , Inc. 
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print 

print read ing 

rapid manufacturing 

rapid prototyping 

raster image 

standard 
(30) printing 

vellum 

viewer progr am 
visualization 

108 Print ReadinK for 

Figure 6-5. The ha f 
symmetrical as a blended view with 

RS " sAf.tinn ;,nn thP. nthP.r half a.s a 
regular vij)II. 

one arr<nvhead on the 
'plane line for the half section view. Also note the 

section 
a center line the 

The section is really a 
”double exposure ” with two half views as one. 

An offset section is drawn when the 
details do not appear on one flat plane 

through the line is 
through the to include the fea
Those features are then shown on one plane 

in the section view. See Figure 6-6. The section view 
it,;elf does not sho\v the bends in the cutting plane 
and appears as if it was cut by a flat plane. 

An aligned section is 

drical with an odd number of features. The 
cutting -plane line is offset through the features 
such that they can be ” rotated ” to a normal vertical 
or horizontal plane and to the section 
view. The is equivalent to the feature being 

a normal full section plane . 
6-7. Notice the upper arrow in this figure 

is to the the 
cut profile is rotated into a vertical 
foresho rtened. 

A broken-out section is created when a small 

portion of a part is to show the interior con
is like to object with 

a off a piece of the 
leaving the rest of the sho\vn in 
way. A line in an 

The sectioned of the view i~ 
separated by line, as Unit 2. 

Learning Objectives clearly 

identify the knowledge and skills 

to be obtained when the chapter is 

completed so students can direct 

their learning. 

Technical Terms list the key terms to 

be learned in the chapter. Students 

can review this list after completing 

the chapter to be sure they know the 

definition of each term. 

!@ 

@ 

@ 

@, 

Figure 6-6. section is a 
plane through to include the 
desired features. 

The cutting-plane line 
is through the features can be “rotated” 
to a plane and pro1ected 
the section view. 

type of section view can also be 
used to show exterior and interior 

in fashion to a half As in 
hidden lines 

of the view may be drawn if needed to 
interior details, or may be omitted for clarity. 

WUloox 

Co ..’nc. 

Unit 6 Section Views 109 

A 

Figure 6-9. A-A revolved has a cutting plane 
slicing through the feature parallel with the line of sight. 
but the “cur shape is rotated the regular 
view. B- The regular view can each 
side of the revolved section. 

the letters of the cutt ing-plan e line. Refer 
to SECTION A·A and SECTION B-B in figure 6-10 . 

Removed sect ions may also be shown different 
scale, to clarify detail. ln the case 
of multiple sheet <1.rawings, if poss ible, the removed 
section should be on the same as the corre
sponding 

SECTION A-A SECTION B-B 

the drawing. 

.. 
Print Reading for Industry Vll 
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Name Date Class 

Unit 2 Line Letterin:? 23 

2. 
, 

Review Questions 
118 Print for Industry 

Name Date 

Answer the following questwns provided in thts 

Review Activity 6-3 

Section Views 

For each of the numbers section 
blank provided. Note: To make prob a lutle more 

1. for \vay of doing things” is a(n) 

2. TnU! or False? In the current two standard line 
alphabet of lines . 

3. Which of the following lines does not feature any dashes? 

A. Extension line. 

:idden line. 

D. 

Review Questions are 

provided in multiple 

choice , fill-in-the-blank, 

true or false, and short 
answer formats designed 

to aid student mastery. 
” 4. , ' A 8 , 

I. 

How many options for the style of a cuttir\: 

5. List two different lines that feature of a short dash follo\ve, 

6. which is not 

A. Visible line. 

B. Short break line. 

C. 

D. Long break line. 

7 A(n} to point to a feature or dra\ving and usually has an 
arrow head on only 

8. TnlP. nr If dra wn by hand, the short break should be a 
straightedge. 

is to show an alternate position, parts, or 
deta il. 

10. Which statement listed below regarding characteristics of lettering is false? 

A. if done by hand, is of a series of single 

B. on an engineering drawing should be a Gothic style or font. 

C. Lettering on an engineering drawing has is very fancy. 

D. is not lowercase. 

Review Activities 

provide students with 
an additional review tool 

and an effective way to 

assess knowledge. 

-
1

’ 

d 
3. 

In<:. 

Industry Print Exercises 

provide minds-on and 

hands-on print reading 

activities with actual 
industrial prints. 

Ccpyrioh1 

234 Prinl Industry 

232 Print Name Date Class 

Name Date 

Print Exercise 11-2 
to PR 11-2 and questions 

Bonus Print Reading Exercise 
The following questions are based on various in the accompanies 
to the print 

1. Whal is the primary manufacturing this Print AP-004 

1. According to the notes, what must be performed per military standar d A-8625? 

2. What is the height for the ”Made in USA” le 

3. How many local notes drawing have? Print AP-007 

4. Ho,v many general notes drawing have, not cou 2. What will be in the must be free of line flash? 

S. ls any of thP for this pa 

6. One of the specifications for this part is to "wheelabrate ,” 
Whal other finishing prnresses are rnvereci in the 

3. List three conditions for the valve seat surface. 

Review questwns based on units: 

7. Who was for this drawing? 
Print AP-008 

8. How many auxiliary views were used in this draw ing? 4. To help facilitate machining and inspection, what is permitted on both ends of this 

9 How many lines are shown in this <lrawing 

10. Uthe section view is called the top are the oth 5. What type of line is used to indicate the cylindrical surfaces that are to be heat 

11. object have any features or surfaces that could b 
Print AP-009 

12. On this drawing, are visible lines shown thicker than cent, 
6. How many holes have counterbores for this part in View F-F? 

7. How many holes have spot drill operations called out for this View F-F? 

8. Many of the in View F-F on a basic What does B.C. for? 

13. Are the on the drawing with the ali: 

14. Du.ring wha.t month was this 

15. \A.'hat is the smallest radius value specified in 

Print AP-010 

9. What substance will be used on the set screws are installed? 

... 

Print Reading for Industry Copyright Goodheart-Willcox Co., Inc. Vlll 



Class Date 

Prmt Readmgfor Industry 102 

Name 

1. On the left side view is a horizontal, straight-line segment that does not to 

other Jines. In basic terms, explain why. 

Print AP-004 

Print AP-005 

3. This print features what appears to be a side vie\v G-G) that d oes not have an accompanying 
front view . Briefly explain \Vhere the front vie\v is located. 

4. The view labeled Section J-J is a partial view, as ind icated by the short break line. Does it appear to be 

an orthographic view? 

Print Reading Exercises 
The followinii based on bonus prints located m the folder that 

to the print the print, and the 

2. If the view labeled Section B-B is a side name \Vould be applied to the other four 
views? 

Print AP-006 

5. The two near the bottom of the print are called detail vie\vs. of the principa l views 
above (left side, front, or right side) shows geome try, but at the normal 1:1 scale? 

6. What angle of projection is on the print? 

Print AP-007 

7. examine the drawing. With respect to the enlarged Detail C, how is it 
than other multivie\v vie\vs? 

Co .. Inc. 

Bonus Print Reading Exercises 

are provided at the end of each 

unit and correspond to the bonus 

prints located in the Large Prints 
Packet that accompanies this 

textbook. These exercises enable 

students to apply real

world knowledge and skills. 

Print AP-001 
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Large Prints Packet 
Students can gain valuable hands-on 
print reading experience with the 
28 bonus prints included in the Large 
Prints Packet that accompanies the 
textbook. 

Online Textbook 
This online version of the printed 
textbook gives students access any
time, anywhere, whether using an 
iPad, netbook, PC, or Mac computer. 
Using the Online Textbook, students 
can easily navigate from a linked 
table of contents, search specific top
ics, quickly jump to specific pages, 
zoom in to enlarge print 
selected pages for offline reading. 

Online Textbook is available at 
www.g-wonlinetextbooks.com. 

x Print Reading for Industry 

essence, the top view is positioned below the front 
vie~v and a right side vieiv is positioned on the left 

the front view. Figure 5-21 shoivs a 
ison between and third-angle 
for the six principal vie\vs of a simple object. 

ln individual vieivs the 

same for both a'r;gles of projectio 
ference the two types is the t 

of on the draiving. The ASME and ISO stan
dard svn1bols to indicate third-angle and first-angle 

Llnif 5 lvfultiview Drawings 85 

in the title block for dra\vings that are read ivithin 

the international community. 

Computer-Generated Views 

In current practice, the views on drawings 

and prints are often created auto1natically 

mod~ls 
ware. There are benefits to creating views i r 1 

this the 

, Ease of construction at any scale, and 

either or third-angle projection. 

projection are shown in Figure 5-22. The size of the • 
of the cone should be about the same 

Ease of updating dra1\1ings. As the features of 

the 3D model change, the draiving views are 
size as the main on the print. The circular 
view can be positioned on either side of 

updated automatically. 

