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Preface

As an instructor for 15 years, a tool and die maker for 14, and a student for over 35, I have
been relying on the priceless knowledge captured within the pages of Machinery’s Handbook for
a long time. What I like most about the Handbook is its complete attention to every detail; it truly
is a one-stop-shop for everything related to the processes and procedures related to manufacturing.
But this strength can also be its greatest weakness. As an apprentice, I can remember searching
through the pages of the “Bible” as it was known in the shop, for the correct drill to use for tapping
a hole. I was overwhelmed with enough information to actually produce a drill. I am confident that,
as an individual concerned specifically with machining processes and procedures, I am not alone
in my occasional challenges in navigating Machinery’s Handbook. 1t is for this reason that I have
created Machinery’s Handbook Made Easy.

I want to emphasize that this is not a book for dummies. In fact, this companion to
Machinery’s Handbook is intended for intelligent, highly skilled professionals, or professionals in
training, who recognize that the real genius in their work is in the details. Furthermore, they have
an appreciation for the role that best practices and procedures play in their pursuit of excellence.
However, the aim of this book is quite simple: to make your life easier.

Whether you are a high school student enrolled in technical courses, a college or technical
school student studying machine tool operation or machine tool theory, a mechanical engineer,
or a professional working in a machine shop, I am confident that this book will save you time,
money, and an occasional headache. The contents are organized in an intuitive, easy-to-follow
manner that is consistent with the existing layout of Machinery’s Handbook. In fact, 1 envision
Machinery’s Handbook Made Easy being open right alongside your Handbook at all times as a
guide to maximum efficiency.

I don’t believe in testing math skills that could be accomplished with a simple calculator
or quizzing you on unnecessary vocabulary that could be looked up in the Handbook at any time.
Instead, I am confident that you will find the Apply It feature at the end of each section to be a
challenging test of your ability to apply what you have just learned to the real world. Recognizing
another strength of Machinery’s Handbook, 1 have carefully selected a set of Shop Recommended
diagrams that apply to the given unit and could otherwise be easily overlooked due to the sheer
volume of important content.

If you have ever puzzled over Machinery’s Handbook, as 1 have, as a treasure chest of wis-
dom without a key, then I present you with the key in the form of this book. What you decide to
do with it is up to you, but I for one have very high expectations.

Edward Janecek
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SECTION 1

Navigation Overview

Units Covered in this Section
Unit A Numbers, Fractions, and Decimals
Unit C Geometry
Unit D Solution of Triangles

() Units Covered in this Section with:
N Navigation Assistant

The Navigation Assistant helps find information in

the MH29 Primary Index. The Primary Index is located
in the back of the book on pages 2701-2788 and is set
up alphabetically by subject. Watch for the magnifying
glass throughout the section for navigation hints.

May I help you?
Unit B Algebra and Equations
Unit E Matrices
Unit F Manufacturing Data Analysis
Unit G Engineering Economics
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Improper Fraction Perpendicular
Decimal Sine
Reciprocal Cosecant
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Mixed Number Secant
Denominator Tangent
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Mathematics

Learning Objectives

After studying this unit you should be able to:

* Convert a fraction to decimal inch.

e Define point, line, and plain.

e State four geometric propositions.

» State the names of the sides of a right triangle.

» Compute the sine, cosine, and tangent of a given angle

* Compute the cosecant, secant, and cotangent of a given angle.

State the Pythagorean Theorem.

Introduction

Units A, C, and D explore basic mathematical concepts that are used to solve com-
mon machine shop problems such as working with fractions and decimals, converting
millimeters to inches, using right triangle trigonometry to calculate machine positions, and
applying geometric propositions to aid in interpreting engineering drawings. In the machine
shop, virtually all mathematical computations are done with a calculator. It is assumed that
the reader is familiar with the operation of the scientific calculator.

Numbers, Fractions, and Decimals pages 3-9

C)\ Index navigation paths and key words:

— numbers/positive and negative/page 4

Calculations are made using numbers, fractions, and decimals. Whole numbers are
the first ten numbers: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Common fractions are made up of two
parts: a denominator, or bottom number, and a numerator, or top number. Decimals are
values expressed in terms of tenths, hundredths, and thousandths. In the machine shop
decimals are expressed in thousandths. For example, .2 is expressed as “two hundred
thousandths;” .03 is “thirty thousandths;” and .006 is “six thousandths.” When decimals
have four places, the fourth place is referred to as “tenths”, so .0107 is pronounced “ten
thousandths and seven tenths.”



SECTION 1

Rules and Definitions for Common Fractions

» A proper fraction is a fraction where the numerator (top number) is smaller than
the bottom number (denominator).

* An improper fraction is a fraction where the numerator is greater than the
denominator, for example, 7/5, 6/4, and 41/32. Improper fractions have values
greater than 1.

* Mixed numbers are made up of a whole number and a fraction, for example, 1
1/2, 2 3/4, and 6 7/8 are mixed numbers

Analyze, Evaluate, & Implement

Express the following dimensions in word form:
Example: .02 twenty thousandths
.023

.0076
2.10

.0401

8754
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Shop Recommended page 3, Table 1

NUMBERS, FRACTIONS, AND DECIMALS

MATHEMATICS

Table 1. Fractional and Decimal Inch to Millimeter, Exact? Values

2Table data are based on 1 inch = 25.4 mm, exactly. Inch to millimeter conversion values are exact.

Whole number millimeter to inch conversions are rounded to 9 decimal places.

b Numbers with an overbar, repeat indefinitely after the last figure, for example 0.0833 =0.08333...

Fractional Inch Decimal Inch Millimeters Fractional Inch Decimal Inch Millimeters
1/64 0.015625 0396875 0511811024 13
1/32 0.03125 0.79375 33/64 0515625 13.006875
0.039370079 1 17/32 053125 13.49375
3164 0.046375 1.190625 35/64 0546375 13.800625
1/16 0.0623 13875 0551181102 14
5164 0.078125 1.984375 9/16 05625 142875
0.078740157 2 37/64 0578125 14.684375
1112 0.0833° 2.1156 712 05833 14.8166
3132 0.09375 238125 0.590551181 15
7i64 0.109375 2778125 19/32 059375 15.08125
0.118110236 3 30/64 0.609375 15.478125
1/8 0.125 3.175 5/8 0.623 15.875
9/64 0.140625 3571875 0.62992126 16
5132 013625 3.96875 1164 0.640625 16271875
0.157480315 4 21/32 0.65623 16.66875
1/6 0.166 4733 273 0.56 16.933
11764 0.171875 43636253 0.669291339 17
3116 0.1875 47625 43/64 0.671875 17.065625
0.196850304 5 11/16 0.6375 174625
13164 0203125 3.159373 45/64 0.703125 17.839375
7132 021875 555625 0.708661417 18
15/64 0234375 5953125 23/32 0.71875 18.25625
0.236220472 6 47i64 0.734375 18.633125
1/ 025 635 0.748031496 19
17/64 0265625 67463753 374 0.75 19.035
0.275590551 7 49/64 0.765625 10.446875
9/32 028125 7.14375 25/32 0.78125 10.84375
19/64 0296875 7540623 0.787401575 20
516 03125 7.9375 51i64 0.796875 20240625
0.31496063 8 13/16 0.8125 20.63753
21/64 0328125 8334375 0.826771654 21
113 033 8466 33/64 0.828125 21.034375
11/32 0.34375 8.73125 27/32 0.84375 21.43125
0.354330709 9 35/64 0.859375 21.828125
23/64 0.359375 0128125 0.866141732 22
313 0.375 9525 78 0.875 22225 { Metric \
25464 0.390625 9921875 57i64 0.890625 22.621875 Equivalent
0.393700787 10 0.905511811 23 given in
Decimal Inch: 13132 040625 1031875 20432 0.90625 23.01875 -
= = = — millimeters.
Numerator 512 04166 105833 11712 0.9156 232833 (Decimal
divided by the 27/64 0421875 10.715625 50/64 0.921875 23415625 e
) 0433070866 11 15/16 0.9373 23.8123 Inch divided
Denominator 6 0.4375 111125 094488185 24 by 25.4.
20764 0453125 11500375 6164 0.953125 24200375 To convert
15732 046875 11.00625 31/32 0.96875 24.60625 millimeters
0.472440045 12 0.9834251969 25 to inches,
31464 W 0484375 12.303123 63764 0.984375 25.0031253 multiply by
Proper Fraction ——" 1”2 & 12l - 25.4)



SECTION 1

Geometry, pages 37-94

Q Index navigation paths and key words:

— geometrical/propositions/pages 56—60

A Geometric Proposition is a figure made from points and lines that lie on a flat plain.
Geometric Propositions are known to be true. An engineering drawing is an example of
points and lines drawn on a flat plain that conveys precise information to the machinist.

A point is an exact location in space. A line is a series of points in space that are
straight and continue infinitely in both directions. A plane is a flat surface with no thickness.

Shop Recommended pages 56-65, Geometrical Propositions

Engineering drawings
often use angles to convey
precise information. When
two angles of a triangle
are shown, the remaining
angle can be determined.

56 GEOMETRICAL PROPOSITIONS
Geometrical Propositions
The sum of the three angles in a triangle always equals 180
degrees. Hence, if two angles are known, the third angle can
A always be found.
A+B+C = 180° A =180°-(B+C)
B ¢ B = 180°—(A+C) C = 180°—(A+B)
If one side and two angles in one triangle are equal to one side
and similarly located angles in another triangle, then the remaining
Ay two sides and angle also are equal.
Ifa=a;,A=A,, and B = By, then the two other sides and the
—a—> —a,—> remaining angle also are equal.

If two sides and the angle between them in one triangle are equal
to two sides and a similarly located angle in another triangle, then
the remaining side and angles also are equal.

