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( MDESIGN Software - Its application to

Machine Elements in Mechanical Design, 5th edition
By: Robert L. Mott

Published by: Pearson Education - Prentice-Hall J

\.

General Description of the Software

A powerful computer-aided calculation software package called MDESIGN is included with
each purchase of this book. A total of 66 modules divided among 15 categories make up the
complete package, outlined in the Introduction to the software. The software is an updated
version of one that first appeared in the 4th edition of Machine Elements in Mechanical Design.

The software was created by TEDATA, GMBH, a German company that has a long
history of producing such software for professional use throughout Europe and many other parts
of the world. The version included with this book has 32 modules that have general applicability
or that were produced specially for the book, following the analysis and design methods
presented in the book, most of which are patterned on methods and standards commonly used in
the United States. The other 34 modules were developed primarily for use by professionals and
conform to common practice in Europe as represented by DIN standards, VDI publications, and
the popular reference book on machine elements often called Roloff/Matek Machine Elements,
written by Herbert Wittel, Dieter Muhs, Dieter Jannasch, and Joachim Vobiek and published by
Vieweg+Teubner, Wiesbasen, Germany, 2009.

Identification of the two types of MDESIGN modules listed in the Introduction to the
software:

e The list identifies the 32 modules most closely aligned with this book by the symbol
The chapter and section of the book most relevant to each module is indicated. The text
includes several sections where a special icon appears to indicate that the use of
MDESIGN is pertinent to that topic.

e The other 34 modules are denoted by the symbol & and are more closely aligned to
European standards. They may use terminology, notations, and symbols unfamiliar to
those experienced primarily in U.S.-based practices.

It is important to note that the inclusion of this extensive and diverse set of modules can
be useful to users of this book throughout the world as a means of expanding the breadth of
knowledge of design practices in different regions. Furthermore, many users of the book are
likely to engage in projects with industrial companies, design services, consultants, and
university faculty members from many parts of the world and having these modules available
can aid in communicating across traditional geographic boundaries and between different
technical cultures.

Advice on Use of the MDESIGN Software

The following comments are directed primarily to those using this book as a learning tool either
in college and university degree programs or in professional self-study.



The author’s approach to the inclusion of calculation aids within initial learning of
technical subject matter is:

e Users of computer software and calculation aids must have solid
understanding of the relevant principles of design and stress analysis to
ensure that design decisions are based on reliable foundations.

o Software should be used only after mastering a given design methodology by
careful study and practicing manual techniques.

o Then, data with known results can be applied to the software as a check on
the understanding of the program’s input data requirements, symbols and
notation used, limits on the range of acceptable data, and analysis methods.

o  Only then should users rely on implementation of design decisions based on
output results from the software.

General HELP for Running MDESIGN

An extensive 123-page help file can be accessed from the main menu ribbon.
Particular attention should be paid to the Graphical User Interface section on pages
33-39 for those few modules that permit graphical data input.

Recommended Primary Uses for MDESIGN Software with this Book

Upon launching the MDESIGN software package, reading the Introduction, and opening the
software, the left side of the initial screen will include the list of 15 categories of modules. Each
category name is preceded by a plus-sign (+) that, when selected, yields the list of modules in
that category. Double-clicking will open any selected module. Alternatively, you can right click
and select Open.

The 32 modules most closely aligned with the presentations in the book, identified by the
symbol i in the Introduction, are obviously those that should be considered first for
incorporation into courses and individual study. Pertinent sections of the book for which these
modules may be useful are indicated by the graphic symbol in the left margin.

Particularly for design projects and where multiple trials for design decisions are to be
expected and where the large catalogs of data in MDESIGN can be accessed, the following
modules enable learners to try many options in a short amount of time after learning the basic
fundamentals. The following modules serve well these purposes.

Beam Calculations Column Analysis ISO Fit System
Statically determinate beams Column Design Parallel Keys
Statically indeterminate beams Ball and Roller Bearings V-belts

Helical Compression Springs Plain Surface/Journal Bearings Synchronous Belts
Helical Extension Springs Clutches and Brakes (5 modules)  Roller Chains

Helical Torsion Springs Combined Stresses/Mohr’s Circle ~ Shafis-U.S. Standards

v



Certainly, in an academic learning situation, instructors must enforce expectations on when and
where use of the MDESIGN software is accepted, expected, or prohibited.

The process for using any module should be as follows:

1. Open the relevant module and read the General Text Help screen in the lower left part of
the opening page. This outlines the basic functions of the module, shows the technical
bases for the analyses performed, and identifies relevant references, terms, and symbols.
Be aware that for some modules, the text help has been translated from the original
German language and the result may not be in adequate standard English.

2. Use the pull-down menu on that screen to peruse what other textual aids are included.
These often elaborate on design approaches by,

a. Explaining unfamiliar terms

b. Stating typical units for input data or results

c. Setting acceptable limits on values of certain variables

d. Providing tables of data from which some input data must be selected by the user

3. Observe the graphic aids in the lower right of the opening page, again scrolling among all
available topics. Some of these can be accessed directly from the Input page.

4. Peruse the data required for the input screen. Open any available help icons for text, data,
or “choice” options to determine requirements or available options.

5. Under the Tools tab on the main menu ribbon, select the pull down menu on the
Measures System icon and select U.S. System, Metric System, or All Systems. These
choices set the primary units in which data are to be entered and for which output results
will be shown. In any case, you have the option to change units for any item by passing
the cursor over the unit and pulling down the local menu.

a. Pay special attention to the precision of results data shown on the Output pages.
At times, only one or two significant figures of accuracy are displayed and that
may not be adequate for your use. You may be able to select a smaller unit that
will show higher precision. For example if a length of diameter measurement
shows 6.0 in, selecting the mil unit (0.001 — thousandths) may show 6075 mils,
indicating 6.075 in.

b. Note that the standard European Metric system uses the comma rather than the
decimal point for separating digits in floating point calculations. For example, In
the U.S. system a number may be 12.456; in Metric it will appear 12,456.

6. When all data are entered, select the Calculation tab on the main menu or, simply, press
the F10 key on the keyboard to initiate the module’s calculations. Note the following:

a. In some modules, intermediate data entry screens pop up for which some initial
calculations have generated data on which subsequent design decisions are based.
You are asked then to make the final decision before the complete results are
found.



b. After a short time for completing the calculations (typically only a few seconds),
select the Output Page option at the upper left of the data page to see results.

c. Carefully evaluate results for reasonableness and check that proper units have
been selected.

d. Some modules include internal checks on output to assess acceptability, with
unacceptable results shown in RED. If that occurs, you must return to the Input
Page and change design decisions, recalculate results, and re-evaluate their
acceptability.

e. Consider the degree of optimization of any particular result and, where possible,
make adjustments to hone into a more optimum design. I¢ is typical for
mechanical design analyses to require proposing and analyzing several
alternative solutions to achieve the most efficient and effective design.

7. When the final result has been found, use the Print command to print out both the Input
Page and the Output Page. It is essential for an instructor or a client to see complete
records of the data used along with the resulits.

[ Descriptions of Selected Modules ]

The following sections describe certain topics from this book for which the use of MDESIGN is
particularly pertinent. Suggestions for applying the modules are also given, but practice with
known data is a good way to gain skill at entering data and seeking optimum results. Use of data
taken from Example Problems from the text is highly recommended. However, there may be
slight differences between results in book problems and those from MDESIGN because of
rounding of numbers and slightly modified ways of making calculations.

Combined Stress and Mohr’s Circle — Chapter 4

Module group: Shafts, Axles, and Beams. This module solves problems of the type featured in
Sections 4-4 and 4-5 of the text in which data for applied normal and shear stresses in one plane
are known and the program computes the maximum principal stress, the minimum principal
stress, and the maximum shear stress. The complete Mohr’s circle and the pertinent stress
elements are also developed and included in the output.

Columns — Chapter 6 — Two modules: Column Analysis and Column Design

Module group: Shafts, Axles, and Beams. These modules follow closely the methodology used
in the text for applying the Euler formula for long columns and the J. B. Johnson formula for
short columns to either analysis or design problems. Loading can be either central or eccentric
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and both straight and crooked columns can be analyzed. Problems of the types shown in the text
in Example Problems 6-1 to 6-6

Belt Drives and Chain Drives — Chapter 7 — Three modules: V-Belts, U.S. Standards,
Synchronous Belts, and Roller Chains ISO 10823

Module Group: Belt-, Chain Drives: These modules are pertinent to Sections 7-4 to 7-7. Each
module contains large databases of commercially available products that can be selected for
designs of power transmission drives. It is recommended that the use of this module be combined
with student use of actual online catalogs of belts, sheaves, chains, and sprockets to specify part
numbers and model numbers that can be specified for purchase.

Comments: V-Belts, U.S. Standards: This module is pertinent to Section 7-4 in the text.
Data entry and calculations are modeled after the method demonstrated in the book in
Example Problem 7-1. Users are given options for selecting the belt size (3V, 5V, or 8V)
and Figure 7-9 is used by the program to suggest a choice, which may be overridden by
selecting another size. Selections for ‘Driver’ and ‘Driven machine’ types are identical to
those used in Table 7-1 in the text. A design value for center distance is selected by the
user after being given nominal minimum and maximum values. Then the user is
presented with a set of optional combination of sheave sizes from which one must be
chosen. That design is then evaluated and output data show the results. Iterations can be
done easily by restarting the calculation and making modified selections.

Comments: Synchronous Belts: This module approximates the methodology described
in Section 7-5 of the text. Belts of the styles shown in Figure 7-18, both metric and U.S.
sizes, are selected and analyzed by the program. Most data are shown in metric units for
either style, although pull-down menus permit some features to be shown in U.S. units.
The program is quite powerful, allowing muitiple pulleys to be driven by one belt in
serpentine arrangement. Most applications in this book will include two and only two
pulleys. Data are input in tabular style and some practice may be required to become
familiar with the details. It is recommended that the center of the driver pulley (No. 1) be
positioned at x =0, y = 0 on the coordinate system shown in the graphic aids. Then
position the center of the driven pulley (No. 2; called a ‘jockey pulley’ in the module) at
x = desired center distance and y = 0. Entering 0° for the ‘Displacement angle’ will place
the driven pulley to the right of the driver pulley. Enter 0 values for the ‘max effective ¢’
for each pulley and select ‘within’ for the ‘Location’ because the pulleys are positioned
within the belt. For loads, it is normal to specify the power input to pulley 1 and the
power output from pulley 2 to be equal and positive numbers. For U.S. data, select ‘hp
US’ as the unit for power. Then leave the ‘Torque’ and ‘Tangential force’ entries as zero.
The ‘Load Factor’ should be obtained from Table 7-1 (the same table as used for V-Belt
drives). Then start the calculation. You will be presented screens offering choices for belt
style, belt length, and belt width and you would normally select the nominal value offered
for initial trials. Other values can be tried for subsequent trials until a satisfactory design
is achieved.
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e Comments: Chain Drives — Roller Chains ISO 10823: This module is pertinent to
Section 7-7 of the text. It uses an ISO standard approach to the selection of chain drives
that produces recommend chain sizes from ISO 606 as shown in Table 7-6 of the text.
These sizes are identical to standard U.S. sizes for chain pitch as shown in the table. The
performance analysis may differ slightly from the methods shown in the text. When using
U.S. units for input data, ensure that Power is in ‘hp US’ and that units for other pertinent
input and output data are expressed in the desired units, typically rpm for rotational speed
and inches for dimensions. Selecting first the input page option: ‘Selection and
calculation of one chain’ will result in a selection table being presented with options for
different chain pitches and number of strands. Each design will list the rated power of the
drive and the ‘Utilization’ (the value of the required corrected power to the rated power
of the design, expressed as a percentage). The ‘Application factor to allow for the
operating conditions, f7, is similar to the ‘Service factors’ shown in the book in Table 7-
10. It is recommended that users select the option ‘ Allow adjustment of factors f; and f>’
(Yes). Then manually enter the service factor for f; and set > = 0. This will match most
closely to the methods used in the text. Common U.S. practice generally does not use a
‘Factor for number of teeth on drive sprocket’ (/7).

Keys and Keyseats — Chapter 11

Module group: Shafts-Hub Connections: This module performs the calculations as described
in Section 11-4 in the text, similar to Example Problem 11-1. Also included are calculations for
the dimensioning variables Y, S, and T from Figure 11-2. Users enter the shaft diameter and
either the torque of the combination of power and rotational speed. The yield strength of the key,
shaft, and hub are entered or can be selected from a list of possible materials. After specifying
the design factor to be used, the module produces the calculated results.

Rolling Contact Bearings — Chapter 14

Module group: Roller Bearings - Ball and Roller Bearings: The primary features of this
module and its use are described in Section 14-11 of the text. The module provides access to a
prominent manufacturer’s entire catalog for many types of bearings.

Plain Surface Bearings — Chapter 16

Module group: Journals — Plain Surface/Journals, US Standards: This module is patterned
after Section 16-5 of the text — Design of Boundary-Lubricated Bearings. Problems of the types
shown in Example Problems 16-1 and 16-2 are solved using this module. After entering data for
radial load on the bearing, the rotational speed of the shaft, the selected trial value for shaft
diameter, and a trial value of the L/D ratio, the program calculates the actual length, L, the
bearing pressure, p, the surface speed, ¥, and the pV value, and the design value of pV
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(23calculated p¥). It then searches a modest table of possible materials similar to that shown in
Table 16-1 of the text for one that has a rated pV value closest to but more than the design pV’
value. The nominal diametral clearance for the bearing is also computed, using data shown in
Figure 16-4 of the text.

Please note that the label for the Diameter value on the Input page of this module uses
the term, ‘Nominal minimum diameter of the journal, Dpy,’. That is not the same as
the minimum acceptable shaft diameter (based on shaft stress analysis). It should be
the actual trial diameter for the shaft that is selected by the user and that must be
graeater than the minimum acceptable value based on strength.

A recommended use for this module is as an aid in selecting commercially available
sizes and materials for plain surface bearings from vendors such as those listed in the
Internet sites for Chapter 16, particularly sites: 2 — Thomson Engineering & Polymers; 3
— Saint-Gobain Performance Plastics; 4 — GGB Bearing Technology; 5 — Graphite
Metallizing Corporation; 6 — Beemer Precision, Inc.; and 7 — Bunting Bearings
Corporation. These sites offer catalog data for their products and they list the design pV
values for the various materials from which the bearings are made.

For use of catalog data, users should select a preliminary value for the internal diameter
and length for a particular bearing and make note of the design pV value for the selected
material. Then compute the actual L/D ratio. Then enter the dimensions into the
MDESIGN module (D and L/D), along with other given data for bearing load and
rotational speed. The computed required “Design value of pV factor” should then be
compared with the catalog-listed value for the selected material. The suggested material
given on the module output page should be ignored. Iterations are easily and quickly
done by trying other sizes until an optimum design is identified.
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Description of Spreadsheets Included with the Instructors Manual

Introduction

The Instructors Manual for this book contains a set of 26 computational aids that are keyed to the book.
The files are written as Microsoft Excel spreadsheets.

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:

e [tis recommended that you maintain the given spreadsheets as they Initially appear on the
disk, considering them to be master copies.

e To use a program for solving other problems, call it up in Excel and use the "Save as”
command to give it a different name.

e 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 in the text, 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.

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.
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 Jong (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 given as an example for data entry.

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.



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 Exampie 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 resuiting maximum deflection of the middie of a column that is ioaded eccentrically. Data
from Example Problem 6-6 are used as shown in Figure 6-18.

Chain Drive Design: Chapter 7. Design of roller chain drives as described in Section 7-6. User must
obtain rated power data from Tables 7-7, 7-8, or 7-9 to specify a suitable chain number and number of
teeth in the smaller sprocket. A service factor must be selected from Table 7-10 in the text. Data from
Example Problem 7-4 are shown in the master spreadsheet.

Gear Geometry: Chapter 8. Computes the geometric features of spur and helical gears using the
relationships in Sections 8-4 and 8-6. Can be used for Problems 1-9 and 41-44.

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

Bevel Gear Geometry: Chapter 8. Computes the geometric features of straight bevel gears using the
formulas listed in Table 8-8 in Section 8-7 and illustrated in Example Problem 8-3. Two identical programs
are shown side-by-side. One shows the results of Example Problem 8-3 and the other can be used to
solve any given problem.

Wormgearing Geometry, C, VR: Chapter 8. Computes essential geometric features of a worm and
wormgear, the center distance (C) between their shafts, and the velocity ratio, VR. Uses procedure from
Section 8-9 as illustrated in Example Problem 8-4. The spreadsheet was used to complete Problems 52-
57 at the end of the chapter.

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 8-11 and illustrated
in Table 8-10. 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 humber 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 9-11 are
included. The data from Example Problem 9-4 are shown in the given spreadsheet as illustrated in Figure
9-25. An extensive discussion of the spreadsheet is given in Section 9-13. A feature of the spreadsheet is
the computation of the required hardness (HB) for through-hardened Grade 1 steel using the equations in
Figures 9-11 and 9-12. 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 9-23. Program uses the algorithm from Appendix
A18.

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, ¢.
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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 9-5. Data from Example Problem 9-5 are
used in the given spreadsheet.

Spur Gears-Capacity-U.S.: Chapter 9. Section 9-15. 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 allowable contact stress based on the material specified for the pinion and
the gear using Figures 9-11 and 9-12 and Table 9-5. 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 9-11 and 9-12. The user must
transcribe these values into the spreadsheet if, in fact, this kind of material is specified.

Plastic Gears- Design: Chapter 9. Completes the design of plastic gears using the procedure from
Section 9-16. Data are shown for Example Problem 8-7.

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 10-3. 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 9-11 and 9-12 and Table 9-5. 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 9-11 and 9-12. 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 using the methods
shown in Section 10-9.

Wormgearing — Design: Computes worm and wormgear geometry values, forces, and stresses for
wormgearing, using methods and data from Chapter 8 (Section 8-9) and Chapter 10 (Sections 10-10, 10-
11, and 10-12. The master spreadsheet uses data from Example Problems 8-4, 10-9, and 10-10.

Keyseat Data: Chapter 11. Computes the data required to dimension keyseats and keyways on shaft
drawings according to the information in Figure 11-2.

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 in Section 12-6. If the location
being analyzed has a retaining ring installed, the computed minimum shaft diameter is considered to be
for the base of the ring groove. The spreadsheet computes the nominal full shaft diameter by applying a
factor of 1.06 as described at the end of Section 12-4. The data used in the master spreadsheet are for
one location on the shaft in Design Example 12-1 as illustrated in Figure 12-19 in Section 12-9 where the
spreadsheet and its use are described.

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 13-6.) Aiso computes the
resulting stresses and deformations for the mating members using the procedure in Section 13-8. Data
from Example Problem 13-2 are shown in the example.

Spring Design-Method 1: Chapter 18, Section 18-6. The given spreadsheet uses data and the method
from Example Problem 18-2 to design a safe helical compression spring for a given loading and to fit
given geometrical limitations. See Figure 18-16 and the accompanying discussion.

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 18-3, Figure 18-17, 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 yield 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 €& 2-5 G = E/[2(1+V)] = (114 GPa)/[2(1+0.33)]
G = 42.9 GPa
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12,

13.

14.

15.

1e6.

17.

18.
19.
20.

21.

22'

23.
24.
25.

26.

27.

28.

Hardness = 52.8 HRC (Approximate; Appendix /7)

Tensile strength = 235 ksi (Approximate; Appendix rﬂ

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 SAE 4340 steel contains
nickel, chromium, and molybdenum. (Table 2=8)

Approximately 0.40% carbon in JAZ 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 s5A4£ 12L13 steel to improve machinébility.

Shafts are often made from SAE /070, 4140, 4640, 5150,
6150, and 8650 steels. (Table 2-9)

Gears are often made from s4¢ 1040, 4140, 4340, 4640,
5150, 6150, and 8650 steels. (Table 2-9)

The blades of a post hole digger should have good wear
resistance, high strength, and good ductility. 54 1080
steel is a reasonable choice. -

SA€ 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 SAE 1040 and
none listed have sufficiently high hardness. Appendix 4-1
shows the same material quenched in water and tempered.
5A€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 JS4¥ 1015, 1020,
1022, 1117, 1118, 4118, 4320, 4620, 4820, 8620 and 9310.
The carbon content ranges from 0.10% to 0.20%. 4¢p 4-S.

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. B

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

ASTM A48 r 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 /69x106 psi ( }/7 GPa).

5



Problem 38. (continued)

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

ASTM AS536: 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 ZY{ x106 psi (/¢5 GPa).

ASTM A47 , Grade 325/0 is a malleable iron with a tensile
strength of 52 ksi (3y¥s MPa); a yield strength of 725 ksi
(224 MPa); Jo% 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-//)

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 7/7¢ -T6 has the highest strength; tensile strength
= B8 ksi (o7 MPa); yield strength = 78 ksi (%28 MPa).

Aluminum alloy 6061 is one of the most versatiie.

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.

o



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 15x10¢ 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, PsT.

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, Puewsiics CALL TMeAmssETS ¢ 1HGRMO PLasnes e, A,
Peek , PPs, Pyc,

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/poiyester
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,

7



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 simultaneocusly 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 2-23 and Table 2-/7.

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-/7 for answers to Questions 74 to /6.



Supplementary Proplems — Chapter 2

1. Poisson’s ratio: a) Carbon steel — 0.29; ¢) Lead — 0.43; e) Concrete — 0.10 to 0.25
2. See Section 2-2, subsection: Flexural Strength and Modulus, and Figure 2-5.

3. Erosive, abrasive, adhesive, fretting, surface fatigue

4. From Table 2-6: 14 alloys listed, Examples: ASTM A36, SAE 1018 HR or CD, SAE 1045 HR
or CD, SAE 8620 CD.

5. From Table 2-6: SAE 304 and SAE 316

6. From Table 2-6: Six alloys listed, Examples: 2024-T4, 3003-H14, 6061-T6, 6063-T6
7. From Section 2-3: ASTM International, AISI, SAE

8. From Section 2-3: Aluminum Association

9. From Table 2-7: a) DIN 42CrMo4 or W-1.7225; b) BS 708A42; c¢) EN 42CrMo4; d) GB
ML42CrMo4; e) JIS SCM 440H

10. From Table 2-7: a) DIN C45 or W-1.0503; b) BS 060A47; ¢) EN C45; d) GB 699-45;
e) JIS S45C

11. From Table 2-7: a) DIN X6Cr17 or W-1.4016; b) BS 430S17; c) EN X6Cr17; d) GB
ML1Crl7; e) JIS SUS430

12. From Table 2-7: a) DIN AlZnMgCul.5 or W-3.4365; b) BS L.95, 1.96; c) EN AlZn6MgCu
13. Water, brine, mineral oil, water-soluble polyalkylene glycol (PAG)

14. From Section 2-6: Fine steel or cast iron shot is projected at high velocity on critical surfaces
to produce residual compressive stress that tends to improve the fatigue strength.

15. From Table 2-10: ASTM A27/A27M; A915/A915M; A128/A128M; A148/A148M
16. From Table 2-10: ASTM A757; ASTM A351; ASTM A216; ASTM A389

17. Carbidic austempered ductile iron — used for: railroad rolling stock, earthmoving equipment,
agricultural machinery, crushers

18. From Section 2-10: White iron is made by rapidly chilling a casting of gray iron or ductile
iron during solidification. ASTM Standard A532 describes the process. Used to improve
wear resistance for ball mills, crushers, mixing equipment, and material handling devices.

19. From Section 2-11: Powders are pressed to their basic form and then heated to sinter the
powder particles into a strong solid.

20. From Section 2-11: Powders are compressed by a flexible membrane in a hermetic chamber
to produce a high density; may be done cold or at elevated temperatures.

21. From Section 2-11: Metal powders are fed into an injection molding machine to form a green
part that is then sintered to complete the solidification and bonding processes.

22. From Section 2-11: Metal powders are first pressed and sintered, then forged in a closed-die
press to achieve final form and properties.

23. From Table 2-12: Carbon steel F-0008-HT, s, = 85 ksi (590 MPa);



Low-alloy steel FL-4405-HT, s, = 160 ksi (1100 MPa);
Diffusion-alloyed steel FD-0205-HT, s, = 130 ksi (900 MPa);
Sinter-hardened steel FLC-4608-HT, s, = 100 ksi (690 MPa)

24. From Table 2-12: a) Nickel silver — CNZ-1818; s, = 20 ksi (118 MPa)
b) Bronze — CTG-1001; (no strength listed; used for bearings)
¢) Copper — C-0000; No strength listed; used for electrical applications
d) Aluminum - s, = 32 ksi (221 MPa)

25. From Section 2-11: Projected surface area less than 50 in? (32 000 mm?)

26. From Section 2-12: Aluminum casting alloys: 202, 222, 319, 360, 413, 444, 512, 535, 712,
771, 850, 852. Others available.

27. From Section 2-12: Aluminum 2014, 2024, 6061

28. From Section 2-13: Zinc alloy No. 3 or Zamak 3.

29. From Section 2-13 and Appendix A10-1: Zinc ZA-8, s, = 54 ksi (374 MPa)
ZA-12, s, = 59 ksi (404 MPa); ZA-27, s, = 61 ksi (421 MPa)

30. From Section 2-14: Nickel-based alloys have good corrosion resistance and retain good
levels of strength at high temperatures.

31. From Section 2-15: a) Bearing bronze C932001; b) Phosphor bronze C54400;
¢) Muntz metal C37000; d) Manganese bronze C86200;
¢) Copper-nickel-zinc alloy C96200; f) Manganese bronze C67500

32. From Section 2-15: H-numbers indicate the degree of hardening by strain hardening
methods; a) H04 — Full hard; b) HO2 — %% hard; ¢) HO1 — 1/8 hard; d)H08 — Spring hard

33. From Section 2-15: TD temper indicates — solution heat treated and cold worked

34. From Section 2-15 and Figure 2-18: As the percent cold reduction increases, tensile and yield
strengths increase and ductility as indicated by percent elongation decreases.

10% cold work: s, = 133 ksi (917 MPa), s, = 121 ksi (834 MPa), 17% elongation
40% cold work: s, = 154 ksi (1062 MPa), s, = 142 ksi (979 MPa), 1% elongation

35. From Section 2-18: Metals, polymers, ceramics, glasses, elastomers, hybrids

36. From Section 2-18: Foams, sandwich structures, honeycomb structures

37. From Fig. 2-31: d) Metals, b) ceramics, g) composites, c) polymers, a) wood,
h) rubbers/elastomers, f) foams

38. From Fig. 2-32: b) ceramics, d) metals, g) composites, a) wood, ¢) polymers, f) foams,
h) elastomers

39. From Figure 3-32: (lightest to heaviest) ) foams, a) wood, h) elastomers, g) composites,
d and b) Metals and ceramics (about equal)
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CHAPTER 3
STRESS AND DEFORMATION ANALYSIS

Direct Tension and Compression
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2 — e o
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Me= 2P0 W) 0
Mo 2280PH U/ lf 1y fome
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0
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32000 28 | /25
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D 6¥000 1223 | .083
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£ 28000 __ | 3072 ] —
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Sﬂe'r

for = 1550 = 0,6 ~ ko= 420

2h(sX /67
25— s g /8.1 MPa

Ars-s: o

SEE ALSO PRoRBicn 71Y.

