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MACHINE ELEMENTS IN MECHANICAL DESIGN, 4™ EDITION
By: Robert L. Mott
Published by Prentice-Hal, inc.

MDESIGN - Mechanical Design Software
Comments On Its Use For Problem Solutions
{ntroduction
The design of machine elements inherently involves extensive procedures, complex calculations,
and many design decisions. Data must be found from numerous charts and tables. Furthermore, design
is typically iterative, requiring the designer to try several options for any given element, leading to the
repetition of design calculations with new data or new design decisions. This is especially true for
complete mechanical devices containing several components as the interfaces between components are
considered. Changes to one component often require changes to mating elements. Use of computer
aided mechanical design software can facilitate the design process by performing many of the tasks while
leaving the major design decisions to the creativity and judgment of the designer or engineer.
We emphasize that users of computer software must have a solid
understanding of the principles of design and stress analysis to
ensure that design decisions are based on reliable foundations. We
advise that the software be used only after mastering a given design
methodology by careful study and practicing manual techniques.
Then, data with known results can be applied to the software as a
check on the understanding of the program’s input and output.
included in this book is the MDESIGN mechanical design software created by the TEDATA
Company. Derived from the very successful MDESIGN mec software produced for the European market,
the U.S. version of MDESIGN employs standards and design methods that are in typical use in North
America. Many of the textual aids and design procedures come directly from this book, Machine Elements
in Mechanical Design.
Topics for which the MDESIGN software can be used as a supplement to this book include:

Beam stress analysis Beam deflections Mohr’s circle Columns
Belt drives Chain drives Spur gears Helical gears
Shafts Keys Power screws Springs
Rolling contact bearings Plain surface bearings Bolted connections Fasteners
Clutches Brakes

Special icons are placed in the book at places where use of one of the 28 modules in the

software is pertinent.




Basic Features of MDESIGN

MDESIGN software is a useful tool for problem solving and design. Users must first ensure that
the software is appropriate to the nature of the problem to be soived. White the 28 modules cover a wide
range of applications within the field of machine design, not every problem can be solved. The software is
very user friendly and each module contains several textual and graphic aids that explain the technical
bases on which the module is constructed and the data that must be entered by the user. Input screens
prompt the user to define the problem and to make basic design decisions. Several modules contain
extensive data bases that aliow the user to consider multiple optional designs and compare them to
select the more optimum choice. Some modules also provide a parametric analysis feature.

After all necessary data are entered, the user applies the Calculate feature to cause the module
to perform the required analyses and produce the output in an easy to read format. The Calculate feature
is represented on the toolbar as an image of a biue calculator with a yellow gear. Alternatively, the user
can use the function key, F70. Input and output can be reported in several different units selected by the
user. Conversions, if needed, are automatically accomplished by the software.

The output always contains lists of pertinent input values and computed resuits. Many modules
augment the basic output with graphical displays of the results and pictorial views of the element being
designed. Some modules include cautionary comments when results do not meet design requirements,
advising the user to redesign the element.

Descriptions of the Modules

The following sections list the 28 modules organized into 13 groups and provide brief discussions
about each module. Included are the chapter where each module can be used, a basic description of the
type of problems that can be solved, the type of input data required, and the type of output results that are
produced. NOTE: The computed results from MDESIGN may not match exactly those reported in the
book for exampie problems or end of chapter problems. Values for some parameters may be selected by
a user from charts and graphs in the book, whereas the program may compute those giving slightly
different results. For some modules, particularly Ball and Roller Bearings, databases in the program are
different from those in the book.

Columns Group: Pertinent to Chapter 6 in the book.
Column Analysis Module: Sections 6-6, 6-7, 6-11 and 6-12

Centrally loaded straight or crooked columns and eccentrically loaded straight columns are
analyzed.Input data required are: column length, end fixity, material, cross section shape and dimensions,
amount of crookedness if any, and amount of eccentricity of the line of action of the load if any. Output for
straight, centrafly loaded columns includes critical buckling load and aflowable load. Output for crooked
and eccentrically loaded columns includes maximum stresses. For eccentrically loaded columns, the
maximum lateral deflection of the column is also computed.
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Column Design Module: Section 6-10
Given the required load on a column of a given length with specified end fixity, the program

computes the minimum acceptable diameter of a columin with a solid circular cross section.
Beams Group: Pertinent to Chapters 3 and § in the book.

Statically Determinate Beams Module:

This is a very extensive beam analysis program that allows the application of loads in virtually any
direction including concentrated forces, distributed loads, concentrated moments, and torques. It offers
visualization of the beam, its supports, and its loading pattern. Careful data entry is advised.

Statically Indeterminate Beams Moduile:
This program analyzes beams on more than two supports with a large variety of loading types.