Ifa=a;,b=>b;,and A=A, then the remaining side and angles
also are equal.

If the three sides in one triangle are equal to the three sides of
another triangle, then the angles in the two triangles also are equal.

If a=a,,b=b,, and c = ¢, then the angles between the respec-
tive sides also are equal.

continued on next page
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If the three sides of one triangle are proportional to correspond-
ing sides in another triangle, then the triangles are called similar,
and the angles in the one are equal to the angles in the other.

If atb:c=d:e:f, thenA=D,B=E, and C=F.

7
%

77

R
N

If the angles in one triangle are equal to the angles in another tri-
angle, then the triangles are similar and their corresponding sides
are proportional.

If A=D,B=E, and C=F, thena:b:c=d:e:f.

60 60

If the three sides in a triangle are equal—that is, if the triangle is
equilateral—then the three angles also are equal.

Each of the three equal angles in an equilateral triangle is 60
degrees.

If the three angles in a triangle are equal, then the three sides also
are equal.

Machining thirty degree and

sixty degree angles is a common
machine shop operation because
these angles are used for leads,

clearances, and wrench flats.




Use this formula for
determining the side of
a right triangle when
two sides are known:

a?=b?%+ c?

SECTION 1

Geometrical Propositions

30 |30
90

12a B 1ha

A line in an equilateral triangle that bisects or divides any of the
angles into two equal parts also bisects the side opposite the angle
and is at right angles to it.

If line AB divides angle CAD into two equal parts, it also divides
line CD into two equal parts and is at right angles to it.

If two sides in a triangle are equal—that is, if the triangle is an
isosceles triangle—then the angles opposite these sides also are
equal.

If side a equals side b, then angle A equals angle B.

If two angles in a triangle are equal, the sides opposite these
angles also are equal.

If angles A and B are equal, then side a equals side b.

2

I |
€ >

In an isosceles triangle, if a straight line is drawn from the point
where the two equal sides meet, so that it bisects the third side or
base of the triangle, then it also bisects the angle between the equal
sides and is perpendicular to the base.

In every triangle, that angle is greater that is opposite a longer
side. In every triangle, that side is greater which is opposite a
greater angle.

If a is longer than b, then angle A is greater than B. If angle A is
greater than B, then side a is longer than b.

In every triangle, the sum of the lengths of two sides is always
greater than the length of the third.

Side a + side b is always greater than side c.

fe——b——

In a right-angle triangle, the square of the hypotenuse or the side
opposite the right angle is equal to the sum of the squares on the
two sides that form the right angle.

a? = b2+ c?
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Geometrical Propositions

If one side of a triangle is produced, then the exterior angle is
equal to the sum of the two interior opposite angles.

A D Angle D = angle A +angle B
D If two lines intersect, then the opposite angles formed by the
intersecting lines are equal.
A B Angle A= angle B
C AngleC = angle D

If a line intersects two parallel lines, then the corresponding
angles formed by the intersecting line and the parallel lines are
equal.

Lines ab and cd are parallel. Then all the angles designated A are
equal, and all those designated B are equal.

In any figure having four sides, the sum of the interior angles
equals 360 degrees.

A+ B+ C+D = 360 degrees

The sides that are opposite each other in a parallelogram are
equal; the angles that are opposite each other are equal; the diago-
nal divides it into two equal parts. If two diagonals are drawn, they
bisect each other.

The areas of two parallelograms that have equal base and equal
height are equal.

Ifa=a,and h=hy, then

Area A = area A,

The areas of triangles having equal base and equal height are
equal.

If a=a,; and h = hy, then

Area A = area A,

90

If a diameter of a circle is at right angles to a chord, then it
bisects or divides the chord into two equal parts.

These propositions are
useful when working
with engineering
drawings. See Figure 1.1.
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SECTION 1

Determine angle “X” in the drawing below

T

7N
K&J

Solution of Triangles pages 95-121

Figure 1.1

(D\ Index navigation path and key words:

— triangle/right-angle/pages 98—100

In the machine shop, right triangle trigonometry is used to solve a variety of prob-
lems such as determining the coordinates of a bolt circle. A right triangle is a triangle with
a 90-degree angle. The side opposite the 90-degree angle is the hypotenuse, which is
always the longest side of the triangle. Sine, cosine, and tangent are ratios that are used to
solve triangle problems. Cosecant, secant, and cotangent are reciprocals of sine, cosine,
and tangent, or values that equal 1 divided by the sine, cosine or tangent respectively.

Naming the Sides of a Right Triangle

The sides of a right triangle are known as the side opposite, the side adjacent, and
the hypotenuse. The hypotenuse is the side opposite the 90 degree angle and is always
the longest side of the triangle (see Figure 1.2). The side opposite and the side adjacent
are assigned with respect to the angle referenced. For example, in triangle BAC, Side BC
is the side opposite angle A. Side CA is the side opposite angle B.
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HYPOTENUSE

Cj A

Figure 1.2 The sides and angles of a right triangle.

Sine, Cosine, and Tangent

Sine, cosine, and tangent are ratios that are used to solve triangle problems. The sci-
entific calculator is used to determine the sine, cosine, or tangent of any angle. Calculator
procedures vary based on the different makes and models, but one of the two following
procedures will work with almost all. To determine the tangent of 12 degrees:

12 TAN = .212556562 or TAN 12 = .212556562

Cosecant, Secant, and Cotangent

Cosecant, secant, and cotangent are reciprocals of sine, cosine, and tangent. In
other words, cotangent is one over the tangent of the angle or one divided by the tangent
of the angle. To find the cotangent of 12 degrees:

12 TAN 1/X = 4.70463011

The Pythagorean Theorem
The Pythagorean Theorem is used to solve an unknown side of a right triangle when
two sides are known. The hypotenuse, which is always the longest side of a right triangle,
is ¢. The formula is:
a2+ b?=c?
Simply square the sides bc and ac and find the square root of the result.
When the hypotenuse is known, the formula changes slightly:

2 —b2=g2

11
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Shop Recommended page 98, Solution of Right-Angled Triangles

In this right triangle, the
angles are represented
by the capitol letters

A, B, and C. The sides
are represented by the
lower case letters a, b,
and c.

In the right triangle above,
side b and angle B are
known. Replace the parts
of the formula that are
know and solved.

12

Solution of Right-Angled Triangles

[

C

As shown in the illustration, the sides of the right-
angled triangle are designated a and b and the hypote-
nuse, c¢. The angles opposite each of these sides are des-
ignated A and B, respectively.

Angle C, opposite the hypotenuse c is the right angle,
and is therefore always one of the known quantities.

Sides and Angles Known

Formulas for Sides and Angles to be Found

i - gi — 2452 tanA = ¢ B=90°-A
Side a; side b c = Ja2+b 5 90
Side a; hypotenuse ¢ b= Jc2_ a2 sinA = g B=90°-A
. . _ b o
Side b; hypotenuse ¢ a = Jc2_ b2 sinB = E A=90°-B
Hypotenuse c; angle B b=cxsinB a=cXxcosB A=90°-B
Hypotenuse c; angle A b=cxcosA a=cXxsinA B=90°-A
Side b; angle B c:—_—[—j-— a=bXxcotB A=90°-B
sinB
Side b; angle A c = b a=bxtan A B=90°-A
cosA
c= = b=axtan B A=90°-B
Side a; angle B cosB =axia -
Side a; angle A c= -2 b=axcotA B=90°-A
sinA




Mathematics
(D\ The General Index is in the back of the MH.

Algebra and Equations pages 30-36

Algebra is the branch of mathematics that uses variables to represent numbers. The
rules of algebra can be used to solve equations such as calculating RPM, determining
thermal expansion of metal, and finding the weight of a material using a formula.

(D\ Index navigation paths and key words:

— algebra and equations/page 30

Matrices pages 122-127

Logarithms and Matrices are advanced tools of mathematics used to solve complex
problems. For the machinist, the use of logarithms and matrixes is unlikely. Most shop
calculations are conversions from one system of measurement to another, right-triangle
trigonometry, and solving formulas.

Manufacturing Data Analysis pages 128-133

Quality is a vital part of manufacturing. The goal of today’s industry is to produce
products with zero defects. Controlled sampling of piece part dimensions can be rep-
resented on a chart or table to give a visual illustration of the dimensions. A pattern of
results can be studied which may lead to predictions of future part quality. The practice
of gathering manufacturing data for analysis is known as Statistical Process Control,
or SPC.

Engineering Economics pages 134-146

Engineers, managers, and purchasing agents use cost analysis techniques to
reduce manufacturing cost or increase production. This area of manufacturing is known as
Engineering Economics.

13



14

SECTION 1

O The Primary Index has thousands of entries.
N

7~

\

ASSIGNMENT

List the key terms and give a definition of each.
Numbers Denominator Sine
Fractions Proposition Cosecant
Improper Fraction Equilateral Cosine
Decimal Isosceles Secant
Reciprocal Hypotenuse Tangent
Numerator Bisect Cotangent
Mixed Number Perpendicular Reciprocal

/

1.

APPLY IT! PART 1

Solve for:
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2. Angle X =
<
Wy
3. Angle X =
.
/X
L
39
<
4. AngeX=_____ AngleY =

15
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5. Angle X =

6. Angle X =

7. Angle X =

SECTION 1

AngleY =

120°

105
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8. Angle X =

APPLY IT! PART 2
1. What is the sine of 34°?
2. Label the triangle with respect to Angle B.

B

What is the cotangent of 30°7?
What is the reciprocal of 2?
What is the cosine of 42°7?

What is the secant of 72°7?