Accuracy in representing the geometry. 

Intelligent tion bet\veen the model 
zoidal vie1ov as long as the orientation of the symbol • 
matches the angle of projection illustrated. One of • 

and the annotations, such as the dimensions, , the hvo versions of the symbol should be included 

@-Ef Projection 

Top 

callouts, and thread notes. 

ln Figure front view was 

and then two additional views were added, as 1vell 
as a pictorial vie1ov to help the print reader visualize 
the object Tl1e drawing vie1vs are linked 
to the 3D For example, if the size of the 

threaded hole or the depth of the slot is dlanged, all 
of the view's update automatically. -

Rear Left side Front Right side 

Bottom 

First-A11gle Projection 

Bottom 

Right side Front Left side Rear 

Top 

Copyrig.hl Co •• Inc. 

-- - 

Projection 

First-Angle Projection 

_Figure 5-22. 

;~:~~~~t.by two symbols the 

Copyright Co., Inc. 
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Exam View ( Assessment Suite 
Quickly and easily prepare, print, and administer tests with the Exam View® Assessment Suite. With 
hundreds of questions in the test corresponding to each chapter, you can choose which questions 
to include in each multiple versions of a single test, and automatically generate answer keys. 
Existing questions may be modified and new questions may be added. 

Instructor's Presentations for PowerPoint ® 
These presentations are designed to allow for customization to meet daily teaching needs. They include 
objectives and images from the textbook. 

Instructor's Resource CD 
One resource provides instructors with time-saving preparation tools such as answer keys, lesson plans I 

correlation char , and other teaching aids. versions of the 28 prints found in the Large Prints 
Packet and the 43 prints found in the textbook are included. 

Online Instructor Resources 
Online Instructor Resources are time-saving teaching materials organized in a convenient, easy-to-use 
online bookshelf. Lesson plans, answer keys, PowerPoint® presentations, Exam View® Assessment Suite 
software with test questions, and other teaching aids are available on demand, 24/7. Accessible from home 
or school, Online Instructor Resources provide convenient access for instructors with busy schedules. 

G-W Online 
G-W Online provides robust resources in an customizable course management system. 

online solution contains an Online Textbook, workbook questions, e-flash cards, activities, and 
assessments for a deeply engaging, interactive learning experience. G-W Online enhances your course with 
powerful course management and assessment tools that accurately monitor and track student 
The ultimate in convenient and quick grading, G-W Online allows you to spend more time teaching and 
less time 

Copyright Goodheart-Willcox Co., Inc. Print Reading for Industry 
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After completing this unit, you will be able to: 

D Identify the importance of prints. 

D Discuss historical processes and technologies related to prints. 

the historical and current role of prints in the design process. 

D Identify and define terms related to prints. 

D Explain how prints are produced. 

D Identify two important elements of print reading. 

ways in which to care for prints. 

D Identify and discuss options for using prints in an electronic (digital) format. 

D Discuss the role of various organizations in the standardization of drawings. 

trends in engineering documentation that may reduce the need for paper prints. 

Technical Terms 
additive manufacturing 

American Society of Mechanical Engineers 
(ASME) 

blueprint 

computer-aided engineering (CAE) 

design process 

design web format (DWF) 

diazo 

drafting 

International Organization for Standardization 
(ISO) 

model and drawing method 

model only method 

plotter 
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portable document format (PDF) 

print 

print reading 

product definition data set 

rapid manufacturing 

rapid prototyping 

raster image 

sinter 

standard 

three -dimensional (3D) printing 

vellum 

viewer program 

visualization 
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2 Print Reading for Industry 

ou have probably heard the saying, '' a picture is 
worth a thousand words." is 

referring to a drawing of a product. It would be next 
to impossible for an engineer or designer to describe 
in words the shape, size, and relationship of the var

ious of a in sufficient detail for skilled 
workers to Drawings are the 

used by engineers, designers, tech
nicians, and skilled workers to quickly and 

communicate the necessary information to fabricate, 
assemble, or service industrial Figure 1-1. 

The Importance of Prints 
Within the context of this book, the word print 

will be defined as a copy of a drawing, but 
can generally be used the same as the word drawing. 
In many situations, drawings may not be printed, 
but nevertheless are still a primary means of comm11-

nication within the manufacturing industry. Many 
industrial products, such as automobiles, aircraft, 

and computers, consist of thousands of component 

parts. These be manufactured in a variety 

around the globe. The ''moment of truth'' 
in the manufacture of these products comes during 

final assembly or when a spare part is installed in the 
field. These parts must always fit. Therefore, to meet 

manufacturing requirements, all industries need 
workers who can read and understand 

A drawing describes what an object should 
look like when it is completed. Prints provide 

workers with the details of size, shape, tolerances 
(allowable variation), materials used, finish, and 

other special treatments. In many cases, the print 
is also an important part of the agree

ment within the industrial The supplier of 
parts must meet the specifications dictated by the 
print. Often, purchasing agents have to ensure the 

print is contractually sufficient to ensure vendors 
supply quality parts without comers. Qual

ity-control inspectors have to verify that all 
both those made by suppliers and those made in

house, match the print and continually review the 
print's role in controlling the precision and quality 

parts needed. 

Monkey Business lmages/Shutterstock .com 

Figure 1-1. Drawings are the universal language used by engineers, designers, technicians, and skilled workers to 
quickly and accurately communicate the necessary information to fabricate, assemble, or service industrial products. 
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History of Prints 
The study of ~rint reading is closely related to 

the study of drafting, the general term for creating 
drawings of fields. Of 
those who have studied drafting not only know 
how to create prints, but also read prints. Courses, 
curricular programs, and textbooks for drafting 
have used a multitude of terms throughout the 
years. Engineering graphics is a common term 
used within programs, while technical 
drawing is a common drafting programs 
that train technicians and technologists. In addition, 
terms such as mechanical or instrumental 
drafting were past to describe the pro
cess of creating industrial drawings. While the 
focus of this textbook is on reading the drawings, 
information about creating drawings will also be 
examined to provide insight into the standards the 
drafter should be following. 

One of the earliest printmaking processes began 
in the middle of the nineteenth century. It involved 

treated, photosensitive paper under an 
drawing on translucent paper . This early 

method and the copy paper it used sub
mersion in a liquid to process the resulting 
print had a blue background and white lines. Thus, 
this type of print was called a blueprint, Figure 1-2. 
Even though the process that created ''blue'' prints 
has not been used for decades, the term blueprint 
has become a part of our common vocabulary to 

Goodheart -Willcox Publisher 

Figure 1-2. Years ago, copies of drawings (prints) were 
made that featured a blue background and white lines. 
This is the origin of the term blueprint, which is still in 
our vocabulary today. 
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mean ''any plan of action or detailed to 
accomplish a task." 

the 1940s, a dry process evolved that 
used a paper coated with a type of organic com
pound referred to as a diazo compound. Exposure 
to light evaporated the background area while 

coating where lines blocked the light. 
Ammonia vapor then converted the 

to a permanent blue. This type of print was 
sometimes called a whiteprint or a blue-line 
but often the term blueprint continued to be used . 
While the diazo process may still be found in use in 
a few settings today, most companies have replaced 
that with engineering photocopiers or 
plotters used to make paper prints. 

Original drawings were produced on vellum 

(transparent, resin impregnated paper) or plastic 
film because the process required an orig
inal that would be durable but also allow light to 
pass through. Copies of the drawings, or 
were made and distributed to those who needed 
them. 

Throughout most of the twentieth century, 
companies produced paper copies of drawings of 
parts and assemblies, either drawn with traditional 

equipment or plotted from computer-aided 
(CAD) draw

ings-created by the drafter or by the CAD 
operator - were then stored in a file-drawer system 
supervised by the engineering or quality control 

Original drawings were seldom used 
in the plant or field. Instead, prints were made for 
distribution. 

While some companies may still use these 
traditional systems, for many companies original 

no longer exist in paper Prints can 
be created directly from the computer as needed. It 
is also possible for those who need prints to view 
the drawings in electronic ( digital) format using 
viewing software. There are many software utility 
programs that allow 2D drawings and 3D models 
to be viewed without CAD software. At the end of 
this unit, future trends will be discussed. In some 
industries today, digital design models already 
serve as the description of parts. 