Combined Stress and Mohr'’s Circie: Pertinent to Chapters 4 and 5

Given the stress condition on an element, the program completes Mohr’s circle, presents
maximum principal stresses, maximum shear stress, and the orientation of those elements. The Mohr’s
circle is drawn automatically.

V- rives: Pertinent to Chapter 7, Section 74

This tool for designing V-belt drives is based on an extensive data base of ratings for three sizes
of V-belts. The input data screen allows the specification of power to be transmitted, speeds, approximate
center distance, and service factor. The program presents a list of suitable belt types, sizes, and standard
lengths, and sheave sizes from which the user selects one combination. The performance of that design
is then displayed. Numerous subsequent aiternative designs can be easily created.

Chain Drives: Pertinent to Chapter 7, Section 7-6

An aid for designing roller chain drives, this program includes an extensive data base of the latest
power ratings for roller chain drives from the American Chain Association. The input data screen allows
the specification of power to be transmitted, speeds, approximate center distance, number of chains, and
service factor. The program presents a list of suitable chain sizes and sprockets from which the user can
select one combination. Single or multiple strands of chain can be used.

Gearing Group: Pertinent to Chapters 8, 9, and 10
Separate modules are provided for Spur Gearing, Helical Gearing, Bevel Gearing, and

Wormgearing. Each module basically follows the procedures described in the book. Input data include
the diametral pitch, number of pinion teeth, input speed, output speed, certain material factors, overioad
factor, reliability factor, and others depending on the module. The program provides guidance for the
quality number and the specification of the number of teeth in the gear and its face width. The geometry
factors for bending and pitting resistance are computed by the program for some modules, while others
require the user to input those using tables and charts from the book or from charts reproduced in the

vii




help screens. Outputs include actual output speed, sizes of pertinent geometric features, forces on gear |
teeth, and tooth stresses. The acceptability of stresses is evaluated by the program with suggestions for ‘
the types of materials to be specified. Multiple designs can be tried very quickly to work toward an

optimum final result.

Keys Group: Pertinent to Chapter 11

Separate modules are provided for Parallel Keys and Woodruff Keys, using design procedures
similar to those presented in the book. Input can be either the torgue to be transmitted or the combination
of power and shaft speed. The shaft diameter is specified, fikely based on prior stress analysis. Materials
for the key, the shaft, and the hub of the power transmitting element are selected from a list taken from
Appendix 3 in the book. The yieid strengths are then automatically inserted. The use specifies a design
factor and the length of the hub. The program determines the appropriate size for the key according to the
shaft size and the stress analyses using procedures similar to those outlined in the book.

Bearings Group: Pertinent to Chapters 14 (Rolling contact) and 16 (Plain surface)
Ball and Roller Bearings: Chapter 14

This program aids in the specification of a commercially available ball or roller bearing from
extensive databases for 16 different types of bearings from two widely known manufacturers, FAG and d
SKF. The user selects the preferred type, and provides data for radial and thrust loads, speeds, desired
hours of life, and size limitations. New factors that are not discussed in the book are also specified:
Viscosity Grade for the fubricant to be applied (typical choice is 68); Operating Temperature (typical ‘
choice is 40°C); and Contamination Factor (typical choice is 1.0). The program then produces a list of
possible bearings, organized in order of the bore size. The user selects one ‘and the program completes
the calculation of performance, giving the projected life of the bearing in hours that is compared with the
desired life. Subsequent trials may be done quite quickly to work toward an optimum design.

NOTE: The basic dynamic foad data reported for any given bearing will not match those given in
the book because the bearings come from different sources and because an additional factor, a,; called
the Material and Lubrication Factor, is applied. The value of this factor is proprietary to a given
manufacturer and typically yields a higher value for basic dynamic load, C, than is reported in the book.

Plain Surface Bearings: Chapter 16, Section 16-5 ]
This program assists in the design of boundary lubricated plain surface bearings using the
method presented in Section 16-5 of the book. The user enters data for radial load, speed, minimum shaft

diameter, and the desired ratio of bearing length to diameter. The program then computes the required
pV value and recommends a material from Table 16-1 in the book that has an acceptable rating for pV.

NOTE: Data for the wear factor, K, and the coefficient of dynamic friction are not available in the
book version of the software and are reported in the output with values of 0.000.
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Power Screws: Pertinent to Chapter 17 Linear Motion Elements; Section 17-2

The procedures described in Section 17-2 of the book are implemented by this program to design
a power screw with Acme threads having a 14 1/2° thread angle. The user enters data for the load to be
moved, the distance traveled, and the time to move the joad. The material for the screw is selected from
lists of steels, aluminums, cast irons, copper afloys, bronzes, and zinc alioys. The strength data are
automatically entered by the program. The design value for the coefficient of friction is entered. The
output includes the dimensions of the standard Acme screw threads from Table 17-1 in the book. The
program checks the tensile stress in the screw and the shear stress in the threads. The minimum length
of engagement of the threads with a nut is reported. The program also comptites the torque required to
raise and lower the load, the efficiency, the linear speed of the nut, the rotational speed of the screw, and
the power required to drive the screw. if the screw is loaded in compression, it should be analyzed for
colurmnn buckling using the Column Analysis module.