2L
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B =

8A=__ = B=

18




Copyrighted Materials

Copyright © 2012 Industrial Press Refrieved from www.knovel.com

Section

Section 1 — Mathematics

Section 2 - Mechanics and Strength of Materials
Section 3 — Properties, Treatment, and Testing of Materials
Section 4 — Dimensioning, Gaging, and Measuring
Section 5 — Tooling and Toolmaking

Section 6 — Machining Operations

Section 7 — Manufacturing Processes

Section 8 — Fasteners

Section 9 — Threads and Threading

Section 10 — Gears, Splines, and Cams

Section 11 — Machine Elements

Section 12 — Measuring Units

MECHANICS and STRENGTH

of MATERIALS

Use this section with pages 147 — 368
in Machinery’s Handbook 29th Edition




20

SECTION 2

Navigation Overview

O Units Covered in this Section with:
AY Navigation Assistant

The Navigation Assistant helps find information in

the MH29 Primary Index. The Primary Index is located
in the back of the book on pages 2701-2788 and is set
up alphabetically by subject. Watch for the magnifying
glass throughout the section for navigation hints.

May I help you?
Unit A Mechanics
Unit B Velocity, Acceleration, Work, and Energy
Unit C Strength of Materials
Unit D Properties of Bodies
Unit E Beams
Unit F Columns
Unit G Plates, Shells, and Cylinders
Unit H Shafts
UnitI Springs
Unit J Disc Springs
Unit K Fluid Mechanics

Introduction

The subject of mechanics with regard to manufacturing and engineering is very diverse.
By definition, mechanics is the branch of physics concerned with the behavior of physical
bodies when subjected to forces or displacements. The Section Mechanics and Strength
of Materials may appear to be a collection of unrelated topics, but they do have things in
common. Units A through K in this section provide information on important machine design
considerations such as the properties of motion, choice of materials, strength of materials,
choosing the correct spring, and formulas for work and power.

Mechanics pages 149-174

Q\ Check these pages for information

— Terms and definitions/pages 149-153
— Force Systems/pages 153-164



Mechanics and Strength of Materials

— Friction/pages 165-166
— Simple mechanisms/pages 168-172
— Pendulums/pages 173-174

Velocity, Acceleration, Work, and Energy
pages 175-198

Q\ Check these pages for information

— Velocity and Acceleration/pages 175-178
— Force, Work, Energy, Momentum, and related formulas/pages 179-196
— Critical Speeds/page 197

Strength of Materials pages 199-220

Q\ Check these pages for information

— Properties of Materials/pages 200-203
— Stress/pages 204-220

Properties of Bodies pages 221-255

QD\ Check these pages for information

— Center of Gravity/pages 221-227
— Radius of Gyration/pages 228-231
— Moment of Inertia/pages 232-255

Beams pages 256-280

Q\ Check these pages for information

— Beam Calculations/pages 256-277
— Stresses Produced by Shocks/pages 278-281

Columns pages 281-287

C)\ Check these pages for information
— Strength of Columns/page 281-285

Plates, Shells, and Cylinders pages 288-294

21
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Shafts pages 295-303

Q Check these pages for information
— Shaft Calculations/pages 295-303

Springs pages 304-349

Q% Check these pages for information

— Introduction to Spring Design/page 304
— Spring Materials/pages 305-308

— Spring Stresses/pages 309-315

— Spring Design Data/pages 316-349

Index navigation paths and key words

— spring/failure in/page 348-349
— spring/materials/pages 305-308

Disc Springs pages 350-364

C>\ Check these pages for information

— Performance of Disc Springs/pages 350-364
— Disc Spring Forces and Stresses/pages 357-358
— Example Applications/pages 361-364

Fluid Mechanics pages 365-368

C)\ Check these pages for information

— Properties of Fluids/page 365
— Statics/page 366
— Hydrostatic Pressure on Surfaces/pages 367-368
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SECTION 3

Navigation Overview

Units Covered in this Section
Unit C Standard Steels
Unit D Tool Steels
Unit E Hardening, Tempering, and Annealing
Unit F Nonferrous Alloys
Unit G Plastics

(')  Units Covered in this Section with:
N Navigation Assistant

The Navigation Assistant helps find information in

the MH29 Primary Index. The Primary Index is located
in the back of the book on pages 2701-2788 and is set
up alphabetically by subject. Watch for the magnifying
glass throughout the section for navigation hints.

May I help you?
Unit A Elements, Heat, Mass, and Weight
Unit B Properties of Wood, Ceramics, Plastics,
Metals

- )

Alloy Harden Temper
Element Anneal
Hardened Stress Relieve
Tempered Thermosets

Pig Iron Thermoplastics




Properties, Treatment, and Testing of Materials

Learning Objectives

After studying this unit you should be able to:

State the ingredients of steel.

* Describe six mechanical properties of tool steels.

» List four types of stainless steels and their uses.

e Recognize challenges in the machining of stainless steels.

* Describe five ways to improve the machining of stainless steels.
e Define the three stages of hardening steel.

» State an application for annealing, normalizing, and stress relieving.

Introduction

Steel does not occur naturally. It is an alloy of iron and less than about 2% carbon.
An alloy is two or more elements forming a mixture in a solid solution. The raw materials
used to make steel are iron ore, coal, and limestone to make to make pig iron. Pig iron,
iron, and steel scrap are refined by removing undesirable elements and adding desirable
elements in measured amounts. Other elements can be added to the iron-carbon mixture
during the manufacturing stage to create other alloys. There are several systems used to
classify and identify different types of steels. The AIS/ and SAE numerical system uses a
four— or five-digit number to identify the steel and its alloying elements. Most steel used
in industry is low carbon steel having less than 0.25% carbon. Low carbon steel is also
known as mild steel, machine steel, cold rolled steel, 1018, and 1020.

All types of steel fall into one of the following categories:

e Carbon Steel
* Alloy Steel
e Stainless Steel

Carbon Steels are an alloy of iron and carbon with trace amounts of impurities.

Alloy Steels contain iron, carbon and other elements to give the steel certain mechanical
and chemical properties. Common alloying elements are:

* Chromium
* Molybdenum
* Nickel

* Vanadium

+ Manganese
* Tungsten

25
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Stainless Steels contain chromium as a major alloying element. Stainless steels do rust
and corrode like ordinary steel.

The properties of metal can be changed. By introducing heat in a controlled fashion,
hardening, tempering, and annealing are possible. The science of heat treating is discussed
in this section.

Materials other than steel are used extensively in industry. There are many types of
metals that do not contain iron, known as nonferrous metal, and alloys of nonferrous met-
als. The plastics industry is monumental. Products made of plastic such as drink bottles,
floor tiles, car fenders, and toothbrushes affect our everyday lives.

Standard Steels pages 396-431

Carbon is the single most important alloying element in steel because very small
changes in the amount of carbon result in significant changes in the properties of the
steel. Low carbon steel has a carbon content of about two-hundredths of one percent.
Its uses include automobile body panels, storage tanks, bridges, fence wire, and ships.
Medium carbon steel has .30 to .55% carbon. Its uses include crankshafts, axles, bolts, and
connecting rods. High carbon steel has .55 to about 1% carbon and is used for springs,
plow blades, music wire, snap rings, and thrust washers. Low carbon steel is easy to
machine and weld. High carbon steel is difficult to machine and weld.
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Shop Recommended page 401, Table 3

NUMBERING SYSTEMS 401

Table 3. AISI-SAE System of Designating Carbon and Alloy Steels

AISI-SAE Designation® Type of Steel and Nominal Alloy Content (%)
Carbon Steels
10xx Plain Carbon (Mn 1.00% max.)
1xx Resulfurized
12xx Resulfurized and Rephosphorized
/ 15xx Plain Carbon (Max., Mn range 1.00 to 1.65%)
The first two numbers of Manganese Steels
the steel designation refer e N_Niﬂl's-”l
1Ickel Steels
to the alloy content. — i
25%x Ni 5.00
Nickel-Chromium Steels
3lxx Ni 1.25; Cr (.65 and 0.80
32xx Ni 1.75; Cr 1.07
33xx Ni 3.50: Cr 1.50 and 1.57
34xux Ni 3.00; Cr 0.77
Molybdenum Steels
40xx Mo 0.20 and 0.25
44xx Mo 0,40 and 0,52
Chromium-Molybdenum Steels
4lxx Cr0.50, 0.80, and 0.95; Mo 0,12, 0.20, 0.25, and 0.30
Nickel-Chromium-Molybdenum Steels
43xx Ni 1.82; Cr 0.50 and 0.80; Mo 0.25
43BVxx Ni 1.82; Cr (1.50; Mo 0.12 and 0.35; V 0.03 min.
47xx Ni 1.05; Cr 0.45; Mo 0.20 and 0.35
Blxx Ni 0.30; Cr 0.40; Mo (1,12
Boxx Ni 0.55; Cr 0.50; Mo 0.20
BTxx Ni 0.55: Cr 0.50: Mo 0.25
B8xx Ni 0.55; Cr 0.50; Mo 0.35
93xx Ni 3.25; Cr 1.20: Mo 0,12
The abbreviations Ni, Cr, 94xx Ni 0.45; Cr 0.40; Mo 0.12
and Mo are the alloying 97xx Ni 0.55; Cr 0.20; Mo 0.20
elements shown as they WM 1.00: Cr 0.80; Mo 0.25
appear on the periOdiC Nlck_cI—Molybdcnum Steels
46xx Ni (.85 and 1.82: Mo 0.20 and 0.25
table of the elements. 48xx Ni 3.50; Mo 0.25
Chromium Steels
Slxx Cr0.27, 0,40, 0.50, and 0.65
S1xx Cr (.80, 0.87, 0.92, 0.95, 1.00, and 1.05
S0xxx Cr 0.50; C 1.00 min.
The last two numbers are Shxxx Cr 1.02; C 1.00 min.
shown as “xx” here, but 248K Cr 1.45: C 100 min.
in usage they indicate the Chromium-Vanadium Steels
amount of carbon content. 6Olxx Cr 0,60, 0.80, and 0.95; V (.10 and 0.15 min
: Tungsten-Chromium Steels
For gxample, 1040 stgel is - L m————
a plaln carbon steel with Silicon-Manganese Steels
4 % carbon. 92xx Si 1.40 and 2.00; Mn 0,65, 0.82, and 0.85: Cr 0.00 and 0.65
High-Strength Low-Alloy Steels
9xx Various SAE grades
xxBxx B denotes boron steels
xxLxx L denotes leaded steels
AlSI SAE Stainless Steels
2xx 302xx Chromium-Manganese-Nickel Stecls
Jxx 303xx Chromium-Nickel Steels
4xx Sl4xx Chromium Steels
Sxx 515xx Chromium Steels

#xx in the last two digits of the carbon and low-alloy designations (but not the stainless steels) indi-
cates that the carbon content (in hundredths of a per cent) is to be inserted.
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Shop Recommended pages 409-410, Application of Steels

APPLICATION OF STEELS 409

recommended for a given application, information on the characteristics of each steel
listed will be found in the section Carbon Steels starting on page 410.