How Prints Are Made 
Today, most drawings are produced using a 

CAD system, Figure 1-3. If needed, a hardcopy of 
the drawing is plotted with a laser or inkjet printer 
or a pen- or cartridge-based plotter. See Figure 1-4. 

term plotter indicated a vector-based 
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Chuck Rausin/Shutterstock .com 

Figure 1-3. Most original drawings are now produced 
using a drafting (CAD) system. 

output device that physically drew lines with 
pens, but today most use an ink-cartridge 
system. The images are actually transferred to the 
paper as a raster image. The paper is roll-fed into 
the machine. A raster image is composed of tiny 
pixels or dots. Under high you can 
see the dots, but the quality is more than adequate 
for industrial 

In some companies, approved originals may 
produced and filed. Prints can be made by 

authorized personnel using a photocopier. In other 
companies, approved originals may only exist in 
a protected directory of the computer network. 
Prints can be sent to output devices by authorized 
personnel. 

Print Reading 
Print reading is the process of analyzing a print 

to obtain information. This task involves two prin
cipal elements-visualization and interpretation. 

is the ability to envision or 11 see'' the 

shape of the object from the various views shown 
on a print. See Figure 1-5. Every view created by 
the drafter or designer is based on a projection of 
the onto a plane, such as a 
sheet of paper or a computer screen. Leaming the 
principles of projection will help the reader gain the 
ability to visualize the views shown on 

DesignJet Division, Hewlett-Packard 

Figure 1-4. Hard copies are generated from a CAD 

system using an output device, such as this cartridge
based 

a print. The interpretation of lines, symbols, dimen
sions, notes, and other information on a print is also 
an important factor in print reading. These factors 
are presented in this text. Actual industrial 
are provided in this text so you can learn print 
reading on ''real-life'' drawings. 

Care of Prints 
Prints are valuable records of information. 

When working with prints, you should observe the 
following rules: 

• Never write on a print unless you have been 
authorized to make changes. 

• Keep prints clean, especially free of oil and 
dirt. Soiled prints are difficult to read and 
contribute to errors. 

• If working with prints that are stored in filing 
cabinets, very carefully fold and unfold prints 
to avoid tearing. 

• Do not lay sharp tools, machine parts, or 
similar on top of 

If the drawing border and title block conform 
to industry standards, the prints can be folded with 
the title block showing. A second print number 
is usually visible when stored in a drawer folder, 
Figure 1-6. In many companies, easily 
accessed from a print control area or engineering 
department. In most organizations, tight control is 
maintained over all prints. This ensure the 
most-recent revision is always used. With CAD 

Copyright Co., Inc. 



Unit 1 Prints: The Language of Industry 5 

FRONT RIGHT SIDE 

PLAN DRAWINGS 
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Figure 1-5. Visualization is the ability to "see" the shape of an object from the various views shown on a print. 

\-

i 

Electronic Formats for Drawings 
In recent years, digital file formats have become 

available that enhance the ability to electronically 

share without or supplying 
the actual CAD data. The most common electronic 

format is the portable document format (PDF), 

developed by Adobe Systems, the parent company 
of Adobe Acrobat® and Adobe Reader ® software. 

Most CAD software programs provide tools for 

exporting files to PDF format. 
The PDF format was originally to 

allow users to easily share printable documents 
regardless of computer platform (Windows®, 

PDF format includes 

many useful features, such as the to com
bine multiple sheets into one file, mark up and 

review documents, preserve CAD layer structures, 
and add password and duplication protection. 

Depending on the type of CAD software used, PDF 
files can be generated in 2D or 3D format. A 3D PDF 

created from a 3D model includes zooming, pan
ning, shading, and rendering functions, as well as 

''orbiting'' functions for dynamically rotating the 
model, Figure 1-7. 

In 2008, Adobe opened the door for the PDF 
standard to be published and controlled by the 

International Organization for Standardization 
as ISO 32000-1. The ISO is responsible for 

drawings, protected or ''read-only'' drawing files 
may be available through a company computer 

network. This allows the design and manufac
turing teams to make their own prints as needed or 

to view the design on a computer screen. 

”“ • 

,,,, 
,,f 

,,
f 

Goodheart-Willcox Publisher 

Figure 1-6. If paper prints are filed in a file folder, larger 
prints should be folded in such a way as to keep the title 
block showing. 
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• • ... 
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Figure 1-7. This PDF file can be viewed on a computer 
screen with zoom, pan, and turn-and-tilt (30 orbit) 
capabilities. 

establishing and publishing manufacturing stan

<lards worldwide. In short, the PDF format is now 
the predominant method of creating and sharing 
electronic documents. 

Another common electronic format is the design 

web format (DWF) developed by Autodesk, parent 

company of several CAD programs, including 
AutoCAD ® and Inventor®. The format was origi

nally designed to allow AutoCAD ® drawings to be 

published in a web-based format, but has evolved 

into a primary means, within the Autodesk product 
line, of creating documents that are similar to PDFs 

in purpose. The DWF format is not intended to 
replace the drawing (DWG) file format, but allows 

team members such as designers, project managers, 
and engineers to share design data without every 

user having to own the CAD software. 
programs enable users to open, view, and 

print files in different formats. Most viewer 
available as free downloads. Viewer 

typically provide tools for mark up, review, and com

ment tracking. Viewer programs allow drawings and 
''prints'' to be viewed on personal devices such as 

smartphones and tablets, Figure 1-8. 

Standards for Engineering Drawings 
Almost every aspect of an engineering drawing 

can be conformed to an established standard. By 

definition, a standard is a Com
panies can elect to have their own supplemental 

·0128 

• 25 THRU 

B 

6X •27 

·6X • 15 

SECTION A-A 

•· 1-1-

--

.~. 
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Figure 1-8. Smartphones and tablets can view 20 
drawings and 30 models in electronic formats using a 
variety of apps. 

standards. While voluntary, standards are often 

incorporated into regulations and business contracts 
between their subcontractors 

and suppliers. 
In the United States, the standardization of 

engineering drawings, including most aspects of 
prints covered within this text, has long been estab

lished through the American Society of Mechanical 

Engineers (ASME), Figure 1-9. This is an indepen
dent, not-for-profit organization that, for decades, 

has defined standards for engineering drawings. 
On the cover of an ASME booklet, it states it is'' An 

American National Standard." 
Prior to 1994, however, the standards were 

identified by the American National Standards 
Institute (ANSI) document numbers, even though 

Orthograph ic 
: ,~d Plctor '~ ilc 

•ews 

Goodheart-Willcox Publisher 

Figure 1-9. The American Society of Mechanical 
Engineers (ASME) oversees and publishes standards 
for engineering drawings. 
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they were published by ASME. For example, 

the document entitled Multi and Sectional View 
Drawings was identified as ANSI Yl 4.3-1975. Currently, 

that is identified as 4.3-2012 and is 

entitled Orthographic and Pictorial 
ANSI is the umbrella organization that serves 

as an overseeing body and is still relevant, but pub

lications are now purchased through ASME, either 

in paper or protected PDF format. Throughout this 

text, you will become familiar with some of the 

standard publications that various 

aspects of print reading. Figure 1-10 lists a few of 

the standards most relevant to this text. 

For companies with an international pres

ence and product line, the ISO standards may be 

the more appropriate set of practices. For example, 

ISO 128-1:2003 is entitled Technical drawings

General principles of presentation-Part 1: Introduction 
and index and ISO 5456-2:1996 is entitled Technical 
drawings-Projection methods-Part 2: Orthographic 

are a major investment 

Y14.1 

Y14.1M 

Y14.2 

Y14.3 

Y14.5 

Y14.6 

Y14.8 

Y14.13 

Y14.24 

Y14.31 

Y14.34 

Y14.35 

Y14.36 

Y14.37 

Y14.38 

Y14.41 

Y14.100 

Decimal Inch Drawing Sheet Size and 

Format 

Metric Drawing Sheet Size and Format 

Line Conventions and 

Orthographic and Pictorial Views 

Dimensioning and Tolerancing 

Representation 

Castings, Forgings, and Molded Parts 

Mechanical Spring Representation 

Types and Applications of Engineering 

Drawings 

Undimensioned Drawings 

Associated Lists 

Revision of Engineering Drawings and 

Associated Documents 

Surface Texture Symbols 

Composite Part Drawings 

Abbreviations and Acronyms for Use on 

Drawings and Related Documents 

Digital Product Definition Data Practices 

Engineering Drawing Practices 

Goodheart-Willcox Publisher 

Figure 1-10. ASME standards related to Print Reading 
for Industry. 
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for engineering but for suc

cess in the twenty-first century. 

The general purpose and scope of this text is 

focused on industrial prints that follow ASME 

standard practices, both current and recent. It is 

to reiterate that not all companies follow 

all ASME guidelines, sometimes intentionally and 

sometimes feasible, this text 

will identify situations on the ''real'' exercise prints 

in the text with respect to their deviation from cur

rent ASME standard practice. 

