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1000000 =10%mega, M
1000 =10%kilo, k
100 =10%hecto, h
10 =10deka, da
0.1=10""deci, d
0.01 =10 ~2centi, ¢
0.001 =10 3milli, m
0. 000001 =10 ~®micro, u

Si PREFIXES

Ib or Ibf, pound force

lbm, pound mass

psi, Ib/in. 2

J, joule; newton-meter, Nm

W, watt; joule per sec, J/sec; Nm/sec
Pa, pascal; N/m?

MPa, mega pascal; N/mm?

An asterisk folliows each number below that represents an exact definition. Numbers not followed
by an asterisk are approximate representations of definitions or the resuits of physical measurements.

1in. =25.4*mm =0. 0254 °*m
1ft =304. 8* mm =0. 3048 * m
1yd =914. 4* mm =0. 9144 * m
1mi =5280ft =1760yd =1. 609344 * km

1furlong =220yd =;—mi =201. 168* mi

1rod =16. 5ft
1fathom =6ft

1in. 2 =645. 16 * mm?

1t2 =0. 09290304 * m?
1yd? =0. 83612736 * m?
1mi? =2. 58998811 * (km)?2

52807 _ 2
1acre =640 =43560ft

=(208. 713ft)?
=4046. 856m?
=0. 4048656hectares

1in. 2 =16387. 064 * mm?
11 =0. 028316846592 * m®
1yd® =0. 764554857984 * m®
1 gallon(US) =231in. 3
=3. 785411784 * liter
1 qt(US) =l—gallon
=0. 946352946 * liter
1 gallon( UK) =277. 42in. 3
=1. 20095 US gallon =4. 54609liter
1 bushel( US) =2150. 42in. 8
=1. 244461t =0. 03523907m?®
1barrel(42 US gallons) =158. 987liters

LENGTH

1mm =0. 039370079in.
1m =39. 370078in. =3. 280840ft
1m =1. 0936yd

1km =0. 62137 mi

1micron =0. 000001 m =0. 001 mm
1Angstrom =0. 0000001 mm

AREA

1mm? =0. 001550003in. 2
1m? =1550. 003in. 2
=10. 763911t =1. 19599yd?
1km? =0. 38610mi?
1hectare =(100m)?
=2. 471054acres

VOLUME

1mm3 =0. 000061024in. 3
1m® =1000liters =61023. 74in. 3
=36. 314671
=1. 30795yd®
tliter =1.000cc® =61. 02374in. 3
=0. 264172gallons =1. 056688qt
1cc =(10mm)3 =1000mm?3
1liter =1000cc
=1000000mm?
1m® =(1000mm)?3
=1000000000mm?
=1000liters



FORCE

1lb =4. 4482216N 1N =100000dynes =0. 22480894 Ib
=444822. 2dynes 1dyne =0. 00001N =0. 000002248091b
1poundal =0. 138255N

STRESS or PRESSURE

1lb/in. =175. 12683N/m 1N/m =0. 005710147Ib/in.
1lb/ft =14. 593303N/m =0. 06852176Ib/ft
11b/in. 2 =psi =6894. 7672N/m? (Pa) IN/m? =1Pa
=0. 00014503774Ib/in. 2
11b/ft? =47. 880259N/m? (Pa) =0. 02088543Ib/ft?

1atmosphere =14. 6959Ib/in. 2 =101325. ON/m? (Pa)
1in. water(39. 2 F) =0. 036126Ib/in. 2 =249. 082N/m? (Pa)
1ft. water(39. 2°F) =0. 43352Ib/in. 2 =62. 426lb/ft> =2988. 98N/m? ( Pa)