Adapters, 1145 Fan blades, 1020
Agricultural steel, 1070, 1080 Fatigue resisting 4340, 4640
Aircraft forgings, 4140 Fender stock for cars, rimmed”
Axles front or rear, 1040, 4140 Forgings
Axle shafts, 1045, 2340, 2345, 3135, aircraft, 4140
This sample of the 3140,3141, 4063, 4340 carbon steel, 1040, 1045
Application of Steels list on Ball-bearing races, 52100 heat-treated, 3240, 5140, 6150
page 409-410 shows an Balls for ball bearings, 52100 high-duty, 6150
application followed by the Body stock for cars, rimmed” small or medium, 1035
AISI-SAE number of the Bolts and screws, 1035 large, 1036
recommended material. Bolts Free-cutting steel
anchor, 1040 carbon, 1111,1113

Tool Steels pages 433-460

Tool steels have their own category because they are used to make the tools
(or machines) that make the products we use every day. Tool steels are usually used
in the hardened and tempered condition. Hardening is a hot process that changes the
molecular structure of the material to make it more wear resistant and resistant to pen-
etration. Tempering follows hardening to relax the structure of the steel and make it less
brittle.

Tool steel has desirable mechanical properties such as:

* Resistance to deformation (Hardness)

* The ability to withstand impact (Toughness)

* Resistance to being twisted (Torsional Strength)
» The ability to perform at high temperatures (Hot Hardness)

* Resistance to being sheared (Shear Strength)

» The ability to resist being pulled apart (Tensile Strength)

28



The “Type of Tool Steel” column gives the name of the steel

and its possible compositions. Water, Oil, and Air refer to the

quenching method that is used in the heat treating process.

Shop Recommended pages 441-442, Table 4

“Safety in Hardening” refers to metals’ ability to stay straight,
flat, and crack resistant during the heat treating process.

Table 4. Classification, Approximate Compositions, and Properties Affecting Selection of Tool/and Die Steels

(From SAE Recommended Practice)

Chemical Composition? Non-
Type of Tool Steel warping | Safety in Tough- Depth of Wear
C Mn Si Cr M W Mo Co Prop. Hardening ness Hardening | Resistance
Water Hardening
0.80 Carbon 70-0.85 b b b Poor Fair Good® Shallow Fair
0.90 Carbon 0.85-0.95 b b b Poor Fair Goode Shallow Fair
1.00 Carbon 0.95-1.10 b b b Poor Fair Good®© Shallow Good
1.20 Carbon 1.10-1.30 b b b . Poor Fair Good® Shallow Good
0.90 Carbon-V 0.85-0.95 b b b 0.15-0.35 Poor Fair Good Shallow Fair
1.00 Carbon-V 0.95-1.10 b b b 0.15-0.35 Poor Fair Good Shallow Good
1.00 Carbon-VV 0.90-1.10 b b b 0.35-0.50 Poor Fair Good Shallow Good
Oil Hardening
Low Manganese 0.90 1.20 0.25 0.50 0.204 0.50 Good Good Fair Deep Good
High Manganese 0.90 1.60 0.25 | 0.354 0.20d 0.304 Good Good Fair Deep Good
High-Carbon, High-Chromium® 2.15 0.35 0.35 12.00 0.80d 0.75¢ | 0.80d Good Good Poor Through Best
Chromium 1.00 0.35 0.25 1.40 0.40 Fair Good Fair Deep Good
Molybdenum Graphitic 1.45 0.75 1.00 0.25 Fair Good Fair Deep Good
Nickel-Chromium’ 0.75 0.70 0.25 0.85 0.25¢ 0.504 Fair Good Fair Deep Fair
Air Hardening
High-Carbon, High-Chromium 1.50 0.40 0.40 | 12.00 0.804 0.90 | 0.60¢ Best Best Fair Through Best
5 Per Cent Chromium 1.00 0.60 0.25 5.25 0.404 1.10 Best Best Fair Through Good
High-Carbon, High-Chromium-Cobalt 1.50 0.40 0.40 12.00 0.80¢ 0.90 3.10 Best Best Fair Through Best
Shock-Resisting
Chromium-Tungsten 0.50 0.25 0.35 1.40 0.20 225 | 0.40d Fair Good Good Deep Fair
Silicon-Molybdenum 0.50 0.40 1.00 .. 0.254 0.50 Poor? Poorh Best Deep Fair
Silicon-Manganese 0.55 0.80 | 2.00 | 0.30¢ 0.254 0.404 Poore Poor® Best Deep Fair
Hot Work
Chromium-Molybdenum-Tungsten 0.35 0.30 1.00 5.00 0.254 1.25 1.50 Good Good Good Through Fair
Chromium-Molybdenum-V 0.35 0.30 1.00 5.00 0.40 1.50 Good Good Good Through Fair
Chromium-Molybdenum-VV 0.35 0.30 1.00 5.00 0.90 . 1.50 Good Good Good Through Fair
Tungsten 0.32 0.30 0.20 3.25 0.40 9.00 Good Good Good Through Fair
A
)
The reason these steels harden to different depths is because they are made up of different elements
8 quenched with different mediums. Water quenching is the fastest, resulting in a thin layer of hardness,

or “case hardened.” Air quenching is slower, allowing the material to harden all the way through. j

SIBIIJ}BIN JO SUI}S9], Pu® ‘Quduwledd], ‘saniadoxyg
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Stainless Steels

Stainless steel does not rust or corrode like ordinary (mild) steel. There are many differ-
ent grades and types of stainless steel, but they all share chromium as an alloying element.
Chromium is what makes stainless steels corrosion resistant. In addition to iron and chro-
mium, other elements such as nickel, molybdenum, silicon, and manganese may be added to
give the steel special properties. Stainless steel contains from 11% to 30% chromium. Uses of
stainless steel include automotive trim, tableware, knives, aircraft parts, cooking utensils, and
food processing equipment. All types of stainless steel fall into one of four broad categories:

« Martensitic

* Ferritic

e Austenitic

* Heat Resisting
These terms refer to the molecular structure of the material.
Shop Recommended pages 406-407, Table 6