Engineering Drawings and the 
Design Process 

While twenty-first century design processes 

have been complemented by a new set of com

puter-based tools, the actual steps of the design 
process are not that different from a century ago. In 

general, to bring an idea to market or to improve a 

current product, the design process, as illustrated 

in Figure 1-11, happens in the following five steps, 

with a cycling or between the steps: 

1. Statement of the problem. 

2. Generate possible solutions. 

3. Refine promising solutions. 

4. Testing and analysis. 

5. Implementation. 

I 

1 . Statement of the Problem 

2. Possible Solutions 

3. Refined Solutions 

4. Testing and Analysis 

5. Implementation 

Goodheart-Willcox Publisher 

Figure 1-11. The design process involves a number of 
steps, and includes a looping strategy until a successful 
solution is reached. 
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Step 1 is to define the usually 
involves identifying a problem statement. 

ment could be very general, such as a 
need for 11 a better scooter," or more specific, such as 

the desire to 11profitably market a low-cost, plastic, 

one-piece scooter stand for small-wheel scooters." 

After the problem statement is established, Step 2 
is to generate possible solutions. Step 2 may incor

porate brainstorming sessions, researching current 
and creating sketches to help communicate 

possible solutions. These sketches and drawings also 

help document the dates and creative 
future patents. Even at this stage, an understanding 

of many topics covered by this text can aid in the 
design process. Understanding spatial dimensions, 

geometric constructions, and how to use a combina
tion of front, top, and pictorial views can all aid the 

design team in discovering solutions. 
Step 3 involves refining promising solutions. 

At this stage, sketches may be recreated in a CAD 
program as precise geometric drawings, either as 

2D views or 3D models. An analysis of the strengths 
and weaknesses of all the possible ideas, as well as 

visual and aesthetic opinions, may lead to necessary 
compromises. The results of Step 3 may suggest a 

return back to Step 2 or even Step 1. 
Step 4 involves testing and analysis. The design 

team will build prototypes or create a virtual model 

in a 3D CAD prototyping technologies 

have made it possible to generate prototypes of 
from a 3D CAD model without the 

need for preliminary drawings, Figure 1-12. Cur
rent 3D modeling software enables the design team 

to test more more variations of shapes 
and proportions, check for fits and interferences, 

and conduct strength tests of the component 
Drawings and prints may or may not be needed at 

this stage, but can help communicate design intent 
to the modelmakers and machinists. As with each 
previous step, depending on the test results, a deci

sion may be made to loop back to a previous step. 
The final step, Step 5, can be broadly described 

as the implementation step. This involves com
municating the results to those who will get the 

product to market. In many cases, this is the 
step that includes the production of drawings or 

documents that specify much of 
the information required to manufacture the part. 

In addition to production drawings, other mate
rials need to be developed, including assembly and 

operating instructions, specifications, maintenance 
diagrams, and marketing materials. 

Additive Manufacturing and Prints 
As discussed in the previous section, rapid 

prototyping has the role of drawings in 
the design process, especially the middle stages. 

.· .· .· .·.·· ··.·. 
·.’· 

. ... 
.. 

F’ 

... .. 
·‘·.‘· 

. .. 

Goodheart-Willcox Publisher; prototypes courtesy of Envision America 

Figure 1-12. The original product on the left was redesigned and the plastic prototype in the center was generated directly 
from a CAD file. Although prints were not given to a modelmaker, drawings and sketches were useful in the design process. 

prototype facilitated assembly, function, and comfort factor new molded plastic part is on the right. 

Copyright Co., Inc. 



In almost all cases, rapid prototyping technologies 
build parts by adding material in a series of layers, 
giving rise to the term additive manufacturing. 

While many processes create a part by subtracting 
materials, such as drilling a hole or milling a surface, 
additive manufacturing technologies are based on 
adding material to the model layer by 
resemblance of some additive manufacturing tech
nologies to inkjet printing led to the coining of the 
term 3D printing, Figure 1-13. 

While rapid prototyping technologies origi
nally created parts from plastic or thin layers of 
paper that could only function as prototypes, new 
and different technologies have evolved. Some 
additive manufacturing technologies can melt, or 
sinter, metal powder into solid parts. As the pro
cesses improved, parts made of plastic and metal 
proved to be quite functional, and not merely 
prototypes. Small quantities of parts, as well as 
special-ordered parts, could be built directly from 
a CAD model. Rapid manufacturing is the applica
tion of additive manufacturing technologies to the 
full-scale production of parts and products. 

Future developments in additive manufacturing 
may changes in how prints are used . 
There are some applications wherein official”prints'' or 
11 drawings'' will not be needed, at least not in the same 
role of describing a to a modelmaker or 
Even the final step of a set of working draw
ings before the product is mass-produced and brought 
to market is changing. As teclmologies to 
develop, the role of drawings 

of ways. 

Monkey Business lmages /Shutterstock.com 

Figure 1-13. Desktop 3D printers can create plastic 
prototypes directly from a CAD file. The same 
technology can also create functioning parts for certain 
applications. 

Copyright Goodheart-Willcox Co., Inc. 
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Trends in Engineering Drawing 
Newer forms of model documentation and 

data management are emerging to meet the require
ments of modem manufacturing processes. In 
addition to providing the data included in sophisti
cated 3D CAD models, engineering 

(CAE) programs are generating data about manu
f acturing processes and the properties of parts. 
Examples of CAE processes include finite element 
analysis (FEA) for strength analysis, tool path gen
eration software for creating CNC machine tool 
procedures, and mold flow simulation software, 
which simulates how well liquid materials fill a 
mold. This data also assists with managing and 
sharing a more complete description of a part and 
its history. Product data management (PDM) soft
ware helps manage all of this electronic data, and 
facilitates processing review, revision, and inven
tory management tasks electronically. 

In response to demands to incorporate 
electronic data into the manufacturing process, the 
ASMEY14.41 Product Data Practices 

standard was developed. This standard establishes 
practices for design intent and 
other information with digital data . A 
product definition data set is the total collection of 
information required to completely define a com
ponent or an assembly of parts, Figure 1-14. 
These data sets can completely define a product for 
the of design function and analysis, as well 
as functional test results, manufacturing procedures 
or tool paths, and inspection data. 

The ASME Yl4.41 standard addresses two 
methods of preparing a product definition data 
set. In the model only method, annotations (such 
as dimensions, tolerances, and notes) are directly 
attached to an individual model file. The model in 
this context is a combination of the design model, 
annotations, and attributes that describe a product. 
When using this method, a drawing graphic sheet 
is not required. The model and drawing method 

allows for a hybrid approach to describing a part or 
assembly. The drawing graphic sheet requires and 
incorporates the ASME Yl 4.1 standard specifica
tions for a border line and title block, and allows 
for 2D geometric views in accordance with other 
ASME standards. Annotations such as notes and 
dimensions can still be attached to the model or 
the graphic sheet, and must still conform to other 
ASME standards, in line with current practices. As 
conceived, the ASME Y14.41 standard will enable 
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model lists, materials, fin
ishes, processes, notes, and analytical data to join 
a graphic sheet as a means of communica
tion within the the 
same role as a 

This is not to suggest that drawings or print 
reading will no longer be needed. The concepts 
discussed in the units to follow will continue to be 

PRODUCT 
DEFINITION 
DATA SET 

important to the overall design process and the role 
of prints as a key communication tool of industry 
will continue to evolve. Blueprints and whiteprints 
may no longer be used today, but the principles 
associated with those prints remain relevant. As 
John W. Gardner, former US Secretary of Health, 
Education, and Welfare, once said, ''History never 
looks like history when you are living through it." 

MODEL 

DRAWING GRAPHIC 

SHEET (NOT REQUIRED 
FOR DATA ONLY 

MODEL SETS) 

ASSOCIATED 
LISTS 

MATERIALS 
PROCESSES 

FINISHES 
NOTES 

ANALYTICAL 
DATA 

Goodheart-Willcox Publisher 

Figure 1-14. Potential contents of a product definition data set. 
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Name Date Class 

Review 
Answer the following questions using the information provided in this unit. 

1. A print can simply be defined as a(n) of a drawing. 

2. True or False? Prints are often an important part of a contractual agreement. 

3. The study of print reading is closely related to the study of . 

A. measurements 

B. 

C. machining 

D. art 

4. Briefly explain why prints are sometimes called blueprints. 

5. List two sheet materials that have been primary media for original drawings. 

6. What name is often applied to a large, roll-fed output device for a CAD system? 

7. List the two principal elements of print reading. 

8. True or False? Every view created by the drafter or designer is based on a 
projection. 

9. What does PDF for? 

A. Printable Document 

B. Plotted Drawing File. 

C. Portable Document Format . 

D. Print Detail Freehand. 

10. Expand the acronym and briefly describe the DWF file format. 

11. Expand the acronym and briefly describe the DWG file format. 

Copyright Goodheart -Willcox Co., Inc. 
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Name Date Class 

12. What does ASME stand for, and what is 

13. Which of the following is not a engineering drawing standard? 

A. ANSI. 

B. ADSN. 

C. ISO. 

D. ASME. 

QU QU e PL O VA Pi mr QU e AU e h Lt r
+
i O Qu pl e QU e V GU e -tnvnvnvnvnv seeeee USSSSS 

15. Rapid prototyping technologies are also known as 
processes. 

16. Machining operations, such as and drilling, are 

manufacturing 

processes. 