Joints Group: Pertinent to Chapters 18
Fasteners: Chapter 18, Section 18-4

This module completes the procedure outlined in Section 18-4 in the book for designing and
analyzing bolted joints that provide clamping loads. Input data include the total load applied to the joint
and the number of bolts. A Demand Factor, k, is specified that gives the allowable percent of the proof
load of the screw material, often taken to be 75%. The factor, k7, is based on the lubrication present and
is set to 0.15 for typical conditions untess the threads are thoroughly cleaned. After starting the Calcuiate
process, a window asks for the SAE material grade for the bolt as listed in Table 18-1 in the book. The
output includes the required size of bolt, taken from the list in Table 18-4 in the book, and the tightening
torque.

Springs Group: Chapter 19
This group contains three modutes for Helical Compression Springs, Helical Extension

Springs, and Helical Torsion Springs. Each module implements the design procedures developed in
the book and uses data from the book for spring wire sizes and material properties.

Helical Compression Springs: Section 19-6

Method 1 for the design of helical compression springs illustrated in Example Problem 19-2 is
used in this module. The user supplies values for forces and lengths, end type, wire type, type of service
(tight, average, severe), and an initial estimate of the mean diameter of the spring and the design shear
stress (typicatly in the range from 80 to 140 ksi). The program determines an appropriate wire diameter,
computes the actual stresses, and outputs the geometry of the spring.

Helical Extension Springs: Section 19-7

The method for designing helical extension springs illustrated in Example Problem 19-4 is used in
this modute. The user supplies values for forces and lengths, end type, wire type, type of service (light,
average, severe), and an initial estimate of the mean diameter of the spring and the design shear stress
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(typically in the range from 80 to 140 ksi). The program determines an appropriate wire diameter,

computes the actual stresses, and outputs the geometry of the spring.

Helical Torsion Springs: Section 19-8

The method for designing helical torsion springs illustrated in Example Probiem 19-5 is used in
this module. The user supplies values for moments and angles of rotation, end type, wire type, type of
service (light, average, severe), and an initial estimate of the mean diameter of the spring and the design
bending stress (typically in the range from 110'to 190 ksi). The program determines an appropriate wire
diaﬁ\eter, computes the actual stresses, and outputs the geometry of the spring.

Joints Group:

Bolted Connections: Chapter 20, Section 20-3

This module determines the minimum required diameter of the bolts in a connection subjected to
direct shear and shear due to a moment applied to the member similar to that shown in Figure 20-5 in the
book. The bolted connection may be comprised of any array of bolts for which the distance from the
centroid of the array to any individual bolt is the same. Examples are a rectangular array of four bolts or a
circular array of any number of bolts. The analysis considers only a singie force to be applied to the
connection. If more than one force is applied, the resultant of all applied forces must be detemmined by the
user for input to the program. Both the magnitude and the orientation of the line of action of the force
must be known. The program assumes that the bolts are subjected to single shear. If they are in double
shear, the applied force should be divided by 2.0.

Inputs required are the shear load, the number of bolts, the perpendicular distance from the line
of action of the load to the centroid of the bolt pattem, the radial distance from the centroid to any bolt, the
x and y distances from the centroid to the bolt, and the angle of inclination of the applied ioad. The angle,
a, is zero for a vertically downward load. Graphic and textual helps are provided.

The output consists of the forces on the bolt, the required diameter and the nearest standard bolt
diameter as shown in Table 18-4 in the book.

Welded Joints: Chapter 20, Section 20-4

The method of Section 20-4 of the book is used in this module to compute the required size of
weld to carry a specified force using-a weld geometry selected from those shown in Figure 20-8 in the
book. This figure is included on help screens in the program.

Inputs required are the type of joint, key dimensions of the joint, the location of the load, and the
allowable force per inch of weld length taken from Table 20-3 that is shown on a help screen in the
program. The term, bending console length, ab, is the distance, a, shown under the Bending column of
Figure 20-8. Similarly, the term, twisting console fength, at, is the distance, a, from the Torsion column.

Outputs include geometry factors of the weld pattern, bending moment, twisting moment, forces
on the weld, and the required weld leg size.
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Clutches and Brakes Group: Chapter 22

This group contains five modules for Cone or Plate-Type Clutches or Brakes and Short Shoe,
Long Shoe, and Band Brakes. Each module implements the design procedures developed in the book.