406 CHEMICAL COMPOSITION OF STAINLESS STEELS

Table 6. Standard Stainless Steels — Typical Compositions

/ \ AISI Type AIST Type
Austenitic: Contains little (UNS) Typical Composition (%) (UNS) Typical Composition (%)
or no carbon. Cannot be Austenitic
hardened by heat treat- 201 16-18 Cr, 3.5-5.5 Ni, 0.15C, 5.5-7.5 310 24-26 Cr, 19-22 Ni, 0.25 C, 2.0 Mn, 1.5
. . 52 Mn, 0.75 Si, 0.060 P, 0.030 S, 0.25 } 53 Si, 0.045 P, 0.030 §
ing, but will work-hard- (S20100) Mn, 0.75 Si. 0.060 P, 0.030 5,025 N | (S31000) Si, 0.045 P, 0.030
; : 202 17-19 Cr, 4-6 Ni, 0.15 C, 7.5-10.0 Mn, 3108 24-26 Cr, 19-22 Ni, 0.08 C, 2.0 Mn, 1.5
er;]' Itis r;on-magngtlc (S20200) | 075 Si. 0.060 P.0.030'S, 0.25 N (S31008) |  Si,0.045P.0.30 S
when soft, magnetic R SRR, T
when work-hardened 205 e RS QU A T 314 | 23:26Cr, 1922 Ni, 025 C, 20 Mn, 1.5-
- (820500) o e (S31400) 3.0 Si, 0.045 P, 0.030 §
@own as “300” serlesy e
. o ) 16-18 Cr, 10-14 Ni, 0.08 C, 2.0 M, 0.75
301 16-18 Cr, 6-8 Ni, 0.15 C, 2.0 Mn, 0.75 316 .
(S30100) $i, 0.045 P, 0.030 S (S31600) ;‘ 045 E; 003015, 2.6:3.0 Mo, U110
" 16-18 Cr, 10-14 Ni, 0.03 C, 2.0 M, 0.75
302 17-19 Cr, 8-10 Ni, 0.15 C, 2.0 Mn, 0.75 3161 -4e L] s g
(530200) Si, 0.045 P, 0,030, 0.10 N (831603) 3 Q0I5%:0,000 3,3.0-3:0 Mo: 0,10
302B 17-19 Cr, 8-10 Ni, 0.15 C, 2.0 Mn, 2.0- 316F 16-18 Cr, 10-14 Ni, 0.08 C, 2.0 Mn, 1.0
(530215) 3.0 Si, 0.045 P, 0.030 S (S31620) $i.0.20 P, 0.10 S min, 1.75-2.50 Mo
e 17-19 Cr, 8-10 Ni, 0.15 C, 2.0 Mn, 1.0 S 16-18 Cr, 10-14 Ni, 0.08 C, 2.0 Mn, 0.75
Lo $i, 0.20 P,0.015 S min, 0.60 Mo : Si, 0.045 P,0.030 S, 2-3 Mo, 0.10-0.16
(S30300) ; (S31651) :
(optional) N
. . . . 18-20 Cr, 11-15 Ni, 0.08 C, 2.0 Mn, 0.75
303Se 17-19 Cr, 8-10 Ni, 0.15 C, 2.0 Mn, 1.0 317 ; ;
(530323) $i, 0.20 P, 0.060 S, 0.15 Se min ($31700) 5i,0.045F, 0.0305, 3.0:4:0 Mo, 010
N max
Ferritic: Contains little Ferritic
or no carbon. Has very 405 11.5-14.5 Cr, 0.08 C. 1.0 Mn, 1.0 Si, 430FSe 16-18 Cr, 0.12.C, 1.25 Mn, 1.0 Si, 0.060
little alloying elements (540500) 0.040 P, 0,030 S, 0.1-0.3 AL 0.60 max || (S43023) P, 0.060 S, 0.15 Se min
other than iron and 409 10.5-11.75 Cr, 0.08 C, 1.0 Mn, 1.0 Si, 434 16-18 Cr. 0.12.C, 1.0 Mn, 1.0 Si, 0.040
) 54000 ).043 P, 0,030 S, 0.05 Ni (Ti 6 % C, b $43400 0,030 S, 0.75-1.25 M
chromium. Known as (S40900) En'ilhOt:'S nJm;; Ni(Ti6xC, but || (S43400) P S.0.75-1.25 Mo
« - .
400 series.” Magnetic. 429 14-16 Cr, 0.12 C, 1.0 Mn, 1.0 i, 0.040 436 16-18 Cr, 0.12 C, 1.0 Mn, 1.0 i, 0.040
(842900) P.030S, 0.75 Ni (S43600) P, 0.030 S, 0.75-1.25 Mo (Nb + Ta 5 x
C min, 0.70 max)
430 16-18 Cr. 0.12 C, 1.0 Mn, 1.0 Si, 0.040 442 18-23 Cr. 0.20 C, 1.0 Mn, 1.0 Si, 0.040
(S43000) P,030 S, 0.75 Ni (§44200) P,0.030 S
430F 16-18 Cr, 0.12 C, 1.25 Mn, 1.0 Si, 0.060 446 23-27 Cr. 0.20 C. 1.5 Mn, 1.0 Si, 0.040
(543020) P, 0.15 S min, 0.60 Mo (optional) (S44600) P, 0.030 5, 0.025 N

continued on next page
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Martensitic
403 C11.5-13.0Cr, 115 C, 1.0 Mn, 0.5 Si, 420F 12-14 Cr, over 0.15 C, 1.25 Mn, 1.0 Si,
(S40300) 0.040 P, 0.030 S, 0.60 Ni (5420209 0.060 P, 0.15 8§ min, 0.60 Mo max
(optional)
410 11.5-13.5 Cr, 0.15 C, 1.0 Mn, 1.0 i, 422 11-12.50 Cr, 0.50-1.0 Ni, 0.20- 0.25 C,
(S41000) 0.040 P, 0.030 S, 0.75 Ni (5422009 0.50-1.0 Mn, 0.50 Si, 0.025 P, 0.025 8,
0.90-1.25 Mo, 0.20-0.30 V, 0.90-1.25
w
414 11.5-13.5 Cr, 1.25-2.50 Ni, 0.15 C, 1.0 431 15-17 Cr, 1.25-2.50 Ni, 0.20 C, 1.0 Mn,
(S41400) Mn, 1.0 Si, 0.040 F, 0.030 S, 1.25-2.50 (S41623) 1.0 Si, 0.040 P, 0.030 S
Ni
416 12-14 Cr, 0.15 C, 1.25 Mn, 1.0 i, 0.060 440A 16-18 Cr, 0.60-0.75 C, 1.0 Mn, 1.0 Si,
(5416000 P, 0.15 S min, 0.060 Mo (optional) (544002) 0.040 P, 0.030 S, 0.75 Mo
4168¢ 12-14 Cr, 0.15 C, 1.25 Mn, 1.0 Si, 0.060 4408 16-18 Cr, 0.75-0.95 C, 1.0 Mn, 1.0 Si,
(541623) P, 0.060 §, 0.15 Se min (544003) 0.040 P, 0.030 8, 0.75 Mo
420 12-14 Cr, 0.15 C min, 1.0 Mn, 1.0 Si, 440C 16-18 Cr, 0.95-1.20 C, 1.0 Mn, 1.0 5i,
(542000) 0.040 P, 0.030 S (S44004) 0040 P, 0.030 8, 0.75 Mo
Heat-Resisting
501 4-6 Cr, 0.10 C min, 1.0 Mn, 1.0 8i, 0.040 502 4-6 Cr, 0.10 C. 1.0 Mn, 1.0 5i, 0.040 P,
(S50100) P. 0.030 S, 0.40-0.65 Mo (S50200) 0.030 8, 0.40-0.65 Mo

Martensitic: Contains
about 1% carbon. Can
be heat treated and
hardened. Magnetic.

Heat-Resisting:
Contains about 1% car-
bon. Used for high heat
applications. Magnetic.

Machining Stainless Steels
Machining stainless steels is more difficult than machining mild steel, but it need not
be problematic. Here are some suggestions and techniques for machining stainless steels:

Use flood coolant.

All stainless steels machine better when slightly hard.
Spindle speeds (RPM) of the machine tool are about half that of mild steel.

Do not allow the cutter to dwell during cutting.

If cutter breakdown is excessive, try increasing the feed rate.

Clamp the workpiece securely!

Q

N\

Handbook Made Easy; pages 123-140

Navigation Hint: For more information on machining stainless
" steels, see Section 6, Unit B, Machining Operations, Machinery’s

Hardening, Tempering, and Annealing pages 461-512

Hardening

The properties of metal can be changed by controllably heating and cooling the
material. Hardening, tempering, and annealing can be accomplished by a process of heat-
ing and cooling. Heat treating usually occurs in an oven and the changes that occur hap-
pen at the molecular level. The heat treating technician follows a recipe much like a cook
bakes a cake. Ingredients must be in the correct proportions, the oven is set at a specific
temperature, and the object is baked for a specific amount of time, and cooled. Another
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similarity between heat treating and baking is that the molecular structure of the object that
comes out of the oven is different than when it went in. It is literally a different material.

Quenching occurs immediately after the part comes out of the oven. Quenching
mediums vary depending on the material. Because the cooling process is so critical,
different quenching mediums are used to control the time it takes to cool the material.
Quenching mediums include:

« Water faster
» Water with salt (brine)

- Qil

o Air

* Molten salt slower

Steels with high alloy content require slower quenching than steels with fewer
alloys. Slower quenching results in deeper hardness. Fast quenching methods such as
water produce a thin case of hardness. The process of quenching can be described as a
Time-Temperature-Transformation development:

The Time it takes to quench the material—

Changes the Temperature in a controlled fashion so that—

Transformation of the molecular structure is trapped in the desirable arrangement.

Parts that are quenched too fast or too slow will not have the correct properties.

Tempering

Tempering follows hardening and quenching. The material is reheated to a tem-
perature lower than the hardening temperature to reduce internal stresses that may cause
the material to crack or otherwise fail in service. Tempering also reduces the hardness of
the material and increases toughness and impact resistance.

Application for tempering: Virtually all hardened steel is tempered to prevent it from crack-
ing or breaking.

Annealing

Annealing is the process of softening a metal. The material is placed in an oven
or furnace and heated for a specific period of time and allowed to cool slowly to room
temperature.

Application for annealing: A feature of a steel part was mistakenly left out and the part
was hardened. The part is not machinable by common methods so it is annealed; the
machining is completed and the part is re-hardened.

Stress Relieving

This process reduces internal stresses commonly caused by machining. The mate-
rial is heated to a temperature below the materials’ critical range and held there until the
temperature evens out.
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Application for stress relieving: A large welded steel fixture base is machined and it is
inspected before finishing. It is determined that the material is twisting and warping. The
weldment is stress relieved and the material remains stable during the finish machining.

Nonferrous Alloys pages 513-550

Nonferrous metal is metal that does not contain iron. A nonferrous alloy is a metal
that is made up of two or more nonferrous metals. Examples of nonferrous alloys include:

* Brass
* Bronze
* Aluminum Alloys

Shop Recommended pages 515-518, Table 2

CAST COPPER ALLOYS

Table 2. Properties and Applications of Cast Coppers and Copper Alloys

515

- Typical Mechanical Properties,
o 2 as Cast or Heat Treated®
f _?fb Tensile | Yield | Elonga- | Machin-
i Nominal Strength | Strength | tion in | ability
iz Composition (%) (ksi) (ksi) | 2in.(%) | Rating® Typical Applications
Copper Alloys
99.95 Cu + Ag min, 5 a Electrical and thermal conductors; corrosion and
80100 0.05 others max a3 : 40 W oxidation-resisant applications.
99,95 Cu + Ag min, funtrical aid T ——
C80300 | 0,034 Ae min 75 9 a0 10 Electrical and llfcmml conductors; corrosion and
Sttt [l-U:i n.lh:rba m:n B oxidation-resistant applications.
99.75 Cu + Ag min,
C80500 0.034 Ag min, 25 9 40 10 Electrical and thermal conductors; corrosion and
e 0.02 B max, - oxidation-resistant applications.
0.23 others max
99,75 Cu + Ag min, : . ;
b Electrical and thermal conductors; corrosion and
2 2 N d
80700 ::I.a; E"T:::;lnx 25 < 40 10 oxidation-resistant applications.
99.70 Cu + Ag min, : : ) I
80900 | 0.034 Ae min 15 9 40 10 Electrical and thermal conductors; corrosion and
: “' 1&] n.thzrq m_'.‘ 2 oxidation-resistant applications.
cstio0 | 9970 Cu+ Ag min, 25 9 40 10 Electrical and thermal conductors; corrosion and
0.30 others max . oxidation resstant applications.