17. True or False? Even with product definition data sets, print reading skills will still 
be important. 

Copyright Co., Inc. 
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After completing this unit, you will be able to: 

D Identify the standard alphabet of lines. 

D Describe the types of lines by appearance and purpose. 

the style of recommended for standard industrial drawings. 

Technical Terms 
alphabet of lines 

break line 

center line 

chain line 

convention 

cutting-plane line 

dimension 

dimension line 

extension line 

Copyright Goodheart-Willcox Co., Inc. 

hidden line 

leader line 

phantom line 

section line 

stitch line 

line 

viewing-plane line 

visible line 

13 
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y definition, a convention is a generally 
accepted way of doing something. Before com
puters, prints were created by drafters with pencils 
and pens, and was primarily a freehand 
craft. Lines were made with lead pencils and the 
ability to create a line of an exact width was a skill 
that took time to develop. The ASME Y14.2 Line 
Conventions and Lettering standard sets forth the 
recommended appearance of lines, although in our 
current age of computers no longer 
specify dash length and line width as precisely as in 
years past. Because drawings can easily be printed 
at a variety of scales and sizes, there is more flex
ibility today. 

Alphabet of Lines 
There are several types of lines commonly used 

in engineering drawings, depending on the field of 
study. The current ASME standard illustrates these 
and identifies each by some occasions, 
more than one option for the appearance of the line 
is given. Each line has a particular meaning to an 

or drafter. A skilled technician 
must recognize and understand the meanings of 
these lines in order to correctly interpret an indus
trial print used in the manufacturing environment. 

The list of line types, defined in many refer
ences as the alphabet of lines, is used throughout 

See Figure 2-1. Each line has a definite 
form or dash pattern and a standard line weight 
(width). In older standards, three line weights were 

medium, and thick. Current 
standards recommend two line weights-thick 
and standard thick line is recommended 
to be width. The standard thin line is 
recommended to be in width. Of course, 
these lines may vary depending on the size of the 
drawing and whether or not the drawing is pho
tographically reduced or enlarged. In all cases, 
however, the thin-to-thick ratio should remain 1 :2. 
In most cases, CAD programs can be configured 
to print drawings at any size or scale while main
taining any desired line thickness. It is important 
to note that thinner lines should not be lighter. All 
linework should be black. 

Be aware, many drawings throughout the years 
have been produced without attention to standard 
line weight. Many of the early CAD systems could 
not easily print variations in line weight. 
often created a drawing that was harder to read 

Visible Line 
(Width 0.6 mm) 

Thin 
Hidden 

- 0.3 mm) 

Center Line 

Symme 

Section Line 

Leader 

or 

Viewing-plane 
lines 

Break Line 

Phantom Line 

Stitch Line 

Chain Line 

Thin 

All thin 
3.50 

EXTENSION LINE 
DIMENSION LINE 

Thick 

Thick 

Thick 

Thick 

V' 

Thin 

Thick 

u 

Publisher 

Figure 2-1. The alphabet of lines is a standardized list 
of lines from which the drafter can choose. Each line 
has a definite form or pattern, and an intended purpose 
and meaning. 
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and interpret. Within you have the 
opportunity to be the champion for conformance to 
industry standards, thus promoting drawings that 
11 speak with the proper 

Lines in a drawing convey information essen
tial to understanding the print. Therefore, to 
understand the you must know and under

stand the alphabet of lines. Refer to Figures 2-1 and 
2-2 as you read the remainder of this unit. 

Primary View Lines 
Of primary importance to the print reader 

are the three lines in the alphabet that are used in 
multiview drawings. 51 multi
view drawings are characterized by a set of views. 

Unit 2 Line Conventions and Lettering 15 

Within each view, many features may be hidden, 

while other features may be curved or 
Of importance is the visible line. This 

is a thick, continuous line representing all of the 
edges and surfaces of an are visible in 
the view, Figure 2-3. These lines should be twice 
as thick as the thin lines of the view. Visible lines 
give the print reader the shape description of the 

Many books and teachers have also 
referred to visible lines as object lines. 

Another line that is especially important in 
the drawing is the hidden line. This 
is a line that features dashes spaced 
closely together. Earlier standards recommended 
the dashes be about 1/8 ” long and spaced approxi
mately 1/32" apart. Hidden lines are used to show 

B ~ 

+ .00 13 

.1 

VIEW B- B 

.344 

/ 

/ 

2.938 

A 

.625 

L 1.000 

+ 

.125] 

SECTION A-A 
.313 

A NO PAINT 

r
I ><

7
/
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Figure 2-2. This drawing features visible lines, hidden lines, center lines, phantom lines, section lines, a 
line, a viewing-plane line, dimension lines, extension lines, leader lines, and a chain line. Can you find all of them? 
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Visible lines 

Hidden lines 

Goodheart-Willcox Publisher 

Figure 2-3. A visible line is a thick, continuous line representing all edges and surfaces on an object visible in the 
view, while hidden lines represent hidden features. 

edges, surfaces, and features not visible in a par
ticular view, Figure 2-3. Hidden lines are used to 

clarify a drawing. Sometimes, hidden lines are 
omitted on complex views when the is 
clear without older drawings, these lines 
may have been created with a medium weight. 

of line especially 
the multiview is the center is a 

with long and short dashes used 

to of holes, arcs, and other sym
features, Figure 2-4. In a circular view, two 

center lines are used and should a 

center of the circle. Some CAD do not, by 
default, show center of a 

circle quite as well as drawings drawn by hand. In 

these cases, the drafter should the scale of the 
center line so the short dashes make a plus. Center 
lines are also used to indicate paths of motion, as 
shown in Figure 2-2. In addition, on some draw

only one side of a part is drawn and a 
is placed on each end of the center line to indicate 
the other side is symmetrical (identical in dimension 

and shape). When these added to the 
center line, the line can be called a symmetry line. 

Section View Lines 
Some lines are used primarily in section view 

drawings, which are 6. Section 

views are views that show the object as if it has been 
through. Additional conventions are needed to 

express these views on a drawing. 
For assumed to be cut, section 

lines are used. thin, continuous lines usu

ally drawn at an angle, most commonly 45°. Section 
lines indicate the surface of an object in view 

was '' cut'' by a plane." sec
tion lines have dashes to indicate a 

General purpose section as the cast 
iron shown in Figure of section 

is commonly used for other materials 

tion unless the drafter or designer wants to indicate 
the specific material. Some CAD programs refer to a 

as hatching or cross-hatching. 

Copyright Goodheart -Willcox Co., Inc. 
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Center lines Hidden lines 

Goodheart-Willcox Publisher 

Figure 2-4. Center lines are thin lines with alternating long and short dashes. They designate centers of holes, arcs, 

and other symmetrical objects. 

I …· + 

A 

line 

Center lines 

B 

Section lines 

Goodheart-Willcox Publisher 

Figure 2-5 . Cutting-plane lines can be made in different ways, but the method indicated in A is Section 

lines, shown in 8, are thin, lines usually drawn at 45° and about 1/8'' apart. 
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For section view drawings, a cutting-plane line 

can be shown on the view adjacent to the section 
view to help the print reader know where the 

is made. The line should be a thick, 
dashed line. It usually short line 
at 90° to the plane with arrowheads in the 
direction of sight for viewing the section. Letters 
may be used to indicate the 

There three different choices for 
the drafter when creating a Refer 
to Figure 2-1. The most common line 
features a long dash and then two short dashes. 
Another version standard is a 
series of medium-size dashes, about twice as long 
as hidden line dashes. The standard also 
allows for two 11 elbows'' with identifying labels 

and arrows. In any case, the lines should be the 
same thickness as visible lines. 

Dimensioning Lines 
While the visible, hidden, and center lines are 

used to create the shape description of an object, 
the size of an object is indicated in 
annotations known as dimensions . Dimensions are 
composed of a variety of lines, all drawn without 

all with a thin line weight . Dimen
sioning is discussed in Unit 9. 

The lines that extend the edges of the object 
out away from the view are called extension lines , 
Figure 2-6. Some books, references, and CAD 

systems refer to these as witness lines. The purpose 
of the extension lines is to keep the dimensional 

annotation away from the shape description. Exten
sion lines begin about 1/16 " away from the object's 
visible corners and extend about 1 I 8" beyond the 
arrows of the dimension line. 