AT BBt =12/ 20 0.¥8 > ke =10

76.

ftr Horece ! Arp 15-2 ! d/”- /,zf

54/57- = ul 2003 A ‘3){"75-)

OT FULLRUM -

= ke M _ H0XEN )81 20N(28) -
g Lo Ve) ~ B =12%)(/5)

S= 'f.'l\ - @ 7skz.w)™

= 0.50 ﬂ3

™ 6
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0 TGS K=/ 28

PYENY) =0 YEm*

0= Kt Mc - LZS (/r00)
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08.8 1

Wz LAncear welro Tt
4= ;ﬂALLEfz/»/E[L//

Tflf}

M= FISL +25/2) =@soonY £y.5mm) = Jb/ LD Nemmm ALONG UPPER Pﬂru-
; _fm_ é»"‘g'al’)(t“)
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NOTE: For K; at hole in flat plate in bending:
If d/W < 0.50, use K, = 1.0
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M 14
FlvoT AT A. - — 9 2 o H@A

eh2 @1V 3
7.0 Ar FoLerums 5= v 5 =o.Rmw Isto 280 n I'4 .
M 5200 LgN - . 4
O = <= T.Q/L/gslﬂ =/0,%80 Ps; 3/20 " & 20
AT Bi kKe= /25 ) S, =0.378 m3):?zae7¢.] / ¢
0 = M 11, 125 (560) _ 5, poy ot
S 0,378 ;——" 520 o ot
AT ¢ ¢ y y
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Or= —¢ % Q%355 S /l032 76
200 ' Al'
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Nk O
M v
PIVOT AT ¢ — o — T
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N
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r00 e
18.
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! A e 10 g
PunT 8 15 cRimicAL PRITTN ool 13400 |
A 75 ]
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; b —
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32, M ©
Fot FiueT (U"-) W
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ONE PO55/BLE DEI 1&py
19

LoC JonT ¢ S€€ Fla.3-69, d= 8.0 4m | ur = Z0.0pmm
FIND. THCkNESS E ) MATERIALS FOL Lih Auvd PiV . N =S,
FRom s@colsV Fa/t FR0B,3-69, F= 20,0h

LET £+ 0.5d =0.5( 8.0mn) ‘Vo/ww

LET s> 8/0.40 = 8.0mnrtg. 0 =20.0mm

LET ENO PLTRwCE =4 = = 20.0 pnr~

HoLé UDrdAmerer - d“,w{ C{p/dl/'AJZ); 7.0/6 mm
0‘;‘“1 = K¢ d;JOﬂ : - F - ZoovooN

a» =
Mol ™ GreaYt  (z0-8)(7.0mi
IN F1G 3T Yo By wg,yp! ke300

Tony = KeGnin = 8.0 )(416.7m00) = ) 250 mpa.
LET Oupx = 03 =

2 T V.7l

, REQ. s> A s TECI2.30)< & 258 Mtk
Too tireh FoR Ty&ica STEELS s~ AFF 3,

KE-DET/GN FO& USE QE SAE Y3Y6 © RT Bo0, Su=1Y5D mls
F =i =

B % /’/?ﬁp”‘: 2906 mPo
LET 027 Phac S KC Qpmn = 3.000a For Y s €0 Y0
OuMon - _Zd_~ Z?OM?O—: C.67 Ml = F - £
20 2 7 “ T Twer G- t)
REQ'Y) Aner= 2o et

= —— = 2
DLEP2MP G b7 s mm® 2 206.9 mimm
FoR =, ®2,54 , = 0.5

Awver® (w0 )() = brsd 4)(0-58)=p.75d "

d‘-‘w/ZoGJ/mr»/de = J6e& A0

$Peciey ﬂow/:emm S12€: A=/ B ( AP 2)
THEL ¢ a2 "d'

=206 9mm”

DV = YEOmm | L2054 =G 0mm
g =z F - _TDoeo s Zaoou/
Mo = )

A= I2X0)  Zremmr 52:3MPa

lGivew DES/ew #A2AMmETER waee vt FERY &LE.)
ChHEclk SHean Sraess v Pvi 7= £ £

F
20000 i 39,3 T z ZﬂoA/ ”p%
L Emmd’ ) =2 3mle
CHeck Ty= 222, i’;#ﬂﬂfz”’“"m:&zfm& > 39.3 405
£ O K Fou PIN SHEst
Hove wIA-=d o6 = Bp,n (1:002)2 180 anen €1.002) 5] 8. 536 st oon
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8| Cukyer Beams: Finp F For Yezom& of STeeL
ASTmMm A3 STFEL Sy 236KS) = 2YE Ml 3
&, M (R-N ) a_.zMCI?'AA') b=lo Ly -+
A #, (c—R) Y AAL (R 4
R = /f'/ﬁzs‘ﬁ," A=zb®z/0"= sy mm” b _‘l,f"':’_
Grvew: Ai=/5Dmmm ) Ao=Pu;4r0 >/b0man CRos> Seertos
ke =ni €527 /5052 /55 mm Haber
ASE=bdn(Bofp;) 1005 (50050) =0, 6953 G pmm
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Vo —\ ElAOE
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N=€d =(on)t5mn)= /750 Vemn (EGD 4 T
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Aed24527m m
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R = A/#SP: Y%, 4547 =26.6 88 mm A=HNR): Ve~ )
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05 =~ N ¥eo)(¥.¢88 ) = =297.L nla comeecss an
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83

6 mm
CORyiso BLEAMm  HACK sdW L/&G. P3-83 l : :

Given: F= Y8ou | FIND M. i
SAE )20cD; Sy=352mPa
Consioern TUBE To 6F A eomPisie Sezmon! ) - @) O
A= YY) = 78.5Ymm™y Ar® Ty = 28.27mm™ 0= b
A=A-Az=50.265 mm?* _t
AJF :IQSF;"A'SFZ 2 l/z
ASF, = 21T | ~e - (4‘2‘.0‘/,/) ]tg,‘?QD 3 mm @D;:ﬁ_
T.\/
AsFz= 21T (e~ (""t" p'/")/?' < /,592/8 mm . 1
ﬂc;ZU) VDT
AgF = 3;4996.? ~5HhY2/8 = C.5& 8BS M Outside radius
- e 50,265 mm™
R = g L =
ASF 7. S gran > V5T M

SEE PR6BLEM Bl Fpr £QvaTIovs:
(R-70) (19, 569-25)= - 54367 mm
(Nee-RF Qo =19.569)= 0.3 07 mm
(R-74)7 (19.569-15)= 4 569 aman
M= F d=-Y80N(80mm)=38Y00 N mm

Ou = £3890) (1.5%9) - —590.3400. Comblissson
Gv.265)(15) (0. Y3 07) ON INSIPE SURFACE

o, =(36900)(-5.9307) _ 3953 i rEWNSION
(50.265)(25( 0+9367) N AUTSIDE S VEF4et=

Ny = Y - —352 MEe _ 0-657
7 Ox —5Y0.3mbs BotH IND/ca1es FA L LRE
T 0% 285, 3mre

Abpsmans 10 PROGLEM i FIND By, 70 AcHlieve N22.0
STRETS et Pre Ploloatitvar v MEMENT AND Th _F .
STRECS REDUCTI s REQD S Tt = 2Lz i’%—’-”fi‘; /74 MPa

OCALe - 176 méa o, 2 MAarc.
=3 = 26 T st
Ue  ~5Y0.3mba ’ M

Mpy ~ 0.326 M, = 0.326(-38Ya)= ~12 S0GN.mm = fp, * d

Fa = 12509 N . amm  — fSe, Y N
I 80 rmm o
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&5

Mean
CurveDp BEAM G Arpern Toor /bcv/i{»;ng/,:“n;"/ém rdis
AT r=12mm
Fivo F Foe YieLDING. ﬁlﬂm\ L -
CAsT Atum 556.0 I’ e 207mfa. 80ome < D
ASF" Z’T /z'c (/bc ) F 3 m =d Prong
16
ASF = 2m| 1z - (12%~ ) =932 mm P3-gY ; '
R ___ - 50126(/&4" - //tﬁ(f‘ﬁ/"m A' /-ro n;/CQJ —_— =D, 26{
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!

|
|
|
R -1a)= - 1.s231 10 [(R-223= 1.38785M ;(fic-®) =0.0 858/ 1 | O
|
|

F=2301b

=/, g
o =& WoroH)( /357 857w) Azl 1 1

F/éﬂ/g—/7
—= ﬂ:707kl)[9 /26-/”) [0 O&f“//&b 2l -in schedule 40 pipe

= =1l 208 Ps/ COMPA.

_nodoem) - ).5231) . 6.}} 6}@
0O: = = Q662.Y Ps/ rewseo
= U142 (0085 69md L4 oLkt
Ni= ij = ‘f‘;i‘;‘:. =3./23 LOwEST - Govenas '
A - /
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No= 21 o 3Sove st -2 445 -
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86

C A Inside
&~ radius

Curvep BEAN C—cC LAMP Fl6.P2-84 , e = Aos

CAs rZ2INC Z A -2, Tyt = 10(MPs ‘H» 3mm
Suc=2(Amra A .
Fiuoi F FoR N<=3 26 . 31‘" 14 mm
- ) -
— L[5 o o (o5 ' ;
s /A; ] A-i-(bz SYLR2LS) 1 - "]S_mm
- ___!_ 683)(1,5) -k(?-")(j"ﬁﬂt]:&fﬁmm Section A-A
" ~57 PARTI A = 3+ B22Y ™

ASFE=< b bn (/L}/L.*iz ,&'v(f"%z} ,; /L/=A;+f,=5'f3=c?mm PARTZAA, =3 /= 33 mm”

— Az +A2 =89 smgm®
ASE = 84n +34(7 2 A
[8/5) (/9)9 b3 53 o L o= # 19 = S =[0mm

R= Yase= SU% ss¢ = 69657 Joefa 4ay= SHEFT
M= FL26tm)= F(26+5553)=31.553 £ Co) A= 10,553 mam
oq < LOLCLA) _sBE(SIN) Lo o (R4 ,)-BACG-5
Aty (he=RY  GIX (1583  rewsivw ) =32.969 mmm
3 — ~22)= 894119
LET Oy = 5'3“"” = QUM L J3% 47 Mpa ;210.03’07‘“«
Fi = /3947 Nfmml " OLc—B)= /0,553 -8.549
—_— 0/ 2776 mm M = /0 583 mm
M(R-p0) __ BLSBECROT) e comensss

O, = e =
® Anre he-RY ~ BN )N(/583)
LET 0y = Tawe = “2EGMRe BF LT N fimn
2 3
Fo =t ‘8‘7,5’7,”//1147’ _
— =~ 0.78Y4 amm? -if_ﬁ;-_l_ﬂ

BECAUSE Fo X Fir, THE DB/EN OF THE /NVERITED T-SECT70M
UDSES THE AMATRIsL VY EFFICIEAJTLY.
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CHAPTER 4
COMBINED STRESSES AND MOHR'’S CIRCLE

NOTE: The solutions to Chapter 4 problems 1 - 30 are shown on the following pages as images
of the output from the MDESIGN — MOTT software that is included in the text. Each problem
produces a solution in line with the procedure shown for manual solution in Section 4-4 in
Chapter 4 of the text and as shown in the four Example Problems in Section 4-5 of the text.
Problem 4-1 is shown worked out in manual form below and the MDESIGN — MOTT solution is
shown on the following page. Solutions for all other problems are shown only as the resuits
from the MDESIGN — MOTT solutions. Note that in the MDESIGN-MOTT output, the graphic
view of Mohr’s circle and the stress elements show the stress values only in psi.

Ox=20ksi; Oy=0, Tyy= J0ksi] X-Ax/s iN IST QUADRANT
e = Ox + 07v)/fy = €O t0)/y 7 IOKks)
= Ox—~Ouvg= Z0 =/0 = )0 ksi, b =Txy=/0/Ks/
R=Ja*+h? = Jjoza 2 =/%/90%) = T max
A= TMH[%) = Ta:l(/);'o) = Y5 2200 Cw Flom X-AXss To O -
¢0”2¢0—/Z - 75‘0/& =_£_Z_._5:'
28 = P0'-Kk = 904 = S CCw FRom X455 70 Tmax
@ = 2¢’r/z : 9’5%, #Z2.5°
0= Tpr v R 011914 <2 /0psi
0o = Opg =R > )0 “/V1Y = =S IES]

Oy 2e

Sl

OF = :
{ ! lla:ksi NEZ W Y
T

= (0,19 \

ORIG 1vaL FElNCIPAL MAXI UM SH e MOHRS CrRCl &
<tress sraess SraEce
ELEMENT ELCaENT ELEMEAT
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I ox =20 ksi

oy=0 ksi
Results: ™y = 10 ksi
Maximum principal stress cl = 24.142 ksi
Minimum principal stress 62 = 4.142 ksi
Maximum shear stress Tmax = 14.142 ksi
Average normal stress cavg = 10.000 ksi
Principal planes fc = 22.500 °
w
Angle of maximum shear stress ¢t = 22.500 °
ccw
T
Oave  Tmax
(10000,14142)
F-Ax/s
45.000°
4142 Ai 24142 ps/

&
|

/ \

Original stress Principal stress Maximum shear
element element stress element
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2]

oXx = -85000 psi
oy = 40000 psi

Results: Xy = 30000 psi
Maximum principal stress ol = 46827.123 psi
Minimum principal stress o2 = -91827.123 psi
Maximum shear stress tmax= 69327.123 psi
Average normal stress cavg = -22500.000 psi
Principal planes 6 = 77.179 °e
ow
Angle of maximum shear stress pt = 32.179 °
ow
i
EET 69327)
64.359° 154.359°
A~ AXis
91827 46827 P/
I
=T
*40000 l* 4 -22500

== ' h% 'S
| \ —_ .
2 | T-Ib' 91827 ‘\\_

- 7 : )
| 32.179°
L — / S NS

= /77179 i Y

\ P i 69327

46827 o
Original stress Principal stress Maximum shear
element element stress element
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3 oxX =40 ksi

oy = -40 ksi
Results: oy = -30 ksi
Maximum principal stress ol = 50.000 ksi
Minimum principal stress 62 = -50.000 ksi
Maximum shear stress tmax= 50.000 ksi
Average normal stress cavg = 0.000 ksi
Principal planes ¢ = 18.435 °
ocw
Angle of maximum shear stress ot = 26.565 °
cw to -tmax
T
(0,50000)
-50000 50000 Ps/
- (0] c
36.870°
M X-Ax/s
53.130°
-

Original stress Principal stress Maximum shear
element element stress element
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l y ’ ox = -80 ksi
oy = 40 Kksi

Results: >y = -30 ksi
Maximum principal stress sl = 47.082 ksi
Minimum principal stress 62 = -87.082 ksi
Maximum shear stress max= 67.082 ksi
Average normal stress cavg = -20.000 ksi
Principal planes ¢c = 76.717 °
cow
Angle of maximum shear stress ot = 31.717 °
ccw to -tmax
L |
(-20000,67082)
-
-87082 A/ 47082 P57}
=
A— AXis
63.435° 153.435°
-1

47082
Original stress Principal stress Maximum shear
element element stress element
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5 ox =-120000 psi

oy =40000 psi

Results: ™Y =-20000  psi
Maximum principal stress ol = 42462.113 psi
Minimum principal stress o2 = -122462.113 psi
Maximum shear stress tmax=  82462.113 psi
Average normal stress cavg = -40000.000 psi
Principal planes oc = 82.982 °
cow
Angle of maximum shear stress ¢t = 37.982 °
ccw to -tmax
T
(-40000,82462)
-
-122462 0 42462 P5)
-c &
A—-AXL =
75.964°
s 165.964°
=T
. [
40000 #51 S
J . 82.982
= o [ \'\,
| 20000 P5i ; \
= J i l’_ “
: | -120000 #57 T ]—
l | 1 -122462
| |
-—E_ I|
| ¥
42462
Original stress Principal stress Maximum shear
element element stress element
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0\/

oX = -120 ksi
oy =40 ksi
Results: ™y =20 ksi

Maximum principal stress
Minimum principal stress
Maximum shear stress
Average normal stress
Principal planes

Angle of maximum shear stress

ol = 42.462
o2 = -122.462
max= 82.462
cavg = -40.000
¢ = 82.982
ot = 37.982

ksi

75.964°

T-AXs

-122462 ¢,

(-40000,824%

40000 P57

——e

20000

| I

Original stress
element

t! _“ 120000 P31 Il'— 1‘ ——pl—

PJ; ‘i

-
42462 |

Principal stress
element
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7 ox = 60000 psi
oY = -40000 psi

Ty = -35000 psi

Results:
Maximum principal stress ol = 71032.778 psi
Minimum principal stress o2 = -51032.778 psi
Maximum shear stress tmax= 61032.778 psi
Average normal stress cavg = 10000.000 psi
Principal planes ¢c = 17.496 e
cow
Angle of maximum shear stress ot = 27.504 °
cw to -tmax
T
[
(10000,61033)
-51033 #-5/ 71033 #57
- (o] a
34.992°
AX-AX1S
55.008°
|
-1
sr H"L / 10000
i | §-35000 PJ7 ,--V"'\ /{ Uy
: \ \ 7.496° 3 /
! ) ) ' \ /”\;1 4 < )
I 60000454 |\ \ 1 / 27,508
' -\ ! e /
71033 | et -
e = S,
’ -61033
-51033
Original stress Principal stress Maximum shear
element element stress element
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8 ox = 120 ksi

oy = -40 ksi
Results: wxy = 100 ksi
Maximum principal stress cl = 168.062 ksi
Minimum principal stress o2 = -88.062 ksi
Maximum shear stress Tmax= 128.062 ksi
Average normal stress cavg = 40.000 ksi
Principal planes éc = 25.670 °
oW
Angle of maximum shear stress ot = 19.330 o
cow
T
X-Ax15
(40000,128062) /
- 38.660°
51.340°
-88062 P/ 0 168062 Ps /
—¥ [}
_‘r
+40000 P5 ¢

Original stress Principal stress Maximum shear
element element stress element
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q ox = -100 MPa

oy =0 MPa
Results: ™y =80 MPa
Maximum principal stress ol = 44.340 MPa
Minimum principal stress o2 = -144.340 MPa
Maximum shear stress Tmax= 94.340 MPa
Average normal stress cavg = -50.000 MPa
Principal planes ¢ = 61.003 °
ow
Angle of maximum shear stress ot = 16.003 °
cw
T
Cave
_50,0,1@.’,.,-:9‘/,3?/’7/@ = 7/:"9“
A-Axts (-7252,13683)
32.005°
122.005°
~ (392 =02 yz.3YMP0= 01
-20935 /§1 6431 /51
-0 (0] [+
p-// ‘\.
_1'
— 5008076 7 ),
| 7252 5, Ve
< /
-— —4 439N
[ . I- - v:.“\ '-- ~. ;
! —)00MP- T T 3 20935{)’.__._
| 14504 45T NN : 3
i g0.0 Mo )
11603 P57~ \ / —
i N\ /61003 " Mg )
I \ [ Tisessfss iy
psi 4zaMln7OT G4 34 MPr- = %
Original stress Principal stress Maximum shear
element element stress element
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ox = -250 MPa

Z 0 oy = 80 MPa
Results: ™y = -110 MPa
Maximum principal stress cl = 113.305 MPa
Minimum principal stress c2 = -283.305 MPa
Maximum shear stress tmax= 198.305 MPa
Average normal stress cavg = -85.000 MPa
Principal planes b = 73.155 °
cow
Angle of maximum shear stress ¢t = 28.155 °
ccw to -tmax
T
Owe =—05-0ml0 /q% % mOs=Topy
N
(-12328,28762) PFi
~283,% HlPe- =02~ /13.31 mPa> 0
-41090 5/ 0 16434 5/
-0 (o)
X -AXIS ,,<
56.310° 146.310°
-~T

111603 ~
B 1 Y"‘““‘
[_ | f15954
e '] 36258 / [
[ /
- ."I .

¢ \
16434

Original stress Principal stress Maximum shear

element element stress element
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// ox =50 MPa

oy =-80 MPa

Results: wxy = 40 MPa
Maximum principal stress ol = 61.322 MPa
Minimum principal stress 62 = -91.322 MPa
Maximum shear stress tmax= 76.322 MPa
Average normal stress cavg = -15.000 MPa
Principal planes ¢ = 15.804 °

ow
Angle of maximum shear stress ot = 29.196 °

cow

—/ 5P > ”;1{/4 76 3ts0at Ty
(-2176,11050) P¥/

58.392°
A-AX1S
31.608°

ér.32Mba= 01
8894 @5 {

-G [o3
-T
11603 | -13245
T —— ——— i
5 /
| | 7252 T~/
{ =
| | [ s
5802 T— /
SRR W, \‘*J
Original stress Principal stress Maximum shear
element element stress element
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(2 , ox = 150 MPa
oy = -80 MPa

Resuits: ™y = 40 MPa
Maximum principal stress cl = 156.758 MPa
Minimum principal stress o2 = -86.758 MPa
Maximum shear stress tmax= 121.758 MPa
Average normal stress cavg = 35.000 MPa
Principal planes 6 = 9.590 °
oow
Angle of maximum shear stress gt = 35410 °
ow to -tmax
T
O 535, 0MP ¢ _
iRa 3 _121.76Me-* Ty
| (5076,17659) P5 i
.
0y = —86.7¢M/ S6.36 MmPa= 0T
-12583 9k 7 22736 s/
- (0] c
- 19.179°
X-Aaxis
70.821°
e
11603 1
—— ,,-T""v ~
i -5802 - \ /
o & T . \ " 95%° ¥/
r | 2756 a—t W‘ 7
. 2736 | v
e i 1
| -.
-12583
Original stress Principal stress Maximum shear
element element stress element
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/3 ox = -150

oy = 80
Results: wxy = -40

MPa
MPa
MPa

Maximum principal stress ol = 86.758 MPa
Minimum principal stress c2 = -156.758 MPa
Maximum shear stress max= 121.758 MPa
Average normal stress cavg = -35.000 MPa
Principal planes o = 80.410 °
cow
Angle of maximum shear stress gt = 35.410 °
ccw to -tmax
T
Opva = ~35:0mle 121.TEMP0= | Ty
(-5076,17659) £5/
_
—/5¢.74 mPa =07 56,76 mPe = O
-22736 5/ 1258395/
-0 (¢}
-
X-AXts
70.821°
160.821°

11603

Original stress
element

-1

[ . 80.410°
A
= \
| 'Y “\‘
- ﬁ_!,_\‘_’v |
| =1
L J ‘A -22736
. | .
'
12583
Principal stress
element
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M,

Ox =0 ) 0’,/’0) ﬂy‘/ZS'OI’)Pa_

i OAva
X-AXLS 'T_.-: /T;/y =P max
(01280 A

—

Ji=/250mle. O

- =
121 °
1 Lo 1 :
— il " /750
0; = {
—~1Z5OM Ao

’ 0,= 1zsomée.

Original stress Principal stress Maximum shear

element element stress element
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ox = 250 MPa
J i oy =-80 MPa

Results: wxy=0 MPa
Maximum principal stress ol = 250.000 MPa
Minimum principal stress 62 = -80.000 MPa
Maximum shear stress Tmax= 165.000 MPa
Average normal stress cavg = 85.000 MPa
Principal planes b = 0.000 °
oow
Angle of maximum shear stress ¢t = 45.000 °
cow to -tmax

T
Bsiombe® 02./4;/&/5. O Mo = Lpnix
/___‘ (12328,23931) s ¢
-80 = 07 z
OM 0' 250 MPa =t
-11603 P§1 ) 36259 P>/
= La-pxis °
_t
11603 51 - Oarvg <850 mPa
~ 80,0 o !
i
1 %0 mpa, |
o e R | 0.000°
| 36259 91; »
| N er . / 6.{. om p o
-11603 / st
Original stress Principal stress Maximum shear
element element stress element
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/é ox = 50 MPa

oy = -80 MPa
Results: wxy = -30 MPa
Maximum principal stress ol = 56.589 MPa
Minimum principal stress 62 = -86.589 MPa
Maximum shear stress tmax= 71.589 MPa
Average normal stress cavg = -15.000 MPa
Principal planes o = 12.388 °
ocw
Angle of maximum shear stress t = 32.612 °
cw to -tmax
T
Cove = ~/5.0mps. 1ax > 1T men

N\
(-2176,10383) Fs/

a’/ :;glﬁ/,/a,
8208 fs ;

O =-8,59 néa
-12559p

; 24.775°
=X paxs

[
111603 P51 i 2176 5/
- 86 Mea. \ F 4 = Okva
—301“60« e " _\/540/!;%.
4351P 51 — 7 7~
= | 1 ) \ i —! 12.388° i - \.ﬂ\ / s
7252 Pst \ ; ]
£ \ . 32.612°)
1 50 AL g08f5i | o T ./
] T L ‘r‘/ ﬂﬂf‘“l“_ e \\ /“ \\"-’
e — 07 \ / s P
\ - 4 -1038395
| ~56.59Mfo= Ot -
esofor 71.5% MP0" T max
Original stress Principal stress Maximum shear
element element stress element
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/7 l ox = 400 MPa
oy = -300 MPa

Results: ™y = 200 MPa

Maximum principal stress cl = 453.113 MPa

Minimum principal stress o2 = -353.113 MPa

Maximum shear stress max= 403.113 MPa

Average normal stress cavg = 50.000 MPa

Principal planes o = 14.872 °

ow
Angle of maximum shear stress ¢t = 30.128 °
ccw
T
Oavg =56.01fa 403,1 M= (max
(7252,58467) Ps ¢
60.255°
29.745°
Or = ~253.1 4% i 453,/ Mls > o,
-51215 /p1 6571875 / =
-0 o
-1
143511 Psj | -s1215¢r / 7252 Pst
- m—— ’/\'/
T [ - 3. 128°'\_
| | 58015457 =
| 14 872°
| | Y0008 5 / 557181’5) X/ \ soacrf i
.. IIII
[
Original stress Principal stress Maximum shear
element element stress element
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/8 ox = -120 MPa

oy = 180 MPa
Results wxy = -80 MPa
Maximum principal stress cl = 200.000MPa
Minimum principal stress G2 = -140.000MPa
Maximum shear stress max = 170.000MPa
Average normal stress cavg = 30.000MPa
Principal planes oo = 75.964°
ccw
Angle of maximum shear stress ot = 30.964°
ccw to —mmax
Tau Unye °30 4 f s
—Tu= 110 MP0
(4351,24656) 95
=/Y6 ne. Zod Ao
-20305¢p | (o) 29008 Ps/
-Sigma Ty L~ <o Sigma
A~ AXis
61.93° 151.93°
-Tau

tem s
= ' —

11603 /51

1
29008 03]

Original stress Principal stress Maximum shear

element element stress element

55

www.EngineeringBooksPdf.com



ox = -30 MPa
[, oy = 20 MPa
Results Xy = 40 MPa
Maximum principal stress ol 42.170MPa
Minimum principal stress c2 = -52.170MPa
Maximum shear stress Tmax = 47.170MPa
Average normal stress cavg = -5.000MPa
Principal planes bo 61.003°
cw
Angle of maximum shear stress ot = 16.003°
cw
A-Axis Tau Vave 2 -5.0 Mo
hY
N o Tans = 4117 e
(-125,6841) £5:
32.01° 4
122.01°
5247 M. Y2.11 meo
\ . ro,
-7567 5 4 6116 Ps
-Sigma N0, Sigma
% ]
-Tau
=S
2001 P31 “125P5) 2 Tayp
——p———
'd - r"" o “F
T | 4351p5) > VY |
T Jiom S e
5802 Péi L/
- ‘\..I“_t . T;‘AK
.lll 6841 #31
: ¥1.07 Whe
Original stress Principal stress Maximum shear
element element stress element
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ox = 220 MPa
(42 oy = -120 MPa
Results Xy = 0 MPa
Maximum principal stress cl = 220.000MPa
Minimum principal stress c2 = -120.000MPa
Maximum shear stress tmax = 170.000MPa
Average normal stress cavg = 50.000MPa
Principal planes bo = 0.000°
ccw
Angle of maximum shear stress ¢t = 45.000°
cew to —tmax
Tau J0.6 Mte. = Chva
/ / /70 m fe = 7",‘,1&
(7252,24656) Ps [
=20 mea, 220 MPe-
17405 PF i 31908 &%/ x-Ax)s
-Sigma Oz 7 \ U’, Sigma
-Tau
17405 Ps; ;
) Tk < 7262 P57
BE— ! \ 45.00°
| cr-.l b 0.00% g .
- L 315087 4656 951

17405 P3¢ 20 v

Original stress Principal stress Maximum shear
element element stress element
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Z/ ox = 40 Ksi

oy = 0 Ksi
wxy = 0 Ksi
Results

Maximum principal stress ol = 40.000Ksi
Minimum principal stress c2 = 0.000Ksi
Maximum shear stress max = 20.000Ksi
Average normal stress cavg = 20.000Ksi

Principal planes ¢c = 0.000°

ccw

Angle of maximum shear stress ¢t = 45.000°

ccw to —-mmax
Tau O'hva 220.0 Ks,'
/7 Ty = 20045
(20000,20000) ¢ ;
0 40000 P57 X -Ax:S
-Sigma i # \07 Sigma
-Tau
2000051
- >( \<\‘\\ 45.00°
. T A \
j CES— - ai—— + —— 0.00° "'..'.':_ N
| \— 4o000pg; | Pt ]
E © XK
Original stress Principal stress Maximum shear

element element stress element
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ox = 0 Ksi
22, oy = 0 Ksi
wy = 40 Ksi
Results
Maximum principal stress cl = 40.000Ksi
Minimum principal stress 62 = -40.000Ksi
Maximum shear stress max = 40.000Ksi
Average normal stress cavg = 0.000psi
Principal planes bc = 45.000°
cw
Angle of maximum shear stress (74 = 0.000°
ccw
Tau
X-Ax,s .
T F 00K
(0,40000) fs 7
-40000 457 40000 #s/
-Sigma e (0] NG, Sigma
-Tau
M Al
- J N, @ = -40000 #5; -—
7 X
A | { > S
L 40000 P3i / . Yxo }
n————— ‘fx\( ™ ’/ 40060?‘?
; q0 000¢5;
o~ My
--__. ",
Original stress Principal stress Maximum shear
elergnent element stress element
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l 23 l ox =38 ksi
oy = 25 ksi

Resuits: ™y = -18 Ksi
Maximum principal stress ol = 42.780 ksi
Minimum principal stress o2 = -29.780 ksi
Maximum shear stress tmax= 36.280 ksi
Average normal stress cavg = 6.500 ksi
Principal planes ¢c = 14.872 °
ccw
Angle of maximum shear stress ¢t = 30.128 °
cw to -tmax
T
| (6500,36280)
-29780 P§/ N 42780 #5;
~o 0 o
29.745°
S Anxis
60.255°
-1
k25000 PS5/
. S
-18000£5 1 /\
| 1' ,———'1 14.872°
i | 38000 rm
l 42780 ﬁ‘ —
e Lot
-29780
Original stress Principal stress Maximum shear
element element stress element
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25; ox =55 ksi

oy=0 ksi
Results: wxy=0 ksi
Maximum principal stress cl = 55.000 ksi
Minimum principal stress 62 = 0.000 ksi
Maximum shear stress Tmax= 27.500 ksi
Average normal stress cavg = 27.500 ksi
Principal planes ¢c = 0.000 °
oow
Angle of maximum shear stress ¢t = 45.000 °
cw to -tmax
T
| (27500,27500)
o Pp 55000 ¥5°/
-G (o]
-T
— ! l all ‘ e 0.000°
B ==
| I I [
Original stress Principal stress Maximum shear
element element stress element
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25.' ox = 22 ksi
oy=0 ksi

ReSllﬂSi ‘l.'xy = 6-8 kSl
Maximum principal stress ol = 23.932 ksi
Minimum principal stress 62 = -1.932 ksi
Maximum shear stress Tmax= 12,932 ksi
Average normal stress cavg = 11.000 ksi
Principal planes fc = 15.862 °
ow
Angle of maximum shear stress bt = 29.138 °
cow
T
(11000,12932)
58.276°
x-AAX15
31.724°
-1932 A5/ ) 23932 fs/
-c
>
-T
[ -1932
- /
. = ;L~~.
- / ,/ iy
= 2000%1 7~/ /
! [ x
6800 7§} S 3932
i I
Original stress Principal stress Maximum shear
element element stress element
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26 ox=-425  psi

oy = 3250 psi

Maximum principal stress cl = 4180.011 psi
Minimum principal stress o2 = -5180.011 psi
Maximum shear stress tmax=  4680.011 psi
Average normal stress cavg=  -500.000 psi
Principal planes o = 71.626 °
ow
Angle of maximum shear stress ¢t = 26.626 °
ow
T
(-500,4680)
53.253° 143.253°
A~ AX1S
-5180 ¢f5/ 4180 75|
- 0
-t
| 3250 P51 \
B '.I )
. \.’—/A‘“ | -5180
1 4250 51\ \"._ T
& . 1 —
I ot =3 f
| 2800 P5; \ .
—- - \ /.62
! 7
4180
Original stress Principal stress Maximum shear
element element stress element
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21\ Bord PRNCIEAL STRESSES Nre 1ENSILE — SAME Sian

Note: Both principle stresses have the same sign (both are tensile or both are compressive).
User must consider the resulting three-dimensional case.