Copper is an element present in many nonferrous alloys. Table 2 shows the UNS
Designation, which is an alloy designation system. The “Nominal Composition” is the

percentage of alloying elements.
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Shop Recommended page 514

Classification of Copper and Copper Alloys

Principal Alloying

Family Element UNS Numbers?*
Coppers, high-copper alloys Clxxxx
Brasses Zn C2xxxx, C3xxxx, C4xxxx,

C66400 to C69800
Phosphor bronzes Sn C5xxxx
Aluminum bronzes Al C60600 to C64200
Silicon bronzes Si C64700 to C66100
Copper nickels, nickel silvers Ni CT7xxxx
*Wrought alloys.

A prefix of “C” indicates copper alloys, including brass and bronze alloys.

Aluminum Alloys

Aluminum is an element. In its natural state it is very soft and malleable. When
alloyed with other metals, desirable properties are obtained such as strength, machine-
ability, thermal conductivity, and corrosion resistance. Aluminum is non-magnetic and
non-sparking, and it has excellent conductivity. It can be cast by any method known.

Q Navigation Hint: For more information on machining aluminum,
" see Section 6, Unit B Machining Operations; in Machinery’s

Handbook Made Easy, pages 123-140.

— Unit A: Cutting Speeds and Feeds, pages 1008—-1020
— Unit B: Speed and Feed Tables, pages 1021-1080

q Index navigation path and key words:
- — aluminum/machining/page 1192

Nickel and Nickel Alloys

Nickel is a white metal with good corrosion resistance. Nickel and Nickel alloys are
used in applications when high strength at high temperature are required. Typical uses of
nickel alloys include food processing equipment, springs, turbine and furnace parts, and
heat treating equipment.

Q Navigation Hint: For more information on machining nickel
" alloys, see Section 6, Unit B Machining Operations; in

Machinery’s Handbook Made Easy, pages 123-140.

— Unit A: Cutting Speeds and Feeds, pages 1008—-1020
— Unit B: Speed and Feed Tables, pages 1021-1080
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O Index navigation path and key words:

N nickel alloys/machining/pages 1125-1126

Analyze, Evaluate, & Implement

Use the Machinery’s Handbook to identify six types of steel that contain nickel
as the main alloying element, and give an application for each.

Titanium and Titanium Alloys

Titanium has a better strength-to-weight ratio of any other metal. It is lighter than
aluminum, corrosion resistant, non magnetic, and acid resistant. Titanium and titanium
alloys are used extensively in the aircraft industry.

Analyze, Evaluate, & Implement

Learning activity for a group: Across the top of a whiteboard,
write down these headings:

« Carbon Steels

» Alloy Steels

» Super-Alloy Steels
» Stainless Steel

» Cast Iron

* Ferrous Alloys

* Non-Ferrous Alloys
* Precious Metals
* Tool Steel

* Non-Metals

* Other

On separate index cards or sticky notes, write down as many manufacturing materials
that you can think of. Concentrate on metals (metal is any material that reflects light and
conducts electricity).

Place the names of the materials under the proper category.

Plastics page 551-608

35



36

SECTION 3

Shop Recommended page 551: Properties of Plastics

PLASTICS

Properties of Plastics

Characteristics of Important Plastics Families

ABS
(acrylonitrile-
butadiene-styrene)

Rigid, low-cost thermoplastic, easily machined and thermo-formed.

Acetal Engineering thermoplastic with good strength, wear resistance, and dimen-
sional stability. More dimensionally stable than nylon under wet and humid
conditions.

Acrylic Clear, transparent, strong, break-resistant thermoplastic with excellent
chemical resistance and weatherability.

CPVC Thermoplastic with properties similar to PVC, but operates to a 40-60°F

(chlorinated PVC)

(14-16°C) higher temperature.

Fiberglass

Thermosetting composite with high strength-to-weight ratio, excellent
diclectric properties, and unaffected by corrosion.

Nylon Thermoplastic with excellent impact resistance, ideal for wear applications
such as bearings and gears, self-lubricating under some circumstances.
PEEK Engineering thermoplastic, excellent temperature resistance, suitable for
(polyetherether- continuous use above 500°F (260°C), excellent flexural and tensile proper-
ketone) ties.
PET Dimensionally stable thermoplastic with superior machining characteristics
(polyethylene- compared Lo acetal.
terephthalate)

Phenolic Thermosetting family of plastics with minimal thermal expansion, high
compressive strength, excellent wear and abrasion resistance, and a low
coefficient of friction. Used for bearing applications and molded parts.

Polycarbonate Transparent tough thermoplastic with high impact strength, excellent chemi-
cal resistance and electrical properties, and good dimensional stability.
Polypropylene Good chemical resistance combined with low moisture absorption and
excellent electrical properties, retains strength up to 250°F (120°C).
Polysulfone Durable thermoplastic, good electrical properties, operates at temperatures
in excess of 300°F (150°C).
Polyurethane Thermoplastic, excellent impact and abrasion resistance, resists sunlight and
weathering.
PTFE Thermoplastic, low coefficient of friction, withstands up to 500°F (260°C),
(polytetrafluoro- | inert to chemicals and solvents, self-lubricating with a low thermal-expan-
cthylene) sion rate.
PVC Thermoplastic, resists corrosive solutions and gases both acid and alkaline,
(polyvinyl chloride) | good stiffness.
PVDF Thermoplastic, outstanding chemical resistance, excellent substitute for
(polyvinylidene- PVC or polypropylene. Good mechanical strength and dielectric properties.
fluoride)
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Commercial plastics are resins containing additives much like steel contains alloys.
There are two main classes of resins: thermoplastics and thermosets.

Thermoplastics soften when they are heated. They can be repeatedly melted by
heating and solidified by cooling. Recycling of thermoplastics is easy, but repeated heating,
cooling, and recycling reduce mechanical properties and affects appearance. Families
of thermoplastics include:

» polystyrenes (PS)

» polyethylenes (PE)

+ acrylics (PMMA)

+ cellulosics (CAB cellulose acetate butyrate)
* polyvinyls

Thermosets behave differently than thermoplastics because they form chemical
bonds when heated. Thermosets have good heat resistance, but when heated above their
molding temperatures, they decompose. This type of resin cannot be reprocessed, so
recycling is limited.

Thermoplastics may be classified by their structure:

* Amorphous
* Crystalline
» Liquid-Crystalline Polymers (LCP)

Manufacture of Plastic Products
The main manufacturing processes for thermoplastic products are:

» extrusion

* injection molding
blow molding

sheet thermoforming

Manufacturing processes for thermosetting products are:

* compression molding
 transfer molding

* prepreg molding

e pultrusion

m Check these pages for more information on plastics
manufacturing:
— plastics/blow molding/page 581

— plastics/sheet thermoforming/page 581
— plastics/processing thermosets/page 581

37



38

SECTION 3

Assembly with Fasteners

Examples of poor and preferred designs of plastic assemblies are shown in Fig-
ure 26. Special considerations are necessary to allow for the flexibility and expansion
of plastic.

Shop Recommended page 599, Figure 26

Poor designs

s 2]

Preferred designs
el

LIAr

1 rddn |

Gap between added bosses prevents

AN

L o

Potential high bending excessive bending of housing as
stress as bolt is bosses touch and go into compression
tightened

Pan head screw
Countersunk screw

Plastics
part
ANlV4 a l '
// é Metal /
component

Alternative design uses recess to
Potential high stress avoid wedging action

due to wedging action

of screw head

Round-head screw Shoulder screw

[\;\\\\‘\ \}7

L f— 1l {<— Plastics part
_/ \_‘___ _\_\_‘_Metal
component

Figure 3.26 Examples of bad and good designs in assembling
plastics with metal fasteners

Machining Plastics

Plastics can be molded into complex shapes and usually do not require further
finishing operations. However, there are times when machining plastic is desirable:
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* low volume of parts do not permit the building of a complex tool
» undercuts or openings that would be hard to mold
» prototype development requires frequent changes

-~

Safety First

* All machining of plastics requires dust control, adequate ventilation,
safety guards, and eye protection.
* Materials, including plastics, are required to have a Material Safety
Data Sheet (MSDS)
A Material Safety Data Sheet (MSDS) is designed to provide
both workers and emergency personnel with the proper pro-
cedures for handling or working with a particular substance.
MSDS’s include information such as physical data (melting
point, boiling point, flash point etc.), toxicity, health effects,
first aid, reactivity, storage, disposal, protective equipment,
K and spill/leak procedures.

Shop Recommended page 598-600 Machining Plastics
and Thermo Properties

Machining Plastics.—Plastics can be molded into complex shapes and so do not usually
need to be machined. However, machining is sometimes more cost-effective than making
acomplex tool, especially when requirements are for prototype development, low-volume
production, undercuts, angular holes, or other openings that are difficult to produce in a
mold. Special methods for development of prototypes are discussed later. All machining
of plastics requires dust control, adequate ventilation, safety guards, and eye protection.
Like some metals, plastics may need to be annealed before machining to avoid warpage.
Some commercially available bar and rod stock are sold already annealed. If annealing is
necessary, instructions can be obtained from plastics suppliers. Plastics moduli are small
fractions—2 to 10 per cent—of those of metals and this lower stiffness permits much
greater deflection of the work material during cutting. Thermoplastics materials must be

held and supported firmly to prevent distortion, and sharp tools are essential to minimize
normal forces.

