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Machine Trades Print Reading: Lesson Plan

Instructor: Date:

PUBLISHER |

Unit 1: Drawings and Prints

Learning Outcomes
* 1.1 Describe the two primary phases of the manufacturing process.
— The Manufacturing Process
= 1.2 Explain the roles of various members of a design team.
— The Manufacturing Process
* 1.3 Describe potential uses for a 3D part model.
— The Manufacturing Process
» 1.4 |dentify potential benefits of manual drafting skills for workers in the manufa

Machine Trades Print Reading: Unit 1 Answer Key

— The Manufacturing Process Unit 1: Drawings and Prints
= 1.5 Explain the importance of understanding detail and assembly drawings, whe]

screen. Unit Review

- The Manufacturing Process
= 1.6 ldentify occupations that require print reading skills. Know and Understand

— Print Reading Applications 1. B.design

Instructional Resources
* Textbook/eBook: Unit 1
= Instructor Resources: Unit 1 Instructor's Presentation for PowerPoint

A. engineer

A. machinists, inspectors

= Instructor Resources: Unit 1 Answer Key D. All are correct.

» QOther instructional resource: T
e

2
3
4
5
o for rcico v Aplcin 6 Fake
;
8
9

» Digital Companion: E-Flash Cards True

= Digital Companion: Image Library C. Detail

= Textbook/eBook: Unit 1 Review and Assessment, Know and Understand

» Textbook/eBook: Unit 1 Review and Assessment, Critical Thinking C. Assembly

» Other resource: 10. True

Assessment Critial Thinking

' AssessmentISune 1. Student answers will vary. Evaluate individually.
= Unit 1 Pretest
*  Unit 1 Posttest 2. Student answers will vary. Evaluate individually.
= Unit 1 Exam

* QOther assessment:

Teaching Suggestions
» Demonstrate the cormrect procedure for folding different size prints

= Show students how a copy of a print original is produced. Obtain a Mylar or vellum pri
to students.
1

Lesson Plans, Assessments,
and Answer Keys



Print « Digital « Bundle
Options Available

. DZL 4N
Blackboard BRIGHTSP/.CE %.) Canvas

l =
S \/ACHINE TRADES
B8 PRINT READING

Additional

fhoodle ) schoology D LTl-Compllant
Clever &

ClassLink

L

1TEDTECH
(ceErRTIFIED ] Google Classroom

‘ LMS and CMS Integration
Easy Navigation




REVISIO|

AV DESCRIPTION

PUBLISHER g

—ﬂ 750 |-—

Machine Trades Print Reading 8e, Online Instructor Resources Suite

i o = = =
MACHINE TRADES MACHINE TRADES MACHINE TRADES MACHINE TRADES
375 —m (3.5) PRINT READING PRINT READING PRINT READING PRINT READING
3X @.3125 { * 6072
1 1 602 e n . ]

Activity Print PDFs

L 1 Digital End-of-Unit
R.375 4_- 050 eBook Companion Activities

< G & B DESIGNS

SOUTH MILWAUKEE, WISCONSIN eBoo

ADJUSTABLE HANGER BRACKET

Machine Trades Print Reading 8¢, Machine Trades Print Reading 8e, Machine Trades Print Reading 8e, Machine Trades Print Reading 8e,
Digital Companion End-of-Unit Print Activities Activity Print PDFs

INTERPRET DIVENSIONS AND TOLERANCES PER ASME v145-2018. | o M3 [""u3/04/xx

=
UNSPEGIFIED TOLERANGES RG 03/06/% %]
e gy

PARTS MUST BE FREE OF ALL SHARP
EDGES. BURAS. FLASH AND CLEAN. PART
no.
1B

= 0312/ x e

TOBE STEEL STAMPEDWITH 116 TO | XX = £.010 XXX = £.008
WIGH CHARACTERS ON ALL PARTS, 06 =+ 0008 ANGLES = +5°

LATES, ETC. PARTS MAY BE SAW
CUT AND SANDED UNLESS OTHERWISE
SPECIFIED.

R o

THIRD ANGLE PROJECTION e

x |
@’G’ STAINLESS STEEL  fmr

e |t-cE1-)ﬂE EorTm

MACHINE TRADES MACHINE TRADES MACHINE TRADES MACHINE TRADES
PRINT READING PRINT READING PRINT READING PRINT READING

t

DO NOT SCALE DRAWING

Activity Print 9-6. Adjustable Hanger Bracket.