Due to compound angles, elements as calculated are not applicable.

Input data:

Combined Stresses and Mohr’s Circle
Normal stress acting along x-axis ox = 300 MPa
Normal stress acting along y-axis oy = 100 MPa
Shear stress xy =80 MPa
Results:
Maximum principal stress ol = 328.062 MPa
Minimum principal stress o2 = 71.938 MPa
Minimum principal stress 3 = 0.000 MPa
Maximum shear stress tmax = 164.031 MPa
Shear stress T = 128.062 MPa

-1
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8| Brnd RINCPEL STRECSES ALE TENSILE ~SAME S1G N

Input data:
Combined Stresses and Mohr's Circle

Normal stress acting along x-axis oX = 250 MPa
Normal stress acting along y-axis oy = 150 MPa
Shear stress wxy =40 MPa
Results:

Maximum principal stress ol = 264.031 MPa
Minimum principal stress o2 = 135.969 MPa
Minimum principal stress o3 = 0.000 MPa
Maximum shear stress tmax = 132.016 MPa
Shear stress T = 64.031 MPa

Note: Both principle stresses have the same sign (both are tensile or both are compressive).
User must consider the resulting three-dimensional case.

Due to compound angies, elements as calculated are not applicable.

T

)32 .87 MPp = Tmax

19147 | P51
£4.03 AP
9287951

)38, 9mAE 0 264,03 mPs = 00
0F 73 18721551 204 PST
- [}
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29 Bam CUKCIPALSTRES ES Afls COmERESSIVE — JAme S16N

Input data:

Combined Stresses and Moht’s Circle
Normal stress acting along x-axis ox = -840 kPa
Normal stress acting along y-axis oy =-335 kPa
Shear stress ™y =-120 kPa
Results:
Maximum principal stress ol = 0.000 kPa
Minimum principal stress a2 = -307.936 kPa
Minimum principal stress a3 = -867.064 kPa
Maximum shear stress mmax = 433.532 kPa
Shear stress T = 279.564 kPa

Note: Both principle stresses have the same sign (both are tensile or both are compressive).
User must consider the resulting three-dimensional case.

Due to compound angles, elements as calculated are not applicable.

433,53 K P Thax
229.56 40 63453

/51

41

73 = - gg7 06 kP | ~307.9 Rfa=
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%o BoTlt PRINCIPAL STRELSES ARE Lom PRESSIVE — SAME SIGN

Input data:

Combined Stresses and Mohr’s Circle
Normal stress acting along x-axis ox = -325 kPa
Normal stress acting along y-axis oy = -50 kPa
Shear stress ™y = -60 kPa
Results:
Maximum principal stress ol = 0.000 kPa
Minimum principal stress o2 = -37.479 kPa
Minimum principal stress o3 = -337.521 kPa
Maximum shear stress Tmax = 168.760 kPa
Shear stress T = 150.021 kPa

Note: Both principle stresses have the same sign (both are tensile or both are compressive),
User must consider the resulting three-dimensional case.

Due to compound angies, elements as calculated are not applicable.

/50. 0?//#&—
22 F

Oy = -231.5hbo
-49

A- AXIS
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31/
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CHAPTER 5
DESIGN FOR DIFFERENT TYPES OF LOADING

Stress Ratio

o= F/q :,4—: WM—ML: 7(9,455‘/”#.1 a-

g Ohax

Crax = 3500 A, =, /FQ"L
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0'm~=’5auyl4= 6.37 M1Pa Om
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= = > S taan
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FIN® S,' ] $AE10%0 £D; 5, 80 Ksf ;, Sm=31KS) For b Cueye
0.9 mora. Cs >0.90 Fré.$~9 Fr6.5-8.
Lm= 110 WROUGHT STEEL , Csr=10 REV, BENOING' (>0.81 §97:R)

SA'Z Sm s Con Csr o> 3155t (0.90) 1,0 1.0(0.97) =22.8KS/

{
// FINDSm ! SAE S70 OQT /300 Su=TASMPa Sn=300/MFe Fin =8,

MACHINED .
20.0mm DI . Cs= 0,50 FI6.5-9; L.m™/00 WOUEGHT STEEL,
C:r /.0 EeV. Bewoineg, Ca=0. 5‘/(/?‘-0-77)
Sa'=Sals Cm Cor Lo =200mCol0.90)(10)().0N0.8))=2/9 mas

2.\ Frueo Sa? SAE /30 war /300; 5,.° 676 MPa ;| Sm=2boMPa szg
E£Q.(578). De* 0.808 A b = 0-308!/(6»)(1;:):28'0% T
Cs= 081 F16.5-9; Cpm=t-0 WROUK HT STIFEL 2
65,—'/6 REY. Bewma Ce=0.81(R=0.99) ot
S = S C5 Co Csr Ca=ZbOMOnl0. SN 1000 H0.81)> 183700 1
L Rk __*' 20 l“"
13| Fino Sna: S4€ 301 5r.Sn. Je #ARo; S J50Ks] | Sm=S2ks! FIG 8.

Cs=/0 FOR AXrAr TEASGLE STRESS. Cm=/. O IWROVAHT STzt
Csp= 086 Axr AL 7ewsice Sreess. Co™O 75 for £=0599,

Sm'=SmCsCan Osr Ca = 52/ L0100 80X 0.75) =3/, 2K |

.| Emp sa' AsTM AZ#2, Sur Tk, Sm=77.0Ksi, [16.5-8 ]

£06-8); pe=0:808 16 0808/BY5579 = 0,926 ) Cs= 0,583
Com= LOWROUG T sTaR | Csp= it EEV, BQ/D/NC—U ¢ =0.81(R=049)

I =Sm Cs Con LsrCa =é7 ozsl)(ﬂ, Ba3N(110)(1:0)(0.8N < /9,315,

Design and Analysis o~ -

Problems 15 - 18 are open-ended design problems for which there is no unique answer. The General
Design Procedure from Section 5 ¢ should be used. The loading and support conditions should be
compared with the cases described in Section 5-§ fo determine the appropriate design stress. A design
factor should be specified using the guidelines in Section 5-7 When needed, the endurance strength
should be computed from Equation 526 in Section 5-Y.

15. The link is subjected to a fluctuating normal stress. Use Case 5 from Section 5- 8 See also the
solution for Problem 1.

16. The rod is subjected to a fluctuating normal stress. Use Case 5 from Section 5-8 See also the
solution for Problem 4.

17. The strut is subjected to a fluctuating normal stress. Use Case S~ from Section 5-8 See also the
solution for Problem 2.

18. The latch part is subjected to a fluctuating normal stress. Use Case 5~ from Section 5-3 See also
the solution for Problem 5.

[h!
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- F_b> __ 000 L 030% /52 _ 0020 , 489
75000 19 050 6 43 33 b3 53

, 020
-/-{/- = 3':;0),’ +&‘§Z§7 =033/ 5 N=3.02 OK  speyry b=/.80/N
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24 FLOCTUATIN & Com BiNed STResc: NN CimcLe-MeAN STress

OA'SGI y J— onfl)ﬁk +é¢-é‘4)q4y

Ssu Ssm
7 bve TO TORQUE : (Fi6.3~/0) P
= .—7-—-_-. -z——T ".ZZQ—-"
@ 2,208 6 120063 b3
FRom paod.33, meav s7Teess
_ /§00 . 29802 28800
h = s -—F—-z 53

Gma)

53 L
Rt f )+ ”y”) /i" FinAe 2R
ALy STRess ! Ta = Fafs Foa Bewosd G owty ﬁ Bonax 21405
/4/¢oo
h\s -t—;’-”-

7 e /S5 l‘/{foo 789 -
N/ -'% - T’J. + b’ - é:‘o;- / %
‘S5 250 /0 Eto
FOR Na3, b=2/69 w > Use€ L =/80 2700 75”“
CHetk: From P .
/500 28800 . ~” Mot CiRCLeE! - e
O = + = 5ot ; - '
08  (Le) = 7;,,),""’r = 287% Ssu —o ;g:sa__ -;o‘zr{ 25457)
Th = %)23— = 989 ps/ Sem=0.577 S = 0.57X0. 6’3)(0.&‘/)(2,9/5;)
" 8o, = /0 Béopat
! 2469
7 = 876 A = 0,279 —wf/ =357 o USE L= .80 1w

Shzsp /o 866

FROBLEMS 35, 3t AND 31 ALL DuCrILE MATERIALS - STEADY Lot i CASE L.

. _ E._ ysoewn . F8L8MPu T = Y = 270 =
P o= Eo= — =y %.8= 24
3 A mruet-/2 )/5' el SAEwYo Ha Sy=296MPa

264 o= Fa= 5°° /ZZ) =3I M 8 N2 cpsE 2,

a) /020 AR : N= 207/347 =5. 96

b) 36s>-0grivo; W= /070/3%7= 30.8 2 ALL fiIgH -Reovce
C) bverrec jou,ba-vo~18 : V=21 Sap0= 1,95

d) Awn. wu—rs V= 276/34%.9 =1.95 j -

e TI-6m-yV: p= 827 /309 = 23-8

£) PYC 2 N 84560 oy ﬂvﬂwsrmsm M= Wi =178 ] Laws -

Q') Pevouc ~ * v g M= 50‘/,,,7, /3 cesmse

. o‘-f_a LaboLs =/)859PS s =Sy = Y000 g 23,37

[@.29*-@.0) ] w*
8l



Ducrie MATERIAL - STEADY LoAO- LASE X : Fpoes. 38,39, Y0
Az L5 3.5 = 525 inT

S2€ 4y co Sy FOKsi =Foosods,
ZMs=0O= 9SF—60C § C= )ST2s00) /o= 3/25LB=F B —17

‘/d 5)C2.5) éo

NE Srjg= 90000/c9c= /5T verRyY Hisn
COusioar. A smAaLL Roo OF SAF fozs MR STesc e i
~le X

To=Sy4, = 10009 o loooofs«';ﬁaaffﬁ"‘—:a.z/mm"

A SQuARS BAC VY su ov ASIOE Weawto Do. Aso. VY
PR FRsm ACL. )SAIS I RECTI TUBE ~ /00 ¥ 7,06 1 0.06S, A=0.273 N2 :
Fesw®

39| ZFR =0 =500l -2 F S 4s*  CasE2
e R Re o Fa

Fa = )s00/2m y5)=/06lc8
Cam Sy s Y200/3 = /Ho00F3) = Fe/,

A= Fa _ Z”_é/_‘_‘.'_,; 20,0088 = 70y 0= 0.3/ . = = /0 8
v /Y000 Loy v5& 6 .

40| Fr= /590 2Gm ss) 28328 8 WL g‘- = 2898 . b 207m™i0=00ST5

/Y008 9
Vs& Vg im.
' ¥/ Rerearsn EBeovedséo AxiaL LoAd:! Cc= loa &, =-0.8 C/mm_ LoAD

1 83 7500M

. - /
CASE 48 N= Sou'l/rng & Fac= ke Fia = B2 _ o0y

Afow /SSq = osT Ken .83 ‘
e = q/t’b = 0.5 USiNG £ia.3-26(RK) s1ze SAEMO DOT (ool

S:u,c //60/1/4\. -G = Yoompa Fl&.$-48)5 S,,'=(/-°°X0-9X7ao)(o.8/)=259 i
N= ”q/lé‘{ = [0l Low —=USE LARG I BAR ﬁ'/e/of?;'n:vca( mArER/AL,

)| Aerearso Revensev SiHend S7Ress: CASe Y :Ls=081 ,€4-0-8/
Sa€ioyo

o~ 5 - .
- I - _G00XN Noanmm 32.6MPa ¢ War : S““’]SGM&,J Sy =Z80ompo
max 26 " 7750 mem i G000 avt (FH.58)

Sa ' = 05 (08) )08/)(z20F 7.9 mPa S5 = 0.5 S
NE &‘m'/mM: 9/,9’.'73&‘ = 2.82 ok

REPEATED -ONE D IRECTION SHEAR STReSS  FLUCTVATING SHEAR STRESCS

¥3 gow Ao
‘ 4 T 7% '
CASE 52 EQ. 521 N T 5:'“7‘?—,& T g
2p 2 ﬁ‘Ds//ga Lysﬁ/ymmx M s~ &> K]
% - 7:'8 yﬂo”ﬂ’”:ﬂ'ﬂ/zymmn’ - /5130/"6‘ (

5a:o,ﬁ;»:,0.75(730ﬁ4/m) =535 mP~e

L= o3 , Geo)(163D) _ o205 r or = 48T (eu' Faosr Phos. $2
o - = 3__—_l—— ~ 0

N 588 a1 ¢ )

8L



DucTiLe MATEUAL -STATIC LoAo - CASE 2 1 N=0.5 5y /17 4

T e 88.0¢8 N LeT N= 3.0 0&:/44/
- : g DBCI S0

= = 7003 PS

H‘? 2p Tre. 5’0/&)/]‘ (2] /

LD Sy = N Tmax /o = 3(7003%f_ YZ ar7ps/
Aevmmomt Z20LY -TY HAS Sy = #7000 PS/

FLUCTUATING SHeAR STRESS: CASE 5 Assume Cs 20.82
77 CrR=0.81
Trsew £3000 (AP) _ £30000/%) - ;52,0 /e . s
" S&o -

Ta =T Tmar/2 ®» 6/58 L&-74 ¢ Ta=7a= 2.
3 SuB 208 KRS —= S4 = ETksl Frs. 59

ST =055 0,75(208) = /SBKS
S5l = @50 NOBLYOEN ey = 21 25kST = 2/ 250FS)
I Lo = Lf Tm , To 2 Zp=N| o T
27 Ssu ZIS':» Zolssw  Ssaf :‘M &"
Ep= 3 E go28 , /2% ]ga,aqg. P2 D:;}‘ 20/y= /o 72~ _USEO2LTS W,

/SB @00 21250

S 7enoy losao- LAsSE 3 ! N=0.55y/Trnm.
= 622X0°Nirmom

7= L ZEXIO’”"L/fsézz”,m
/S RAo/S 3
Zom 2 (0V~Y _ #0Y=32Y) mm3= 8590 sam
/6D 26 (ipo)
Tmac= T/2, =62220° 4. vmm /75_90
N= o.rry/rﬁ” o Sy= ”rﬂ‘/o.rs 3(72-’0/0’5..—.5/35/01&

AISs 700 CoLD ORAWN HAS Sy H20m7a.

3 = 72,9MPe.

47| FLUCTVATING SHsAr STrESS -Case 5t £60. 5-22
(see fasBLEM 46.) (sops
Tz Fofpg = 2159 o {78 Nom o S
248 = -
Ta = fafns 4599 o jyyaem P
Tmw=T", « Y7800/ ey = S50 6 MO lew) -
chse 5

To= Tfaps /40535 = 162 MPo
Y A 7. KeTe _ SS4 mo02(24.8) Cs= 0.53
N Su t Syl St s:u.' Cas 0.51
ARETERA. TR/ALS:
ALss UYY Ci0. ;) Sy= B2 r1pa ) S« = 204100 —= S = 253 miu (24 5 8)
} Ssako,50 54 = (0,50 )0.8)0.6)ES3Y= B5.0 mes
oK

Ssu=0755A 040 =518 MPo-
i T o805 J M= Yo305 7 328
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FLUCTUATING NORmAL STRESS ! LASE 5-. £Q, 5-20
PrRoGLems ¥8, ¥4, 56,51
20 ®Fa.

. 25¢

% il —7\_?47‘_
C4s& 5! f‘—ﬁ‘-f&—f" En = /0000

Su s=' \/ U

Ao @-d)t= (.50 -0.50) (0.5) =o.50m* 7500
Gr= L n20antsi
Co.~ 15_"_2. = 5‘000’:/'
o5
Yoo 2 oS5y 20,333 ~wme=2.7 I Axiae
Sye /02MS5)) Sea= l/PKS; —=Si SYIKS, Sw = OE)(0.8)(12)=27.9 ki

L 20c0c . =z3/(S00e) —0.583 —=p=/ 7/ é_ow)

~ peod 27400
A= TC0) /x// 28.27m0n 1 5. 225k
Om= 0 1025 836 ,25/7fa ‘2’7 \?'7 \
7 2.9 22 men” 3 loor —/
g » Fo o 225/ = 2,96 MmPo. -9 L \/
28,27mm" i
D —
% = Y. = 150 Sys 79941P~; Sa> ¥ pa
é = g;l‘w @-°2’(7-7‘)= 0.128 3 N=17.92 S 8300'”&./_, Cre
' 1997 oo vie wemiaa In'208(08)(300> /Y. 17w
Mmare/ae. LAX1Ae

Fod vieo ~ =8.62 o0k
FRoM PRo8. CZ ,CHAPTER 3, MM STRESS cravas AT BorTom

Ke -/-35; Sy= &6 000ps/ §Sa= /Z/ooo&';_s".af/.!oao s

S n@.8Y8N(1B0)=278¢y po; & Toy » Em _ 8008 - 2886 rs/
" ~GX . T A T s Th

AxsAe O =,
CAse 5 ~
_Ae > To_ L KeTo 2__3(:::3;6 +(/»8§}’?‘/de sp22q s M= Y.5¢ ok
Sm S’ Iz/00 278 coavieio: N=7.56 ok
FRoM PLO& 63 sCHAPTSE. 3, /IAX STRESS OCLuasS AT LEPT pos @-7% orA)
k‘ 20/50' A’ (/'yo- 007%4150)’0'37/" L and rl[”““ﬁ"
a0 - LRI P el =
0= En, 02 /sov0psi 40
A 3Y ] CASS 5
To = %.,. L;%=3ZS$'VS:
®
/{_'_ - ke & /5000 +z./f(3;33_')_=_a‘3” ‘ Sy= /25 ks
S S 145000 330 Soa & IYSKS/
= 3. Fodviao: \ . _3Y = _J2So0d < .
N=25009 kg (a1 0m) 2.46(32354 /50m) w = STkS _
N= 3./9 ox. Sa' 7080 8D(s1) = 35 0850
Csr (R
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52

Feom Prog 3-61, Tmax™ /665D Fs/ [ucrvomur ks 2CAsE | 2hr=Shy
REQ O Sye= No=3018281) = 57843 s - JSE Geara LOACAST /Ron/

CAse 5t = oy Keom

-« Mo
v, 5. S TE THAT A DIRECT Sieurion /S MT

PosSSs8cE BEcAVsSsE Bo7 Sk AV S ARG vnknowd) . ALSO DOArA
FOL ENDVRAVCE FoR TITAN jum ARE NOT DIRECTLY AVAINACLE RS .
AS AN ESTIMATE WE WILL USE Fl& S-§ Anvo 78 D/ScuSSAN
Foa STEEL 72 087N Sa'. ALS0 Mire [FRom PREVS PRoSLEMS,
54' 2 -S'u%{ , THIS PERMITI Secvursan) FIR Iu . AF 7B MATBR/AL

¥4

Sezecrrw , AV N CAN BE compurEm | (S
M 3-65, Ke=Z 30 AL N¥Y 7N 7
Fam ﬂeoeci 3 2 < 8.62:0 N
A~ ”(3')/,'-" 707»-:»—\
Em _ 28/SXCN 35257 MPa

T =
T AT 201 memr
o Fo SsxD W + %28MA

A - 207 pmrm™
L= G, ke ga - 3557 ,Q.Zo)[Z}'f) = 025
N Sk S’ Su Su /iy S

THeN S, N 102,90 = 3(/02,5§ T35 MATRY 7750A5. Y S22 6M o Su" 3%
FROM FI6. 585 Sm = J20mMPe. [EsrmaTe)
Sa' = O.800.81)(170) = EI1 Mpa

L = ..g!;.fl+ (2}257"‘3) = 0302 —w= 331 ok 73504
ys A _———

FRim P£eoR, 3-66 , Ke= ) Y3 [ 7Tay=//00l8mw =75
2p= 77¢25) /6 = 0-383 w3
T = Trn/sp= 10,393 =2868Ps, =T7a —w»CASES

-L- = 7:1_ e T ey ! /

N S.SA 4 SSAI A$SUM5' e = :Jﬂ)/q [;EF preos 53]
L _ 2868  [p3(ze69) 19233 . ~

N - S&‘l ™ &“/y < S‘mﬁ . S}sza’.l’]? )-E 578/7 FA;
V-g2 ol

ST O TSSm; SacMas <518 1L 17597 psi
TRY A1S7 131 OOr /3003 Syx 60 &S/ [ Sx BT K} Su= 32 4sS

Sxw= 0,50 sS4 . s ot
05 > I5m =0.50 )69’)('5”')[33 000) = H 360 pod
Iy T OS5k = 015 (8100 o5 )= (67250 pst

L. 2668 , [U3(28¢8) :
N - éS/Z,SO *+ //35° "’0“/05,/ /(/ ‘;Q,V? Lo w/

TR - .

S5 = 075 (W3) = B 15 ps) A

. f s M’ ;/ , O, 785 f 7 g - P
V7 ey Lacd SO OO YZ) 10 5Bk
WY EYS /o 455 = 4,217 N=3./5 OK
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55| vs& case |

BECAUSE foHe@ STRENETH Dventd /RINS ARE FA/RLY BRiTree.
Feim Peva. 3-67 , o~=32 567Fs/ twecvons Ko, 2 N= =t [
RGO:D. SM@ = No-= 3(32-;6'0" ?7‘?2 #s7 -yséE G0 /00~70-03.

S¢.

FRom PRIR.2~68, T ¥P32% PSi meevpmmg e S CASEY 2 /= -ﬁyo_
Re@D S, = Wa=3 (4932)= 1¥7 765 p5/

RERERRINS TO F1G, S=85 THS /S VERY /64 No FRACTIAC mA7e2/ AL
RED &SIGN TWHE memBEr.

8,

2MD !

RS

LoAD IS REPEATED -ONE DIRECTION —TDRS/ON AL SHEAR STREXS S
" FLUCTVATING SHEAR STR@SS - CASE 5 i To =T = 100800 = SDLBIN.
AT Fiiter: Yd= OSYY s = 67, M= 0:005/, 1.<0.083: Ke =/Y3
Zp: ’T'd7/6 = 7’70.30)}/6 = 0.00530 /x>
Tom =Typ= T _ Sot8a
2,  0.008383
HAE 81D ORT 1000+ Sya /67Kksi ; Su=/ISKSI; THEN S = boke] Ei6.56)

Sems 025 (0.5 DB o kSim 2y, 3 ST  Ssu= 0.755u=0.15(177) =/3).3 K5/
7’- e Tm Ko T | Y20 £Y393)

= 343/ Ps)

_ﬂ' 5«:—/0.“ = '/oaon/n;/q = 3:¢/9

KePenreg oNE DigetTion | CASE 5t £8.5-20!

; 2000 -

BY 743 |
LASE 2 | L5CH £3,0 P\ ”E/A\
D=0.0m.} A=TPYy = 0./96 /v 2] ASSONE e .0 50
Orne = a:' = % = JSDOLO/‘./”M,;.'?éZ?&/

= ! - ] N
Seu Sea' 330 | 29 3s0 0627 ;N = /6o Lo
STeAvY Llosro -BRITILE MmATL.: (AsE | 3 ¥ 3
AT MIbOLe-BeTw eeNn Crn D al 2 _‘ '75»4-6 lf.sm !
2% bW = 015X 2255 =0.633m° =9 ¢ o}
. D R:=
o= ﬂ/é = 22DUEMY 25 3 Z35SBAS) o 7 e
AT STEP - Powur B: Y !
Z=bh 2/6 = (. 7:)(,&1;7% =PN7S2 /M3 v -750
/"/‘3 2202/;:2530./6 }kt“ 63 Zg:‘:- !
”/A = ///&S'sl':o M 0/
Tac = 'etl‘f___ /.ésﬂsoo): /2579 Le-a
24/953

o \
ISTTRIAL ¢ SAC/080 CO ! Sy =7/ K87 Sun>Boks/
j:" 230 K5/ (F1658 )] Su' =Cllsr) Sm =0 81)(0. 8)(30)= 199 ket
= Lz ke 0o 72639 /00(2637)
N~ s-l:' + ;ﬂ. = Fo000 + —”%—: 084, ¥=2.04 Low
A e wf)?‘mo@ 7 Sanc TR Sy =g7 ksl 238 £1.; In=eks) Sm'22lL ks,

l_ 7‘ ( - T X -

N> uzw? L8 - 0.347; W =2.8¢ ox| THETT EQET

Noemk . . 2000

———————— o‘
86 Ke(Tatoad ((7¢2947632) 5‘:>/,<



60| RePeATED - OWE DILECTNN ¢ LASE 5! SPECIFY A STEESL
FIW= 8”‘.3)0 Frun=0 ;gmx=000/0 /ﬂ_; =280/, po
Cons/oeR DEFLECTIoN FIRST | Jre JANNA
ReaD. 4= PL/eg = NI = 90557 ,4=5* 0[] T
o Alo ,0/0) -
S=1A =V0.0667/m* = 0.258 1M 2 TRY S=0. 300 o Em=Fr=4nL8.
JSTRESS ﬂd»cy.sv.: t ASsome ke=l0 <
Om = Oz=L__ Jo0t8 - yyyyey |
A ﬁ:Za .W) CRosS SeeTror
TRY SAC /040 CD 2 Sy=1/KSS ;Sn=80Ks/; /2% rronaamm
FRoM F1G S—8; Se =30k ; Lsrcs-/an c‘:r—a.w//wa) (2=0.8]
S =8 Y0£0X0.81)(30) = 19, Y00 75i
£Q. 5-20: L . O& | Kedo-_ 9YYY )oY _ 20285 N> 3.51 o
N sy S’ gowo | /7ye0 -
6(

Rerernro—oNe Diererrod ! CASE S F, =lrooLd S B Fa=baoca.
a) _L T, Y O5-
Sy Sa’

fom —h-éaow fm 2 Fo.
FOR 1LLUSTRATION UJE SAME MATERIAL _a.=8w. !-\ Ir .
AS /N PR08.60.! SAElo¥o CD P 4F 1300
i N 300
Su=F0KS/ , Sae =30 Ks/ se0
Sa'=0.90)10)(0-8/)(30) = 2. 9K s;
L5126 L gewosnce Yo
Ar é: M=3voc0 Lc-m;’re =40 =300
; Pyt
Sa W0y, = T(2.0) 4, = 0. 785> Fom b= = oAl 200(a)
E£Q.520: L _ O , K Os M
” SA S-' 9 N RoTRNING CIRC.
0
T2 Oa= Ml = S’mwv%‘?lrm,"yb/s/ pef;ogyo; = 0,370(2.0)0: 7¥/4
Cs=(*7%.3)""= 0,90
Lo 2820 , Lol3p20) ..., . s =
N gooeo  2/Go0

=Y,50 Mr&Har g (b).

b) ar Secraon B: /‘7=2roowm A= 02 =005 %= ?'7 =4S

.Lz 2050 077x3m) 078,_3056PS/

62

N Booo T 2900 - 0-281 [ N=3.6%-lower Tuw (a)

FEOESIsA) BEANY 18 ARO&. ] . NOTE THAT M IS J4VerSELY

PRocoeT70vAL TD no,vewr M AN0 DUTANCE a.. THEN @ MUST B&

Réoveer Bv: o' 413'5%50 =070 =0.70108.0) = 6.30 /w.(S4Y E.25 M)
THEN 1= 300(A)= 1g25LB8IN .

} E= IR = 1875 o= 2399057
_nz'_= 2329, J74(2399) _

MG wen
oy S1a0e = 0220 3 N=9.85 o0k T, (o).
$PeciFy a-= 6.25 JN.
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Refer 10 ProBS. G/,62. ! New A= a%0:;%4=2"%.=0.2
O = 3% =4SD | Ko=) 47
IF a.= 2.00/8 AS GlVen ; M= 2Y00L8./n AT B§ 85,03 = 34586 #5/

l Tn Ke o 3056 +¥7 /3as3) -
- - < = 0.3 ’ - 2'27
N~ S | S B0 o0s0 Z/ 920 os JH

DImeNsrons Qs MUISTBE REPVCED T8 &EeT N Z 4,30 Ar AT C..
aA=ax?%/,5=06.000736)=7.49 IN 5 LET = 7.25 /N-
THeN M =(7.29(700) = 2175 Laww; 0= N = 2771 £/
L. 272, pYN2770) . Hoth gy
=onn JN=ts7 ok

N 8o voo 27 906
REPEATEY -ONE DIRECTION ! FLUCTVATING STRESS ¢ CASE S, EQS-20
SAE L0Y0 AR ! Sy = Y2Ls;] [ SA= T2uSi; Su=23 k5] 1858 Horhwen.