MASS
1lbm =0. 45359237kg 1kg =2. 20462261bm
1slug =32. 17405lbm =14. 593903kg 1kg =0. 06852176slug
1ton( short) =2000Ib =907. 18474kg
1ton(long) =2240Ib =1016. 046909kg
DENSITY
1bm/in. 3 =27679. 905kg/m® 1kg/m® =0. 00003612729lbm/in. 3
1lbm/ft =16. 01846kg/m?® =0. 06242795Ibm/ ft°
1slug/ft® =515. 379kg/m? =0. 001940321slug/ft*
WORK and ENERGY
1in. Ib =0. 1129848Nm( J) work 1Nm =1J =107 ergs =8. 850746in. Ib
1ft Ib =1. 36582Nm(J) =0. 737562ft Ib
1Btu (59 F) =777. 9805ft Ib =1054. 8ONm(J)
1calorie(59 F) =3. 087291t Ib =4. 18580Nm(J)
1Btu =251. 995calories
POWER
1hp =550ft Ib/sec =0. 7457kW(kN/sec,1kW =1. 3410hp)
MISCELLANEOUS

Free fall, g =32. 1740ft/sec? =386. 09in. /sec? =9. 80665m/sec? acceleration
1mi/gal =0. 425144kmv/liter, 1km/liter =2. 3562144 mi/gal
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Preface

We are pleased to publish this eighth edition of a text that has become a classic among the ma-
chine design community. This new edition contains a number of important improvements over
the previous edition.

The example problems have been reformatted using a structured approach. This addition
should make the logic of the example problems much easier to follow, and the authors recom-
mend that the student of machine design adopt this structured approach in their work.

Most of the spreadsheet modules found in the previous edition have been upgraded and im-
proved. In many cases the use of “drop-down menus” allows the user to switch between unit
systems without the need to switch to a different module. Additionally, the spreadsheet modules
now include command buttons to allow the user to view additional information of importance to
their application. In one of the spreadsheets, the user can produce a scaled plot of the Mohr’s
Circle for a given state of two-dimensional stress. Some completely new spreadsheet modules
have been added to allow a greater range of problems to be solved. .

Perhaps one of the most important new features of this edition is the inclusion of a chapter
on design with plastic materials. This chapter, written by L. E. Hornberger, a world-class
leader in plastics design and recycling, provides an excellent overview of how plastic materials
are having a strong positive influence on the design of machine elements. This new edition re-
presents over 80 years of experience of its three authors in industry and in the classroom. As
with any “work in process,” we continue to welcome your helpful suggestions for improvement
of this text.

As with any project of this magnitude, there are many people to thank for their sugges-

tions, contributions, and helpful ideas. In particular we thank William L. Cleghorn, Univer-

xii
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sity of Toronto; Harvey Hoy, University of Wisconsin; Richard A. Hultin, Rochester Institu-
te of Technology; Ronald L. Priebe, University of North Carolina Charlotte; and Tom Over-

man, Santa Clara University.

T. E. SHOUP
L. E. HORNBERGER

Santa Clara University
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Infroduction

Fundamentally, design is the process of problem solving. Problem solving is used by profession-
als from many different fields in the normal course of their work. In this chapter, we will look at
the definition of design and how it fits into the overall scheme of problem solving. We will also
look at the process one uses in implementing a design task. We will then discuss the computa-
tional tools that are helpful to the design analysis process. Finally, we will take a brief look at

where one goes to acquire technical information to augment the design process.
I-1 Problem Solving and Design

Engineering is defined by ABET (the Accreditation Board for Engineering and Technology) as

---that profession in which knowledge of the mathematical and natural sciences gained by study,
experience, and practice is applied with judgment to develop ways to utilize, economically,

the materials and forces of nature for the benefit of mankind.

What differentiates engineering from many other fields is that it attempts to go from theory into
practice for the purpose of developing products and processes instead of merely observing the
phenomena of that science or art. For example, a physicist studies and records findings in order
to understand some phenomenon or physical process better. On the other hand, an engineer uti-
lizes scientific information to make a particular process or product for use by consumers. ABET

further defines the design portion of engineering activity as follows:

Engineering design is the process of devising a system, component, or process to meet desired

needs. It is a decision-making process (often iterative) , in which the basic sciences and math-

1