Plate-Type Clutch or Brake: Section 22-11
The procedure illustrated in Example Problem 22.6 is used in this module for the analysis of a

plate-type clutch or brake. The user inputs the desired friction torque, the normal actuation force
available, the coefficient of friction, the rotational speed, and & reasonable value for the ratio of the
outside radius to the inside radius (say 1.50). The program computes the required mean radius, the
outside radius, the inside radius, the frictional power absorbed and the wear ratio (hpﬁnz).

Cone Clutch or Brake Section 22-13
The procedure illustrated in Example Problem 22-7 is used in this module for the analysis of a

cone clutch or brake. The user inputs the desired friction torque, the mean radius of the drum, the cone
angle, and the coefficient of friction. The program computes the required axial actuation force.

Short Shoe Drum Brake: Section 22-14

The procedure illustrated in Example Problem 22-8 is used in this module for the analysis of short
shoe drum brakes. The user inputs the friction torque desired and proposes the drum diameter,
coefficient of friction, and basic dimensions of the actuation system. The program computes the required

actuation force.

Long Shoe Drum Brake: Section 22-14

The procedure illustrated in Example Problem 22-9 is used in this moduie for the analysis of long
shoe drum brakes. The user inputs the drum speed, friction torque desired, drum radius, coefficient of
friction, design value for maximum pressure, and the basic dimensions of the actuation system. The
program computes the required width of the brake pad, the actuation force, the frictional power, and the

wear ratio (hp/in?).

Band Brake Section 22-15

The procedure illustrated in Example Problem 22-10 is used in this module for the analysis of
band brakes. The user inputs the drum speed, braking torque desired, design value for maximum
pressure, drum radius and width, coefficient of friction, the angle of wrap of the band on the drum, and the
basic dimensions of the actuation system. The program computes the friction torque, the actuation force,
the friction power, and the average wear ratio (hplin?'), Subsequent iterations are quickly done to work

toward an optimum design.
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MACHINE ELEMENTS IN MECHANICAL DESIGN
Fourth Edition

Robert L. Mott

Prentice-Hall Publishing Company

Description of Spreadsheets Included on CD in Solutions Manual

Introduction

The Solutions Manual for this book includes a computer disk that contains 26 computational aids that are
keyed to the book. The files are written as Microsoft Excel spreadsheets using Version 2002 on
Windows XP.

Many of the spreadsheets appear in the text. Others were prepared to produce solutions for the
Solutions Manual. The given spreadsheets include data and results from certain figures in the text, from
certain example problems, or for certain problems from the end of chapters containing the analysis and
design procedures featured in the programs.

The following sections give brief descriptions of each spreadsheet. Many are discussed in the text in
more extensive detail. It is expected that you will verify all of the elements of each spreadsheet before
using them for solutions to specific problems.

Using the Spreadsheets: It is recommended that you maintain the given
spreadsheets as they initially appear on the disk, considering them to be master copies. To use a
program for solving other problems, call it up in Excel and use the "Save as” command to name
it something different. For instance, the original program called Column Analysis should be
considered the master, Use “Save as” and call it, for example, Column Analysis — Working. Then
use that version for general problem solving.

You should study the concepts and the solution techniques for each type of problem before using the
spreadsheets. You should work sample problems by hand first. Then enter the appropriate data into the
spreadsheet to verify the solution. In most spreadsheets, the data that need to be entered are identified
by gray-shaded areas and by italic type.

Descriptions of Spreadsheets

The descriptions are given here in the order that the subjects for the spreadsheets are covered in the
text. The files are listed on the disk in alphabetical order.

Column Analysis: Chapter 6. Analyzes straight columns of uniform cross section to determine the
critical buckling load and the allowable load. The spreadsheet shows results for Example Problem 6-1 as
given in Figure 6-9 on page 242. U.S. Customary units are used. A description is given in Section 6-8.
The process is essentially the same as that shown in the flow chart of Figure 6-4. Note that a short
macro program in Visual Basic is used to decide whether the column is long (Euler) or short (J. B.
Johnson) and to complete the calculation of the critical buckling load. Be sure that your Excel program
enables macros.

Column Analysis SI: Chapter 6. Same as Column Analysis: except Sl units are used. The solution to
Example Problem 6-2 is shown as given in Figure 6-10 on page 243.

Circular Column Analysis: Chapter 6. Special version of Column Analysis in which the geometric
properties of a column with a solid circular cross section are computed when the diameter is input. The
spreadsheet can be used as an iterative design tool to determine the required diameter of a column with
a circular cross section to carry a given load. See Figure 6-14 on page 249.

X1t




Crooked Column Analysis: Chapter 6. Section 6-11. Analyzes the allowable load on a column of
constant cross section with a given amount of crookedness. Data from Example Problem 6-4 are used

as shown in Figure 6-16 on page 252.