C" ./0 Dlzecf NENVSIon 01'0'7/ cs_c:ﬂ‘ao AVAC Losg s 57
Sow =08 N0.BNEKSD) = 1Y, ?KS: F 200
a.) AT P HOE O =0.28 8. 0., wr= /-oo///. ) ’
(4 K G
4/‘“’ 2 l{' “- yiomom . %-:F‘_:Zadl.
0;/0 o = = /3333 Pss
av-d)t Go-0.25Np0.25) ™
Lz T Laow o L3337, U1ol3333). 4, 5 H=p243
Su Sa' 72000 /9 900 //:fgra—m-.r
FALVRE
b)/}r FLETS: Y= 002 2 p.02; Y=PYy=20 T
ON €PATIG Ve : miv A/A =0.0% THEN Kt=3.6 8
Onon =;E= 72"7’—)"[’# Y
/0 -
-+ = 520 ‘g—,—-————f;{:z"“) =2,61 ; N=038 pFtvee.

IMPROVEAENTTS /,)/ﬂcned—.re' THiCensosS ) 2. )/At‘em:e'ﬁuer&v/w
2) U4sE STRNG ER MATERIAL 4, )/x/cesme- PN FLESI2E6~0R -

CHANGE MANVEIL 0 F APILYIN & FORCe 70 7HE PART 70 .
EUMINATE HOLE - 0R- prace PART THICLER ATRE MNot S THar

IN MICOLE OF TIHE PALT. MATERUAMN. MAY BE REMOVED /N 2.00 /v,
SECTI NEAL MIDDLE OF ART TV OFFSET AODED MATERIAL

ESeEwNareE, 00l TAY T/TAUIGM LurTH Lo €12 DenvsiTy 73440
S7eeL. THU 72eBlem MAT B T0O RESTRIcTive 70 Pert ooy

A Placnca . Soc Umin/ WiITH DDA 740 74,5 £ o L . MAY
HAVE 170 AecEPT LOWER N<3.0 OR Some JNCREASE I
WEIGHT 6C TME COMPONENT.
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é8

FLUCTVATING NORMAL STRESS - CASE & -~ £0. S- 20,
SAE /090 CD! Sy = 7/kSi § Sou = BOkS/; S =20KS/ F16.58. (2081
Cs=,0, Csr=0.80ANAL: 5,,'= 0.8(pBI)(30) > Y00 /i
Fo =CH.8+3.0)2 = /3.94n (/ ""/xmygﬂ.aru 248
Fa=298-/3.9= /0,914/ (/""Vl/wa//)=2mu

VALY
pvA

L=0,3750. ; wr=/Soim; d=0.625m; Y2 047  Ea
AT P Houems ; b =2.8Y
OG* Lm o 325 —qQsayps 3.
@r-d)t  (uso-g.625H0375) o
oz = fo - 2¥so = 7467¢5

Gr~d)t  (.350-0.625)(0.379
N TS TS o T /9v00 it
AT rr1vote HOoLE: KeZ2.227 Spma rotubL <7EaIfET.

PART Mosr Bes REDEX/ENED.

RePEATED REVERSED Lods ~Bonaihle ~CASEY > W=Sn Grur

SALLZY0 OQT /3007 Sy =5/7/1F0 ; Su= 690M e § Su= 2850 Mba,, (= 0.8/
Cs 2 0.98 Csr=/l0, Cm=to 2 SJ =0. 98)(6.81)(260)= 206 MPa.

Re= Y00 N (29/4) = 2.0 M| Cs AT B: lesp. oVt =0tope Vrf//&mm)
La = $0ou (/s8/%06 )= /DN ::;‘;5’202) =f70mm . /50 B/uo :‘01 /60 "
M s= Syé =/23/6 = Zﬂamm1 /DN r E.QA/

Mh= 200 0 50,0675 M= 2 =hé7 @

Ke= /60 w o

a;."x= Ke-ﬂ = ﬂéa’(m) — /ZS'MPQ— —ZSO

5'5 =48 NE

N = %’nﬁ(: 206//&5’ =7.69Y8 sz-\/\,mp
ATC: 5= bhYs = 12£20) /6= 800 > évl?.»)

Orver = 220000) . 44,9 11 4. & A78.) i

AT D FRom eFanave: Y= o= 0,70 ~4a=1¥0
Oom = L2 = £(25060)(20)
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ECCENTRIC COLUMN ANALYSIS

Data from: Problem 6-37

Solves Equation 6-13 for design stress and Equation 6-14 for maximum deflection

er data for vanables in falics in Xes Use consistent U.S. Customary units.
Data To Be Entered: Computed Values:
Length and End Fixity:
Column length, L = 126 in
End fixity, K = 1 Eq. Length, L. =KL = 126.0 in
Material Properties:
Yield strength, s, = 46000 psi
Modulus of Elasticity, E = 2.90E+07 psi Column constant, C; = 111.6
Cross Section 5roperties: Argument for secant = 0.777 for strength
[Note: Enter r or compute r = sqrt(/A) | Value of secant = 1.4025
[Always enter Area]
[Enter zero for / or r if not used] Argument for secant = 0.449 for deflection
Area, A = 6.020 in’® Value of secant=  1.1098
Moment of Inertia, | = o0 in*
Radius of Gyration, r = 1.410 in Slendemess ratio, KL/r = 89.4
Values for Eqns. 6-13 and 6-14:
Eccentricity = e = 3in Column is: short
Neutral axis to outside = ¢ = 2in
Allowable load = P, = 17600 Ib Req'd yield strength = 45,896 psi
5esignT’actor Must be less than actual yield strength:
Design factor on load, N = 3 Sy = 46,000 psi
Max. deflection, ¥ .o = 0.329 in

ote: A and r from Appendix

J60




ECCENTRIC COLUMN ANALYSIS

Data from:

ooy

Solves Equatlon 6-13 for design stress and Equation 6-14 for maximum deﬂectlon

i

fet:Hoxe; | Use consistent U.S. Customary units
niered Computed Values:
NOTE: This solution considers the eccentric
i load with bending about the horizontal axis.
] Eq. Length, L, = KL = 40.0 in
i Column const., C, = 70.2
et S Bross Suction Rroperties:r- I#i"c Argument of sec =  0.855 for strength
i JECOM S E‘Y ) "t] Value of secant = 1.5236
4‘:: / 4 (adpd i [ H
] i citifpotused] = Argument of sec =  0.494 for deflection
i i Value of secant = 1.1355
: — Slender. ratio, KL/r = 92.4
qns, I
enticity :

Column is: fong
FINAL RESULTS
Req'd yield strength = 39,954 psi
Must be less than actual yield strength:
s, = 40,000 psi

Max Deflection, Yay = 0.237 In

See also Solution 38B for buckling about

the thinner vertical axis.

NOTE! A~ (fsom)(o.vosn) = O.600/4*

=T Ve

= 0,33 /n

Pa. = 685 L8,

/

CccenNRIL LOAD TENDS TO BUCkleE THe BAR Adovris SrRong Axss.

Butr 5€% SoLuflon 3 8K.

ABesvr THiv Axrs.

LemiTig LOAD ¢S /62 LB Forlt Butresrme
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COLUMN ANALYSIS PROGRAM

Refer to Figure 64 for analysns Ioglc
i !amafaﬁnﬁhmku.ﬁ.“f?:-:\ H

| Use consistent

U.S. Customary units.

Computed Values:

Eq. Length, L, = KL = 40.0 in

Column const., C; = 70.2

NOTE: Cross section properties taken with
jrespect to the vertical axis because the load is
central to that axis. But buckling is expected
about the axis through the thin (0.40 in) section.

Slender. ratio, KL/r=.  347.8

Column is: Iong

m— Aliowable Load =

Critical Buckling Load = 489 Ib

163 Ib

This value govems the design, not solution 38A

ANALYSIS AS A STRAILHT CENTRALL Y LoADED CiLvAw
THAT rENOSs TO0 BuckcLe ABOUT THin AXIS,E=0.¥014

¢t . a-Yﬂ/N’

Vi I3
FRom Gutat FoamulA

M=

Wit ~==X

. lE IN

o
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ECCENTRIC COLUMN ANALYSIS Data from: Erobieina6¢
Solves Equation 6-13 for design stress and Equation 6-14 for maximum defiection
DXES Use consistent S| Metric units

=1 5 Computed Values:

H— Eq.Length,L, =KL = 750.0 mm

2608 ——> Column const., C, = 63.9

Argumentof sec=  0.811 for strength
1 Value of secant=  1.4512

b i Argument of sec=  0.468 for deflection
i Value of secant=  1.1205

— Slender. ratio, KL/r = 102.9

+¥y

I i Column is: long
; : FINAL RESULTS
Req'd yield strength = 389 MPa
Must be less than actual yield strength:
e Sy= 966 MPa
| Max Deflection, yyax = 2.41 mm
Piston rod is safe for P, = §200 N.

)03
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COLUMN ANALYSIS PROGRAM
Use consistent U.S. Customary units.

Refer to Figure 6-4 for analysis 10gic
‘Enter data tor variables in ifalies m s Xes L
! ats 11 : | Computed Values:
NOTE: Analysis of straight pipe. See also

' X ‘ Solution 40B for crooked pipe.

£
i |iiliii|& e —— i IIE Eq- Length' Le -~ KL = 156.0 in
i 0 T TSERT muum:” T H e ;ﬁﬁﬁﬁmmm |
el Sy 5 2000808
= i “300ERD7 —d) Column const., C. =  128.3

198.2

Slender. ratio, KL/r =

Column is; fong

Critical Buckling Load= 8,707 Ib
- Straight Pipe

A [ & B FHHHE ) !
[ fﬁ” joad, N'= 3 Allowable Load = 2,700 1b
See also Solution 408 for crooked pips.

2

JoY
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CROOKED COLUMN ANALYSIS Data from: Py
SolyesE_quatior_: 611 for Aiiowablf Load

ntel A hatte 38 | i Use consistent  U.S. Customary units.
Computed Values:
_____ =g Eq.Length, L, =KL=  156.0n
EEFE
__ Modulus DOEROF pst |— Column const,, C, = 1283
* Euler buckling load = 8101 b

C, inEgn.6-11 = -22074
C, in Eqn. 6-11 = 3.483E+07

At 8t in |— Slender. ratio, KL/r = ' 198.2

_ ol crbokédress » n. | Column is: Jong
E . : n' Straight Column
, Critical Buckling Load = 8,101 Ib

Crooked Column

i Allowable Load = 1,711 .1b
This value governs the use of the pipe.

See solution for straight pipe; Problem 40A. -

/0§
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CHAPTER 7
BELT DRIVES AND CHAIN DRIVES

V-Berrs
/- < 2fomwy De=t3.2Sym, DI =83285 v 5 3V éar
5‘9' 7-31 3.95-5225)>
L= 202+ /487 0:.9r+s‘zsj + ém—)-- =823
LUSE L=75 4N ~STANOARD L=ne T
2| AcrvaL a Feem EQ. 1-¥: L=75
B=4(25) —6.28(/3.95+5:25) = /79.%
7 I 4 (4 - Py
199.¢ + Vf:?@ 32 ()3.4r-&25) - 22.00m
- o . 7 Q]I”‘&ZJ‘ o .
3 By = M0°— 28 [Seaae | /572 Eo. 1-5)
o yep04 2o [Par-sar])_ 5, 0° .
Or= /20°+ 2 (Gtaner (5@' 2 ‘)
4] C260:0/n3 D =22.7L 5D 28N 0 5 S BT CEQTT)
Lompurer L= /28.,2/wm. Ur&E L=/20
S| AervaL a= 55834 (Ee.1%)
.| ©,= Jéo.s®  &2=/999° ﬁqu-f),c'-’@?")
7| CE /4w 5 D2= 94 S, Ds2/3.8/m; SV Bsrr (L’Q 7-3)
ComPuTsY L= Y699/~ . USE L=YSO v
&| Aervar ¢ = /33.4mnv (EQR.TY)
| @i=/749° ; eL=assiz® (0% 75 7-¢)
/0. el FRAE ___é&"' xL250 X, wwxg a 2505 F7/mmw
7/
//‘ - Rl = LZL.,( £V, y.—_-—-z”m ;t.‘-—— =2mFr/ﬁN
/mv ey
/2. g "R;U)u" WET 7 xﬂ—x.&ﬂ_p\.{ﬁl’— 3/‘/3Fr/mw
- V4274 J2/N
/3| RaAno='37s25=2.465P = 6 25he ; L5=0.9¢; C.=/.03

Corrscrep Power.= Co Co P2 BYN1.03)(625) =405 Ar
loe



V-Berrs

/9| RATIO = R277/8.4= 330 5 Popsist b2c = /6.7647 ; (on 95} Cra fro5
Corrserer Powear= (o Co P= (ISNLo5I(/é.76) = /6.72 hp

/S| RAT® = 94.8//3.8 =6.87; P= YPhp s Co= .90¢% Cr= /09
Corrserso Powers Co CoP=(F0¥)(Lo)( 48) = ¥23 4P

/6.

A ISN BET IS A METRIC S/2E MHAone A 708 WiolH O /Som™
SR 70 A SV B&LT

/7.

A L7A BELT S A METRIC Aoromonvs BT [Ftvms A4 70°
WIoTH 0F pDamemt. Sitriesar 70 A Yy ' pvrons, pus Betr

/8.

DESLGHN 2 SERVICS FACTDE = /0S8 3 D ESlan Power= 4S5 25)= F2.5AP
FRom FPt&. 7-1 —Us€ SV BeLr
RAto = &20/3,0 = 2.8/
For W3 xYooo pr7mm 3 D) S 4205000 . /7:5¢ )
7L 82s)
foe D,=/2) w; D= 304 w2 Mg =Cl0x’*Ysu=305RPH ok
RATED Power. = 2254 ,9¥ 223.¥V Ar
CeEnTER. DIS7Mwes :
CD2<e < 3(0+-+D))
3%y <C & 3(329+/3.7) =/Shs
TRY C YN —=Nomwre L=/78m R 7-3)
VSE L=/80 /n. —a ACTUAL C = 3,850 (&Q, 7-4)
O )= /7.2° ; 8= 208.9° (5@5 A-5, 7-¢)
Ce= 0,92 5 Ce=/i06 :Core. Power = €92 0us) 23.44) =22.56 ACerr
No. OF BeELrs = 37‘3-"/220“ Al/a;(_r-/'éff&suzf - 2 BEL7S

/7

Dasign: S = fe2 5DES. Power= f2(5)SE.047 —=3l Berr
RATIO= /78D/725 = 2.4/ 3 D)2 12C¥00)/ 17 C1150) = 87w

FoR D13 7955 Da=/8:95 ; ma= /250 Y1895 = 73Y Rrm 04

Lareo Powea 5 /0.3 K¢ 2 jras<c < §a7 s TRY c=30s4.

Lz /03 ,n —»yse L=s00/n AcCrrae @ =2 28.35/w

©,= /57695 @2 2202¥° 5 Lo o9Y; CL= 409

Cone. Powern = (.99 (£09)(10.3) =/0,5Thr/Bor— VG 8T REQD
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V-BELT S

DE3lGw 2 SE = [, 5 0ES. Powera LY H0) S5EAP—» SV B
BATIO = /81 00/ s80=2.73 ;0,= /2L i’oa@/ 7/ =19, 2 g,

FoR D, = /002005 D2=27.9m 5 M2=/500 x102/227 =552 Rert 2k
RATSO Powed =26‘/)er)' JNTERPOLATIVNG ON F1& /37D A1 /500 R
227<C < WY 3 uSE € = 3ém. L= /336 v ~> e L= /72 0m,
ACTVAL &= aﬁ/&/ﬂo, &, 5'/57,7,‘ ‘97_; 20?09. c’t,9l‘ CcL= /0l
Core, Power= G392 L o))(25.7) = 23.9 ,{p/e.sr.r

No, OF BELIS = 58/23.9 =2.35 —= ys& 3 85Lrs

DES/EN: S\A = 44 ; DES, Pows = 1.Y(20)=284p —=3V BT
RATIO = /z.ra/ 59s'=/cé’d 3 Dz Yoy 7Cr250) = /2.2

FOR D) = /0,5524; Drm/E.9SI5 113 = /25050 ) 0.95= 495. 9 RArr ok
PATED PoweR = J0.Y AP BY 1475 porAtron on FY&./3-9 AT /250RFPM
/8K EC L EE.S 5 Use @220y 3 L=8lem—apse L=Tom.
ACTUAL L =2LY3IN 368:=/5).7* '9;--20?..4 °s Co=,9Y, CL=t07

Corr, Powsn= (94, a?)éo,y)a-/a. v6 ,(f/de:.r
No. oF BELTS = 28/70.46 = 2:68 geLTs —a USe3 8&LTs

DES161v2 SE= a0 Carossms); DES. P=2:0(/00) =200KP —=5v gersr
Rar1o= 870/625=439 5 D, /20 4ec0)/ 77 (320 = / Z.baw

Fok D, =/0:§ i} Do /49sm 30102 8N 20 pyq = S3/8Pn ok

PaTED power. =/%6+, 2727232P ; 149 <C <. 92, 1$USE Qg
L% J3on ~=ysEL=/32/n 5 ACTUAL C = ‘{J‘.?em

8121744 j6L=185.1" ; Com 98 S CL=f0/

Core, ﬂou/ce- ¢ 9!8)(201)(/2,37) 18.33 Ae J8scr

Mo, oF 860TS = 200//8.33 = /0.9 ~=USE/ BELTS, jof AcCefTASLE

TRY 8V B&T:FoRD,2)08sn;D2=24.8/0; 72 =629 980 O&
RATED PoweER = bbhp 5 2484C < /228 5 UsE C2 Y80

L% J43IN —= SEL=/80)0vy ACTUAL C= '1’637.3/”

&= /7/»7 91.’1?8:6 * Co= .98, CL=.9¥

Caee. rowm GasX. 95‘)(66) = 40,8Ar /85T -

M. oF BeLTs 2 200/ 60.8 = 3.3 —= Us€ YéELTS
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Ko

LLER CHAIN

23,
24
28

-

CHAIN Mo 1408 Prrewr= " Y6 =/ .
Ophmt W 607 Prrew=*8= Ysur

S7TATIC LoAw = /250 L€ AVG. TENSILE STRENGTH =W = /2500 LE.
Vsem A4 wo.eo  _cumn (loosn. Prres) 5. S/ 500, 77m6es 7-5

LoAD oN EeH CHAN = 2500 LB, 73, = J0W=25040L8
VSE W0:J20 CHANW 170 m. PITTH 5 7.5 28500028

27.

>

FATIGUE OF iLink PLATESS /IMPALT oF LoLleRS oN SrloceeT

TECTH; Gheens Berwesh Gins Ao EUs/vA6s.

k2]

TABLE 748 3 GrveN No.60 CHA/N, 20 rEETH 5 ISORP

LATED Powee = UL AP (/nTERPoATION) STV 7E B Lues (&47H)
SERy)cE FACTIZ = /.2 FORMYDPARvLIE DR/ VE

Desscry Powse LANMNG = 2/ 69 2 = /60842

3 SyArws: FAcTe= 2.5

30.

3/.

32

23,
3,

Powert RATING = 2.5(/6.08) = Y52 A7

TABLE D -7 2 G110 .50 AN /2 Te=TH , 860 RPM
fearee Pawse= YWY mo (rrsrbriron), TVPE B Le (BT
S\B= L2 % DESHKY Powsr RATNG = YYY/r.2 =304

Ysretnes : FACTIR = 3.3 ; Powee RATNG >23(570)= [2.2AP

TABLs 1-9 | Giimn N0.80 CHAN 5 32TEETH 3 /EOLPM
RATED #1usn = TEHAP (N TERAATION) , TIPE €. Lvse (e STRan™ )
SF =1L DESISns Powsm = RET//2 = 6551 A9

2STRANDS 2 FACD@=/7 ] Piwer Rarme = (1.1)65.574¢ =y, 5 AP

NO. 60 CHAN 5 No=/S Ne=80 ; C SI v Usec e T-9
L p= Sy =0.95 /4.
cC= 3 Gw/a.xw/pm- 48 prresrss
z
QS e £ VAR
1_: 2 C”) -> 25 > —% /129./P/reiss
USE /28 PITeHsS  (SVen wrmber);L=(28(0,75)=Fbm.
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FoR L=/28 P/7eHas sC FRIA &@..7] 0

2 2
a ~ 'fzs’z//m#s.s »e d‘/ﬂ/ﬁm--‘?f -S'?//r.

326

NOYO CRAYNG Ni=ll  Wo= 'S ) C= 2¥ .

37

36,

Lo p= Yasrmzos0.pn. + C= Z?/oJ'= YBFrress
sty Ge=1)*

L=2( ye,)' 7+ + = /24,6 Frrewss —=Use /2% Prrepes
2
v7TYe 12Y(03)=&2 V.
(o] -J" /2¢ — V[ ”.H/] ﬁé&”): ]‘f 7:69 Prrepes
47>

C= ¥7:69 prrenes 20,50 Jorren=23.85m.

DESI6NL 284P; v, =3/0 RO pr= /o RPN 3 Nom. BATI=" Y es 2/.9F

SE =453 DESIGA Power = LST2S) =3 o.5AP

VSE 287AM0S 2. RPATING = 325 /2.5~ = /S:0AP PeR STRANO

MO, 80 CHANG ) ETEETH RATED S/5BAP AT 3/0 R, TYPE B LIBs

Ne= N, "Mzo/=/5"(£ﬂ,) ;7/ - 29 7EETH

Mozt & Nifyra 270 »2/2¢ =603 LM 2k

D= /.40/4‘2. (/‘/5)= 4,80 /i 02,—/.00 m(’%y) 2.249 /.
Use ¢ > Y0 gyie/18s wirH P=/. 00 /N FoR pO.80 CHAIN

29475 (29- )"
L=2000) + o= 1 ygigye [0H Grrewes =ise 102 @rresmS =L

-
e Jy" 02 — Z%/’, V[ 102~ z”"‘f ‘9@‘1’:59 ]:39,_94}’/70/::: c

Problems 38-42 are design problems for chain drives for which there are no unique soiutions.
The general procedure is illustrated above for one possible solution for Problem 38. This and
the other design problems are shown on the following pages using the spreadsheet that is
available from the publisher’s website for this book. Data for design power per strand from

Tables 7-7, 7-8, or 7-9 must be used to ensure that the selected chain design has sufficient
capacity.

11e



CHAIN DRIVE DESIGN
Initlal In ut Data

IE»I{?I

COmputed Data:
Design power: 375 hp
Speed ratio: 1.94
Desl gn Declslons-Cham Type and Teeth Numbers:

o5

COputed Data

Actual output speed: 160.3 rpm
Pitch diameter-Driver sprocket: 4.810 in
Pitch diameter-Driven sprocket: 9.249 in
Center Dlstance Cham Len gth and An Ie of Wrap:

{“ﬁ"’? ATy '3
t.-a’ t?’:: \5“4‘}'

R "?‘33“ "ZJ‘?WYF:??W{ [{'Wk}\“ :
,:{fb!);..l‘ 3 % e

Actual cham Iength: 102.00 |n
Computed actual center distance: 39.938 pitches
Actual center distance: 39.938 in
Angle of wrap-Driver sprocket: 173.6 degrees £
Angle of wrap-Driven sprocket: 186.4 degrees

Hi
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CHAIN DRIVE DESIGN
Inmal In ut Data

Computed Data:

Design power: 5 hp
Speed ratio: 2.31
Design Decisions-Chain T and Teeth Ntlmbers:
i

Required power per strand: 500 h

Computed no of teeth Driven sprocket 356.92

i o o

COmputed Data

Actual output speed: 324.3 rpm
Pitch diameter-Driver sprocket: 2.563 in
Pitch diameter-Driven sprocket: 5.896 in
Center Dlstance Chain Len "]

i
Actual cham Iength. .
Computed actual center distance: 31.573 pitches
Actual center distance: 15.787 in
Angle of wrap-Driver sprocket: 167.9 degrees
Angle of wrap-Driven sprocket: 192.1 degrees

I PN
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CHAIN DRIVE DESIGN
Initial Input Data:

Computed Data:

Design power:
Speed ratio:

56 hp
2.00

Design Decieions—Chain T

B

and Teeth Numbers:

Required power per strand:  22.40 hp o ,
| 7 - 861
Computed no of teeth-Dnven sprocket 28.00
Computed Data =
Actual output speed: 250.0 rpm
Pitch diameter-Driver sprocket: 4.494 in
Pitch diameter-Driven sprocket: 8.931 in

enter Distance Chain Len h and An .

Computed actual center distance:
Actual center distance:

Angle of wrap-Driver sprocket:
Angle of wrap-Driven sprocket:

ql

ORCh e AB
f ‘;“’"ﬂﬁ&, i)

:ni!.

36.432 pitches
36.432 in
173.0 degrees 3
187.0 ie_grees

mmz;w{:zu r,{ :'g,? m',,{(

Ao

Siefol ,!,».. St

13
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CHAIN DRIVE DESIGN

Sy

i
e
¥

‘;é%-m‘;ﬁ‘,; o
L

;’;ﬂ}’{g{ff
cy

}.Z Z

Design power: 20 hp
Speed ratio: 2.84

Design Decisions-Chain T
Required power per strand:

3 f

Computed no. of teeth-Driven sprocket:

COmputéd Data:

and Teeth Numbers:

1211111.95 hp rating at 2200 rpm

271 Check availability from vendor

Actual output speed: 774.6 rpm

Pitch diameter-Driver sprocket: 3.989 in
Pitch diameter-Driven sprocket: 11.304 in
Center Distance, Chain Length and Angle of Wrap:

Computed nominal chain length: 109.8 pitches
Actual chain length: 55.00 in

Computed actual center distance: 30.110 pitches
Actual center distance: 15.055 in

Angle of wrap-Driver sprocket: 151.9 degrees :

Angle of wrap-Driven sprocket:

208.1 degrees

14
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CHAIN DRIVE DESIGN
Initial Input Data: _

SR

Computed Data:

Design power: 140 hp
Speed ratio: 2.78

Desl Ogn Decisnons-Chm Typ and Teeth Nubers. ‘

M

cOmputed Data
Actual output speed: 226.3 rpm
Pitch diameter-Driver sprocket: 6.710 in
Pitch diameter-Driven sprocket: 18.471 in
Center Distance Cham Len h and An

Aclual chaln Iength: 120 00 m
Computed actual center distance: 39.815 pitches
Actual center distance: 39.815 in
Angle of wrap-Driver sprocket: 163.0 degrees &
Angle of wrap-Driven sprocket: 197.0 degrees

13
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CHAPTER 8

KINEMATICS OF GEARS

Gear Geometry

Ir N=5’V‘,'.Q,= /2

bo Pc= n’/&s

d. megR,00 mmm

e a= Yra Yn=00833m,

e |\ n=3Y, Pu=2Y
a.0=>*Y2y=/%1m.
be Pz /2y =0./3)n
c. m= 252y = /4S8
d. m= Loo mm
e, O= /2y = 0.08/7 .

3| N5, Fu=2

a, p= 9% = ZZ.:GO IN -
b Pe= T/a= 52/ sn-
C. m= ‘7:'7/.1: 12: 7 mm
de M= Jd man

e a-s ‘/6-30.50_0/”

4.1 w=/8; Po=8

a, b= /%3 2. 250 Jan

& Pe= ”79 =0, 3922 /N
Ch = Y/ a= 3/]Smm

J. m - Jaomﬂ
e, a= 1= o/25 .

S, N=ZZ_,'P°0"/47J'

a, 0= zz//'?.r: /2.8 (N.
b, Pe= Plnas= ) ASA.
e m®E 4:",/1175.: 17057'/ mon

Jo M=/5M\M

e, a = ,//073- = O S?"‘{INQ

a. D= N/p=¥7//r23.667m.

C mam 285y/py = 2Y[12Z M Tmm Ae he= Atb = 2a5/8 = 0. 18751

g, = Las/ry =las/ra= ol
. C= 0,25/Fy O.25//2= 0020874

Ao Ak" ‘?a'z 2/’4 .%a-=00/6671”c
= Tape=Tauny = 0./3/ 1.
¢ De= (N'% e Y&)2= 3.833 /M.

o2
5. b= _/_ZE’.E.,, 0,002 = 0,85 20/N

3-. c = O10%) 40002 2 0:0/03/8

he he=ttb= 2.0Y17+0.0 S20= 0.0937 /N,
A hy= 2a= Yay= 0.0833 /4

4- = (’;/.z(m = 0.068Y s

Ao Doz *V/p, = 38/ay = /500,

; b= /“1;73= 0, 625/~
gq. C= 0.25/3 = 6./3S5/n-
A Re= 238/5 = L1235 /x.

4: L= = lose 10
4. t= T /atay = 0: 78S 1.
A

. De= 47/13 23,50 /A

;. 6 = /')‘-/9 = 0,/563 14.
ez 0:25/82 0.0313 4
X he= 22787 0,2813 su
,{‘. x,ge 2/3 30025f01ﬂ
. = Tace) = 0uUq63N.
B D= %/5= 2.500a,

s. b= 05 = 0914350
c= 035/)35= o4y 294
. ‘lt“a‘.ar/lf)f" /11857”".
A. Aie® Yunis= LlY29m.
A Te /act1s) > 0. 827614
A, De= Atezs= 137N,
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a. 0= ey= 0.3/25m,
b, Po= T)ey= 0.0Y91m.
C. m= /gy = 039 mm

J‘ m= OOVomm
e, a= ew=0.0156 sm

2| N=/80 ; P+=80

a. 0= I”/&= 2:s2850/u.
4. Pe= /8 = 0.0393 su
a. m= 258z 5.3 19mm
d. m = 0:.30 mmm

e. a= ‘fe=o.0125m

8 | N=28; Pu=y8

a. D= z8//& =/85S5bcw
b L= T70=0,)74YS In

Co m= AV 1o = Ld mm

d. m= 1S mm

e‘. a-= ,/’8 =0,0556 /u-

9| N=28 ; Pa= 20

a. D= %15= /Y00 n.
b, o= M/ =0 1S U
C. m*= l:'q/alo= [r 27
di M= 425 mom

& oa=2'fapm 0,050,

10 N=3¢ 5 m=3=2%

a. D=mwn=3039)= /02 mm

£ b= "%°%y tooor= 0.0208
g, o= %% sy towz = 0005/ 1
Ae Ae= Atb= 0.038Y /4.