Turning and Cutting Off

Turning and Cutting Off: High speed steel and carbide tools are commonly used with
cutting speeds of 200-500 and 500-800 ft/min (61-152 and 152-244 m/min), respectively.
Water-soluble coolants can be used to keep down temperatures at the shear zone and
improve the finish, except when they react with the work material. Chatter may result from
the low modulus of elasticity and can be reduced by close chucking and follow rests. Box
tools are good for long, thin parts. Tools for cutting off plastics require greater front and
side clearances than are needed for metal. Cutting speeds should be about half those used
for turning operations.

~
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Making it Simple

B Turning and Cutting Off are lathe operations.
B Some types of coolants cause plastic to degrade.
B Hold the plastic workpiece as close to the clamping device as possible.

Drilling

Drilling: This is the most common machining operation because small-diameter holes
are more easily drilled than molded. However, plastics are rather difficult to drill without
some damage. Many difficulties not encountered in drilling metals, such as gumming,
burning in the drilled hole, cracks around the edges or growth of cracks after drilling, can
occur. Two reasons for these difficulties are: swarf flow (chip removal) in drilling is poor,
and cutting speeds vary from the center to the periphery of the drill, so that drilling imposes
severe loading on the workpiece. Some drill types used with plastics are shown in Fig. 27.

Making it Simple

B Drilling plastic is difficult because the material is too soft.
W Dirills that have special point styles work better than drills that are
made for steel.

The Thermal Expansion of Plastic

Plastics have thermal expansion coefficients some 10 times higher than those of metals
so that even though actual heat generation during machining may be less than with metals
there can easily be more expansion. Adequate tool clearances must be provided to mini-
mize heating. Compared with most structural metals, temperatures at which plastics
soften, deform and degrade are quite low. Allowing frictional heat to build up causes gum-
ming, discoloration, poor tolerance control, and rough finishes. These effects are more
pronounced with plastics such as polystyrene and polyvinyl chloride that have low melting
points than with plastics that have higher melting points, such as nylons, fluoroplastics,
and polyphenylene sulfide. Sufficient clearances must be provided on cutting tools to pre-
vent rubbing contact between the tool and the work. Tool surfaces that will come into con-
tact with plastics during machining should be polished to reduce frictional drag and
resulting temperature increases. Proper rake angles depend on depth of cut, cutting speed,
and the type of plastic being cut. Large rake angles should be used to produce continuous-
type cuttings, but they should not be so large as to cause brittle fracture of the work and
resulting discontinuous chips.

Making it Simple

B Plastics expand much more than steel given the same temperature increase.
B Cutting tools should have sharp, polished edges.
B Continuous chips are desirable.
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) Navigation Hint: For more information on Cutting Speed
\ and Feed Formulas, see Section 6; Machining Operations in
Machinery’s Handbook Made Easy, pages 120-160:

— Unit A Cutting Speeds and Feeds, pages 1008-1020
— Unit B Speed and Feed Tables, pages 1021-1080

Shop Recommended page 600 Drill Designs Used for Plastics

|* I)imnclc&_ | Helix Angle
of drill Gy

'
Flute ; '/'
Margin ' _/'/

Relicf
ﬂ“TB angle
b

(b)Specially formed  (c) Specially formed
Point angle twist drill twist drill

L)
S

(@) Twist drill

7000

A =1 <]
(d)Modified point  (e) Flat drill (f) specially formed (g) Chit drill (h) Hollow drill

angle drill fat drill
(three point drill)

Figure 3.27 Drill designs used for drilling plastics

Shop Recommended page 600
Making it Simple

B The part of the drill that has the spiral channel is where the helix angle is
measured.

B Changing the helix angle to a flatter angle helps pull the chips out of the hole.

B As arule, softer materials are drilled with smaller point angles.

B Harder materials are drilled with flatter point angles.
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Shop Recommended page 601, Table 8

Drilling and reaming speed and feed suggestions for various materials are shown in
Table 8. These speeds and feeds can be increased where there is no melting, burning, dis-
coloration, or poor surface finish. Drilling is best done with commercially available drills
designed for plastics (Fig. 27), usually having large helix angles, narrow lands, and highly
polished or chromium-plated flutes to expel swarf rapidly and minimize frictional heating.
Circle cutters are often preferred for holes in thin materials. Drills must be kept sharp and
cool, and carbide tools may be needed in high production, especially with glass-reinforced
materials. They must be cooled with clean compressed air to avoid contamination. Aque-
ous solutions are used for deep drilling because metal cutting fluids and oils may degrade
or attack the plastics and may cause a cleaning problem. Plastics parts must be held firmly
during drilling to counter the tendency for the tooling to grab and spin the work.

Table 8. Speeds and Feeds for Drilling Holes of 0.25 to 0.375 inch (6.3-9.5 mm)
Diameter in Various Thermoplastics

Speed

Material (rpm) Feed?® Comments
Polyethylene 1,000-2,000 H Easy to machine
Polyvinyl chloride 1,000-2,000 M Tends to become gummy
Acrylic 500-1,500 M-H |Easy to drill with lubricant
Polystyrene 500-1.500 H Must have coolant
ABS 500-1,000 M-H
Polytetrafluoroethylene 1,000 L-M Easy to drill
Nylon 6/6 1.000 H Easy to drill
Polycarbonate 500-1.500 M-H Easy to drill, some gumming
Acetal 1.000-2,000 H Easy to drill
Polypropylene 1,000-2,000 H Easy to drill
Polyester 1.000-1,500 H Easy to drill

2H = high: M = medium: L = low.

Making it Simple

B [f plastic starts to melt while machining, reduce spindle speed.
W Drills for thin plastic are shaped like tubes with cutting teeth on the flat end.
B Plastic with fiberglass in it is very abrasive and wears out cutters easily.

Shop Recommended page 600-601

Tapping and Threading of Plastics: Many different threaded fasteners can be used with
plastics, including thread-tapping and -forming screws, threaded metal inserts, and
molded-in threads, but threads must sometimes be machined after molding. For tapping of
through-holes in thin cast, molded, or extruded thermoplastics and thermosets, a speed of
50 ft/min (15.2 m/min) is appropriate. Tapping of filled materials is done at 25 ft/min (7.6
m/min). These speeds should be reduced for deep or blind holes and when the percentage
of thread is greater than 65-75 per cent. Taps should be of M10, M7, or M1, molybdenum
high-speed steel, with finish-ground and -polished flutes. Two-flute taps are recom-
mended for holes up to 0.125 inch (3.2 mm) diameter. Oversize taps may be required to
make up for elastic recovery of the plastics. The danger of retapping on the return stroke
can be reduced by blunting the withdrawal edges of the tool.
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Making it Simple

B Special taps for cutting threads in plastic have polished flutes.
B Oversize taps are available to make up for shrinkage after tapping.
B The percentage of thread is determined by the size of the tap drill.

Shop Recommended page 2030

2030 TAPPING

Table 4. Tap Drills and Clearance Drills for Machine Screws with
American National Thread Form

Size of Screw No. of Tap Drills Clearance Hole Drills
No. or Decimal Threads Drill Decimal Close Fit Free Fit
Diam. Equiv. | perlnch | Sige Equiv. | Drill Size | Decimal Equiv. | Drill Size | Decimal Equiv.
0 060 80 % 0469 52 0635 50 0700
64 53 0595
1 073 oy pot e 48 0760 46 L0810
56 50 0700
2 086 pit o 5106 43 L0890 41 0960
43 a7 0785
3 099 56 45 0820 37 .1040 35 .1100
36 44 0860
4 112 40 43 0890 32 1160 30 1285
48 42 0935
40 38 1015
5 125 “ 32 e 30 1285 29 1360
32 36 1065
6 138 prd = 1150 27 .1440 25 .1495
32 79 1360
8 164 36 29 1360 18 .1695 16 1770
24 25 1495
10 190 22 21 1590 9 .1960 7 2010
24 16 1770
12 216 o it 1650 2 2210 1 2280
200 10 11935
14 242 S 7 2010 D 2460 F 2570
i 20 7 2010
l 250 28 3 2130 F 2570 H 2660
18 F 2570
e 3125 24 1 2120 P 3230 Q 13320
16 s 3125
% 375 24 0 3320 w 3860 X .3970
" 14 U 3680 18,
Vg 4375 20 %, 3006 A 4531 % 4687
. 13 T 4219 =
ly .500 20 n, 4531 B, 5156 % 5312

aThese screws are not in the American Standard but are from the former A.S.M.E. Standard.

The size of the tap drill hole for any desired percentage of full thread depth can be calcu-
lated by the formulas below. In these formulas the Per Cent Full Thread is expressed as a
decimal; e.g., 75 per cent is expressed as .75. The tap drill size is the size nearest to the cal-
culated hole size.

For American Unified Thread form:

1.08253 X Per Cent Full Thread
Number of Threads per Inch

Hole Size = Basic Major Diameter —
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Analyze, Evaluate, & Implement

Calculate the tap drill sizes for 3/8-16 and 3/4-10 taps

» for 60% thread
e for 75% thread

Shop Recommended page 602, Table 9

Sawing Thermoset Cast or Molded Plastics: Circular or band saws may be used for saw-
ing. Circular saws provide smoother cut faces than band saws, but band saws run cooler so
are often preferred even for straight cuts. Projection of the circular saw above the table
should be minimized. Saws should have skip teeth or buttress teeth with zero front rake and
a raker set. Precision-tooth saw blades should be used for thicknesses up to 1 inch (25.4
mm), and saws with buttress teeth are recommended for thicknesses above 1 inch (25.4
mm). Dull edges to the teeth cause chipping of the plastics and may cause breakage of the
saw, Sawing speeds and other recommendations for using blades of high-carbon steel are
shown in Table 9.