Eccentric Column Analysis: Chapter 6. Section 6-12. Computes the required yield strength of the
material and the resulting maximum deflection of the middle of a column that is loaded eccentrically.
Data from Example Problem 6-6 are used as shown in Figure 6-18 on page 256.

Chain Drive Design: Chapter 7. Design of roller chain drives as described in Section 7-6. User must
obtain rated power data from Tables 7-5, 7-8, or 7-7 to specify a suitable chain number and number of
teeth in the smaller sprocket.

Contact Ratio-Spur Gears: Chapter 8. Computes the contact ratio for spur gears using the procedure
shown on page 317 in Section 8-4.

Bevel Gear Geometry: Chapter 8. Computes the geometric features of straight bevel gears using the
formulas listed in Table 8-7 in Section 8-8 and illustrated in Example Problem 8-6 on page 337. Two
identical programs are shown side-by-side. One shows the results of Example Problem 8-6 and the other

can be used to solve any given problem.

Wormgearing Geometry, CD, VR: Chapter 8. Computes essential geometric features of a worm and
wormgear, the center distance between their shafts, and the velocity ratio. Uses procedure from Section
8-10 as illustrated in Example Problem 8-7. The spreadsheet was used to complete Problems 52-57 at

the end of the chapter.

Gear Geometry: Chapter 8. Computes the geometric features of spur and helical gears using the
relationships in Sections 8-4 and 8-7. Can be used for Problems 1-9 and 41-44.

Gears VR Design: Chapter 8. Aids in the specification of the number of teeth in a pinion and gear to
produce a specified velocity ratio. Uses a procedure similar to that shown in Section 8-13 on pages 350-
357 and illustrated in Table 8-9. An integer is entered for the number of teeth in the pinion. The
program computes the required approximate number of teeth in the gear to produce the given velocity
ratio. The user then enters an integer for the actual number of gear teeth. The program identifies the
combination of numbers of teeth that produces the minimum differential between the desired ratio and
the actual ratio. The spreadsheet was used to complete Problems 62-65 at the end of the chapter.

Spur Gear Forces: Chapter 9. Computes the tangential, radial, and normal forces on spur gear teeth
of a given design transmitting a given power at a given pinion speed. It uses the method of Section 9-3.
The spreadsheet was used to complete Problems 1-6 at the end of Chapter 9. The results for Problems 1
and 2 are shown in the master.

Spur Gears-Design-U.S.: Chapter 9. Performs a complete design analysis for a pair of spur gears,
including the essential geometry, tangential force, required bending stress number, and required contact
stress number. All modifying factors for stress calculations as described in Sections 9-8 to 9-12 are
included. The data from Example Problem $-5 are shown in the given spread sheet as illustrated in
Figure 9-28 on pages 416-417. An extensive discussion of the spreadsheet is given in Section 8-14 on
pages 415-419. An added feature of the spreadsheet on the CD is the computation of the required
hardness (HB) for through-hardened Grade 1 steel using the equations in Figures 9-10 and 9-11. The
user can then specify suitable materials and list them at the bottom of the spreadsheet.

Geometry Factor-I-Pitting: Chapter 9. Computes the value of the geometry factor, /, used in the
calculation of contact stress for spur gears in Equation 9-25 on page 401 of the text. Program uses the
algorithm from Appendix A20.

Spur Gears-Design-U.S.-With I: Chapter 9. Same as Spur Gears-Design except the geometry factor, /,
is computed within the program instead of being input by the user. The program Geometry Factor-I-
Pitting is integrated within Spur Gears-Design. One additional input value is needed for the pressure
angle.

Spur Gears-Design-SI:  Chapter 9. Similar to Spur Gears-Design: except S| metric data are used as
described in Section 9-13 and illustrated in Example Problem 9-6. Data from Example Problem 9-6 are
used in the given spreadsheet.
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Spur Gears-Capacity-U.S.: Chapter 9. Section 9-16. Determines the power transmitting capacity of a
given set of spur gears considering both bending strength and pitting resistance. The user must input the
allowable bending stress and allowabie contact stress based on the material specified for the pinion and
the gear using Figures 9-10 to 9-15 and Tables 9-3 and 9-4. The spreadsheet includes the computation
of the required bending stress number, s, and contact stress number, s,., based on user-entered
hardness (HB) for through-hardened Grade 1 steel using the equations in Figures 8-10 and 9-11. The
user must transcribe these values into the spreadsheet if, in fact, this kind of material is specified.

Plastic Gears- Design: Chapter 8. Completes the design of plastic gears using the procedure from
pages 440-1. Data are shown for Example Problem 9-6.

Helical Gears-Design: Chapter 10. Computes the forces on helical gear teeth as described in Section
10-2 and illustrated in Example Problem 10-1. Completes the design analysis for a pair of helical gears
as described in Sections 10-3 to 10-5 and illustrated in Example Problem 10-2. Used for the solutions to
Problems 1-11 at the end of Chapter 10.