TITLE Unit 2: Drawing Problem 8

FIGURE  Activity 2-1-8 4 3 ==
0 Instructor 0 Image |
3D Files F2] Resources ] Library Vﬁwﬁiiﬁiﬂ‘fﬂf
Machine Trades Print Reading 8e, Machine Trades Print Reading 8e, Machine Trades Print Reading 8e, Machine Trades Print Reading 8e,
Files Instructor Resources Image Library G-W Assessment

PUBLISHER

THE INFORMATION ANDIOR MATERIAL IN THIS

| LMENT IS A FEATURE OF MACHINE TRADES PY PY

| PR APRODUCT OF GOODHEART-

| 8 VALLCOX CO. NC. THE FILE IS COPYRIGHTED
< P MATERIAL OF THE PUBLISHER AND MAY NOT BE

REPROOUCED OR TRANSMITTED INANY FORM OR BY -
y ANY MEANS WITHOUT PRIOR WRITTEN PERMISSION.
Isometric Front Top Right




&l FLANGED HUB - Sheet1 *

] E] '@ Center Mark Revison Symbol zz:]
. = P2 83 centerne £ RevisonCloud | T30S

Area Hatch/Fil

GH

MACHINE TRADES
PRINT READING

MACHINE TRADES M wiein et Rk e
PRINT READING

Write-In Text

I DETAILB
= SCALES: ]

o — LIRS ©2027, 6t edition, by Michael A. Barsamian,
i - Richard A. Gizelbach, and Oygar Lindskog




Bl'i Ef C Dnte ntS Dimensioned views PUBLISHER

REVISIONS

22.0? REV DESCRIPTION DATE APPROVED
: A | WAS .250
1 DrawingsandPrints................ 3281 / %
2 Visualizing Shapes ................. | N 002
1885 905
3 LineUsage ........................ ol I
4 TitleBlocksand Notes .............. | [ osees
} it + M
' | (& \
5 Applled Math ...................... :===_____ 8 2.30 1 837
6 MeasurementBasics ............... | L }
7 Dimensions and Tolerances ......... A \
8 Holes.....................L R.0156 — 2%7\ -
9 ContoursandAngles................ 6562 437 218 unc2s 9.751
NOTE: (B]
10 ThreadS """""""""""""" MODIFY PURCHASED CASTING
-” Machining Details .................. NICKEL PLATE AS PER SPECIFICATION “106A _
) . INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5-2018. | MB [|*"10/22/xx|**"™"" G & B DESIGNS
12 SECTII.DHE[\{IEWS """""""""" E%g%EE%};&F%%E%%E@TEA% - UNfzf;'F'EDTOLE::NCEfOOS A:::::; RG. :::”/2/“rr FRANKLIN, WISCONSIN
X 1/16 N = *+ ) = +. : ITLE:
13 Auxiliary Views .................... R LR E MGLES- £5 W e DRIVE PULLEY
14 GD&T |ﬂtrUdUCtiUn o THIRD ANGLE PROJECTION IR [SIZE JCAGE CODE DRAWING NO.: REV |
----------------- A B200
. . MACHINE TRADES [iNe] @6‘ FCALE: 21 WGHT: I?EET: T of 1

15 GD&TApplications ................. PRINT READING 4 Q
16 Detall Drawings ................ » 3», : " Tolerance information
17 Assembly Drawings ................ R,

sembly Drawing N AR Student Textbook
18 Print Reading Review............... e -




UNIT9

Contours and Angles

LEARNING OUTCOMES

After studying this unit, you will be able to:

9.1  Identifyanarc onadrawing and understand its
elements.

9.2 Explain how a blend radius is formed.

9.3  Know the difference between a fillet and a round.

9.4 |dentify the size of a fillet, round, or part contour
on adrawing.