Between the extension lines are dimension lines, 

which indicate the extent and direction of dim en
sions, Figure 2-6. In most engineering drawings, the 
dimension line is broken middle for the dimen

sional value. Dimension lines are usually terminated 
by arrowheads against extension lines. Dimensioning 
methods are becoming more diverse in industrial 
applications , including arrowless coordinate dimen

dimensioning and tolerancing. 
topics are in later units. 

In dimensioning, leader lines, commonly 
known as leaders, are used to point to a feature 
or drawing area to which a local note applies, 
Figure 2-6. Leaders are also 
with dimension lines is insufficient room 

for dimensional values within the dimension line. 
Leaders continuous lines characterized by 

an arrow on one end and a shoulder on the other. 
shoulder end of the line is vertically centered 

on the beginning or end of the note . 

Miscellaneous Lines 
A few other lines should be 

unit. As you progress through the textbook, you 
will encounter applications for these 

examples will help to reinforce your to dis
the and function of each line . 

Leader 
Dimension line 

3.00 Extension line 

Publisher 

Figure 2-6. Dimension lines are thin lines used to indicate the extent and direction of part dimensions, while the 
extension lines extend the object. Leaders are characterized by an arrow on one end and a shoulder on the other 
end, which is vertically centered with the beginning or end of the note. 

Copyright Goodhe art-Willcox Co., Inc. 



Sometimes it is not practical to view a partic
from the normal viewing arrangement. 

A different viewing direction can be established 
with a line, Figure 2-7. The viewing
plane line is equivalent in appearance to the 
cutting-plane line, but simply ''floats'' outside of 
the object instead of being placed at a hypothetical 
cutting position. 

The two types of break lines are 
ings to ''break out'' or ''break off'' a portion of a 

view. Long break lines are used to shorten objects 
that are yet too long to fit on the 

such as a shovel handle or a long bar, 

Figure 2-8. Long break thin, straight lines 
with zigzags. 

The short break line is used in section view 
drawings if it is desirable for the cutting plane not 

+ 

Unit 2 Line Conventions and Lettering 19 

to go all the way through an object, Figure 2-8. 
The short break line, if drawn by hand, should be 
freehand and line should not be an exag

gerated zigzag like lightning or splintered wood, 
but should look more like torn paper. Short break 
lines are also used to break an edge or surface to 
help clarify a feature such as a hidden surface . 

In some cases, round stock, such as shafts 

(solid) or pipe (tubular), may need to be broken. 
In these cases, a conventional ''S'' break is used, 

Figure 2-9. When the part to be broken is not round, 
a short is used. 

Phantom lines are thin lines composed of long 
dashes with pairs of short dashes. The 
dash is similar to a line, but 

the line weight should be thick. Phantom 
lines are used to indicate alternate 

VIEW A-A 

A 

A 

/ | \ 
I 
// | \\ 

((•\) 
'\ \ I I ,· 
\ '--... I / I 

\ | / 
\ | / 

\\ | // 
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Figure 2-7. A viewing” plane line for a partial view is drawn the same as a line, although there are three 
standard options. This viewing” plane line indicates the direction for viewing VIEW A-A. 

Copyright Goodheart -Willcox Co., Inc. 



20 Print Reading for Industry 

Long break line 

60.00 

Short break line 

Goodheart-Willcox Publisher 

Figure 2-8. Break lines can be used within views to “break out” sections for clarity or for shortening a view featuring 

a long and redundant part, such as a handle or tube. 

+ 

Solid 

Goodheart-Willcox Publisher 

Figure 2-9. Conventional breaks for solid cylindrical and tubular objects use “S” shaped break lines. 
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c 
Goodheart-Willcox Publisher 

Figure 2-10. Phantom lines are used to show: A-Alternate positions of moving parts. 8-Adjacent positions of 
related parts. C-Repeated detail. 

positions of moving parts, such as a machine arm, 
Figure 2-lOA; adjacent positions of related parts, 
such as an existing column, Figure 2-lOB; or for 

repeated detail, Figure 2-lOC. 
Stitch lines are included in the ASME stan

lines represent the a 

or stitching process. They are comprised of 
either short dashes with spaces that are the same 
length or a series of dots approximately 1/8" apart. 

The chain line is used to indicate an area on the 
drawing wherein special applies, 
trated by the NO PAINT note in Figure 2-2. For 
if the last inch of a rod is to be heat treated, a 
line is drawn next of the part. A local note 

can point to the chain line. A line appears some
what similar to a center line, with short and long dashes 

instead of thin. 

Standardized Lettering 
In drawings, the text and numeric 

information is referred to as lettering. Within the 
context of is not only the letters 

and numerals themselves, but also the process of 
creating those characters. In the past, when 
and by hand, it was of the 

importance that the be legible, uni

form, and standard. Even today, for any documents 
created by hand, such as preliminary sketches, leg
ible helps avoid potentially costly mistakes. 
Additional information about freehand 
be found in the appendices of this book. 

the context of reading, lettering is 
covered in this unit to establish the definition and 

standard expression recommended by the ASME 
standard. Lettering on an industrial is to be 

Copyright Goodheart -Willcox Co., Inc. 

uppercase unless lowercase lettering is 
specifically required. The recommended minimum 
height for lettering is 3 mm (1 I excep
tions for drawing block zone letters and 
numerals, section and view letters, and 
mation in the title block, such as part and 
number. For additional discussion block 
information, see Unit 3. 

By definition, created 
by hand use a ''font'' referred to in most drafting 

resources as '' single-stroke Gothic 
Figure 2-11. ''Single-stroke'' does not imply each 

letter is created with a single stroke, but rather 
refers to the freehand technique of each 

from a series of single Gothic means 
simple, '' sans serif'' (without serifs) lettering, as 
opposed to a Roman font, which contains serifs. 
Serifs are the small tails that make letters appear 
fancier. As CAD technologies and computer fonts 
were developed, not everyone same ter

minology. For example, one popular CAD system 
has a font called GOTHIC, but it appears like a 
traditional '' old English'' font. The same system 
has a font called ROMAN SIMPLEX that matches 
the engineering Gothic style rather well, but also 
a ROMAN DUPLEX font that is 
style complete with can be 

confusing when establishing CAD template draw
ings and standard CAD management protocols. 
However, CAD lettering is consistent and accurate, 
and there are many fonts and styles from which to 
choose. It is critical that industrial prints have clear 
and concise and computer applications 
have helped to meet that goal. 
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Figure 2-11. Single-stroke Gothic usually set in uppercase letters, is the established standard for 

engineering drawings. 
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Date Class 

Review 
Answer the following questions using the provided in this unit. 

1. The term for a ''generally accepted way of doing things'' is a(n) 

2. True or False? In the standards, only two standard line weights (widths) 
are recommended in the alphabet of lines . 

3. Which of the following lines does not feature any dashes? 

A. Extension line. 

B. 

C. Phantom line . 

D. Center line. 

4. How many options are there for the style of a 

5. List two different lines that feature a repeating pattern of a short dash followed by a long dash. 

6. Of the lines, which is not drawn thick? 

A. Visible line. 

B. Short break line. 

C. Chain line . 

D. Long break line. 

7. line is used to point to a feature or drawing area and usually has an 
arrowhead on only one end. 

8. True or False? If drawn by hand, the short break line should be drawn with a 
straightedge. 

9. The line is used to show an alternate position, adjacent related parts, or 
repeated detail. 

10. Which statement listed below regarding characteristics of is false? 

A. if done by hand, is composed of a series of single strokes . 

B. on an engineering drawing should be a Gothic style or font. 

C. on an engineering drawing has serifs and is very fancy. 

D. is uppercase, not lowercase . 
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Name Date Class 

Review Activity 2-1 
Match the letter of each illustrated line with the correct name. Items are matched only once. 

A 

B 

c 

D 

E 

F 

3.50 

G G 

L 

LI 

N 

p 

Q 

1. Short break line 6. Leader line 11. Viewing-plane line 

2. Hidden line 7. Dimension line 12. Chain line 

3. Center line 8. Extension line 13. Long break line 

4. Phantom line 9. line 14. Stitch line 

5. Section line 10. Visible line 15. 
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Class 

+ 
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Review Activity 2-2 
Study tire drawinK below and name. 
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Name Date Class 

Industry Print Exercise 2-1 
to print PR 2-1. Closely examine the print to see which lines from the alphabet of lines are present or absent. 

For each question, answer P for present or A for absent. 

1. Cutting-plane line 

2. Dimension line 

3. Stitch line 

4. 

5. Short break line 

6. Extension line 

7. Leader line 

8. Hidden line 

9. Chain line 

10. Center line 

11. Long break line 

12. Visible line 
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Name Date Class 

Industry Print Exercise 2-2 
to the print PR 2-2. Closely examine the print to see which the alphabet of lines are present or 

absent. For each question, answer P for present or A for absent. 