Helical Gears-Capacity: Chapter 10. Similar to Spur Gears-Capacity: with modifications for the
special geometry of helical gear teeth. Used for the solutions to Problems 12 and 13 at the end of
Chapter 10. The user must input the allowable bending stress and allowable contact stress based on the
material specified for the pinion and the gear using Figures 9-10 to 9-15 and Tables 9-3 and 9-4. The
spreadsheet includes the computation of the required bending stress number, Sat, and contact stress
number, s.., based on user-entered hardness (HB) for through-hardened Grade 1 steel using the
equations in Figures 9-10 and 8-11. The user must transcribe these values into the spreadsheet if, in
fact, this kind of material is specified.

Bevel Gears - Design: Chapter 10. Computes forces and stresses on bevel gears.
Wormgearing — Design: Computes some geometry values, forces, and stresses for wormgearing.

Shaft Design: Chapter 12. Computes the minimum acceptable diameter for shafts using Equation 12-
24 when both bending and torsion are present and Equation 12-16 when only vertical shearing stress is
present. Requires prior analysis for torques, forces, bending moments, pertinent material strengths,

modifying factors on material strength, and stress concentration factor. The program is typically applied ‘
at several selected sections of the shaft as illustrated in Design Example 12-1 on pages 548-552. The
given spreadsheet uses data from one location on the shaft in Design Example 12-1 as illustrated in ‘

Figure 12-19 on page 561. A discussion of the spreadsheet is in Section 12-10.

Force Fits: Chapter 13, Section 13-8. Stresses for Force Fits. Computes the pressure at the interface
between mating members assembled with an interference fit (See Section 13-8.) Also computes the
resulting stresses and deformations for the mating members using the procedure on pages 587-8. Data
from Example Problem 13-2 are shown in the example.

Spring Design-Method 1: Chapter 19, Section 19-6. The given spreadsheet uses data and the
method from Example Problem 19-2 to design a safe helical compression spring for a given loading and
to fit given geometrical limitations. See Figure 19-16 on page 753 and the accompanying discussion. 1

Spring Design-Method 2: Chapter 19. Similar to Spring Design-Method 1 without the restriction of
designing to a set of geometrical limitations. See Example Problem 19-3, Figure 19-17 on page 753,
and the accompanying discussion. ]
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CHAPTER 1
THE NATURE OF MECHANICAL DESIGN

Problems 1 - 14 require the specification of functions and design
requirements for design projects and have no unique solution.
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11.

CHAPTER 2
MATERIALS IN MECHANICAL DESIGN

Ultimate tensile strength is the apparent stress at the
peak of the stress—-strain curve.

Yield point is the value of the apparent stress from the
stress-strain curve at which there is a large increase in
strain with no increase in stress. It is the point where
the stress-strain curve exhibits a horizontal slope.

Yield strength is the apparent stress from the stress-
strain curve at which there is a large increase in strain
with little increase in stress for materials that do not
exhibit a yileld point. The offset method is used by
drawing a line parallel to the straight part of the stress-
strain curve through a value of 0.2% on the strain axis.

Many low alloy steels exhibit a yield point.

The proportional limit is the apparent stress on the stress-
strain curve at which the curve deviates from a straight
line. At this value, the material is usually still

elastic. The elastic limit is the apparent stress at which
the material is deformed plastically and will not return to
its original size and shape.

Hooke's law applies to that portion of the stress-strain
curve that is a straight line for which stress is
proportional to strain.

The modulus of elasticity is a measure of the stiffness of
a material.

The percent elongation is a measure of the ductility of a
material.

The material is not ductile. Materials having a percent
elongation greater than 5% are considered to be ductile.

Poisson's ratio is the ratio of the lateral strain in a

material to the axial strain when subjected to a tensile
load.

From £Q 2-5 G = E/[2(1+V)] = (114 GPa)/([2(1+0.33)]
G = 42.9 GPa

3




12.
13.

14.

15.
16.
17.

18.
19.
20.

21.

22.

23.
24,
25.

26.

27.

28,

Hardness = 52.8 HRC (Approximate; Appendix 19)

Tensile strength = 235 ksi (Approximate; Appendix /9)
14.-17. Errors in given statements:

A hardness of HB 750 is extremely hard, characteristic of
the hardest steels in the as-quenched or surface hardened
condition. Appendix 3 shows annealed steels to have
hardness values in the approximate range of HB 120 to 230.
Hardness on the HRB scale is normally limited to HRB 100.
Hardness on the HRC scale is normally no lower than HRC 20

The relationship between hardness and tensile strength is
only valid for steels.

Charpy and Izod tests measure impact strength.
Iron and carbon. Other elements are often present.