9.5 Demonstrate the ability to distinguish different
typesof angles.

9.6 Recognize a beveland determine its
measurement.

9.7  Identify a chamferand interpret its size.

9.8 Describe how tapers are dimensioned.

KEY TERMS
angle
angulardimensioning
arc

bevel

blend radius
chamfer
contour

fillet

round

tangent

taper

vertex

Introduction

Many parts featured in industrial prints will have con-
tours and angles. A contour is a curved outline of an
object that has a shape other than a circle. An angle is
the amount of rotation or turn, measured in degrees,
between two lines that meet at a point. The point at
which the lines converge is known as the vertex. The
division of a circle into 360° defines the measurement
of an angle. The types of angles applied to parts and
features are bevels, chamfers, and tapers.

Arcs

An arc is any curved edge with a constant radius and
an angle less than 360°, as shown in Figure 9-1. An
arc is a portion of a circle’s circumference. Arcs are
dimensioned with leader lines and radii. On a draw-
ing, a leader line identifies an arc, while the radius
indicates the arc’s size. Most radii have a defined
origin at the center point, as shown in Figure 9-2.

% ’\,\"‘ Center point
25° " Nangle
Figure 9-1. An arc is defined by its radius and angle. Th
radius is the distance from the center point to the outer
edge, as shown by the line connecting points Band C.
The angle determines the arc length, as shown by the

distance along the arc from point Ato point C.

e
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Figure 9-2. The linear dimensions locate|
the radii, while the radius dimensions de
the arcs. 4

UNIT7

Dimensions
and Tolerances

LEARNING OUTCOMES

After studying this unit, you will be able to:

7.1 Define terms that apply to dimensioning and
tolerancing.

7.2  Identify and understand dimensioning systems
used on drawings.

7.3 Identify different methods used to apply
tolerances.

7.4 Calculate tolerances for limit dimensions.

7.5 Determine tolerances on fractional, decimal,
angular, and metric dimensions.

KEY TERMS

angular dimensioning

basic size

bilateral tolerance

datum

decimalinch

decimalinch dimension

degree

dimension

direct tolerancing

dual dimensioning

fractional dimension

limits

metric dimension

nominal size

plus and minus tolerancing

polar coordinate dimensioning

rectangular coordinate dimensioning
without dimension lines

reference dimension

specified tolerance

tabular dimensioning

tolerance

unilateral tolerance

unspecified tolerance

Introduction

Dimensions define the size and location of features on
a part. Properly dimensioned drawings make it pos-
sible to manufacture and assemble parts accurately.
This unit covers different methods and established
practices for dimensioning engineering drawings. This
unit also covers tolerancing methods and explains
how tolerances are calculated.

Dimensions

A dimension is a measurement of the distance between
two given points on an object. Dimensions describe
the size and shape of a part, as well as the location
of its features. Typical dimensions include width,
height, depth, angular, radius, and diameter dimen-
sions. Dimension values on a drawing can be decimal,
fractional, angular, or metric.

Fractional Dimensions

Fractional dimensions are measurements based on
fractional numbers. The ASME Y14.5 standard does
not recommend fractional dimensioning except for
specifying nominal sizes. Nominal size is a general or
stock size used for the identification of a part. It may
not be the actual size of the part. For example, a 3/4-10
UNC bolt has a 3/4” nominal size diameter, but the
actual diameter size may vary from .7288 to .750.

Decimal Inch Dimensions

Decimal inch dimensions are measurements based on
decimal inches. The decimal inch is the standard unit
of linear measurement in the United States. A decimal
inch is expressed in bases of ten, such as .1 = 1/10
(tenths), .01 = 1/100 (hundredths), .001 = 1/1000
(thousandths), and so forth, Figure 7-1.
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. . . 3 Visible lines
Intain various types of lines. Understanding F

of lines allows the reader to visualize the
intent of a drawing,.

PUBLISHER'

A line can have different characteristics. It can be d _\ |
continuous (solid line with no breaks), dashed (short N ; [ y
lines separated by spaces), or a combination of both. Goodheart-Willcox Publisher P 2
Each type has a specific meaning and communicates  Figure 3-2. Visible lines outline all edges and surfaces L
information about the part to the reader. of an object seen in a view. !