1. Extension line 

2. Phantom line 

3. Stitch line 

4. Visible line 

5. Short break line 

6. Cutting-plane line 

7. Long break line 

8. Hidden line 

9. Dimension line 

10. Center line 

11. Leader line 

12. Section line 
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Name Date Class 

Bonus Print Reading Exercises 
The following questions on the various bonus in the folder that accompanies this textbook. 

to the print indicated, evaluate the print, and answer the question. 

Print AP-001 

1. Do the visible lines of the object appear to be thicker than the center lines and section lines? 

2. What type of line is used to indicate the circular area being enlarged for View A? 

Print AP-003 

3. In how many of the four main views are section lines used? 

4. List the types of appear in Section the of lines used in 
dimensioning, if any. 

Print AP-007 

5. In the view with one dimension, 8X R.015, what of lines are featured besides the leader 

Print AP-008 

6. What type of line is used to indicate the cylindrical surfaces that are to be heat treated? 

7. of line is used to indicate the involute splines that are on each end shaft? 

Print AP-012 

8. What line name is given to the thicker dashed lines with arrows that are labeled A, B, C, D, etc.? 
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Print AP-015 

9. Describe the in which the cutting-plane line is drawn. Remember, there are other 
options in the ASME standards. 

10. What type of line is used to show the partial view break off? 

11. Name the lines that appear in Section A-A. 

Print AP-019 

12. Name the lines that appear in the enlarged detail A. 

13. Not counting leader line callouts and arc radius dimensions, how many dimension lines were used 
without extension lines? 

Print AP-020 

14. What type of line is used in the upper-left round view to indicate the remaining gear teeth without 
drawing all of them? 

Print AP-021 

15. Not counting the lines used for dimensioning, of appear on this 
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Notes 
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Un1.i:I 

3 

e o,c s~. an arts 

1ists 

After completing this unit, you will be able to: 

D Describe drawing sheet sizes and formats. 

D Identify marginal information and zoning methods for drawing sheets. 

the elements of the title block as defined by industry standards. 

D Explain the techniques for identifying an assembly drawing as represented in a basic 
parts list. 

Technical Terms 
angle of projection block 

application block 

balloon 

CAGE code 

drawing number 

drawing title 

parts list 

revision history block 

revision status of sheets block 

scale 

title block 

tolerance 

tolerance block 

zone 
.. 

rev1s1on 
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34 Print Reading for Industry 

.dustrial drawings are placed on a variety of sheet 

sizes, depending on the complexity or size of the part. 

The drafter uses both of these factors to determine the 

physical size of the views that will be needed to clearly 

show detail and describe the part. Several factors are 

used together to the final sheet size and 

main scale for the More com

may even require one sheet. 

ASME Yl 4.1, entitled Decimal Inch Drawing Sheet 
Size and Format, and 4. lM, entitled Metric 

Drawing Sheet Size and Format, cover the basics of sheet 

layout and format, title blocks, and revision blocks. 

ASME Yl4.34, entitled Associated Lists, sets forth rec

ommendations for and data lists. 

The primary focus for this unit is on the title 

block and Every print reader needs to 

begin with the title block to get his or her bearings 

regarding the task at hand. Within the title block 

resides information about the part name and 

drawing creation date, revision dates, and from what 

material the to be made. With assembly draw

ings, the is usually critical to the 

components that need to be assembled. 

Sheet Size and Format 
Drawings are prepared on standard-size sheets, 

but there are two systems for inch-based paper sizes: 

architectural. Figure 3-1 illustrates 

3 
..... 

..... 

D 

D 

A size (horizontal) 

B size 

c 

A size (vertical) 
c 

-.,”””’ lt.OCIC 

B 

C size 

A 

. . .. 

..... A 

4 3 

Dsize 

A 

A 

8 7 6 5 4 3 2 

1. Title block for A, B, and C size 
2. Title block for D, E, and F size 
3. Revision history block 
4. Margin drawing number block ( optional) 
5. Revision status of sheets block 

6. Application block ( optional) 
7. Tolerance block 
8. Angle of projection block 
9. Rounded corners optiona l on all sheet sizes 

Publisher 

Figure 3-1. Flat-sheet formats are standardized by ASME. Sheet formats A through Din landscape mode and A in 
portrait mode are shown here. 
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four of the paper sizes, identified as sizes A through 

D. As illustrated, engineering sheet sizes are in mul

tiples of 8 1 is commonly referred to 

as A-size. If D-size paper, 22''× 34'', in half, the 

result is two C-size sheets, each 

paper cut in half results in two B-size sheets, 

each 11''× 17''. Roll-size format G, H, J, and Kare also 

available for large and assemblies. 

Architectural drawings are usually larger than 

engineering drawings, and are based on rolls of 

paper manufactured in widths of 24'', 36'', or 

drawing sheet sizes are therefore larger as 

A-size sheet for architectural applications 

B-size sheets are sheets are 

and D-size sheets are professional 

output devices can accommodate both systems of 

paper. See Figure 3-2 for a size comparison. 

In the United States, the decimal-inch system is 

still with respect to paper 

sheet sizes. Even if drawings are created with metric 

units, most office supplies are still specified to dec

imal-inch paper sizes. The ISO 216 standard sets 

metric paper size standards for an 11 A series'' set of 

paper sizes. Metric paper sizes have the additional 

benefit that each size, if halved or doubled, main

tains the same aspect ratio (length versus height). 

Metric sheet sizes commonly used for indus

trial prints are identified as AO, Al, A2, A3, and 

A4. See Figure 3-2 for a size comparison chart. 

Figure 3-3 illustrates metric sheet sizes for the 

ISO 216 ”A'' series. This unit will not to 

cover both decimal inch and metric systems, as the 

content is virtually the same, simply with different 

units. 

Engineering Similar 

Size Standard Standard to ISO 

standard 

A 8.5 × 11 9 × 12 A4 

B 11 × 17 12 × 18 A3 

c 17 × 22 18 × 24 A2 

D 22 × 34 24 × 36 A1 

E 34 × 44 36 × 48 AO 

30 × 42 

F 28 × 40 

Goodheart-Willcox Publisher 

Figure eng ineering standard for paper is 
different than the architectural standard. Similar metric 
paper size s are also available. 
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Borders and Zoning 
in Figure 3-1, the a 

drawing vary depending on sheet size and available 

space. The recommended minim11m space varies from 

.25'' to 1.00''. Roll-feed may require 

along one edge. A border line is usually 

included around the edge of the paper. Border lines are 
technically not in the alphabet of lines. They are usually 

drawn thick, perhaps even thicker than visible lines. 

ASME standards recommend zoning for sheet 

sizes than B-size, although zoning is 

even for smaller sheets. Outside of the 

to aid in details of parts or revision 

notes, Figure zoning system is similar to that 

used on highway maps. Numbers at intervals 

from right to left. are used at intervals from 

bottom to top. Zones are noted with the letter first and 

the number second, for zone D3. 

ISO 216 II A'' Size in Size in 
Series Millimeters Inches 

A4 210 × 297 8.3 × 11.7 

A3 297 × 420 11.7 × 16.5 

A2 420 × 594 16.5 × 23.4 

A1 594 × 841 23.4 × 33.1 

AO 841 × 1189 33.1 × 46.8 

Goodheart-Willcox Publisher 

Figure 3-3. The ISO 216 stan dard specifies the 
dimensions of the A series of metric sheet sizes. 

c 

IB 
B3 

A 

3 2 

Goodheart-Willcox Publisher 

Figure 3-4. Zoning is used to specify an area of a large 
print, similar to what is used on highway maps . 
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Basic Title Block Elements 
The title block provides information that aids 

in identification and filing of the print. The title 
block also provides supplementary information 

about the part or title block is usually 
located in the lower, right-hand comer of the print 
so that it can be seen when the print is correctly 

folded. This allows for easy reference and filing. 
While many companies have their own varia

tions of the standard title block, the information 
found in a title block is similar between companies. 

Title block information included on plans by most 
industries is explained in this unit. Understanding 

the information typically found in a title block will 
help you properly all title blocks. 

The name and address of the company is usu
ally placed in the upper part of the title block, 

Figure 3-SA. Often, the company logo also appears 
in this space. With CAD systems, it is easy to insert 

a standard logo into a drawing. 
The drawing number is used to 

control the print. It is also used to designate the part 
or assembly shown on the print, Figure 3-SB. The 
number is usually coded to indicate 

model, group, serial number, and dash numbers. 
The drawing number may also be shown in the 

margin of the drawing, usually in a 
box. This is designed so the drawing number shows 

along the top edge when the drawing is folded to 
A-size, Figure 3-6. 

The drawing title indicates the name of the 
The title should be descriptive, brief, and clearly 

state an identification of the or assembly. See 
Figure 3-SC. The title starts with the name of the part 

or assembly, followed by descriptive modifiers. When 
the title is read out loud, the descriptive modifier is 

UNLESS OTHERWISE SPECIFIED PROJECT NO. 