In addition to iron and carbon, AISI 4340 steel contains
nickel, chromium, and molybdenum. (Table 2-3)

Approximately 0.40% carbon in AISI 4340 steel.

Low=-carbon: Less than 0.3%
Medium-carbon: 0.30% to 0.50%
High-carbon: 0.50% to 0.95%

Typically a bearing steel contains 1.0% carbon.
Lead is added to AISI 12L13 steel to improve machinability

Shafts are often made from AISI 1045, 4140, 4640, 5150,
6150, and 8650 steels. (Table 2-4)

Gears are often made from AISI 1045, 4140, 4340, 4640,
5150, 6150, and 8650 steels. (Table 2-4)

The blades of a post hole digger should have good wear
resistance, high strength, and good ductility. AISI 1080
steel is a reasonable choice.

AISI 5160 OQT 1000 is a high~carbon, chromium steel,
containing approximately 0.60% carbon and 0.80% chromium.
It was heat treated by heating above its upper critical
temperature, quenched in oil, and then tempered at 1000
degrees Fahrenheit. It has fairly high strength (sy = 151

ksi or 1040 MPa) and good ductility (14% elongation).

Y

.




29.

30.

31.

32.

33.

34.
35,

36.

37.

38.

In general, a high hardness with good ductility are
desirable for machine parts and tools subjected to impact
loads as seen by a shovel. A hardness of HRC 40
corresponds to approximately HB 375 and is considered
moderately hard. While this is a good level, even a higher
value up to HRC 50 (HB 475) would be better, provided
ductility is fairly high, say about 15% elongation.
Appendix 3 shows some forms of oil-quenched AISI 1040 and
none listed have sufficiently high hardness. Appendix 4-1
shows the same material quenched in water and tempered.
AISI 1040 WQT 700 has a hardness of HB 401 (HRC 43) with
approximately 20% elongation and a yield point of 92 ksi.

Through hardening involves heating the entire part followed
by quenching to achieve the hardened condition. Except for
some variation in thick sections, the part is hardened
throughout. But no chemical composition changes occur. 1In
carburizing, the chemical composition of the surface is
changed by the infusion of carbon. Thus, carburizing
results in a hard surface while the core is softer.

Induction hardening is a heat treating process in which the
area to be hardened is subjected to a high-frequency
electric current created by a coil, inducing current flow
near the surface of the part and causing local heating.
After sufficient time to bring the surface to a temperature
above the upper critical temperature of the material, the
part is quenched to harden the surface. '

Some carburizing grades of steels are AISI 1015, 1020,
1022, 1117, 1118, 4118, 4320, 4620, 4820, 8620 and 9310.
The carbon content ranges from 0.10% to 0.20%.

The AISI 200 and 300 series of stainless steels are
nonmagnetic.

Chromium gives stainless steels good corrosion resistance.

ASTM A992 structural steel is used for most wide-flange
beams.

HSLA structural steels are high-strength, low-alloy steels
having yield strengths in the range of 42 - 100 ksi (290 -
700 MPa.

Three types of cast iron are gray iron, ductile iron, and
malleable iron.

ASTM A48-83, Grade 30 is a gray iron with a tensile
strength of 30 ksi (207 MPa); no yield strength; less than
1% elongation (brittle); modulus of elasticity (stiffness)

of 15x106 psi (103 GPa).
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Problem 38. (continued)

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

ASTM A536~-84, Grade 100-70-03 is a ductile iron with a
tensile strength of 100 ksi (689 MPa); a yield strength of
70 ksi (483 MPa); 3% elongation (brittle); modulus of

elasticity (stiffness) of 22x106 psi (152 GPa).

ASTM A47-84, Grade 35018 is a malleable iron with a tensile
strength of 53 ksi (365 MPa); a yield strength of 35 ksi
(241 MPa); 18% elongation (ductile); modulus of elasticity

(stiffness) of 25x106 psi (172 GPa).

ASTM A220, Grade 70003 is a malleable iron with a tensile
strength of 85 ksi (586 MPa); a yield strength of 70 ksi
(483 MPa); 3% elongation (brittle); modulus of elasticity

(stiffness) of 26x106 psi (179 GPa).

Powdered metals are preformed in a die under high pressure
and sintered at a high temperature to fuse the particles.
Re-pressing after sintering is sometimes used.

Parts made from Zamak 3 zinc casting alloy typically have
good dimensional accuracy and smooth surfaces, a tensile
strength of approximately 41 Ksi (283 MPa), a yield
strength of 32 Ksi (221 MPa), 10% elongation, and a modulus
of elasticity of 12.4x10° psi (85 GPa). (Appendix 10)

Type D tool steels are typically used for stamping dies,
punches, and gages. (Table 2-5)

The suffix O on aluminum 6061-0 indicates the annealed
condition.

The suffix H on aluminum 3003-H14 indicates that it was
strain hardened.