Line width, or line weight, is another characteristic
of a line. There are primarily two line widths used in 6
mechanical drawing. A thick line is twice the width _\

. e . . ) : ISOMETRIC
of a thin line. In the following sections, you will learn W

about the different types of lines and what informa- \_ /,4 TOP VIEW

tion they provide about the part.

e = [ R L S| 8 19
Visible Lines =g . #

. i A - . . _ Hidden £}~ —\

Visible lines, also referred to as object lines or outlines, lines 11— 9

define the shape and surfaces of an object. They show Goodheart-Willcox Publisher @ R—
10

IS

all edges of an object that are visible in a view. Visible ~ Figure 3-3. Hidden lines show edges and surfaces not A==t
lines define the outside borders of a part as well as ~ seeninaview. 21
T, 17
] 18

the surfaces within the borders. Visible lines are thick, - - - ) B \ 16
continuous lines that visually stand out on a drawing, /—12 \
Figure 3-2. Center mark indicates 13

center of hole

15

Hidden Lines FRONT VIEW RIGHT-SIDE VIEW
Hidden lines show edges or surfaces that are oth-
erwise not visible when viewing a part from a spe- /
cific view. A hidden line, as shown in Figure 3-3, is a /

series of evenly spaced, thin dashed lines. The spaces Centerline Surface ’
between the lines are short. ‘ A

\ Front | Right Side
14 21
10 20
9 17
12 15
8 19
11 18
{ 113 16
,é, L Goodheart-Willcox Publisher

- Goodheart-Willcox Publisher
Centerlines Figure 3-4. Centerlines indicate center locations of
holes, arcs, and axes of symmetrical parts.

A centerline shows the location of the center point of
a hole or an axis of a part. A centerline may also show
the center of an arc or a path of motion. Centerlines y
are thin lines with alternating long and short dashes, /
Figure 3-4. Centerlines are critical to machinists
during layout, machining, and inspection.

Symmetw‘ lines

_i
o= |0 || w |~ =)
©

QIMMO|O|m

Symmetry Lines

Symmetry lines are attached to the center axis of a part
where both sides are symmetrical. They are common
in partial views (sectional views that show details of
an object without showing the complete view) and
sections. Symmetry lines are two short, thick parallel
lines placed perpendicular to the centerline at both
ends, Figure 3-5.
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Goodheart-Wif
Figure 3-5. Adivided partial view using sym
signifies the part is symmetrically shaped.

e« »38 i Visual Elements Reinforce Content




In addition, when a dimension value exceeds a whole
number by a fraction of one millimeter, a trailing zero
is not shown following the last digit to the right of the
decimal point. This rule applies except when metric
limit dimensions or bilateral tolerances are shown.
When specifying limit dimensions and bilateral toler-
ances, plus and minus values are given with the same
number of decimal places, with trailing zeros added
as needed.

Alternate Units of Measurement

The abbreviations IN (for inches) and mm (for millimeters)
appear on a drawing only when an alternate unit of
measurement is used. Only the alternate unit's abbreviation is
shown on the drawing.

Angular Dimensioning

Angular dimensioning is a system of dimensioning
angles that measures the angle of a line or surface
from a given reference point. The reference point can
be the vertex of an angle (the point where two lines
intersect or meet) or an intersecting line, ray, or plane.
The degree is the unit of measurement for angles and
is based on 360 divisions of a circle’s circumference.
Each division (1/360 of a circle) is a degree, Figure 7-4.
Degrees are represented by the symbol °.

A degree can be broken down into minutes (repre-
sented by the symbol ’) and seconds (represented by
the symbol ”). There are 60 minutes in one degree and
60 seconds in one minute.

Circle = 360 degrees (360°)

Degree = 60 minutes (60")

Minute = 60 seconds (60”)

Figure 7-5A shows an angle measured in degrees, min-
utes, and seconds.

Decimal units can also represent parts of a degree,
Figure 7-5B. To convert minutes into a decimal, divide
the minutes by 60. To convert seconds into a decimal,

451730
A" ;
A 4 \ B 1 \ *J #5Es
0° (Starting angle) | 0° (Starting angle) .350
Reference point Reference point [
(vertex) (vertex)

Figure 7-5. Several methods can be used to dimension the same angle. A-Angular dimension in degrees,|
and seconds. B-Angular dimension in decimal degrees. C-Linear dimensions used to locate the angular {2

Unit 7 Dimensions and Tolerances 99

divide the seconds by 3600. The following example
shows the procedure for converting an angular measure-
ment in degrees, minutes, and seconds to decimal degrees.