ALL DIMENSIONS ARE IN INCHES 

PR-1 0 1 TOLERANCES: 

1 PLACE DIMS: +/- .1 

APPROVALS DATE 2 PLACE DIMS: +/- .03 

3 PLACE DIMS: +/- .005 
,WN ( RKB 09/01 

ANGULAR: +/- ,. 

+/- 1/32 
CHECKED 

FRACTIONAL: 

MATERIAL 
CRS 

APPROVED 

FINISH 
NONE 

ISSUED 

read first. For example, the title in Figure 3-7 is read 
valve 

The sheet area of the title block is used for sheet 
numbering. Sheet numbering is used on multi

sheet prints to indicate the consecutive order and 

8.00 

PRT - 10293 - 238 

drawing or part 
number block 

D 

c 

Publisher 

Figure 3-6. Standards allow for the drawing number to 
be shown in the margin to aid in finding a drawing in the 
filing drawer. 

I VALVE ASSY, 1 1 PRESSURE REGULATING I 

Part name Descriptive modifiers 
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Figure 3”Z A part name often contains descriptive 
modifiers. When read out loud, the modifiers are read 
first and then the part name. 

TITLE 

p STON 
SIZE CAGE DWG NO. REV 

B A 
SCALE 

1 : 1 WEIGHT 
.234 

SHEET 
OF 

@ 
Publisher 

Figure 3-5. Most title blocks contain similar information. Standard formats are recommended, but not required. 
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total number of prints. Sheet numbering is often 
written as SHEET x OF n, where x is the number 

of the sheet, and n is the total number of sheets for 
that set. See Figure 3-50. 

The size area of the title block is used to indicate 
which sheet size is used for the print. A letter des

ignation such as B, C, or D indicates the standard 
size paper. Refer to Figure 3-2 or 3-3 for standard 

paper sizes. 
The weight area of the title block provides the 

weight of the part, Figure 3-SF. The weight can be 

either the actual or calculated weight, as indicated. 
Calculated weight is used during design stages to 

control the weight of the finished part or assembly. 
Actual weight is obtained after the part or assembly 

is actually manufactured. 
The scale area indicates the scale of the 

drawing. The scale is the ratio between the part as 
drawn and the actual part. It is usually expressed 

as paper= real or paper:real, where the first number 
(paper) indicates the size measured on the paper 

and the second value represents the size measured 
on the actual part. See Figure 3-SG. Typical scale 

notations are: 1”(half size), 1:2 (half size), 
FULL (actual size), 1:1 (actual size), and 2:1 (twice 

size). Sometimes 2X or 3X is used to indicate 2:1 
or 3:1, respectively. When several scales are used 
in the drawing, the scale is shown AS NOTED, 

and each scale is indicated below the particular 
view to which it pertains. Some drawings, espe

cially diagrams, have no scale. Pictorial drawings 
representing a part or assembly in 3D are often not 

shown to scale, as the is '' turned and tilted'' 
and the object lines are foreshortened. The designa

tion NONE is an appropriate in the title block 
for a drawing with no scale. 

It is important to note that even though draw
ings are usually printed to scale and the scale is 

indicated in the title block, measurements should 
never be made directly on a print. This is because 

the print may be reduced in size or stretched. Work 
from the dimension values given on the print. 

If you believe these to be in error, report it to the 
appropriate person in the company. 

Some title blocks have an area labeled CAGE 

code, which is a unique identifier given to ven
dors for the government, Figure 3-SH. CAGE is an 

acronym for Commercial and Government Entity. 
On older drawings, this block may be identified as 

FSCM (Federal Supply Code for Manufacturers) 
or NSCM (National Supply Code for Manufac

turer). In summary, this area is used to identify part 
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suppliers on drawings. For parts not requiring 
a CAGE code, this area is left blank or it may be 

omitted from the title block layout. 
On the left side of a title block is an area for 

the and date of release 
areas are not specified in current standards, but 

may appear as shown in Figure 3-SJ. Entries in this 
area are made by those responsible for making or 

approving certain facets of the drawing or manu
facture of the part. There may be many 
on a given drawing. The following are some areas 

of responsibility: 

• Drawn. This area is for the drafter who made 
the drawing and the date completed. 

• Checked. This area is for the engineer 
or checker who checked the drawing for 

completeness, accuracy, and clarity. 

• Approved. This area is to record any other 

required approvals. 

• Issued. This area indicates the person who 

finally issues the drawing as available for 
general use, making it an'' official'' drawing. 

Intermediate Title Block Elements 
There are many other areas of information that 

will be more clearly understood after some addi

tional units are covered. Within your progression 
of study, it is important to understand the impor

tance of studying the title block early and often 
in the process of interpreting the full scope of the 

product or part. Additional title block information 
is discussed in future units, but this section is a 

brief overview of additional information found in 
some title blocks. 

In manufacturing, part dimensions are often 
within a range. The total amount of the range is the 
tolerance for that title blocks include a 

tolerance block, which indicates the general toler
ance limits for one-, two-, and three-place decimal 

values and a certain number of degrees for angular 
dimensions. These limits are to be applied unless 

the tolerance is otherwise indicated on the drawing. 
Refer to Unit 13 for a discussion on tolerancing. 

The angle of projection block is usually located 
below the tolerance block and identifies whether 

the drawing is a first-angle or third-angle projec
tion. Refer to Unit 5 for a discussion on angles of 

projection. 
The finish area in a title block indicates gen

eral finish requirements, such as paint, chemical, 
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or other. Any specific finish requirements are called 
out in a local note with the word NOTED in the 
finish area. Refer to Units 11 and 12 for a discussion 
on machining specifications and surface texture 
symbols . 

The materials area in a title block indicates the 
material used to make the part. Some companies 
have material numbers assigned to all raw mate
rials. The number of the material is then indicated 
in the title block. See Figure 3-8. 

The heat treatment area in a title block indi
cates heat treatment and hardness requirements. 
See Figure 3-9. The entry may be AS REQUIRED or 

which means the part must conform to the 
specification block notation or to the callout on the 
drawing detail. If heat treatment is not required, 
the word NONE or a diagonal line is entered in the 
block. 

An application block can be added to the title 
application block lists the assembly or 

subassembly in which the part or subassembly is 
used. See Figure 3-10. Indicating where the part or 
assembly is used can help determine the effects of a 
change in the part or assembly . Refer to Unit 16 for 
a discussion on assembly drawings. 

A few companies include information in the 
title block indicating DRAWING SUPERSEDED BY or 
DRAWING SUPERSEDES. For example, if PART 111 

supersedes PART 110, then PART 111 is the new part 
that replaced PART 110 in the system. This enables 

MATERIAL 

8124 CA377 
SCAL E 

- BRASS FOR FORGING BY 

NAME 

BODY FORGING 
CHKD 

APPD 

(RAW CODE NO. R2803) 

Publisher 

Figure material area of the title block indicates 
the material used to make the part. 

MATERIAL 

CARPENTER 610 

HEAT TREAT 

HARDEN & DRAW RIC 58 - 60 

APPLIED FINISH 

Publisher 

Figure The heat treatment area in the title block 
indicates heat treatment and hardness requirements. 

-3 K- 139 10M3200 

PART NEXT FINAL NEXT ASSY. USED ON 

DASH 
QTY.REQ. 

NO. PER.ASSY. 

Publisher 

Figure 3-10. The application block, if present, is 
attached to the title block and lists the assembly or 
subassembly in which the part is used. 

a drawing to report the previous part number or 
as a historical record, which helps 

the print reader locate information connected to 
the history of the part. This information can also be 
applied to a drawing that is being discontinued and 
archived so individuals can find the new drawing 
and that superseded the old 

Other information may appear in a title block. 
The customer for whom the product is being pro
duced is sometimes listed, as is the contact number. 
Standards used for inspection may be used to refer 
to specific sets of inspection standards used by the 
company. A diagonal line or X appearing in any 
part of the title block means the item is not required. 

Revision History Block 
A revision is any change made to the original 

drawing. A system for reporting the history of 
changes to a part and its drawing is also included 
on the sheet. Unit 14 discusses revision systems in 
more detail, but locating the current revision status 
for a drawing is often a necessary initial step in the 
print reading process. As a part is revised, the 
ferences are usually recorded on the drawing with 
alphabetical notations. It is important that the print 
reader establish the current revision status of the 
drawing and if the drawing is up-to-date. There 
are times when a revision is pending, which should 
be indicated somewhere on the as a 
bold colored stamp. 

The revision history block should be located 
in the upper-right comer for most sheet layouts, 
Figure 3-11. This block may include information 
such as the letter assigned to a change, what change 
order number was assigned, the date, and other 
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