Lo Aw= &ty=0.03/3/m

4o 7 Ry = 0.02YS 7y

4. Do= 3%/gy= 90,3438 u,

4. b= /.200/80 +0,00L = 0,0/ 7x.
, C= D208y & 5,002 T Ou00 4Sm.
ZA Ae= atb = 0,0295
L. hw= /&0 = 0.025
. = P7aim) = 0,019¢ su.
i. D,= ‘82/g = 2295 .

4' 6-= ,'247/‘= 0:.062Y% 1w.

7-. C= 0.7—3‘//930'd39/~.

he Ae= 2.35//8= 0,/28 sw

A A= 2/12= ol oo
. =2 T7208) 2 4,0893 1m0
. D, = 30//9:‘. /"‘6?/40:

¢ 4 /,-20%0 + 0,000> 00,0620
e= 0200/35 +0.002 = 0,002 sp
2' Ae = atb= 0./20

A A= F20= 0,/000 .

d. = Z?"A(;o) =2 0,07 8S 4.
A, De= 39/35 = 1500 sM.

$. b =225m=2/25C3)= 3,960 oy
?. Q= O0) A rm =0, 25(3)= Ot 750 anom

b, Po=T2/)) 2 jrm=pt3)= 9, Y25 man A‘ Le= @tbe 2,25m =4, 750 mmm

c fa= '?""%-.z A3Y/3 = 8.7

dc fd’-&
&, A= M=300mm

A A= 2822m= 6,00 mmm
. E= ’c/&:ﬁm/‘;.__. Y, 712 anm
k. Doz mNtX)= 3(34)= /08 mm

na



X-

N= Y5, m=rtas

aA. D=rmp = AZS{‘/:): SE.28 rvprm
b, Cos 1PmmzCLas)s 3920mm

bs» 25 fm= B Y], ar=20,3

C,
dr fPy=20
e, A== LS g

2 N=/2, m=2/2
Q. D= N=12019)= 2/6 30
b Pe=trcy2)= 3770 men
C. Pie 25V 1= 2417
d. l=2a
e, A = pom 2 [d puan

13. N=22 5 m=20
A. D=mmN= 20022)= Y0 soem
60 ’Caﬂ'(zll): CR.E83 1
e, b= 2Va= 127
d. FPa= J.25
ev af, = Zamm

/4’ N. 20‘,‘ /’"= /
A D=MN=220.00mm™
b. from Twm = 3,7V mem
Co Pyg=SY) = as5¥
d: Poe ¥y
ée. D= = J00 sprm
a. D= 0.9(/80= 722.00mmn
b, Pe= Tlo) = Qe mo~
C b= ¥ oy= &3.5
Jd Pa~ &Y )
Co a—"'-ﬂ“l = 0:'10 Ve o L

$. b= Las(M)=/25UR) = /.53 mre
?’l C = 052-‘-”8 amm’ 0-3/3/"}"‘!
A Ae= 228m=225C025) > 2.813 ampm

A, A2 2m=Q0L25)= 2500 m
4- t= Pofa. =T s L9963 mam
A Do=minm)=/025CP)= SEITMmm

£

d 2/,25C12)= /S,00 e

Ae

Wi

3

ST

A b

7\~§.X A, >

I8

hee 2.25C12) = 27.00.mm

hu= 2m = 24,00 s

t= ﬂ‘(l‘b)/;: /3.8S s m :
Dy = MmN+ = (2.L20)= 240 mrm

b= . 25C20) = 25,00 mm
C> 025(20)= 5.00mm
he=225(20)> 9500 mmm
Ap» R = 2020)> 70,00 mm
t= TTC22=3/42 snin
08> 0L 2Y0)= 480

be LASLD = 425 e
C= 0,25¢)= 025 A
Ae= Ra5C1) = 2,25 ppm
he=201)= 2,00 Avpm
= T = [597 mm
Da= (1)(a2)= 22,00 mm

b= Aas(9y)= 0150 mmm
C=2 0e2S(0Y)= O 10
At= .25C0.4)= 0,900 pmm
he= RL00.9)= 0,80 amom
e TC0M))) = 0,628 mpm
Di» 0.4(122) = 72,8 0mm



/¢, N=28 ; m=/5

G b= L2SUUs)= L1895 mm

A, 0= mn= L5(28)= Y2, omm G C=0:25 (US> 0,395 mm
b, /ca rm= rlLs)= 4. pmem A Ae= 2.25¢LS)= 237 g
e @=TYis= /693 Ao Aps A45)= 2.08,mm
d &= s 4 E= TYa = 23bmm
. a=o,m= /0 aym A, Do= )5(30)= 45.00m

/7 N= 28 ! m=o02

£ b= 125(0.8)=/-00mm
A D= 0.8028)= 22.Y0mm % C = 0,2500.8) = 0:20mmm
be FPe= TWODH= 2,60 Mmm A he= 22500.8)= /.80 sran
e, V= A pg= 309€ 4. he= 2208 = /-0 mam

d Pa= 32 /o &= P08/ 2 = [, 259 .
e aA=m= 0,80 mm h  De= 080G 24,00 mm.

18, BAckiasH - sex F 359.

1. | GariR Feom FPRO8.1: Py =122 BACKLASH O.006 e 0.009/8

GEAR FRomMm PROE.J2:m = 12! BACk cASH 0.52 70 0.82 4v0.m00
DErenomlsE ON LENTER DISTHANCE.
Velocity Ratio

20| O C= Netws _ [8+87 _ o 25 .

b, Ves= Mofys = 6¥/jp= 3556
C. Mg = Mp (/v %,4). 29@("9/‘7)= EE? Reyer
d. Vg = ”d/"ﬂ: ”'/VPMP= ”(/?Z(ZVJJ!: /yy.g/(/ .

/2 25 /2L 8)
2), a. C= (20 *49/26‘/) = /tovom. | C. Mgs 223'(2"/9,)-- Y82 RFm
» Ve= %= 4ieo , Arpe DLL2X22 _ -
b Vi & d. ve= 2 299,5 A .

és '
22 a, C= (30* %[)0) = a’:yfﬂ/ﬂ. a Mg = JSO {%ds}?f%

b VR= 935 = 2.2¢ e e IS .
’ g AR S B

C= /{o *m%l(évj T AbL .

Ve '-m%'o = Sals

d-
V3
e me» 3o (Wan)= S52 pom
o

= _ﬂ.ﬁo)_gi.’&_ °
N+ T2Coy) = JKWM.
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zy| e = (zy+ 88)/ 20 = Zstom.

co Mg = /250 (Z’Vaa) = Y29 Bm

b Vo= Sy = 3.667

d. Vo= 7l 29)( /759) _

= 9/6tLsns
12477 7 ﬂ/

2s; 4.C=6V¢s 'I-NP)M/;L,: (6&’-!-22)(2.)/5.-‘- @0,80 7
b‘ V= N‘/ﬂ,a 6;/2-2_-" 3.8%/
S myg= mp Mg = 1250 C768) = 566 RAm
d.
e Rwe owgfmm/p ﬁgjé&m}[hﬁr) 2O forans 2t
¢ & < / e Tar N dos S0
N A NeVe ., QI(23N/752) _ o,
3 19097 % T Y03 m/s
26.

a. o= @Ge+18)(0.0)/r= 2690 mam | o ye=0.008)(/5)
b, yr= Y8/5= 2.667

33.

/9099
e, Mg= }/50 {”/‘/d= Y3/ RPm wve= 2867/
27 a. c= @st3)(n)fon ez mm | o arpn LINLTD s,
b YL= ¥S/36 = Lv2s /90929
e g = s50 C4%s) =120 pm |
. )¢ /s)( ¥50)
28y a. c= (56*/9[/L)/z = 306 mm | Ve~ aqu)’y =#s2mg
b, V= 36/ 45= 2o .
C. mg= 750 3¢ = Qoo Rom
Errors in statements for Problems 29 - 32
29.0 Pwww Ao &t CANT HAVE DIFFECENT FITCHES
30| C= Netws /5 52
. - = 8,333 ) ; Given ¢ IS /v ACCaATE
2 2( 6) 3333 BY 0.033 /N8
3/ T Few TeETH /v 7776 FPravson) ) ASSUMING 29°'F.0. TEETH
JNTERFERENCE wWoULD OCLUR. .
32, C= A/?::‘f/q = ;‘2:“;/3- = 2./58 N 2 Do CAwvwvor Bs USED To Fnd &,

Housing Dimensions

Houswg muST CLEM ADOEvOym CrECLE pF AL §aS By Oi/01fkrog
a= 1/1’4 - Vs =025 /M. 5 Dog= Mf—L)/p,: e/p=825w

Y = 8zsm+2000) = &,YSm.

N = d+0 +2a +2L0u0)= NE  Na

2 =22.250+ 5004 ,25+.20
__+_+._.I.;Cﬂ,l) ’
X= /0,700 /A, k A0y

|1&0



34| Dog= Wst)/py= Zs2/6y= 3.738m': V=2938+ 0,2 =%/33/m=)

X=d+p +2at2oi)= Yo 25t 2  pows= 47635 =X
&7 &Y &Y

35| Dyg= (/Vqrz)m= S0 Cok) = Y0.p rmam ¢ Y= ¥0.0 1+ 2(2m=)= HHoomm

X = 0.2C/0)r 0.6(48) +2(08)F Yo » _SE.Y0 amm =4

36] Dogx 47(y)=/88mm 2 Y= 188+ 2(2)= /9L amm

X=d+0+ 26 +2C0) = mNetmMNs +2m +Y=
X = /Y + /50+E+Y =336 mm =X

Gear Trains - Analysis

37’ 7-'/:-\.”6-”0 -”‘:"/Z.ﬂ.ﬂ=-/£7r: ’"/u/,q
Np WNe WNs /2 /8 2y ot

MNye™ /ﬂ,,‘/ry = /750 ﬂ/ﬂ/g/_s‘, 7_9 =/ Rpm ccuw

L8, TV= —M8  ,Ne Ne _ =62 42
Na s Mg z2 25

Aovr= ”7/,./7‘!/ = SISO RPr/-8.y07 ="208R M ccew

37| Tv=+Da 00 ,0s , My - 2875, 62375 225 30 ./, /29

Oa De Dg ws /o250 L1285 LS00 /S
Da= A/A/’Ja 20//5_‘3 AL2Sosmn /770‘”_: /)1,’= /7250 - IYY ReM Ek_’
Do -/Vo//g- 3?//[ = 2.375 v 12,439

o= Nefpr= 28/ = /530

. TY=S+ Ne Mo = 2¢, /8 _*p09
MA N 80 &o

Moy= Mo/ 7v = /7&0/4.04 = /7YY RAm Cw
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Helical Gears

4

4z

HeLIcAL Gene v =<Y8

43

Hy

HeicaL Gear N=72;

Heuchr sear £ =8, .= /9% 'y N=295 Terroty F=Z.00/n
Weuxavsie= Y=30°,

C/RCUL AR PrreH = = 7"/& = 77/8;.- 0.3922.n.

MORMAL CIREULAR PITeH = P, = [P cos F=f.3927)cas GoV= O.350sm.

NORMAL DIAMETRAC PITeH = /ﬁd = @/C“)os Eastpo’ )= 9. 238
7 TT
ﬂX//h. PITTH = _’i_' R 9&.«3 9 = 0.680 1~

PIrest DirmeTER = D= N/a = Sy as.625n.

NORMAL PRESSVLE ANGLE =(Dm = Ta [tan g, Coa V]
B =7 (tanltrs?) crabiol] = 72,62

F/fx = 200 "‘yo‘ 6800 > 2:7Y AXIAL PITCHES IH FACEW 1074

) pmdg/cz) aqaloj F=/oSOIN) V: A%
P=T/py = BUrFs Py tos V= 12:Cos lis®) = 8.985
P= T oves = 003700 f = p oo V= A

= T4=026/8/4.
= fyﬁhw- 00370/” 0'370/', 0 DG-

¢t = f ﬁ“@m -73- [b—y Z.O] 272.2°
E ] Co Y5

F/p =

/’J = 78/5,745—=J$6§7M

L-SOINS | s in = YOS AXIAL PITIHES IN FACE WIDTH

HELICAL GEAR  N=3C,P =6, P.=1¥4", V=95 F=/oosm

£ W= ss236 . ; po=p Ve T conbsv=0370/u.

- , 7 __ -7 -

2=V = 3% - cocom. ; pu= T [tade cn¥]=10.3¢"
/- 1.00m ) —
/F"' IWI/D.523‘IN-

LU AXIAL_PITcHES IN FACE wiork (Low )

£ e, Brs -
”~= ”//[,97 = 0./885).n. .

Fr= O = 2 ”’/a_yyso./zﬂm. Hy”)

= —M: ‘I&WJ') o
&73“[0«}'-77- ﬁ] 20.0%; % o‘z/,,a,./.z:

Pna =29 ) Cuz1¥%"y Fro.259m, =45
Pog Coa V= 24 Coa ¥5° = /6,97

3 Bon= P V= 0.085 4 los VJ“=0,/3M /M

Low




SET PrRoBLEM Y9 ON WEXT PAGE Foa FoaMULAS AND SYMEsLS

BEVEL GEAR GEOMETRY

Pitch cone angle: Pinion
Pitch cone angle: Gear
Outer cone distance

Nominal face width
Maximum face width (a)
Maximum face width (b)
v B X -. h:lE:x () XN ===i§

Mean cone distance
Ratio A,,/A,

Mean circular pitch
mean working depth
Clearance

Mean whole depth
mean addendum factor
Gear mean addendum
Pinion mean addendum
Gear mean dedendum
Pinion mean dedendum
Gear dedendum angle
Pinion dedendum angle
Gear outer addendum
Pinion outer addendum
Gear outside diameter
Pinion outside diameter

COMPUTED VALUES

Gear ratio 3.000
Pitch diameter: Pinion 2.500 in
Pitch diameter: Gear 7.500 in

18.435 degrees
71.565 degrees
3.953 in

1.186 in
1.318 in

3.328 in
0.842

0.441 in
0.281 in
0.035 in
0.316 in
0.242

0.068 in
0.213 in
0.248 in
0.103 in
4.257 degrees
1.774 degrees
0.087 in
0.259 in
7.555 in
2.992 in

Pitch cone angle: Pinion
Pitch cone angle: Gear
Outer cone distance

Nominal face width
Maximum face width (a)
Maximum face width (b)

COMPUTED VALUES

Gear ratio 2.000
Pitch diameter: Pinion 2.500 in
Pitch diameter: Gear 5.000 in

26.565 degrees
63.435 degrees
2,795 in

0.839 in
0.932 in
1.000 in

INPUT Fackwidth== - o000ini s

Mean cone distance
Ratio A,,/A,

Mean circular pitch
mean working depth
Clearance

Mean whole depth
mean addendum factor
Gear mean addendum
Pinion mean addendum
Gear mean dedendum
Pinion mean dedendum
Gear dedendum angle
Pinion dedendum angle
Gear outer addendum
Pinion outer addendum
Gear outside diameter
Pinion outside diameter

2.345 in
0.839

0.264 in
0.168 in

0.021 in
0.189 in
0.283

0.047 in
0.120 in

0.141 in
0.068 in
3.450 degrees
1.670 degrees
0.061 in
0.148 in
5.054 in
2,764 in
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¥

Given: Np = 18; Ng = 72; P; = 12; 20° pressure angle.
Computed values:

Gear ratio

Pitch diameter: Pinion
Pitch diameter: Gear

Pitch cone angle: Pinion

Pitch cone angle: Gear

mg = NG/IVP = 72/18 =4.000
d = Np/P;=18/12=1.500 in

D = Ng/P;=72/12 =6.000 in

y= tan’(No/Ng) =tan" (18/72) = 14.03°
I =tan?(No/Np) =tan™ (72/18) =75.96°

Outer cone distance A, = 0.5D/sin(T) = 0.5(6.00 in)/sin(75.96°) = 3.092 in
Face width must be specified: 7 = 0.800 in Based on the following guidelines:

Nominal face width: From = 0.30 4,=0.30(3.092 in) = 0.928 in
Maximum face width: Fi.. = 4,/3 =(3.092 in)/3 =1.031 in
or Fp=10/P; =10/12=0.833in

A, = A=A, - 0.5F =3.092 in - 0.5(0.80 in) = 2.692 in
Ratio (4./4,) = (2.692/3.092) = 0.871 [This ratio occurs in several following calculations]

Mean cone distance

Mean circular pitch Pm = (WP)(A/Ay) = (2/12)(0.871) = 0.228 in
Mean working depth h=(2.00/Py)(4,/A,) = (2.00/12)(0.871) = 0.145 in
Clearance ¢=0.125h= 0.125(0.145 in) = 0.018 in

Mean whole depth hp=h+¢=0.145in+0.018in=0.163 in

Mean addendum factor ¢; = 0.210 + 0.290/(mg)* = 0.210 + 0.290/(4.00)* = 0.228
Gear mean addendum ag = ¢; h=(0.228)(0.145 in) = 0.033 in

Pinion mean addendum ap=h-as =0.145in -0.033in=0.112in

Gear mean dedendum bg = hm-ag =0.163in-0.033in=10.130 in
Pinion mean dedendum bp =hu-ar =0.163in-0.112in=0.051 in

Gear dedendum angle 8 = tan’ (bo/Ams) = tan™(0.130/2.692) = 2.76°
Pinion dedendum angle S = tan (bp/Amg) = tan(0.051/2.692) = 1.09°
Gear outer addendum a. = ag + 0.5F tandp

Pinion outer addendum

Gear outside diameter

Pinion outside diameter

a.c =(0.033 in) + (0.5)(0.80 in)tan(1.09°) = 0.0406 in
a.p = ap+ 0.5F tandg

a.p = (0.112 in) + (0.5)(0.80 in)tan(2.76°) = 0.1313 in
Do = D + 2a,5 cos r

D, =6.000 in + 2(0.0406 in)cos(75.96°) = 6.020 in

d,=d+ 2a,pcos y
d,=1.500 in + 2(0.1313 in)cos(14.04°) = 1.755 in
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BEVEL GEAR GEOMETRY

N ATA GIVEN DATA
Aloiot feethinp S
i x :

FEEEEE ulg* %
COMPUTED VALUES COMPUTED VALUES
Gear ratio 4.000 Gear ratio 4.000
Pitch diameter: Pinion 1.500 in Pitch diameter: Pinion 0.500 in
Pitch diameter: Gear 6.000 in Pitch diameter: Gear 2.000 in

Pitch cone angle: Pinion
Pitch cone angle: Gear
Outer cone distance

Nominal face width
Maximum face width (a)

Mean cone distance
Ratio A,,/A,

Mean circular pitch
mean working depth
Clearance

Mean whole depth
mean addendum factor
Gear mean addendum
Pinion mean addendum
Gear mean dedendum
Pinion mean dedendum
Gear dedendum angle
Pinion dedendum angle
Gear outer addendum
Pinion outer addendum
Gear outside diameter
Pinion outside diameter

Maximum face width (b

14.036 degrees
75.964 degrees
3.092 in

0.928 in
1.031 in

2.692 in

0.871

0.228 in
0.145 in
0.018 in
0.163 in
0.228

0.033 in
0.112 in
0.130 in

0.051 in
2.767 degrees
1.090 degrees
0.041 in
0.131 in
6.020 in
1.755 in

Pitch cone angle: Pinion
Pitch cone angle: Gear
Outer cone distance

Nominal face width
Maximum face width (a)
Maximum face width (b)

Mean cone distance
Ratio A,/A,

Mean circular pitch
mean working depth
Clearance

Mean whole depth
mean addendum factor
Gear mean addendum
Pinion mean addendum
Gear mean dedendum
Pinion mean dedendum
Gear dedendum angle
Pinion dedendum angle
Gear outer addendum
Pinion outer addendum
Gear outside diameter
|Pinion outside diameter

14.036 degrees
75.964 degrees
1.031 in

0.309 in
0.344 in
0.313 in

RPUT Fage width- =2 5 @806 ints =7

0.881 in
0.854

0.084 in
0.053 in
0.007 in
0.060 in
0.228

0.012 in
0.041 in
0.048 in
0.019 in
3.113 degrees
1.227 degrees
0.015 in
0.049 in
2.007 in
0.596 in
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BEVEL GEAR GEOMETRY

ROBLE
GIVEN DATA GIVEN DATA
|No ot teethiin i yiofitee i | B
Diametral pitek i .f (ol fiEEELEE : B
PiesSureianalos 1 o
COMPUTED VALUES COMPUTED VALUES
Gear ratio 3.000 Gear ratio 3.000
Pitch diameter: Pinion 0.250 in Pitch diameter: Pinion 2.000 in
Pitch diameter: Gear 0.750 in Pitch diameter: Gear 6.000 in

Pitch cone angle: Pinion
Pitch cone angle: Gear
Outer cone distance

Nominal face width
Maximum face width (a)
Maximum face width (b)

[INEETRage it

Mean cone distance
Ratio A,,/A,

Mean circular pitch
mean working depth
Clearance

Mean whole depth
mean addendum factor
Gear mean addendum
Pinion mean addendum
Gear mean dedendum
Pinion mean dedendum
Gear dedendum angle
Pinion dedendum angle
Gear outer addendum
Pinion outer addendum
Gear outside diameter
Pinion outside diameter

ey

18.435 degrees
71.565 degrees
0.395 in

0.119 in
0.132 in
0.208 in

B
PR

0.333 in
0.842

0.055 in
0.035 in
0.004 in
0.039 in
0.242

0.008 in
0.027 in

0.031 in
0.013 in
5.316 degrees
2.217 degrees
0.011 in
0.032 in
0.757 in

Pitch cone angle: Pinion
Pitch cone angle: Gear
Outer cone distance

Nominal face width
Maximum face width (a)
Maximum face width (b)

Mean cone distance
Ratio A,,/A,

Mean circular pitch
mean working depth
Clearance :
Mean whole depth
mean addendum factor
Gear mean addendum
Pinion mean addendum
Gear mean dedendum
Pinion mean dedendum
Gear dedendum angle
Pinion dedendum angle
Gear outer addendum
Pinion outer addendum
Gear outside diameter

0.311 in

Pinion outside diameter

INBUT Face width =5

18.435 degrees
71.565 degrees
3.162 in

0.949 in
1.054 in
1.250 in

o0

2.662 in
0.842

0.331 in
0.210 in
0.026 in
0.237 in
0.242

0.051 in
0.159 in
0.186 in
0.077 in
3.992 degrees
1.663 degrees
0.065 in
0.194 in
6.041 in
2.369 in
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Wormgearing

52

WORM GEARING : Dw=/250/, M=/, 5=10 [ B, =/45"
Mg= 403 F=0.625n. EMM
Leao =Axvae HrreH= OECJLAQ PIreh = /, / 0..2/72/,\/

= - ..m/z =457

ADOENDIm = a.= //5 = /03 0,/00,”,; DEDENDY. ;’,:‘57 =0/ T/
woem ourssoe DiA. = Doyp= D t20.5 L.250 +2(0.700) = /. YSOsn.
WoRm Roor 0/A.= Dy = Dw=26=1250~2(01157) =/, 0156 1w.
GeER Pites DA, = D@ = Ng /o = ‘/0// =% 000/n.

Cenrzr Dwravee =C = Dg+Duly = Goooth2s0)fy =2, 62514,
Yaociry RATIO = Ve = Najfy = Y9, =40

NOTE: On the following two pages are the results of Problems 52-57 giving pertinent
geometric properties of worms and wormgears and their velocity ratios. The detailed
calculations follow the pattem illustrated above for Problem 52. The equations come from
Section 8-9 , Equations 8-Z° to 8-25.

Compare the results to discern how variations in geometry such as diametral pitch and the
number of threads in the worm affect the overall results. This is especially pertinent to
Problem 53 in which three different designs for worm/wormgear sets provide the same
velocity ratio. The single threaded worm produces the smallest center distance and overall
size of the reducer. But note, also, that it has the smallest lead angle. The lead angle
increases as the number of threads is increased. On the positive side, the small lead angle
makes the reducer self-locking. On the negative side, the small lead angle results in lower
mechanical efficiency as will be shown in Chapter 10, Section 10-11. The designer must
balance these advantages and disadvantages for each application.
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WORMGEARING

PROBLEM: 52 WORMGEARING PROBLEM: 53A
INPUT DATA INPUT DATA
Worm pitch diameter=  1.250 in Worm pitch diameter=  1.000 in
Diametral pitch = 10 Diametral pitch = 12
No. of worm threads = 1 No. of worm threads = 1
No. of gear teeth = 40 No. of gear teeth = 20
Face widthof gear=  0.625 in Face width ofgear=  0.500 in
COMPUTED RESULTS COMPUTED RESULTS
Circular pitch of gear= 0.3142 in Circular pitch of gear= 0.2618 in
Axial pitch of worm= 0.3142 in Avial pitch of worm = 0.2618 in
Lead ofthe worm= 0.3142 in Lead of theworm = 0.2618 in
Lead angle=  4.574 deg Leadangle= 4.764 deg
Addendum = 0.100 in Addendum = 0.083 in
Dedendum=  0.116 in Dedendum =  0.096 in
Worm outside diameter= 1.450 in Worm outside diameter=  1.167 in
Worm root diameter=  1.019 in Worm root diameter=  0.807 in
Gear pitch diameter=  4.000 in Gear pitch diameter=  1.667 in
Center distance=  2.625 in Centerdistance= 1.333 in
Velocity ratio=  40.00 Velocity ratio=  20.00
WORMGEARING PROBLEM: 53B WORMGEARING PROBLEM: 53C
INPUT DATA INPUT DATA
Worm pitch diameter=  1.000 in Worm pitch diameter=  1.000 in
Diametral pitch = 12 Diametral pitch = 12
No. of worm threads = 2 No. of worm threads = 4
No. of gear teeth = 40 ‘No. of gear teeth = 80
Face width of gear=  0.500 in Face widthofgear=  0.500 in
COMPUTED RESULTS COMPUTED RESULTS
Circular pitch of gear= 0.2618 in Circular pitch of gear= 0.2618 in
Axial pitch of worm =  0.2618 in Axial pitch of worm = 0.2618 in
Lead ofthe worm = 0.5236 in Lead of theworm = 1.0472 in
Leadangle=  9.462 deg Lead angle= 18.435 deg
Addendum = 0.083 in Addendum=  0.083 in
Dedendum=  0.096 in Dedendum=  0.096 in
Worm outside diameter=  1.167 in Worm outside diameter=  1.167 in
Worm root diameter=  0.807 in Worm root diameter=  0.807 in
Gear pitch diameter=  3.333 in Gear pitch diameter=  6.667 in
Center distance=  2.167 in Center distance=  3.833 in
Velocity ratio=  20.00 Velocityratio=  20.00
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WORMGEARING PROBLEM: 54 WORMGEARING PROBLEM: 55
INPUT DATA ) INPUT DATA
Worm pitch diameter=  0.625 in Worm pitch diameter= 2.000 in
Diametral pitch = 16 Diametral pitch = 6
No. of worm threads = 2 No. of worm threads = 4
No. of gear teeth = 100 No. of gear teeth = 72
Face widthofgear=  0.313 in Face widthof gear=  1.000 in
COMPUTED RESULTS COMPUTED RESULTS
Circular pitch of gear=  0.1963 in Circular pitch of gear=  0.5236 in
Axial pitch of worm = 0.1963 in Axial pitch of worm = 0.5236 in
Lead of the worm = 0.3927 in Lead of the worm = 2.0944 in
Leadangle= 11.310 deg Lead angle = 18.435 deg
Addendum =  0.063 in Addendum=  0.167 in
Dedendum=  0.072 in Dedendum=  0.193 in
Worm outside diameter=  0.750 in Worm outside diameter=  2.333 in
Worm root diameter = 0.480 in Worm root diameter = 1614 in
Gear pitch diameter=  6.250 in Gear pitch diameter=  12.000 in
Center distance =  3.438 in Center distance=  7.000 in
Velocityratio=  50.00 Velocity ratio = 18.00
WORMGEARING PROBLEM: 56 WORMGEARING PROBLEM: 57
INPUT DATA INPUT DATA
Worm pitch diameter = 4.000 in Worm pitch diameter=  0.333 in
Diametral pitch = 3 Diametral pitch = 48
No. of worm threads = 1 No. of worm threads = 4
No. of gear teeth = 54 No. of gear teeth = 80
Face width of gear=  2.000 in Face widthof gear=  0.156 in
COMPUTED RESULTS COMPUTED RESULTS
Circular pitch of gear= 1.0472 in Circular pitch of gear= 0.0654 in
Axial pitch of worm = 1.0472 in Audal pitch of worm = 0.0654 in
Lead oftheworm = 1.0472 in Lead of the worm = 0.2618 in
Leadangle=  4.764 deg Lead angle= 14.050 deg
Addendum= 0333 in Addendum=  0.021 in
Dedendum=  0.386 in Dedendum =  0.024 in
Worm outside diameter=  4.667 in Worm outside diameter=  0.375 in
Worm root diameter =  3.229 in Worm root diameter=  0.285 in
Gear pitch diameter = 18.000 in Gear pitch diameter = 1.667 in
Center distance = 11.000 in Center distance=  1.000 in
Velocity ratio=  54.00 Velocity ratio=  20.00
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Gear Trains - Analysis
For FPrRoétem 58 -~