Table 9. Speeds and Numbers of Teeth for Sawing Plastics Materials
with High-Carbon Steel Saw Blades

Peripheral Speed
Number of Thermoset Cast Thermoplastics
Material Teeth or (and Epoxy, Melamine,
Thickness on Molded Plastics Phenolic and Allyl Thermosets)

(inch) (mm) Blade (ft/min) (m/min) (ft/min) (m/min)
0-0.5 0-13 8-14 2000-3000 607-914 4000-5000 1219-1524
0.5-1 13-25 6-8 1800-2200 549-671 3500-4300 1067-1311

1-3 25-76 3 1500-2200 475-671 3000-3500 914-1067

>3 =76 >3 1200-1800 366-549 2500-3000 762-914

Making it Simple

B Saw blades are available with several different tooth styles.

B Saw blades cut a path wider than the blade thickness because the cutting

teeth are staggered.

Shop Recommended page 602

Milling of Plastics: Peripheral cutting with end mills is used for edge preparation, slot-
ting and similar milling operations, and end cutting can also be used for facing operations.
Speeds for milling range from 800 to 1400 ft/min (244-427 m/min) for peripheral end
milling of many thermoplastics and from 400 to 800 ft/min (122-244 m/min) for many
thermosets. However, slower speeds are generally used for other milling operations, with
some thermoplastics being machined at 300-500 ft/min (91-152 m/min), and some ther-
mosets at 150-300 ft/min (46-91 m/min). Adequate support and suitable feed rates are
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very important. A table feed that is too low will generate excessive heat and cause surface
cracks, loss of dimensional accuracy, and poor surface finish. Too high a feed rate will pro-
duce a rough surface. High-speed steel tools (M2, M3, M7. or T15) are generally used, but
for glass-reinforced nylon, silicone, polyimide, and allyl, carbide (C2) is recommended.

L |
W— |
e
pA | N ! W

Figure 3.1 End mill

Making it Simple

B End mills cut on both the periphery and on the bottom.
B The bottom of the end mill is used for “facing operations.”
B Use the fastest feed rate that gives the required surface finish.

{ Navigation Hint: For more information on High Speed Steel and
Carbide Cutting Tools, see Machinery’s Handbook Made Easy,
Section 6, Machining Operations, pages 123-140

— Unit A: Cutting Speeds and Feeds
— Unit B: Speed and Feed Tables

Shop Recommended page 601-602

Other Machining Techniques: Lasers can be used for machining plastics, especially
sheet laminates, although their use may generate internal stresses. Ultrasonic machining
has no thermal, chemical, or electrical reaction with the workpiece and can produce holes
down to 0.003-inch (0.0762 mm) diameter; tight tolerances, 0.0005 inch (0.0127 mm); and
very smooth finishes, 0.15 pinch (0.381 pum) with No. 600 boron carbide abrasive powder.
Water-jet cutting using pressures up to 60,000 Ib/inch? (414 N/mm?) is widely used for
plastics and does not introduce stresses into the material. Tolerances of = 0.004 inch (£
0.102 mm) can be held, depending on the equipment available. Process variables, pres-
sures, feed rates, and the nozzle diameter depend on the material being cut. This method
does not work with hollow parts unless they can be filled with a solid core.
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Making it Simple

B The word LASER is an acronym for Light Amplification by the Stimulated
Emission of Radiation.

B Ultrasonic Machining uses high frequency vibrations.

B Water jet cutting machines are preferred for machining plastic.

Elements, Heat, Mass, and Weight pages 371-384

O\ Index navigation paths and key words:

— elements/table of chemical/page 371

Properties of Wood, Ceramics, Plastics, Metals
pages 385-395

O Index navigation paths and key words:

» — coefficient of/expansion/ceramics/page 389
— coefficient of/expansion/plastics/page 390
— elastic/properties of materials/page 394
g ASSIGNMENT
List the key terms and give a definition of each.
Alloy Harden
Element Anneal
Hardened Stress relieve
Tempered Thermosets
Pig lron Thermoplastics
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SECTION 4

Navigation Overview

Units Covered in this Section
Unit A Drafting Practices
Unit B Allowances and Tolerances for Fits
Unit C Measuring Instruments and Inspection
Methods
Unit D Surface Texture

O Navigation Assistant
N Watch for Navigation Hints

The Navigation Assistant helps find information in

the MH29 Primary Index. The Primary Index is located
in the back of the book on pages 2701-2788 and is set
up alphabetically by subject. Watch for the magnifying
glass throughout the section for navigation hints.

- )

Meter Basic Dimension
Millimeter Interference Fit
Inch Tolerance

Force Fit Discrimination
Visible Line Maximum Material
Hidden Line Condition
Datum




Dimensioning, Gaging, and Measuring

Learning Objectives

After studying this unit you should be able to:

e Convert millimeters to inches and inches to millimeters.

e Create a sketch using proper drawing practices.

e Describe three methods of assembling an interference fit.

* Read a 0-1"micrometer within a ten-thousandth of an inch.

* Read a vernier scale within a thousandth of an inch.

* Interpret surface finish symbols.

» State three advantages of Geometric Dimensioning and
Tolerancing (GD&T).

e Interpret a typical GD&T feature control frame.

Introduction

Section 4 of MH 28 relates to some of the most basic machine shop practices. For
example, the assembly of machines, tools, and dies is not possible without a plan or the
ability to measure components. The proper fit between mating parts is often critical. The sur-
face texture (or smoothness) of parts made to a high degree of accuracy is directly related
to the degree of accuracy required.

Drafting Practices pages 609-627

Q Index navigation paths and key words:
— drafting practices/ANSI standard/page 609

Unit A, “Drafting Practices” has its roots in a time when engineering drawings were
hand drawn. The process of making the shop copy of the drawing generated a document
that was actually blue in color, hence the term “blueprint.” This is not done anymore,
but the ability to create detailed pencil sketches is an invaluable skill. Communication
between shifts or across departments often includes a sketch to express ideas, plans, and
designs. The sketch is not usually an official component of the job in that it is not retained
in a formal manner or sent to the customer.

Your proficiency in sketching and attention to detail demonstrates a degree of pro-
fessionalism. The importance of this cannot be overstated. Table 2 on page 610 identifies

the proper way to illustrate the lines used in engineering drawings and sketches.
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Shop Recommended page 610, Table 2

610 DRAFTING PRACTICES
Visible Lines are also
Ca”?g ?E’!elf t “tnf s”and Table 2. American National Standard for Engineering Drawings
are the thickest fines on ANSI/ASME Y14.2M-1992 (R2008)
the drawing.
Visible Line \ THICK
Hidden Line THIN
Section Line THIN
Hidden Lines show interior
detail of the part.
s Center Line THIN
THIN

Symmetry Line

Center Lines are used to
show the axis of circular

features. Leader
_\ Extension Line
Dimension Line / Dimension Line
Extension Line
and Leader THIN
— 3.50
Arrowheads touch >
extension Lines. /
Extension Lines do not Cutting-Plane Line T_ THICK _T

touch object lines. Leave a

or
space of about 1/16". Viewing-Plane Line
| THICK T

THICK
Short Breaks
Break Line
THIN
\/\ \/\ Long Breaks
Phantom Line THIN
THIN
Stitch Line T~ T T T T TTTTTTTTT T T T T T T T T T
THIN
Chain Line THICK




Dimensioning, Gaging, and Measuring

See Figure 4.1 for examples of how these lines are used on an engineering drawing. For
professional-looking results, use these rules when creating a pencil sketch:

Visible Lines are also
called “object lines” and

are the thickest lines on T
the drawing. 4|

@
&

Extension Lines do not
touch object lines. Leave a
space of about 1/16”.

Center Lines are used to
show the axis of circular
features.

1°r

_ék.

Hidden Lines show interior
detail of the part.

Arrowheads touch
Extension Lines.

Figure 4.1 Sample engineering drawing

Abbreviations Used on Engineering Drawings

To save space on drawings, it is a common practice to abbreviate terms (some-
times to a fault). Because there is no real standard, communication problems between
designers and toolmakers can result from using abbreviations that are not recognizable.
The following is a list of many, but not all, abbreviations found on drawings.

Across Flats
Assembly

Bill of Material
Bolt Circle

Carbon Steel (Mild Steel, Low Carbon Steel,

Cold Rolled Steel)
Cast Iron
Chamfer
Counterbore
Countersink

Deep or Depth
Diameter
Dimension

ACR FLTS
ASSY

BOM

BC

CS, MS, CRS

Cl

CHAM or CHMF
C BORE

C SINK

DP

DIA

DIM
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Drawing

Equally Spaced

Far Side, Near Side

Finish All Over

Heat Treat

Hexagon

Inside Diameter, Outside Diameter
International Organization for Standardization
Left Hand, Right Hand

Long

Material

Maximum Material Condition
Metric

Minimum

Near Side, Far Side

Nominal

Not to Scale

Number

Outside Diameter, Inside Diameter
Oversize
Perpendicular

Pitch Diameter

Pitch

Radius

Reference Dimension
Revolutions per Minute
Right Hand, Left Hand
Section

Spherical Radius
Spotface

Square

Steel

Symmetrical

Taper Pipe Thread
Thick

Thread

To Sharp Corner
Through

Undercut

DWG

EQ SP or EQL SP

FS, NS

FAO

HT

HEX

ID, OD

ISO

LH, RH

LG

MTL

MMC

M

MIN

NS, FS

NOM

NTS (Dimension may be
underlined)

NO

oD, ID

oS

PERP

PD

P

R

(value is inside of parentheses)

RPM

RH, LH

SEC or SECT

SR

SP

SQ

STL

SYM

NPT

THK

THD

TSC

THRU

UCUT