Example
Convert 45°1’30” to decimal degrees. Use the follow-
ing formula:

Decimal degrees® = Degrees® + (minutes + 60)°

+ (seconds + 3600)°
Decimal degrees® = 45° + (1 + 60)° + (30 + 3600)°
Decimal degrees® = 45° + .0166° + .0083° = 45.0249°
Decimal degrees® = 45.025° (rounded to three places)

Calculator

An inexpensive scientific calculator has the ability to convert
between degrees, minutes, seconds and decimal degrees with
the push of a few buttons.

Coordinates can also locate angles. Linear dimen-
sions locate the coordinates for an angular feature, as
shown in Figure 7-5C.

PRSP L LT
PEELTES

Vertex 270°
A
Goodheart-Willcox Publisher

Figure 7-4. The unit of measurement for angles is the
degree (°). A=The circumference of a circle is divided into
360°. B-An angle is any measurement from 0° to 360°.

Goodheart-

. ProTip

Stock Size Dimension

When a dimension is a stock size, the basic size may be the
nominal size. Any specified or unspecified tolerances will apply
to the given dimension.

Features Enhance Chapter

Nominal Size Fastener

Certain features on a part may not require high-precision
measurements, such as a drilled hole for a nominal size
fastener. Using a precise machining operation, such as milling,
will increase manufacturing costs. Therefore, drilling a

standard size hole is preferred.
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Unit Review

Apply and Analyze

Name Date Class PUBLISHER
Know and Understand 7 True or False? The angular method uses Activity 9-2
: : : two linear dimensions to define an angle.
Answer the following questions using the (9.5) 2
information provided in this unit. A Trim Blade-0S
8. A is used to denote an angle o . ) ) o
L A(n) is a portion of a circle’s machined on a part that is not cylindrical. Refer to Activity Print 9-2. Study the drawing and familiariz
circumference. (9.1) (9.6) and notes. Read the questions, refer to the print, and write y)
A. diameter A. bevel ) » ) A
B..chamber B. fillet 1. What is the unspecified tolerance for angles? Rev
C. radius C. taper 9.
D. arc D. round Z
- A : ; : ; 2. What is the largest radius listed on the part? =
2. A radius dimensioned with a(n) line 9._ A is a beveled edge or angle applied  large E S0 2 DraWIng PrOblem 9 1
indicates the origin is located outside the to a hole, a shaft, or an edge to remove 10. = .
drawing area. (9.1) sharp edges. (9.7) 3 he le are the cutti loes or 1 SketChmg Fillets and Rounds
R A, dhitifer 3. At what angle are the cutting edges ground: Sketch the part in the space provided on the next page. Sketch straight construction lines to form the outer
B. dimension B. fillet 11 boundary lines. Then, using the center points and radii indicated, sketch fillets and rounds to smooth
O Jeadar C. taper : . the edges of the part. When finished sketching arcs, erase the construction lines that extend past arcs to
D. break Bewertms 4. What is the angle between each tooth? complete the part. (9.1,9.2, 9.3, 9.4)
3 A joins curved contours to lines, 10._ ___are defined by a linear dimension 12.
arcs, or other contours as smoothly as and an angle or by two linear dimensions. §. List the radius and diameter dimensions of the AlR.75
possible to form a continuous surface or (".:7! hole. Grid spacing = .25 B |R.375
edge. (9.2) A. Tapers 13.
A. fillet B. Rounds ClR.37S
B. spherical radi . Chamfers ¢ i A : . : R.2
SPHSHICAl. LadilIe C. Chamfers 6. List the radii shown in the right-side view. 2 >
B 4 B E | R.375
C .t. l Th. k 14, + A +
ritical Thinking , - o AL
4 ; y ; " ) S e . ; 7. List the radii shown in the front view.
1. Give an example of a curved part with a radius dimension where the origin of the radius is outside of
s drawi 9
g the drawing. (9.1) ' g = ¢ c =
8. What is the approximate depth of each tooth?
6.
b+ +0
+ic o+
> - ; : F F
2. Chamfering processes are commonly used to remove sharp edges on machined features such as gear = 4
teeth. What are some other applications for chamfers in manufacturing? (9.7) E+ + E
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