Assome THAT THE INPIT SHAFT
RoTATES CLOCEWMSE,

58
TEMN YALVE =TV = W/, ; My = 3750 RPM
er'yﬂ,A/ﬂ,IVF,'V” M - <B2 LY Mo /8 I8 - .,
Na MNe Ne Ng Nu /8 /77 20 /8 /8
My= D1 _ ZYSOVRPA_ _ 7.5 RPN COUNTERCLOCKNIS E
v -197.4 —_—
GeEARH IS AW 1DLER . /T DOET N ITAFFECT THE TV BvT
CHANGES 7T?E DIRECTr04 OF THE OUTPUT S+HAFT.
51 m,= 1220k Finomg : TYV=""/me
V= ¥ No Ne Nu _ SO0 Y0 60 .72 _ 25 000
Na Nc Ne WNe /2 12 | 2
Ms= M 12200REM . 90,4067 Rerm
Y nd 30 600
) m,=68v0 BPr1 ; FIND w4 T V= ez
7ve A8 No Ne . 98 4B bo . Yopevarny
NA Nc Ne /6 78 12
my= 2V - EBY0 _ 3 RPM ExAcTLY
TV Yo —T———
6/

M, = 28I5RPA ; FrlD my ! TV= "y

- NB WNp NF /00 o 85
7v= = 0 = S5666.
Na WNe Ne 3 2 2 666.7

my =~ 2L _ ZB7SROM = 5077 RPM
TV 5666.7
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Gear Trains - Kinematic Design

VELOCITY RATIO FOR GEARS  PROBLEM 62 VELOCITY RATIO FOR GEARS PROBLEM 63
DESIREDVR= 3.1416 = 1 DESIREDVR= 17321 = V3
NP NG NGAct VR-Act DIFF = NP NG NG VR DIFF=
Des VR - VR Act Actual Actual Des VR - VR Act
16 5027 50 31250 0.01659 16 27.71 28 1.7500 0.01795
17 5341 53 31176  0.02395 17 2944 29 1.7059 0.02617
18 5655 57 31667  0.02507 18 31.18 31 1.7222 0.00983
19 5969 60 3.1579  0.01630 19 3291 33 1.7368 0.00479
20 62.83 63  3.1500  0.00841 20 3464 35 1.7500 0.01795
XX]21] 65.97 [66 | 3.1429  0.00126 XX 21 3637 36 17143 0017717
22 69.12 69 3.1364  0.00523 xx|22] 3811 |38 | 1.7273  0.00478 XX
23 7226 72 31304 0.01116 23 3984 40 1.7391 0.00708
24 7540 75 31250  0.01659 24 4157 42 1.7500 0.01795
Min diff=  0.00126 Min diff = 0.00478
VELOCITY RATIO FOR GEARS _ PROBLEM 64 VELOCITY RATIO FOR GEARS PROBLEM 65
DESIREDVR= 6.1644 = /38 DESIREDVR=  7.42
NP NG NGAct VR-Act DIFF = NP NG NG VR DIFF=
Des VR - VR Act Actual Actual Des VR - VR Act
16 9863 99 6.1875  0.02309 16 118.72 119 7.4375 0.01750
17_104.80 105  6.1765 _ 0.01206 17 126.14 126 7.4118 0.00824
XX [18] 110.96_[111] 6.1667 __ 0.00225 _ XX| 18 13356 134 7.4444 _ 0.02444
19 117.12 117 6.1579  0.00652 XX 119[140.98 |141 | 7.4211  0.00105 XX
20 12329 123 6.1500  0.01441 20 14840 148 7.4000 0.02000
21 12945 129 6.1429  0.02156 21 155.82 156 7.4286 0.00857
22 13562 136 6.1818  0.01740 22 163.24 163 7.4091 0.01091
23 141.78 142 6.1739 ___ 0.00950 23 170.66 171 7.4348 0.01478
XX |24] 147.95 [148 ] 61667  0.00225 XX 24 178.08 178 7.4167 0.00333
Tivo EQuAL
SoLunovs Min diff =  0.00225 Min diff=  0.00105
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CHAPTER 9
SPUR GEAR DESIGN

Forces on Spur Gear Teeth
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Forces on Spur Gear Teeth ]

Problem 1 ;‘;
Chapter9 |

“RESULTS:

Gearspeed= 488.1 rpm
VR=mg= 3.600
pinionPD= 1.667 in
gearPD= 6.000 in
center distance=C = 3.833 in
pitch line speed = 764  f/min
torque on pinion shaft = 270 Ibin
torque on gear shaft = 972 Ibin
tangential force = 324 b
radial force = 118 b
normal force = 345 Ib

Problem 2= =

a Gear speed = 304.4 rpm
b VR=mg= 3.778
c pinion PD = 3.600 in
gear PD = 13.600 in
d} centerdistance=C = 8.600 in
e pitch line speed = 1084 ft/min
torque on pinion shaft = 2739 Ibin
torque on gear shaft = 10348 b in
g tangential force = 1522 Ib
h radial force = 554 Ib
| normal force = 1620 Ib
128
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r ) “Forces on Spur Gear Teeth 1

a Gearspeed= 752.7 rpm
b VR=mg= 4.583
c pinonPD= 1.000 in

gearPD= 4583 in
df centerdistance=C= 2792 in

e pitch line speed = 903  ft/min

f} torque on pinion shaft=  13.70 Ibin
torque on gearshaft= 6277 Ibin

g tangential force= 2740 Ib

h radialforce= 997 b

|

normal force= 29.16 Ib

{[Problem4 i
Chapter 9 |

a Gear speed = 486.1 rpm
b VR=mg= 3.600
c pinion PD = 1.667 in
gear PD = 6.000 in
dl centerdistance=C = 3.833in
e pitch line speed = 764 ft/min
f] torque on pinion shaft = 270 Ibin
torque on gear shaft = 972 Ibin
g tangential force = 324 b
h radial force = 151 b
] normal force = 358 Ib
139
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] “Forces on Spur Gear Teeth ]

Problem s
JChapter 9

a Gearspeed= 3044 rpm
b VR=mg= 3.778
c pinionPD= 3600 in

gearPD= 13,600 in
d] centerdistance=C= 8.600 in
e pitch line speed= 1084 ft/min
f] torque on pinion shaft= 2739 Ibin
torque on gearshaft= 10348 Ibin
g tangential force= 1522 Ib

h radial force = 710 b

| normal force= 1680 Ib

c pinion PD = 1.000 in
gear PD = 4.583 in
df center distance=T = 2.792 in
N e pitch line speed = 903 ft/min
] torque on pinion shaft = 1370 Ibin
torque on gear shaft = 62.77 Ibin
g tangential force = 2740 b
h radial force = 12.78 b
i normal force = 30.24 ib
140
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Gear Manufacture and Quality
7. See Section 9-4. Form milling, shaping, hobbing, grinding.

For Problems 8-16, refer to Section 9-5 and Table 9-3 for recommended quality numbers in the A,
system according to AGMA Standard 2015. Grain harvester: A, = 10.

8. Grain harvester: A, = 10.

9. Printing press: A, =7.

10. Auto transmission: A, = 6.

11. Gyroscope: A, = 2.

12. Analytical quality measurements include index variation, tooth alignment, tooth profile, root
radius, and runout.

13. AGMA Standard 2015 is currently used. See Table 9-2 for the range of quality numbers in this
system and the comparisons with prior systems.

For Problems 14-16, for precision machinery, use the recommendations for machine tool drives in the
lower part of Table 9-3. The choice of quality number is based on the pitch line speed of the gears.

14. (From Problem 1). Pitch line speed = 764 ft/min Use A, = 10.
15. (From Problem 2). Pitch line speed = 1084 ft/min Use A, = 8.
16. (From Problem 3). Pitch line speed = 903 ft/min Use A, = 8.

Gear Materials
Answers for Problems 17 — 25 are found in Sections 9-6 and 9-7. Only brief statements are given here.

17. Bending stresses are created by the tangential force on the gear teeth acting in a manner similar
to that on a cantilever. The maximum bending stress occurs in the root of the tooth where it
blends with the involute tooth form. High levels of contact stress, called Hertz stress, occur in
the face of the teeth near the pitch line as forces are exerted between the pinion and the gear
teeth. The probable mode of failure is pitting of the tooth surface.

18. AGMA standards give allowable bending stress numbers and allowable contact stress numbers
related to the hardness of the material of the teeth. See Figures 9-11 and 9-12.

19. Gear steels are typically medium carbon plain or alloy steels that are heat treated by through-
hardening using a quenching and tempering process. For examples, see Table 9-4,Section 9-7.

20. The AGMA recommends hardness values from HB 180 to HB 400. See Figures 9-11 and 9-12.

21. Grade 1 steel is typical commercial quality and is recommended for use in this book. Grades 2
and 3 require progressively more stringent quality controls on the alloy content and cleanliness
of the materials. Cost increases dramatically for the higher grades. See AGMA Standard 2004-
€08 or the latest revision.

22. Grades 2 and 3 may be specified for high-speed aerospace applications, turbine engine driven
systems, ship propulsion drives, and high-capacity industrial drives such as those in steel rolling
mills.
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23.

24.
25.
26.

27.
28.
29.
30.

31.
32.
33.

34.
35.

Case hardening by flame hardening, induction hardening, and carburizing are three processes
that produce harder surfaces than typical through-hardening.

See AGMA Standard 2001-D04 or the latest revision.
AGMA Standard 2001-D04 provides data for gray cast iron, ductile iron, and bronze. Table 9-6.

From Figures 9-11 and 9-12:

a. Grade 1; 200 HB: s, = 28.26 ksi; 54 = 93.50 ksi — U.S.: s, = 194.9 MPa; s, = 644.6 MPa -S|
b. Grade 1; 300 HB: s, = 36.0 ksi; Sgc = 125.7 ksi— U.S.: s, = 248.1 MPa; s, = 866.6 MPa — S|

c. Grade 1; 400 HB: s,; = 43.72 ksi; s = 157.9 ksi — U.S.: s4: = 301.5 MPa; s, = 1088.6 MPa - SI
d. Using HB > 400 is not recommended.

e. Grade 2; 200 HB: 54 = 36.80 ksi; 5, = 104.1 ksi — U.S.: s, = 253.7 MPa; s, = 718.5 MPa -S|
f. Grade 2; 300 HB: s, = 47.0 ksi; 5qc = 139.0 ksi — U.S.: 5, = 324.0 MPa; s, = 959.5 MPa — Sl

g- Grade 2; 400 HB: s, = 57.20 ksi; Soc = 173.9 ksi — U.S.: st = 394.3 MPa; s, = 1200.5 MPa - SI
From Figure 9-11: Grade 1: 300 HB. Grade 2: 192 HB

From Table 9-5: Case hardening by carburizing produces 55-64 HRC

From Appendix 5: SAE 1020, 4118, 8620, and others

From Table 9-5: Flame or induction hardening produces 50-54 HRC with materials having high
hardenability

SAE 4140, 4340, 6150. All have good hardenability

ASTM A536, Grade 80-55-06 has a minimum hardness of 179 HB.

a. Sgr = 45.0 ksi; Soc = 170.0 ksi — U.S.: s, = 310 MP3; s, = 1172 MPa — Sl [Table 9-5]
b. Sgt = 45.0 ksi; Soc = 175.0 ksi — U.S.: sg = 310 MPa; s, = 1207 MPa — Sl [Table 9-5]
C. Soe = 55.0 ksi; S, = 180.0 ksi — U.S.: s,r = 379 MPa; s, = 1241 MPa — S| [Table 9-5]
d. Not listed

e. Syt = 55.0 ksi; s, = 180.0 ksi — U.S.: s = 379 MP3; s, = 1241 MPa - Sl [Table 9-5]
f. So¢ = 5.00 ksi; Sqc = 50.0 ksi — U.S.: sgr = 35.0 MP3; s, = 345 MPa — Sl [Table 9-6]

g. Sa = 13.0 ksi; s, = 75.0 ksi — U.S.: s, = 90.0 MPa; s, = 517 MPa — Si [Table 9-6]
h. Sg¢ = 27.0 ksi; 54 = 92.0 ksi — U.S.: s, = 186 MPa; s, = 634 MPa — Sl [Table 9-6]

i. Sor = 5.70 ksi; Soc = 30.0 ksi — U.S.: s, = 39.0 MPa; s, = 207 MPa - Sl [Table 9-6]

j. Sat = 23.6 ksi; s, = 65.0 ksi — U.S.: s¢r = 163 MPa; s, = 448 MPa — Sl [Table 9-6]

K. Sqe = 12.0 ksi; s, not listed: s, = 83.0 MPa; s, not listed [[Table 9-14]

l. Soe=9.0 ksi; sqc NOt listed: sq; = 62.0 MPa; s, not listed [Table 9-14]

Depth = 0.027 in {Figure 9-13.]

Depth = 0.90 mm. [Figure 9-13.]
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lDESIGN OF PLASTIC SPUR GEARS

Application. R - L0mn [e—

‘ Initlal Input Data:
o p‘ P bt R & T —_
;i, }}é?igﬁf {‘ f 0 o _ﬁ;_;{:;-;‘ ‘
‘lﬁ? i

@

=d157r), J

o)
) 4

%% zsxxﬁg‘g'g};@:n,:aiag.h.m‘mé nﬁ’ £y ; =
umber of gear teeth: 5
SR :
Fft :xiﬂyﬁ? { i fléﬁfgt I
Computed data: Ve wi = 77 Dwmw//2
Actual Output Speed: ng = 160.0 rpm 72 /V‘éw 120395
GearRatio: mg = 3.444 ghact 7 Dy 17 (9
Pctf:h Dla'meter- Pinion: Dp = 1.500 fn M = /592 ReA
Pitch Diameter - Gear: Dg = 5.167 in

LonwNeET WHEEZ oM OUTAIT
SHAeT OF Gear RepPuvc .
ONE PO OF GEARS.

Center Distance: C= 8.667 in
Pitch Line Speed: v, 216.4 ft/min
Transmitted Load: Wr 38.11 1b

Seconda lnput Data Plnlon.

sf 5985 psi
Secondary lnput Daia - Gear:
’ Toth nn 20 degree full depth Same as forplmon

' Face V\ﬁdth - Gear " F = “Same as plnn
Actual Bending Stress in Gear: St = 4355 psi Mustbe <s,
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74.

RACK DRIvel FURNACE Dook . MepcpZ 2.0 FT/S = /26 Fr/mim
MR= ey = TDp M ff2 SkaPr For
My =2 120, _ @2)(/20) _ ysgy o Y beans géc .

7 Do wm Do Do N/
Piss/8LE VALLET Foa D' [ | RAck |
S Y e ——=
10.0¢k V5. 89ken  32.72 A, M= /500 Rem
9.0 /~ 50,93 29.%5 F‘/ Mone
12,067 32.7¢ 39.12 _UJgd NS —
Pae 1y my= 1500 ROM g 172:3 aom e
Na= 17, Ng= 8, V= 8.7 3 —
PRIRZ". me=mg= ]72.3Rem, Mp37.76
Me= 16, Np= 73, Vs = 456 i R

SEE TWO SPLENOSHEET SoL VTI6/S

DESIGNED Fol OFEN GEARING
DETIGN LiIFEt /N EACH CYCLE ) RACK A10 VRS & FT EACH WAY

TOTAL 0F ILFT FR FAL CYeLa - AT Z.OFT/S, CYCLE TImE/S S

A38<, L r2fr=¢
= £.0 S
20er = 0 SeChleycee
bbse LCYCLES 2948 L 365 DAY A SSYES 7
4 i X X X = /31 A
cYeE Ar DAY 17 *3600S

USE 71500 hn PESIGA L1 Fe.

Summmest Pswen =50 he, Ko /.50, Ples 1S4, Buvauti=Av =/

Fi Ne Ne De Dg £ Z
Pae ) 16 17 172 1,700 14, 800 14200 B.Z5%8

Pad 2 . 6 16 T3 2.66) j2./47 2,500 72.917

AL GEARS MADPE Fim sA€ 13Y0! FAg-00T /oo HE 32/
PARZ ~0aT 900, #8358

[SELC BBL O c€D
IN SI1ZE
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79.

GEAR DRIVE FOR A LIFT TRvCK. %

RotliNG Whea (5 THE /M VERSE OF

ARnions DRIVIAMGE A RACK. HEEL »
=
N AT CENTER OF whae E£0VALS v ?
S PEEY) OF LIFT TRIKK. ' FLooR
= Zod S236 Fr, _/ha
V= TJ-WZ ha  ms B0 UN
m= 2~ _ s2/( /760 min) ’ 7z 1760 Frimm.

TRAIN VALUE = 300%“'23 = 5.95%

IS TV coulD B PPoOscewr BY ONE PAIR OF GEARS
However , Fob Pon ER. REOUIRED, GEAR VWO/LD BE T00
LALGE TD ATT ACH Td AXLE wiTh /2 YN WHEEL.

UseE PEvELE PEPUCTION . SEE T [BLLiwwinG FAGES .

VR = Nﬂ = _‘&-: 2'7y ho‘l"ﬂZ -/A
O Na 77 o wHea
No _ 38 .. Ed
-Ne - 38 =45
VEZ. NC 21 o , -
M = . =M .__A_(’_’__/i‘_. F_
w v * Ns No ((g
/nw ’3000’3_/;7"% =5£3w7£pm O l
' SLIEHTLY HiGHan - E
THAN TARGET. L

Mo Tet GEARS HAvE FPi=E Folk £haet FLoog
AND Fy=5 FPra PAIR 2. FAce WIOnlsr ArE
Rasnvely LARGE. 4 =250, = 3. 00/
REDESIEN Wi TH HELICNH. 66908 SHevip Areow/
A SmALLER. SYSTEM,

MO ML GEANS USE SAME MATELI AL AP

HEAT TREATMEUT.
LiFE CALCSLATIVWN ¢

/6 4 60AYs , STwWks . 20 Y& _
Myx Wi % 7 R = 99 840h USE L=/00as0h

bestan Decisis: SF=1400, Ko=4.50 LifAcoee (v /oaoo; R70.9999)

CoNTINVED ON NEXT Tuwg VAGES
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IDESIGN OF PLASTIC SPUR GEARS

Application. ‘

COmputed data
Actual Output Speed: ng = 266.9 rpm
Gear Ratio: mg = 3.222
Pitch Diameter - Pinion: Dp = 1.500 in
Pitch Diameter - Gear: Ds = 4.833 in
Center Distance: = 6.333in
Pitch Line Speed: v; = 337.7 fUmin

____Transmitted Load: Wr = 4884 1b

Actual Bendmg Stress in Pinion: S = 2 psi
Secondary Input Data - Gear:

Ao ;
Face \Nidth Gear F= 0.300 in Same as for pinion
Actual Bending Stressin Gear: S: = 4133 psi Mustbe<sy,

l1e
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[DESIGN OF PLASTIC SPUR GEARS

Compumddata
Actual Output Speed: ng =  21.0 rpm
Gear Ratio: mg = 4.188

Pitch Diameter - Pinion: Dp = 0.800 in
Pitch Diameter - Gear: Dg = 3.350 in
Center Distance:: C= 4.150in

Pitch Line Speed: v, =  18.4 ft/min
Transmitted Load: W: = 1074 1b
Secondary lnput Data - Pinion:

Actual Bending Stress in Pinion: S
“Secondary Input Data - Gear:
Tooth Form 20 degree stub

11612 psi

': : 3 ::»f& -ff-—;r 3
Face Width - Gear: F = 0. 400 in Same as for pinion
Actual Bending Stress in Gear: §: = 8583 psi Mustbe <s,

m
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[DESIGN OF PLASTIC SPUR GEARS

Application.

Computed data
Actual Output Speed: ng = 120.4 rpm
Gear Ratio: mg = 3.571

Pitch Diameter - Pinion: Dp = 0.292 in
Pitch Diameter - Gear: Dg = 1.042 in
CenterDistance: C= 1.333in

Pitch Line Speed: v, = 32.8 ft/min
Transmitted Load: W:= 251 1b
Secondary Input Data - Pinion:
. éfﬁ? ; ;
QO

e o R
'ﬁﬁ‘ 'A‘;%‘i r;&

Actual Bendmg Stress in lmon' § = 5938 psi
Secondary Input Data - Gear:
ooth Form: 20 degree stub

Face Width-Gear. F= 0470in _ Same as for pinion
Actual Bending Stressin Gear: S: = 4230 psi Mustbe<sg,
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IDESIGN OF PLASTIC SPUR GEARS

Application.

] COmputed d

Actual Output Speed: ng = 468.0 rpm
Gear Ratio; mg = 3.333
Pitch Diameter - Pinion; Dp = 1.125 in
Pitch Diameter - Gear: Dg = 3.750 in
Center Distance: C= 4.875in

Pitch Line Speed: v, = - 458.5 ft/min
Transmitted Load: W; 48.7 Ib
'Secondary Input Data - Pinion:

3

“Required Face Width: F= 0418 In
Actual Bending Stress in Pinion: ¢ = 5971 psi
Secondary lnput Data - Gear:

Tooth Form: 20 degree full depth Same as for pinio|

FOTETRY " YRS A Fhhern

AR G ; sl
Face Width-Gear: F= 0.420in Same as for pinion

Actual Bending Stress in Gear: S: = 4363 psi Mustbe <s,

171

www.EngineeringBooksPdf.com



CHAPTER 10
HELICAL GEARS, BEVEL GEARS, AND WORMGEARING

I\ Heviene Gores: 7= 8, e .=/y%°, NE=YS F=2.00m, Y= 308

A. P=&0LP, NG = /250 Rer ﬁr-fwzoos= ~ 63/‘;’;»(‘57") =252 LB IA
We= T 2 05 Mo —’-’g——:.sgz&,v

Pe/fy Ve
Wpe= ZSBLBsrv
£ T, - 8% 4ce

Wy = We ta~ ¥=59%¢ tan30°<57.7L8
W= We tam Pe=82.6m/97"=23.2 L8

b, Np=/8; Deiwve rv A RetwRochrING Pon?, A=15D
S&p= .Wt i . Ko K Ko Ks '«’r; BsSume Ls=Ke= LD

A’I"ﬂﬂonﬁ:ﬁ:\s }p FRam Fia J0-S. parA Are Fot BPn=/s*

A crumt Dm = ol [ 1o @r CoaHl= to[taryten300=72. 8"
$pn 0.38)00.97)= 0.269

De=NeJpy= 155 = 1895 ; o, = 1-867; Cpe=0.075, Cpog® 455
Ko=) O+ Cpet Copuy = /.6610.035+ 0.15L= [, 23

NEE 77 Dg gz (6 @N129))s = /81 Fr/mmn

SeeciFy Ryl : T K=/ ST (Fra-9-20)
Ser = (522.6 )8 _ (1.0 (1.23)X(7.6)(£.55) = 2278 ps/

— 25100)[”43”)
S, = We Ko ks Km K _ o E9.c Y /5o X/ 0)1.23)(/). S5)
< Ce F Dp T = /74 L.00)/875)( 0.20)

Sex 36228pc/! 2 I E£ST. FRam TASW /0.

Ce S/&'C/F/(:—'o ot 1ReA) BECAVIE oF LOw STRESSES
ARAY CHS T ZAON: Sae = 5’0::)0/5/, Sac=20o6Ps;
cLlass 20
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Heica GebeS: P=2.504¢, Np=/6,/c=78, 3= /2,8.=20°, V=45

F=.,350m2 rorque=7T= 63 000(2.57) = S0 8 n
a. We= = 906 __ - 2/,8.8.
b/ (.667/2) ——

FRim Pro@eem 892! P 28.Y85; Ds=5.657m, Pe=27.2°

Dp= ._'V_’_, /¢ =
7 Byds /.887 :n
Wx= Metar-¥=3/.8L8 -Ta~¥5"<3/.8L8

WA= We ta~Be=2.8 - Li-221°=/6.9¢8
b. Ko=/l:25 (L1 f//acz); Ks=#g=/00 | e Zov.30
CcEvrrirvanl gcosen. LET Av=F K=/, 40
ooz 15 497 = 0.795 Cps™ 0.05, Comy=0.15; K= (.20
Se= Wt P Woos M K K ar= (31 BYBSBSNIANIXLVXL D _ 5 55 5
— Flr 0n58¥ 0-30> pASLE 412
Pimue: % 0,2/, Ce=/96 casr/Ro/
Se= CpfWt bo Ks m Ln _ /94/5:-8) L1125 YN 2L P8)
F Derl (.5X/1.8871X0.0)
C. Se= 20,715 PSI : Spszieyv (LASS 20 CAST N
SA= S0P/, Sac =5p0s50Ps/

Herion GetesS's pP=/she, Np =12, Na =36, /% =4, 0e=198 V=4S, Folasn

Mg =2200RPm % T= E3000 bg 63000L/S) _ Y3008
) 2200

Frosm Pros. 8-93! Dg= boom, ,o,a=£’_ff_= L2-- 200

o
a. We= 779‘/! = qg%.w/z)= /2 L6 Ko=2 80 Covc.rixXer
- :/t -,
Ny = We zom &= /9006 Lo g5 =/1208 | €570 T8
2 0.50, Cre=0.028

Wn = Ne tawBe= /431885~ 795'= 32046 |Ds ™~ 2-00
= Caaz0u5ilmn=1.18

NE=TDea M‘//L = ”CJJO)CZZJ% = 34SB F7/syry
Av=9 5 K= 1995 Tr=030(=r), L= 0,/9065T)
e We By i, ko Kafonr = OF3UEX70)U18)UANAIYNZD) - 9550 o -
e -'___/—

p.

= WE
— F F (7-00)L0:30)

USe Nongear (pvenie) 71240  Cp= 2650

Se = Ct’\/ We T T B Ko _ pysp L2 LN CAXAY), 550057

—_— FDer [).0)(&00)[0:/‘7)
70 1

C, SACiPy: pucrite My ASTh AS3E 6o-1=ig |or OF LA
Sat= 22000 Ps/ , Sac= 7700 5/ Sox =[3K5%, See

NeT1E: PROB, 8-Y3 Groes x=rbunac fricn = 0.5236/~
THEnm o= "% 5238 = |.W -Low -SHO oLo BE 72.0 For FowL Helix Acryov,
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FELICAL GeERARS ¢ P=0,58 hP, M‘:JVJDA’PA} Fna=2¥, Dn=/75 "

/
V= 4’5') Ng= 72/ Ne=/6, F= 025 /N, WiINCH -1M00. SHoc& Ko=/.50
From 108 847§ Fy=16.97, Paz9.293m Dp=Lle Losnatsm
7= 63056(P) _ 630600C0-S) _ 4.3, 8.0 ¢
M6 2¥50

a. -
Yoo Thoups)= 643 Vgmzs)™ 730te
Wy= We ta~¥= 4308 b ¥STE 4.20L03
Wz We tam Be> 4.308 Br24'= L57L8 | o= los' Fitom fso 6-7).
b, we= 1 9amay, = TC1203X399)/ )y = 3822 FrimnA
LET Av=9 , K= /Y8 y K5 =t0s=,a. Sp=0326T) r=0,2¢er)
Foe= 925,043 0,265 ; Cos €0, Cmd =00Y) [ )14
Se= WER Ly HS Koo ie KMnr= $.30)06:27)(1:50X 10U/ +#X/-Y], ¥9)

= ©.ts)o.72)
Se= 2308 Psi TRY CAST JRDAI
Se = Co Wt Ko s 1 = 240 |.30) [/, SOU L)ALV N/48)

Sc= 26 633 #</
SPErC I  CLASS 20 CAST /Raw SAX=Sov0lsi Soc =50 00 PSs

NoTe': Plsdecem 8-79 G¥es Fo =AVALPITCY =O0./8/%s

rieEn Tops QM Lo o T S35 ~Low ~Stoven B 28,0
For Fvee Hezirem Acnon.