The suffix T on aluminum 6061-T6 indicates that it was heat
treated.

Aluminum 7001-T6 has ﬁhe highest strength; tensile strength
= 98 ksi (676 MPa); yield strength = 91 ksi (627 MPa).

Aluminum alloy 6061 is one of the most versatile.
Three typical uses of titanium alloys are aerospace
structures, chemical processing equipment, and marine

hardware.

Bronze is an alloy of copper with tin, aluminum, lead,
phosphorus, nickel, zinc, manganese, or silicon.

b
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49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60 .

61.

Bronze C86200 is a manganese bronze casting alloy with a
tensile strength of 95 ksi (655MPa); yield strength of 48
ksi (331 MPa); 20% elongation (ductile); modulus of

elasticity of 15x106 psi (103 GPa).

Bronze is used for gears and bearings.

Thermosetting plastics undergo a chemical change during
forming resulting in a structure of cross-linked molecules.
The process cannot be reversed or repeated. Thermoplastic
materials can be formed repeatedly by reheating because the
molecular structure is essentially unchanged during
processing.

PET)
a) Gears: Nylon, polycarbonate, acetal,,polyurethane
elastomer, phelolic. b) Helmets: ABS and polycarbonates.
c) Transparent shield: Acrylic. d) Structural housing: PeT,
ABS, polycarbonate, acrylic, PVC, phenolic, polyester/glass
composite. e) Pipe: ABS, PVC. f) Wheels: Polyurethane
elastomer. g) Switch parts: polyimide, phenolic, PfT

Designers of parts to be made from composite materials can
control 1) base resin, 2) reinforcing fibers, 3) amount of
fibers, 4) orientation of fibers, 5) number of layers, 6)
overall thickness, 7) orientation of layers, 8)
combinations of types of materials.

Composite materials are comprised of two or more different
materials, typically a resin reinforced by fibers.

Resins used for composites include polyesters, epoxies,
polyimides. '
Reinforcing fibers used for composites are glass, boron,

aramid, and carbon/graphite.

Sporting equipment is made from glass/epoxy, boron/epoxy,
and graphite/epoxy composites.

Aerospace structures are made from glass/epoxy,
boron/epoxy, graphite/epoxy, and aramid/epoxy composites.

Sheet molding compound is typically a glass/polyester
composite.

SMC's are used for auto and truck body panels and large
housings.

Reinforcing fibers are produced as continuous filaments,
chopped fibers, roving, fabric, yarn, and mats.
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62.

63.

64.

65.

66.

67.

68.

69.

Wet processing of composites involves the layup of fabric
reinforcing sheets on a form, saturation of the sheets
with the resin, and curing under heat and pressure.

Preimpregnated composite materials are produced with the
resin already on the fibers in a convenient form, called
a prepreg. The prepreg is layered onto the form and
cured.

SMC's are preimpregnated fabric sheets formed in a mold
and cured simultaneously under heat and pressure.

Pultrusion is a process of coating the fiber
reinforcement as it is pulled through a heated die to
produce a continuous form such as tubing, structural
shapes, rod, and hat sections used to stiffen aircraft
structures.

In the filament winding process, continuous filaments are
placed around a mandrel in a controlled pattern and then
cured. The process is used for pipe, pressure vessels,
rocket motor cases, containers and enclosures.

Specific strength is the ratio of the strength of a
material to its specific weight.

Specific stiffness is the ratio of the modulus of
elasticity of a material to its specific weight.

Many composites have significantly higher values of
specific strength and specific stiffness than metals.

70 - 73 refer to Pigure 2-12 and Table 2-/0.

General conclusions from Questions 70 - 73: The specific
strengths of the metals listed range from 0.194x106 to
1.00x106 in, approximately a factor of 5.0. The specific
stiffnesses are very nearly equal for all metals listed,
approximately 1.0x108 in. The specific strengths of the
composites listed range 1.87 to 4.86x106 in, much higher
than any of the metals. Glass/epoxy has a specific
stiffness about 2/3 that of the metals. The other
composites listed range from 2.2 to 8.3 times as stiff as
the metals.

See Section 2-12 for answers to Questions 74 to 78.




CHAPTER 3
STRESS AND DEFORMATION ANALYSIS

Direct Tension and Compression
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4) 10.78 L8/er (0 Pr) = _lo7.8 L8 VA BoHw N 1200 =38, 090
M= 0,268338.07) = 10.78 L8/F P~
33. FRom CASE C ;APPENDIX Y : az=3ém , Lllzam,' Pzraes, Ex30x0'ps.
Moae = L2 (3L a™)_ /200 (36)(30/20)" ~(38)™) - 2280
ZYer ZY08oxrt) T I
pat(3L-92) _ jro0¢3e)[3¢2)=YC30]) ey

N

Mo =TT ez

8(30%70%) L T r
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