THE FOLL OwiNb FPAGES GIrE SAMPLE DESISNS FIR
PROGLEMS 5-17., THE Pliccovrt [5 Sier/cARTo THAT USeo NV
EXAMCLE FPROEIEM /0-2 . O TNER. DESIENS ALE FPISSICLE:
READER 15 ENCOMAGED TD WS TBwArRD A Ae7iCotonr
GOAL OF MATERIAL TYPE , CENTER DISTAVEE, OVaile SIE
08 OT7EXC. APFLIcATION -SFL) L 6 oAL.
MOTE THAT 7RAwvErRrE D/IAMETRAL Frrch MoS7T BE JNAIT.
)P NORAAL D/AMETI. #7TTH ]S 0&IGI/nALLY SPEIFIED ,

ComPure Fi4= Pug Cn V.
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[Problem 10-14

BEVEL GEARS
Forces and torque for shaft and bearing load analysis:

On Pinion Shaft-Torque: Tp,= 630 Ib-in
Mean radius of pinion. r, = 1.052 in
Enter: pressure angle: b 20 degrees

On Pinion - Tangential load: Wy 598.7 Ib

On Pinion - Radial load: W, = 206.7 Ib

On Pinion - Axial load: Wy = 689 Ib

On Gear Shaft - Torque: 7T = 1890.0 Ib-in
On Gear - Tangential load: W, = 598.7 Ib
On Gear - Radial load: W, = 689 Ib
On Gear - Axial load: Wy = 206.7 Ib

See following page for stress analysis and design details.
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Problem 10-15

BEVEL GEARS
Forces and torque for shaft and bearing load analysis:
On Pinion Shaft - Torque: 7T, = 1764 Ib-in
Mean radius of pinion: rp, = 1.093 in
Enter: pressure angle: o= 20 degrees
On Pinion - Tangential load: Wy = 1613 Ib
On Pinion - Radial load: W, = 525 1Ib
On Pinion - Axial load: W,p = 26.3 b
On Gear Shaft- Torque: 75 =  352.8 Ib-in
On Gear - Tangential load: W 161.3 Ib
On Gear - Radial load: W ¢ = 26.3 b
On Gear - Axial load: Wyc = 525 Ib

See following page for stress analysis and design details.
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Problem 10-16

BEVEL GEARS
Forces and torque for shaft and bearing load analysis:

On Pinion Shaft - Torque: 7, = 370.59 Ib-in
Mean radius of pinion. rp, = 0.938 in

Enter: pressure angle: §= 20 degrees
On Pinion - Tangential load: Wy = 3952 1b
On Pinion - Radial load: W, = 1356 b
On Pinion - Axial load: Wye = 479 b

On Gear Shaft - Torque: Tg = 1050.0 Ib-in

On Gear - Tangential load: W, = 3952 b
On Gear - Radial load: W, = 479 b
On Gear - Axial load: Wxec = 1356 bb

See following page for stress analysis and design details.
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Problem 10-17

BEVEL GEARS
Forces and torque for shaft and bearing load analysis:

On Pinion Shaft-Torque: 7T, = 2625 Ib-in
Mean radius of pinion: rp, = 0.386 in

Enter: pressure angle: = 20 degrees
On Pinion - Tangential load: Wy = 68.0 b
On Pinion - Radial load: Wp = 239 b
On Pinion - Axial load: Wye = 631

On Gear Shaft - Torque: Tg = 99.2 Ib-in

On Gear - Tangential load: W = 68.0 Ib
On Gear - Radial load: W = 63
On Gear - Axial load: Wy = 239 b

See following page for stress analysis and design details.
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See details on following three spreadsheets

Problems 10-19 and 10-20 COMPARISON OF THREE PROPOSED DESIGNS

Given data:
Diametral pitch, Py =

Output speed (Gear) =
Worm pitch diameter, D, = " See comment
Gear face width, F =  See comment

Normal pressure angle, ¢, = 7

Assumed gear is made from chilled cast phosphr bronze
Allowable bending stress = 24,000 psi

Results: DESIGN

Output torque (Ib-ln) T 202 484 878

Output power (hp), Po = 0.289 0.691 1.254
Gear bending stress (psi) 19180 23963 23987 Limits in Bold

Allowable bending stress (psi) 24000 24000 24000
Rated load for surface durability (Ib) 242 418 714 Limits in Bold

Gear transmitted load (Ib) 242 290 263

Efficiency (%) [Problem 20} 729 84.1 90.8

Power input (hp) 0.386 0.822  1.381

Lead angle (degrees) 4.76 9.46 18.4

Gear pitch diameter (in) 1667 3.333 6.667

Center distance (in) 1.333 2167 3.833

Comments on results:
The given face width is small. Could use F > 0.601 in to maximize effective face width.
Worm diameter is too large for Design A. See Equations 10-46 and 10-47
Worm diameter is too small for Design C. See Equations 10-46 and 10-47
Design A is limited by surface durability
Designs B and C are limited by bending stress in gear teeth.
As number of threads in worm increases:
Lead angle increases
Efficiency increases
Torque and power capacity increase
BUT: Gear size and center distance increase

203



uBisep siy $j0Qued AYjiqesnp eoeuNg
Ageinp eseuns o mc_vcon Jeyye uo peyoee. sywi) __E_._ enbuoj yndyrio vouo:ﬁ<

T Qe =M< 3.3:

2850 G6E0 Nmmd = >0”._o~o&>=ao_o>
€y = fAemOy 0008< 000€-00: 00> :AjdojeA Buiplg

L0V 6180 0280 = Yo :1639B} UO)IS.LI00 OREY
02 = Pwiemoy 9/< 9,002 0Z0I9 = .msnoﬁm Jsep

0004 1121 o) .58 z_&éacoo
= *0 :pébioy Jo 3se3 Yo
¥9 aseo pueg

yg> uwgs UGET> WAZ< <— 9(r62u044 Jo 6dAL

[1eal azuoaq !wiom joays peuepsel] Aypqeing eoveiing

uGe> ugz<

1sd 0002 = Joydsoy jsd 000/ L = eseusbuByy :ezuoig-sesselis 8/qBMOyY
[uapim eory seel eAnoeye Buisn] jed 0gLeL :reB uo ssens Bujpueg
896'0 = ") uojoey ojeuiq
u —wu_o :B_a ‘_m_:o.._o |BuLIoN

5110 0510 SZH0 0010 I = A ogoey o) sty
£ '10}08} ULIO} SIMET LSQ :o »»ohm a.%:om
0c S 02 S¥l :gessons
Y¢ 'ejbue einssesd jeuLION °% 8'2L :Aoustoiy

dy 96e'0  Jnduj 1amod

dy 010  :uogouy - ssoj Jemod

dy gz  -teeB woy Incino semod
s1emod

q sl = 4 M ‘adi0) uoyouy
r4 24 8C ey
€9

€9 ‘felpey
574 Zve  fenuebue]
Wiopy  Jeey (q) :seaso4
uufl 0L < A 0E0°'0  -UORDLY JO JUsSIOYe0]
Ui €24 = °A Kyooje Buipls

uwpy JZ'6E  leeD - peeds eul youd

:8yinsey pandusoD feuonippy

1090 < o 88N PINOY ‘fews Si LRPIM 808} UBAID)
[tapm ad8) usniB pasn]
U Q0SS0 =°4 AP ook Jeal eagoayy
w0490 =M3./90 WP o8} Jeed eagosye xep

w90 =%y apm o08) Jesb feuiioN
uegegt =9¢g Lie18WeIp Jeos) Jees
ulpgol = WMy pBue) eoB) LIOM [BUIION
w080 =Mg “1ejetuelp 1001 ULIOAA

u ol =Mg uejBLIEIP BPISING LWIOAA

U 880°0 =q winpueps(]
wegoo =@ winpusppy

Bep oLy =v ‘e|fue pee
u 2920 =7 ULIOM au) jo peen
wzozo =Md uLom Jo youd ey
wzozo =9 -sesf Jo youd seinonn

0'E> PUE 9'L< 6q PINOYS  JSJOLIBIP ULIOM JOJfBLIS 65()
MOT 6L = kn\a%o

U L0009t =9Q  ewwepuayd reeo
oC =dA ‘oney A3io0[eA ferqoy
wdl oomh =My :peéds Jndu) lemoy

204



ubIsep S S104UCO SseLs BuIpUeg
Aunqeinp egepns Jo Sujpueq Jauie uo peyoee sywi| jun enb.a} Jndino peisnipy

qi 062 = .\snoﬁ»:!
asLy

€550 £6£°0 omm.o
9/p = *Ajemoy  0008< 000£-00L 87

LI0'b 6180 .omw.o
02 = 2wiemoy 9l< 9,002 0Z09

ezuoiq ..o:%o:n. - 1889 pefiyo .%Wmm S

000L ZGLL
000k €LL1
000k 06 = ®D aseopueg

ug> wee> e < Pgrezuciq o odfy
[106 azuoiq ‘uLiom foays pauep.ieH] :Ayiqeing sdeuns
18d 000tZ = Joydsoyd 1sd 00011 = eSeuBBUBYY '82U0IG-SeSS8IIS 8|qBMOJlY
[tapwn eory seab eagosys Buisn] red £966z  -seel uo ssans Bujpueg
6€6'0 = ") Loyoey dueukq
Ul 8620  youd Jenouo jeuLioy

0 ﬁoee 101520 4D

urge> urge< urge

SZ1°0 0G0 G2i'0 0010 < DOED - = o opouty L
£ ‘10108 W0} SIMe ‘199 uo ssans Bujpuag
Jom =74 (074 341 :gassens
‘¢ ‘e|Bue emssaid [ewioN % L'¥8 :Aouejots

dy zzg'o  :nduj fomod

dy LgL0  :uonoy - 880} Jemod

dy 169’0 :seeB woy ynthno semoy

s1emod

q 1’ = 1 a4 ‘9010} uopnold
062 85 IEny
L L epey
85 06z  leguebue)

ULONA  Jess) (q1) :saa404
uiwAg 0L < SA ) 0S0°0  UOROLY JO JUSIOYe0)
uwiag gLy = *A AoojeA Buipls

uwpy g/ Lieep - peeds euy yold
:s)nsey paynduiod feuopippy

U 1090 < = 88N PINOY ‘jjBLUS S LIPIM 808Bj UBAIS)
[wppim es8y usniB pasn]
"Wo0s0 =%y ‘\ppim ooey JesB eAgoeys

c_ 090 =%Q..90 Wpim eoey Jeel eAgosye xep

w090 =%y ‘yIpim eoey sesl jeuioN
ul 00S'E =9¢g ‘lejeelp jeolys Jees)
eyl = 4wy pBue) e0e) LLIOM fRUILION

U080 =Mig  lejewseip Joos ULOM
u/9l’L  =Mg  ejéwelp epino ULOAA

ugeo =49 ‘winpuepeq
wegoo =@ ‘winpueppy

Bep zops =% ‘sifue pee
wpzso =7 uLom e jo pee)

uzeeo =Mmd ‘uLiom Jo youd fenxy
wzeZo =9od :4e6 yo yayd seindad
0'€> PU8 9'L< 9 Pnous v

ugeeee'e = 92g Lsosgu ;sa aow
oz = ¥A ‘on€l AioofeA emoy
wdi 008L = Mu :peads ndul emoyy

dos’

www.EngineeringBooksPdf.com



ubisep sij S{oUoo Ssexns Bulpueg)
b___nﬂsv eoelins o Bujpueq Jeyys uo peyoes) sy jgun snbuo) ndino voﬁ:i(

qi g9z =M< oqisnw
ql E = s\s n§§§u§§

>o hsoe a_S_.>
b_oo_m> mc_v__w

LEG°0 ¥8E0 Nwmc

/6F = SA[enioy  00DE< 000E-00L 00>

*5 15e0 a_moascoo
Gkt i ¥ :pebio} Jo 35e9 [1YD
e e 0001 = *0 3s€0 pUES
urgz> Ugz< Ulg> Uge WGZ> WEeZ< <— Ogrezuoiq jo edf)
[eaf ozuouq ‘uuiom (eeys peuspiet] :Aniqeing soeping
1sd 000p2 = Jouydsoyq ‘1sd 000/} = eseuBbuBYy :02U0Ig-S8SSE.S B|qEMO|Y

[tapm eoey sesB eanoaye Buisn] 1ed 28667  -seab uo ssens Bujpueg
¥88'0 = *) i10jo8) Sjweulq
U 8pZ'0  youd J8Inouo JBULION
SL1'0 0510 G240 0040 | < 0010 = X owe biio) 8
£ ...303 ULI0}) sImen J83%) UO Ssals .D%tom
loc s o0z sp 5058848
¢ ‘ejfue enssed fewsioN % 8°06 Aouerols3
dy 18¢'L  3nduj ;amod
dy JZL'0  :uonoly - S8O| lemod
dy y5z°}  tseel woy nchno semod
Rmod
qi ¥'8 = M ‘90404 uopou4
€92 6 lexy
€L €, epey
16 €9¢  lequeBuej
ULIOAA  JeeD (q)) :s90.104
Wy 0L < “A 4 6200 [UCHOLY JO Juerdlyeo)
ulwpg 26v = A KyooteA Bupis
Uiy 80°/G)L  eeg - peads eulf yoid
:83{nsay paynduwio) feuoRIPPY

Ui 1090 < o 98N PiNOY ‘jlews S| YIPIM 808} UBAIS)
[tnpim oo8y uens pesn]
wooso =°g ‘\ppwm eoey Jeel eagoey3

ul 090 =M@g,J90 ‘Wpm eoe) seel aagosye xew

w1090 =994 1P a0y teef euilLoN
ucegg =@ “1ej0wWBIp JE0IY) JESS)
ul 8012 = woum 4 pBusej 608) ULIOM [BULLION
w080 =Mg :Jejeerp 1001 ULIOAA
w9l =Mg *19)8WBIP SPISINO ULIOAA
wes0 = ‘wnpuepe(
ueggoo =e ‘Winpueppy

Bep gev'gl =+ ejfue pea
ut Jp0'L =7 ‘ULIoM el jo peeT]
uzezo =Md ‘uLiom Jo youd feixy
uzozo =¢9d .1eeB Jo youd seinony
0'E>PUB 9'L< g PINOYS  JoyeUsBIp ULIOM SoBIe] asn)

HOIH

YZE = MW 31900

‘ones Ayoojen jemoy
wd) 008t = Mu ‘peads ;ndu femoy

: ..aisgui s}nsey penduwio
08 =oN ‘tpee) Jeaf jo ‘oN peuinbey
‘eyeq induy
..o_aom - ?taou::oL

2066



$.6'0 /650 ﬁm.o
02 = “A(emOy 000« 000S-00L

660°L ¥6.°0
Swienoy 9/< 9.00Z

hd
™~
n

oL6
urgeg<

0001
uge>

urgz> uIgge Urg>  Ulge

=M <oqsny
=9pm :peoj Ra:%:& poey

= >0, uo«o& éoo_w>
b.oo_w> mc_u__w

=4y u&o,& uonoeLI0d onm.m
Sw ”o.pmm leos)

fo) ,.ﬁwmo z.maascmo
0 :peblio} 10 1889 IyD
0 3seo pues

<— 9q/-0zu0iq Jo 8dA}]

[1eaB szuouq !uiiom [oe)s peuspieH] :AxjIgeing eoeLns

[tipw ee) 1l sngoaye Buisn] 1sd g6p24
6€6°0

G0 0510 S2L'0 00L0| <

u 690

1sd 000FZ = Joydsoyd 4sd 0p0/ | = eseuebuey :ozuoIg-sesse)s ofgemojly’

:4e0B uo ssass bBuipueg

= 4y 10308} OjWeuAq
;_8& hm_ze_o _méoz

v .;30 uo »»gw a:%:om

A 10508} WIOJ SIMST]
oc 6 02 syl :s988041S
Y4 ‘aibue einssaid [puiloN % Z'98 :Aousioyg
dy 9iy'}  :Induj Jamod
dy 2910 :uopduy - ssof Jemod
dy 062’1  4eab wou ndino Jemoy
, :4omod
ql 0've = /M ‘a0104 uonou4
ges glz  exy
A 4" vl jepey
91z 625 ‘legueBuej
WIOAA  JesD) (q1) :sd2104
uwa 0L < Ay P00 [uonou) Jo JusBIe0D
uwny 0ee = °A RyooleA Buipls
uwa ¥S'gL  ead) - paads auy yold

:synsey pandwiod jeuopippy

ul 998°0
Ul GZ1LZ6°0
U 998°0
ui 000t
ul ge6’)
u 980°t
ul 6Z9'L
u SpL0
U 6210
Bap £86'61
u L6
| £6€°0
ul €6€°0

oy \ipw eoe) 1eal eagosys
#J.29°0 ‘UIPm 808} Jeab eAjoeye Xe
004 Ipm eoey seab jeupuoN
Sqg J19)pWelp jeoiy) Jesn)
woum 4 )Bus| 9B} WIOM [RUIWON
M -19joWRIP 1004 WIOAA
Lls .1a)eLueIp apISINo WIOAA
q ‘wnpuspeQ
‘wnpusppy

=9 :e|bue pes

=7 ‘WIOM 8U] JO pea

= Mg Wiom jo youd ey

= 9d -1eaB jo youd Jejnoin

0'c> pue 9'L.< eq pjnoys

M a/ €180 o

o) 0UEISIp JBUR0 BN

u,Q, hoﬁEm_n .._Sa GoO
A ‘opes AoojeA [enoy
My ‘paeds induj lenjoy

5@2 1eeb uo ON ve_:vom

201



2
(=]
~
]

‘M <eqisnpy
a2z = ¥ 4 :peoj jepuebuey pejey

LEL0 €8V0 LSYO = *D 10E) Ao
€€ = SAlenOy  000S< 000E00L 00> h_oo_m> m:_v_w

621V 6120 8IS0 = w5 ojo8) UoROB1I00 OReY
wienoy 9i< 9,002 0209 =%w oammamo

(32
n

4

D 120 feBnjnued
*0 'pebioj 10 1sB9 YD
90LL = °D 3seo pueg

Uge< <— 9¢y.02U0iq J0 BAAL

0001 0zZci

{000l 151

0004
urgz>

wez> uIgZ< uIg>  yg<
[1e08 azuouq !wiom jeeys peuspier] : Anqeing aoeuns

18d 000¥Z = Joydsoyd ‘1sd 000/ L = eseuebusyy :0ZU0IG-SOSSL)S 8/Jemoly
{uipm 908) 1206 oAgoays Buisn) 1sd g£oos  seeb uo ssesns Buipueg
9€8'0 = *)f :10joB} olweuAq
ul mmr.o :youd Jejnosio jeuLioN

G410 0510 S2L'0 00L 0] <
£ ‘10108 W0} SIMB] Lmo@ :o woo.am uSt:cm
(015 74 (174 Syl ;89589438
vg ‘e|Bue ainssaid feulioN 9% 9°Z6 :Aoueroyyy
dy g0 :Induj Jemod
dy ob0'0  :uopous - SSO| Jemod
dy 0060 uesb woy jndino semod
Lomod
q oY = A ‘9010) uoyol4
0. 8. lexy
214 gy lepey
9. 0. ‘eguebuej
WIOM  1esD) (ql) :se2404
WAL 0L < A GEO'O  (UORDLY JO JueLB0D
ulal €ee = *2 Rooiea Buipys
UlwA Z9'SET :1ea9 - paeds auj yolid

:synsoy pandwo jeuonippy

urgee o =°4 Yipim 908 el eAnoey

U Geeo = MQg,.9'0 YIPim 808} Jeal aAjoaye Xe
uippo = %04 UIpm 99e) Jealb jeulwoN

u /99t = 9qg J1ejeWep 180y} Jess)

ul 000’1 = wMgy  yibue} 90B) WLOM [BUILLON

u Jogo =Mg J8jeweIp 100) WIOA
w /990 =Mg :Jajowe|p apIsIno WIOAA
ul 9600 =q ‘wnpuspeq
uegoo =@ :wnpusppy

Bep 000Sy =¥ ‘o|pue peoy
u gL =7 :UWLIOM ey} jo peer]
uzozo =Md ‘uoMm Jo youd lexy
uzoego =9 Jeab jo youd rejnon)

0'€> PuB g'L.< 8q pjnoys
002 = M0/ 1000

u gL =9¢g Lo«oEm_v youd ..mow
€ =¥dA ‘one) AooeA [enjoy
wd) gog s =My :peads ndul fenjoy

Hieay Ewn u_o "ON vo‘._:umm

Zo&



q 0¥8 = M < 0q SNy
= ¥M Ro:maeouca porey

620 8YZ0 Y020 =D sssz_oo_g

200l = SAemoy 000€< 000€-00L 00.> a_oo_m> m:_v__w
S88°0 180 ¢ = Y0 1008} UOKOBLI0D ORBY
OF = Swienpy 9/< 92002 omeo =

wE “oawm hmmc
158D pueg i A

0004956 |

,»0 awao >__mm25coo
0 :pebloj 10 18€0 |IYD
€. = °Hsedpueg

0001 ¢.0l

000}

urgz> uige< uwig> Ulgs  UIgT>  UGe< <— 9(I/.0zu01q Jo 6df)
[reab ezuouq ‘uuiom jeeys pauspuet]] :Ayjiqeing eseuns
1sd 000pZ = Joydsoyd 1sd 000/ L = eseusburRyy :ezuoig-sessel)s 8jqemojly
[uyipw aoe) Jeab aagoaye Buisn] 1sd 689L2 :4e00 uo sseups Bupusg
LL6'0 = ) u0joe) olweuAq
ul omm.o ;_25 JejnoJp [eusloN
S/L'0 0640 SZL'0 00L0| < - S
£ ‘10108 Wio) simen .aoo :c mno.am usb:cm
o€ 6 02 St :sessafs
Yg ‘sibue ainssaid [WION % 0'¥8 :Aousioyy
dy oz6'¢ :ndu) Jamod
dy 0/5°0 :uondLj - 850] I8MO
dy 000'c Jeeb woi ndino Jemod
l1emoy
al 9°LL = /a4 ‘9940) uopou
ove L ey
61C 61T ‘lepey
Ll Ov8  enueBuej
WIOp\  Jeed) (q)) :s02404
ug 0L < Ay 0200 UORDW JO JUBIOYID0D
uiwal 901 = °A AoojeA Buiplis
ufg 18711 Ueeg - pasds aull Yolid
:synsey paindwo) jeuonippy

uzoLe = oMy
u g6’  =Mg

0'€> PUE 9'}.< 3G PINOYS
LT = M gy000
ul 219

=0

u oL =92g
oy =MA
wdi 008t = My

uloso’k =°4 YIpim 90k} Jeall aagoay3
UG0S L =M@.Z00 ‘UIPM ooB) Jeeb aAnoayd XelN
ul 060°'L = 94 P 20e) Jesl [euruoN
uoszZoL =9g Jeelelp 1eoly) jees)

{iBua) 8oL} LWIOM [BUILLION
J9jaLeIp J001 LLIOAA

uwoosz =Mg JejaWieIp opIING WIOAA
ugrLo = ‘wnpuapaq
ul GZLo =e ‘wnpuappy
Bep Ove9 = :9)Bue pes
ueglo = :WIOM 8y} JO peon]
ut €60 = Md ‘UlIoMm Jo youd jepcy
U geeo =924 eab Jo youd Jeno)

ejewelp youd ._wow,
‘ofjes A}00jeA [emoy
‘peeds Jndul lenjoy

‘80UBLSIP JOJUSD [EMOY

:u_mom - Bupeabulom

loq



PROBLEM 10-24 .  COMPARISON OF DESIGNS A and B.
Note: Also includes a revised Design A with
a smaller worm diameter and larger gear face width

Design
Given data: A B A Revised
Diametral pitch: 6 10 6
Threads in worm: 1 2 1
Teeth in gear: 30 60 30
Worm diameter (in): 2.000 1.250 1.750 Design A Rev. - Smaller diameter
Face width - Gear (in): 1.000 0.625 1.130 Design A Rev. - Larger face width
Pressure angle (deg): 14.5 14.5 14.5
Results:
Forces - Gear (Ib):
Tangential: 480 400 480
Radial: 125 106 125
Axial: 58 82 65
Forces - Worm (Ib):
Tangential: 58 82 65
Radial: 125 106 125
Axial: 480 400 480
Lead angle (degrees): 4.76 9.09 5.44 Design B - Higher lead angle
Efficiency (%): 69.1 776 70.68 Design B - Higher efficiency
Power output (hp): . 0.381 0.381 0.381
Power input (hp): 0.552 0.491 0.54 Design B OK for 2:50 hp motor
Gear pitch diameter (in): 5.000 6.000 5.000 Design A smaller
Center distance (in): 3.500 3.625 3.375 Design A smaller
Stress - Wormgear (psi): 9400 21171 8324 Design A - Lower bending stress
Rated load - Durability (ib): 1193 937 1406

Design A - OK for sand cast Manganese Bronze
Design B - OK for sand cast Phosphor bronze
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CHAPTER 11
KEYS, COUPLINGS, AND SEALS
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NOTE: Problems 20-46 call for narrative answers for which the proper information can be
found in the text. Guidance is provided below for sections in which additional information
can be found.

20. Section 11-6 includes discussion of applying set screws to transmit torque. A table of
approximate holding force capacity vs. set screw size is provided.

21. Press fit is described briefly in Section 11-6. More discussion follows in Chapter 13.

22. Section 11-7 describes both rigid and flexible couplings and compares their
performance. Examples of commercially available couplings are shown and described.

23. Section 11-8 contains general information about universal joints.

24. Section 11-9 contains general information about retaining rings and other means of
locating machine elements axially on shafts and in other devices. Included are collars,
shoulders, spacers, and locknuts.

25. to 38. Section 11-10 contains general information about seals.

39. to 46. Section 11-11 contains general information about seal materials, including
elastomers.

40. to 45. A list of 14 elastomers in included in Section 11-11. Following the list of 14,
elastomers, their general performance capabilities are described.

46. The required conditions for shafts on which elastomeric seals operate are discussed
in the last part of Section 11-11. Examples are:

e Steels, hardened to HRC 30 with tolerances of less than £0.005 in (0.13 mm) are
typically used for shafts on which seals operate. The surface must be free of
burrs with a surface finish of 10 to 20 microinches is recommended. Lubrication
is recommended.
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CHAPTER 12
SHAFT DESIGN

GENERAL NOTES CONCERNING SOLUTIONS TO SHAFT DESIGN PROBLEMS

Design values for stress concentrations as given in Section 12-4 are used for the initial
calculations. These values must be checked once final design details are specified for
diameters, fillet radii, and other features.

Estimates are originally used for the size factors used in calculations because they depend on
the shaft sizes that are unknown at the start of a design problem. These values must be
checked once final design decisions have been specified.

The choice of the reliability factor, Cg, is a design decision. Other values may be preferred.

In most cases, the proposed final values for diameters are expected to be safe because trial
values are typically conservative and because final specified diameters are typically made to
the next larger preferred size according to Appendix Table A-2.

Final specifications for diameters where bearings are to be mounted must await the selections
for suitable bearings that can accommodate the radial and thrust loads applied to them. This
process is described in Chapter 14 and the MDESIGN — MOTT software is an excellent tool for
making those decisions. The computed ‘minimum required diameter’ from the shaft design
process should be used as to limit the bearing selection to only feasible sizes.

Shafts with Only Radial Loads Applied to Them:

Problems P1 through P30 relate to one of the Figures P12-1 through P12-17 showing shafts carrying a
variety of combinations of gears, belt sheaves, chain sprockets, and a few other items such as a
flywheel and a propeller-type fan. All of these elements apply only radial loads to the shafts on which
they are mounted.

Problems 1-11 include only forces and torques exerted by gears on shafts. No separate
solutions for these problems are included here.

Problems 12-21 include only forces and torques exerted by belt drives and chain drives on
shafts. No separate solutions are included here.

Problems 22-30 are comprehensive design problems that use the same shaft assemblies
that are used for Problems 1-21. The solutions to these problems include the analyses of
forces and torques and should be used as the solutions for problems 1-21.

The parts of the solutions for torques and forces give discrete, single-answers.

The remaining parts of the comprehensive shaft designs include many design decisions and
multiple solutions are possible. The given solutions should be considered examples only.

There are multiple ways in which the problems P1 through P30 may be assigned. The following table
may help instructors decide how to assign the problems for student solution and may help students
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comprehend how the sets of problems lead to the more general shaft design. Any combination of
problems may be chosen.

Torques and Forces Acting Radial to Shaft Comprehensive
Figure P12-1: P1- Gear B; P14 —Sheave D P22

Figure P12-2: P2 - Gear C; P12 —Sprocket D; P13 — Pulley A P23
Figure P12-3: P3 —Gear B; P15 —Sprocket C; P16 —Sheaves D, E P24
Figure P12-4: P4 —Gear A; P19 —Sprockets C, D P25
Figure P12-5: P5 — Gear D; P20 — Sheave A; P21 — Sprocket £ P26
Figure P12-6: P6 — Gear E; (No separate analysis of Sheave A) P27 (Includes Sheave A)

Figure P12-7: P7 —Gear C; P8 — Gear A P28 (Includes Sheaves D, E)
Figure P12-9: P9 —Gear C; P10 — Gear D; P11 —Gear F P29 (Includes Sheave B)
Figure P12-17: P17 — Sheave C; P18 — Pulley D P30 (Includes Fan A)

Shafts with both Radial and Axial Loads Applied to Them:

Problems P31 to P34 deal with shafts carrying helical gears and wormgears that produce forces
directed axially in addition to radial forces. Solutions are only shown for the comprehensive problems
(12-32 and 12-34) in which the details of the analyses of torques and forces are included.

Torques and Forces Acting Radial and Axial to Shaft Comprehensive
Figure P12-31: P31 — Helical Gear B P32
Figure P12-33: P33 —Wormgear C P34 (Includes Sheave A)

Other Comprehensive Design Problems

Problems 35 to 41 contain a variety of loading situations for which the general solution procedure
must be adapted. Some of the problems involve more than one shaft, considering shafts for mating
gears and multiple reductions.

Figure P12-35: P35 — Double reduction helical drive

Figure P10-8 in Chapter 10: P36 — Bevel gear drive

Figure P12-37: P37 — Bevel gear drive with two chain sprockets

Figure P12-38: P38 — Double reduction spur gear drive; design three shafts.

Figure P12-39: P39 — Drive system consisting of an electric motor, a V-belt drive, a double reduction
spur gear type reducer, and a chain drive.

Figure P12-40: P40 - Shaft with three spur gears
Figure P12-41: P41 — Shaft for windshield wiper mechanism with two levers
x19
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D
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D/Ameresl Dy,,, ; Dn M=0,T=2287c8mn 4 Dy, w207,
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Dz = z.20/m
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[ CHEceew €5 AKT)
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39| P=12.0 Ke, m,, ™ //50 RPrM, FlGure Pi2-39
|
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NET BRIVING FDRCE = Fy= "'Jp/, V-briT
7= &3000lF. )/m = A3000(72) /115 657 a . ORIVE

Fw = éS‘)sty[&ém/J) = 2325L8.
BENOING FolCE =Fp =/S Fov 235218
Fox = Frsm 25°=B52B8)(m 289 = 20208 a—
Fry = Fa gas 35° =452 8 )(caszs?)=285L8 1

FORCES ALT o/ MOTOR SHAFT. DIRETTIONS A3 Visw 5o FRom
EonnD 7/e LEFT EAND OF THE MmOTIR.

FEDvcerR WPIT SHAFT : FORLET SHOWN AS VIEWED Flon

Rigrr exvO FPoR cowswreswey Wit VIEWS OF &EA S)TEm
/N Fl&Evree pja-38.
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7= 62000012) /78> = 786 Lo.rv

FORces AT strenve: Fu =1, /. )= B8 on)vm fo )23, a.
FB= /oS n=252 LB Y5 Fax=2028 =’ Fay<258Lc8

Gex= mora <iser Anscyvssy)

FRosr PRoGLEM 38:
GeM AS Wy, = Y = T8itiny  _ 1ocsg ——
Wy Wep tin = 00 %L8Yom 2= 39928}
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HOR/Es . AANE VERTICAL PLAVE
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e fHe 3;:"" PRIvE
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Snerve
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o
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DESIEN OF SHAFT /) WOuvLl BE ComPLeETSD N A IIAWNVETe SomitAr
TO THAT S/tow &/ IN PRoBeenr 28.

SHAPT 2! SEE PRABLE~t 38 FO K ANALYSIS AD DES/Av (oc.
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72 = 6305"[/2}//2‘9 = 57/7 L

Py == 73 __ STI7L8 1k 2047
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SPeRr Mc =y 'Y, ( = 128 VYo =$a.6Mn3 Te™ 63"“"”/,9." 4,731 L81u
r36




¥
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] bl ‘ -

D,- 0,- B Oy .4 21 Dy,d Dl 0;
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/2% ELONEATION — G000 STHENE TV AND DuCTILITY,
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4 R 20w F*fO” US&E SAEN37 co Sres
) _204mm 20 2o~ | Sa= b26MPa;Sy=5LS M
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CHAPTER 13
TOLERANCES AND FITS

Loose -Rc8 i fore X5 5 Starr Sl o jClemrver s

7.5000 3.7895 0.0070 ro o,0/55
+oY -0,25 +0.25
FREUSH W ~RC2 ! foL€ —p [ SHAFT _, oo 5CL [, oe
0.5v0
Lirmrs @ Hote ﬁ-‘iﬁ- sparr 239 f_ ct 000025
Loose - Rcgt Hove 158 [ swarr 225 a0 (75

ADJUST ToLeRAN £&5 Fok BASIC SHAFT SYSrem —ADD 3.5

£6.3 . _ o . +2.5
Hote 135 ;5 SHART =46 3 CL 399

. o0,63/3 D.6250
Limirs @ Moe . %285 SHAFT 2.e239 CL 0.0035 ro 0,0079

ClosE FIT ~R&IAGLG MOTION —RC S

Woe h2 o spger TlE el R
Limirs s Hoees fgfg—: Sﬁfﬂﬂr-gf;zqz% CL 0.00s6 7o d.0076
Loose —Rpc8: pore T5° 5 pPv _—';'? 5 Ce :i;
Limits s More 7/:—2-‘—5_2':—:,%- Peiw —;-/'—-'zz—gz—'::_ CL 0.0050 r0 0. 0US
Loose ~oc8 : Hoes _1;5:0 5 /""//V__Z;g- | 5 ce :Z_o.s_
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+/2.0 o . +7.0
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L/mirs: HoE Mﬁ- Y 2% fo000 CL 0,0070 100.0/5%
40070 3.996s5 ’ )

240



| PRECISioN Wit WinE TEMPER ATVAE VARIATINS wWouvrD
TYPIcALLY CALL FOR Rc3 or BCY . RC2 PRosAeLy Too TI/GhT FOR
TEMP.CHA# G &, ReS PRoch8LY 700 LoosE Foe REQD PRt/ 0.
RC3 oe ReY NoT AvAiLsceE /N TRABLEB-6.
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A=0;b= 325/ = fé2zsm; c= Y:000/2 = 2,000 14 2 B3 Srec2
USEFnS —penvy rokes £ E=Jsxwipat
Hoce; TR T SHarr! TEY  /NTER reesves: T8
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Il a=<3s/2=L259, . 3 4- Yt/e = om0 sw ] C=

ey +49 Pt
e ‘. 2.4
£z Hae SHEPT e ool
Sreee  ppe S8 . Beonre oo $00Y .S 20,0099

Llﬂ’m Stens %0006 wﬂlﬂﬂ oo Y.a0v0 ° Aay

- , USING Eo> 0806 Psi Ej= 15K #s)
£ = /SIS P .{4’@/3"39 Vo= 0,27 Vi = 6.27
Os= /3428 &0 By) wase Surpace o STesL SLemvs

T ==/ 8¢9 A ‘(54/3’3') OUTER SURFALE of Blopm g Busime

MOTE: APPENOLY 472, Beariwg Bonze #4s 4 ey STE N6Ty
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et ML |
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BASIC SHAFPT
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8.5

ToLEPANCE D/AGRAMS FoR PRoBrLemS |-8.
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ESSES FOR FORCE FITS

Problem identification: Problem jA
Refer to Figure 13-6 for geometry
Numerical values in ff2fics must
Input Data: jbe inserted for each problem
Inside raqgius of inner member= a= 0.0000 in
Qutside radius of inner memeber= b= 1.5000 in
Outside radius of outer memeber= ¢ <= 2.5000 in
Total interference= J = 0.0072 in
Modulus of outer member= Eo = 1.00E+07 psi Atv2iNvF
Modulus of inner member= E: = 3.00E+07 psi <72l
Poisson's ratio for outer member= 10 = 0.33
Poisson's ratio for inner member= w1 = 0.27
Computed resuits:
Pressure at Mating Surface: _p= __ 889¥ psi __Using Equation (13-3)
Tensile Stress in the Outer Member: co= 18qo/ psi  Using Equation (13-4)
Compressive Stress in the Inner Member: o1= - 889 psi  Using Equation (13-5)
Increase in Diameter of Outer Member: JSo= 6. Ov¢sY in Using Equation (13-6)
Decrease in Diameter of Inner Member: J51= ©.000 65 in Using Equation (13-7)

EVMVATE FNS Fr177 FOU }MHAxre10s 18 TER Fertaw e .
HOoLE TOLERANT & + 0,007 B

SHACT ! + D072 /NIERFENENtE ! 0.00Y2
| B +0.0080 o0.0072
MAX. W ERFERENCE = 0,072 - O = O. 0078 SANRLES 7 Hore

LARGEST SHAET

TEANSI64)

Assumilec w5 ADO/TIoNAC Lo ADS AVD <TANC BN O 7oA/,

LET N=2. Re0'0D 5y=2(/8%| o5;3= 37800ps/

SPECIEY AnvY Atusinvm Act oy WITHS v 2 37 8en 5/
EXAAHPLES 5

Srress s Atva snoem = 18 900 &7

2014 -19,5y= 42Kks; o0& bo6/-TE Sy~¥0Ks/

ANYSTEEL Fer Rop wono c& SATIS FACTOLY; FPRoviDed

Sy7 Al 88% ¢sid= J7 788
A CARBoN o ALLoY Sreer WITH Sy 7 /B 000Ps/

Flom avl 3. exameres Alss (826 HR sy = 30 ks
Atst (6Y0 R, Sy » Y1 KS§

A43
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CHAPTER 14
ROLLING CONTACT BEARINGS

™~

2

2 3.0 .
€Y =
e Co)=2.76 20 sy,

e \&
EQ =27 La:(—-> CL0%) =

Ly= CZo 000 ﬁy(B&!lfﬂt)Céomd/AA) 2 /.0¢ Aot »(5-'#

EQ, u=3: C= fé(‘a//o") = /250 (J.oban //at) =/2 745ce
EQ. j4-2 (&) La= (p)c/a") )C/o‘) 2,97x/6° ey,
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c= ﬂ,(u//,j 17950 (fooyxroY s j =/v667c€

FRem Frauee [2-72: —
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PATa OF EBX, V8. |2-2 : FRom F/6, /2-/6
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Brg, 62/a Has c=/h479 L8, BoRe = 23672 2 5Co ™ 7307 ¢a&
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CHAPTER 16
PLAIN SURFACE BEARINGS

All of the problems in this chapter are design problems with
no unique solutions. A sample of each type of design problem is
shown here.
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HYDRoSTATIC LUBPICATION — METPIC DATA
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CHAPTER 17
LINEAR MOTION ELEMENTS
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CHAPTER 18
SPRINGS

A= 2 7AL =/ 2'0/(275‘-/.;5) =/3.3 1777

A? _F_;__.‘:_O_. . -y = Fo A :L,,‘f—.f'_ /Z,f %éfw
s Lf A s &5 = f1LST =L .
Le—te 2 /.P.a%”———/”
A F-KR . 1 - -
= 7o ¢ RrAl-tdth - 76,7(0.8% 0,628 +32.2=242.8 Li>FR

Lg= Lo+ Vhs 0830+ 3Y26.7= )25 m =L

k= Sa~ ”‘“/ 2.5 =37 ) m ™ 3.6 N/ omm

) &Y. SN -
Lo = Ly + F‘/_é a 39 Y72 mm+ A77 /V/mﬂ\ Z76.2Y smm

Fo= Alt-lc) +F/=8.95(294 ~209)+ BYN = 205, 4 W = F=
Les Lo + Fs 299+ "Shas = Y9 mm =24

IO= 00 -20n> 4/00 =2(0.685)=0.93 yy =IO
Dam= 00 ~Dw= )/00-0,085= [0S N = Oom

C= Pofp> A0IS/, 005 = /9% =C

Le=> NDuw 5 N=Lsfp., = OSB3/ p085 = é.6 cong

Pom = 00 D » 0,580 <0057 = 0,5y O = "))y =% _=4y9=C
ls =.fa/V¢, +F2Dmr * NMa=/V-2 =/9~2=/7hcTIve Cores

= Ly =2 D /] -2 ] -
£ &/V.. . Y2 (aose)_a‘zy/maﬁ/

/7
a= 7‘_‘ -ﬁ-)_._ = -7—’3'31—-):8. =
> (Fom Tom 7 0.500) 7 b sGrre=s A

Ls = NOnr= /(00051 =/e/2 10.=Ls
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9 £.G D, fl-u—3 19) (/185X 8)(0,059)
Frro 7-6 ! F= 21w . d - =/0,25 L8 =F
R R e N = @cown 17)
EQ.2y: T= 8kRS _ 80/12)ye.25X 2.Y%) _ 79500 #S/ = 7%
Towt T r(o.0s9)*
Ke 1S L 0.815 L YEHN T 0.45 . 40
et TS Yewnv | €49

FRom Flauae 18-9 2 MUsiclres: T;=/32000f5! FOR AVE. Service —-OK.

10| Ls/pm= 4220505 By2:Fam Fs I?-ls',CuzksA,é/) =0./8
(:g‘) 2 0.8l = O/E(Y22) = 0. 76 /H7

Acrvat = 422 -300 = L22 W Z0.26un ~Broutmns SHvLD occur,

/.| @@.9-3) ;
(OD) Z \[ 19- D-cv = Y}a) o,zyl-@osyz;w_“ﬂ/”

12.|  Fz=All-Ls)= é’.‘/o(‘/, -/i2)= 26,0518

= = 22 =
Flom FR08.9 [ A= 4,-4, = —%—j:“‘-; 8.50 L8/,

7% 7o % F%e a 79500 PS] x zé”""//‘, 2¢ = /8230085, 720 z‘//e'::f)
FRom FiG |99 , LIGHT SE-UCE ; To m /97 000 FST = ALPMK. 5y

]

Notes concerning Problems 13 - 35: Most of these
problems are design problems. No single unique solutions exist.
Sample solutions are shown.

Problems 13 through 24 are compression springs. Problem 13
is done by both methods 1 and 2 as outlined in the text. Others

are done by one or the other method. 1In some problems only
summary results are shown.

Problems 25 through 31 are extension springs. Problem 25
is worked out in detail. Problems 26 through 30 were designed
with the aid of a computer program using the same procedure.
Only summary results are shown. Problem 31 is the stress
analysis of the ends of the sprn.ng.

Problems 32 through 35 are torsion springs. In each case,
the design of each end is required. It was assumed that ends

would be straight with lengths L; and L, as shown. The effects

of the ends on the spring rate were then included in the
analysis.
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/3

AMeTHoo 1 Fo=220 L8y F{ = /80 L8 ; AR =220-/80 TY0L&, AL= 0,50/,

SrEP/ ASTM A229 5 Savees Sazu/cs}6=//,zx/p‘ps;

Srews 2-s=LeT Li= 3o 5 Om= 3.00 . (ae:m;u Detssrons)

=’A/=/A4. = Y18/0.50,m= S0/ /N
L = L +Fi/ /K = 300+ /%0 /g0 = Si2S N
Lo = Ly — AL = 2,00 ~0.50= 250
S = Leg—lo=S25-250= 275w
Srep 6 — /}S.fu»v: Ta = §0 000 Ps/
sree 7 = /t@ %
f[.? 06X R ) D,..Q] { 206 (220)(2.00) | "= 0,293
&0 aco
Srer 8§ -SsLetr D,..,a 0:3085mm 0.5, GAGE O.3Ty= 78k} Toypy »/087S/
STEP 9= C=Dm/pur= 200/0.30bs= 9:793K= L/ (F16 I8-14) [}

Srsr/0-
7o = BKF Dm o TSN 220)200) - §7 /2605 o<

7 Da? mlo3oés)y “

_ G (//:l-%”‘)(a,yacrl =
S76P/) —Na. = 5 o © &(C80)(7.79)3

Srersa— Ls = DurlNe+2)=0.306s(5.72+2)= 235w
Fe =k l(ls =)= 80 (S25-236s) 23/ La
Ts = T5(R/r)= €7/2¢(*/2n) =2 Y20Ps) o2& —

3¢ 72 Cores

STeP /3 = Do = Du +Der=32.00 +0,.3045 =7, 306510
D= Oy =~ D= 3:00-0,3065 = 2.4 7% .
SummAry t Du,= O.306Sm e = S25m 5 L= 2.50m5 Dm=3 000w

/3

METHID 2 PROCESS S1ARIS Shne AS AETH0D L WirHwWT D,

5'73771‘@'0 /8-10) D.«r=,’2/5’h'yﬁ‘ = YR1¥(220) /20000 <0243 1
S72P 3 = TRY Oluw= 0.24625 /m V.S.GAE2, T3+ 2 000 £S5/
srse 4 - (€9/3-11)

Wa, = (o ~20n)/du=1258 -2(0,2029)/ 02625 = 25 cwes
X 4 - VSEMa =60

. _@r_] Uirxnd)/s2425] 2
STEP & éb/?-/z) c{u_ﬂ osoyen  J 215 srees

K= Mt (Fr6. 7-r2)

(""M'V) s’\/«: A .?.s% Up) (9.2 _ 56262 /5i ] &Hz._.
RGPEAT FRom ST=@ 3 s TRy D..,,-O.ZB?O/N UV.3.644& 1,Ta= 7oces:
@od'nuv;t) -Alb‘xrfm.se) Thac = /0% coorsi

Aeq



S

@u Tnvep ) STepY - Na, 0o [Zso—uo. zazoﬂ/,,zzzo =483

é 73 USeE Ny =6Lois
< _[(/l.fzxm ){0.2838) ] = 938 - k= S ey =
T=FP 6 ~ C= 8(30)(6.0) ] ,38,K~A/£‘

oFerane e SV 14N 938Y(720) = 7SI70PS 0k
STRESS ‘- @, 2830)%

— Souip LENETH £ STRESS AT Soww LEVsTH
Le= Dur(Nat+l) = 0.2830( 6.01t2) = 2.26%w
Fsah(le-Ls)=@Borspm)(525-220)m = 2398

STRES AT e o 7«06‘3/‘.) a 7:770(&39/21‘,): 82272, ok

S0 10 HEVGHT

Fvac - Dm= D= 9.38C0,2830) 2. oS5 /.
GeoseTRy Do= Dot Dar = 2,655 +0,2836 = 2.938 2

/Y.

Di = Da~Dar= 2.657 -0,2830 =2.372,#

Ce= (Lo-ty)/Wat 250 —224)/¢0=0.0392m> 22
oK

SummAty: Dar= 0.2830 My L= S:25 M) LL=>Z50M. \ D= 2.455 0.

METHD 2 Lo=/2Sin 5 Fo = 220285 Li =3.00/85 Fi=50e8
AST AY0l; SEVsRE SERVICE ; 3% /25 &S/
F—F 22.0 -S.D - = le =) . = _

'éal‘(_’“ = 3.00_/'7r=/314w//ﬂ-£ ;O-L; Lo=3.368 /,7.5'
S50/ = S = Lb/3m

Ai: Li+ E"A_: 3.00 4 ‘/,3"“ 3.368~ I
2D, =&Y (R) /75 TYRMY¥(22)/ 125000 = D.06/10.

TRY Jb6a.; D= 20,0625 /1 ~=Taq S/30KS 5 Tipy™ /8@ &S/

Na, = Lo-2 0»)/0,, = [/, 75-2¢0. uz:))/,,.u:.: =28 TRY Ma=20

| &8 _[Ur2xnXoo0s29]% _
€ ’[:’A W | T g3 600 2o =68s—=k=l2z5
7-°= 2.5v6 K C Fg - Z.Iyé(z,zzr)(é.?fzcéz.o)t /20 32J-f5/' ok

D™ = (0.0ez5)*
Ls = Du~(Nat2)= 00625 (22)= /3)Sw.
Fs=A(CLs-L)=/3.6(3.366-/3725)= 27./¢c¢ _
75 7"-(':%-0 = 120 sz5es/ (T Voan) 2028297 rs) 0k
Da= Qpur= 6-285(0n0¢25) =0 Y280 . =D
Do = Dant D = 0997500 2 D = D = D13 b4
ce= Ly -L)Wa=Ur5-1395Y 20 =20 Loy s
Bockungs S /pa= 3280 28 » 0.87 2( %40 \ou= O24(Fré 19-15)
(FYe= 0.2 Li = 0,20 (3 3¢8) = 0.2, 2 ACTum §o ), -l Buckls
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1%

(Co”ﬂﬂvcﬂ) AFTER SEYERAL /TERATIONS T H/S DES/ga) WAS
Peooucen wHicH wite NoT BUtkLes.

Dur 20,0721 ; Ta = /29 Tmar=/85ks/

Napue=22.3 5 Vs Va2 ;C2E.852; D= 0,672 1.

7% = /08200 p5) 3 Ls®/i008 .5 Fy 3 32,/ L85 T5= /52.9/ks/
ce = 0.062.m (Goco) & Buekeng - L5/, = 579 ;(“‘/u,)m=453
($0)cn= 05318 = /. 798.m ; AcTuae Fo=/ 62 /1 2%

/S -

METHIO 2 L= L 25sa; R =/Y0cl;Li=Coom;Fi=/soa

ASTM A373 ,TYPE For , Avs. Sekvices ;75 v /004

A: ./_‘!.ﬂ';—. =/76.87L8/, > L“""*Q—-‘ZOO* /s
200-/.25 / ) e 2O sm.

D= 120L9( 5)/7;, 2 )20 9¢/5.0)/ 700 500 = 0,055/,
TRy /6GA.3 Dur= p.0625mw 5 Ty = /IS kSIS TR = 1288/
N, = llo ~204) fOu~Lli25-2€0629] 06252 /8,0 =is& sy =/6

) %
(G L /3,, lZ/t 208)( . 625) | = 4.6 THE K{23
¢ glhInw] (806493 (1¢) ] e 4

7% = 2.5%6 (£.23X5.8¥)X /40D = 7Y SYops, ok
Co 62+
Lg= D”[/Vl-'fl) = ﬂﬁdélf(/?) = /,/Z.S'/,a,
L2 4(ls ~Ls) = 16.82(2.09~ 4125) = /6,098
7% = 73 (/) 795v0 (*"Ys) =85650 p5i ok
Dom ZC Da=> £,8570,0625) = O, 5/5
Ls /D= 2,09/ 517 = S0 Ao Buskesws

ce = (e -t ) e, =l 25 - V2506 = 0.008:m > Oty g
Do = Dt Dar =0, 7/3‘7‘,06Lf= O ¥ XN

Ol ~ Do ~Dav = 2:9/85 ~0.06253 4.353 /4.
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MeTrop 2: L, =400/, F,=250L8, L ; =/0.s0/K P = bOLB

ASTM R23/0 T3=F0Ks/ Fop Severe SERVICE

FooFl  20-60_ _ 79 73 tor -
ST T = aerdon s S Ly=/0.5D% =
£ li-Lo = 70.54~-9.00 Sw $ Ly = /0.5D ;{?,z.u . /2 Sl

O =24 BT <Yf20.Y(250)/F0000 = O-L4Y .
TRIACS WITH GLAGES 2 AND | FAILED <7, TV lt/&H
FOR Dav=0306S10 ( ©6A6E), Ta =F00006%}, Tarc=/30 ks/

/VG'MX :(Lo '2-70” /pw = [?00 ’26793 06ﬁ%}0‘r‘= //.Of} 7Y Na=/O
_ [ 072 [7.2x089(0.30659] 2 . -
O = G [ 3tzaz0i0)  J W37, THew K=/125

S s (2596 1.125X V3D 250) ,
7is Lt buoes) = - JeENG/ &

Ls>DalWert)= 03065)(/2) = 3.6 78 00
Fe= blle=Le)=(29.22)(r2.55-2.6478)= 256
Te=Te Ba = @G en0) 299 = 9090857 < Tine 0%
D= C D= (If37)(03065) = 298574

Ls/pe= 143 e = 360 Ko BuckisNé

cc= (o-tsl)y, =(400~3.618)), = 0.032 10> Ptpp 0

17

Menpo 2 R/tocs] Li=0.68.m ) Fi =0, L4 = Ly o 25w 2 Ao = — =/2.0%c8;,

. hFS-. 88

Musse wiae jAv, Serv. ) Ty = /20 kS Ty 2/ISKs)
D= )/Z/.‘/ll‘/)//z—o 0 = 0,050nUSE D= 0. 0SS, 2EGATG e o 1o pes

’V“'nax 2 (- 20.....)//).., -[ﬂ. lr-zz,oml/a.osr—‘ &9 cons

P

Ca [/,rfxxo‘)(ﬂ.aﬁ)] f.? 9,;0_.,«_./‘/‘%‘5-”‘ &o
§(/3.%8)(2.0)

7, = 2:.5¥6 1080 9.20) () = 257 25D PS5/ Ok

Gos=

Le = D (Nat2) = 0SS0 = OS50

Fi = A2(Ls-L)= /308005 -0.55) =/5- 7018

o= 7 Fn) = 725750 (5 Y0y, ) = 197 000 PSS pae

Dam = COw = 9.20(4.6.3':') = 0,806

Ls/pm = 025,504 = 3.6 o Bucecsns

ce = 0-62-0.55)/8= 0. 06w > P b

De =0+ Dun-= OoSE 1.

D =Dm—=Dar =0.557/4.
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19.

00
A= T =5,

Menwn 2 Ls=27955 $,=2/.75m) Le=ls ~ 6o loomn [ Fa=>&idom.

AsTm A3/3 ,TY/PE 3/6 L AVE. Sea. J TS = Fo kS/
Dur= [ 2LY (8.0)/F0 600 = D.0FY s —=SELDav = 0:0YTSsn S RGAGE
73 = 0.85(/22£581) = JOY &5/ ] Tm=0.85 (/25D > /ISuS) |
Na,, o=Co-200)/0u= [)o0=20004755) /0915 = [, 05 =vsepaz/7
¥/
C= [ Gooret)do ot 23] /3‘ 9y —=p= 116
e( %.s7)(r7)

73 s 2L 1)(9.1X8:0) . o csmpps) ok
(00¥75) * -
Ls= 0.0975( /7+2)= 0.9025 7 1 Fz=459c8/a (275 —,9025) = F e
75~ 75(B/)= 95700 (% %00)= Js 050 #5; ok
" ZC D = ¥ OIS 20,35 . 5 ), = BB > & 33 (M6H)

(*/1_;):‘: 031 5 (Sdee= 0320275 = 0,82} %o, =075>0.68
(w/u Butkcs)

SAme As /9 &xceeT Dew =0.625 .5 ~UsepsTIt00 |

L7 Dm= 0250, 75 = /0063 %
Do = | 208CR)(C Dml] 3 (2068000 7:{7 = 0,057 —a USE Doar= 00425 4.
Ty L /00 soo

Ta®0.85( /1shsi) = §7-8Ks] 37%, = 0.845(/28) =655/
C= Dam/pa = 0.725/0.0¢25 = /2.8 —=A'=//2
To= 25¥ELL422)(/2,0)(R.0) = 70 /06 PS/ &
(0.0625)*
Noz G Ou _ [76218°)(0.9625) = 9.8 cores
grc’  glas1)(i2)°
Ls > Dar(Wa+2) = 0.0625(01.6)=0.79Tom
Fs=4lls-ls)=957225-0.89)= 9,58
Ts= 70 (F‘/F.) = 20 /oo [q'”/m)r 0 Yoo rs/ Q&
I—G/DA = 2.7% = 3.827 ok No Bueeling

0. 75

ce = Lo=L3) Y = (oo ‘0'7"3%.87 =9,026m F400
Dy = Dot Do = 075 70,0¢20> 0.8)25.ur.
p4"0,{-\—0«r: 25 —0.0825 r0-6375'/ﬂ‘>0£ap ok
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2.

SAMB AS |7 EXCHT Pupes=0.75mwm. METHip r
Lé‘r DM.QOréZJ‘/WJ d"" /201251

7;
Dur= [?,a:z(:‘g;XOAUJ 3- 0:06¢ iv. —=p36 La= 0.663 15 7_7? -//?;;:Zsj y
C=O0mjp..= 2.8025/.063 = 9.92 —=tr=//5
7o = ZSYELLLS)(I.92X7%.0) = /o2 570 P57 =23
(©.063)*
Na= f1.35300( 0,063) = 7.3/ cares s Lem 0.063(2.3/72) = 0. 555 1w
gr3.00)( 7.9)>

Fs= bll~Ls)> /3,080 75-0.586)> /52282 75= T 7
Ls /p,,_a A?S/. €2y = 2,80 & Ars Bulkiins

cc = (0.68 -0.558) 2.3/ = p.o13.m> O ss
Do = 0,62570.063 0. 688

. 2
CLERCAVCE WiITH More> 0,05 -0, 685 = 0L 06 2 L >,

= LS00 PS) o4

MeHog 2. L=3.05w;, Fa> 53 [;i=3vm; Fri2ze (8

Je-= Hs-z2 o S7./¢8/m  Lemli 4 Fd 3.50# 5., ™ 3,93~
32.50 3,05 J . /‘_3 2%/

Du-= YZ/.V(?S)/qa @0 T 0103 . == SE D™ 0./0S5 .

/45' TH A23] L Ty w [0FKRS/ S Ta = ISTks) [ Savees Séevies
Nayy, <C zom)/o«, = [3.05-2_(0. /aSS‘))/d/o.r: 24,9 Cors—=USE Ni= /8
[ G D [/Lxm‘)_’o,/a:s)

V) —-

TR N. 2(.9,/)( /¢) I ahtand

> JIVLL 2PN SN (45) - 5 geves) <72 ou
(0.7055)* T

Le» Du(MutrL)20.00855(C20)= 2.2/ T Fe 387,40 284, (393 -2.1/) = 93.0 ¢8

7"': =75 (%//:,)= 7/ 950 é’%,_o): IVE008S) <Vong, Ok
= Cluv = SV 0./055)= 0.57¥ s

L‘*/O.-.’ 3’?3/0457‘/ = 6.8 2 f/) =027

(‘?o)mro 272(393)= /-06/ 4. ‘

(Q)Mr = L(- -La=3-?3 —3.05 = 0,55 »y <(‘C.‘)C‘ Q£ A0 Breetavs
Ce = @eoS—Z/Q//‘? =J.452 v > %"_ o0&

Dy= Dm - Drer = 0,630/4,
D(‘ = Pa~Du = 0.Y62 4.

Ae4



COMPRESS sont SPRING ¢ METHOD 1

ASTm A227 STEEL Wies ; G- = /L.SXI048) [TA6e 15-4)
STResS&r FRomw F7&. |8-8,

Li=2,5Dsm ,Fi=200L8, Lo=2./0sm, Fp=2SLE8.
INSTNL SFUNG AR NO /. 5D s# D/A, SHAFT.
SPR/”‘ .S-CﬁLE' ’Aé = F. —FA - 35-20 3370 fL%”
L4-Lo 2.2-2./0

Feer Lewvsm = Le=Ld + E’/t_—. 2501 DL, _=32023m.

TRY Den= /7SN 5 Danry = Om =Dy = £IS/5D =0.25un.
Severne SERvieEs: T = 8500085/

- T[-?,as)( A D,,..)]’f [( L06)(25)(1. 75 _/] " 1300

Ta 85 ooo
TRY UV.S.WIRE G0 1 Dur=0./4 83w

7:, =87 000 &/ (Sevarasear.) ; Tipn = 1/6 000 Fsi (LT 5.

= Or = 775/ sy = W80, K=1725 (F16,/3-H)

7v, 8;0 lz - éa;?fjfjg‘/)'ir)_—.j'gaooﬁl ok

Na‘ = & Do = 6}ch/0‘)(0 /9!3) 2.9SCo /s
8.4 C3 8 (32.5K4.€0)3

Ls =D (Na¥2) 0.7483)(3 5c32) = 0,809 /w.
Fs=al(ls~Ls)=(G7.)(2.033-0.509)=32.¥ 12

Ts =7, F‘/p‘, = é‘..?é’aofk/) /‘9‘?'"/;5-)-’ /128 200257 700 HiéH

TRY Dur= 0./62 /5~ EBEAVAE : TS5 =86 0005/ o Timac=/15000 A7
SUmMARY OF Resuers

C=/0,50; K=/1/3

To=7/9S5rs/ o0&

No=7.93cores 5 Ls=/s22im[ F=01 708
Ts = 849085/ ok

ID=Dam~Du =/ 95=0./62= /5888 0K
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CoMPeESS/ON SPRING: METHoO Z / METRIC

AsTrm ARAT STesL WIRE ! G = 79.36 0 = 79.3 X0>MPo. (A0 (8Y)
Lk T O amm | FA=FN ), Lo = S50ama, Fos /ISSN

La-Ls ~ 40-5D S A e
Ls=Ld 1Ffp= 60mm+ 705y, = TB.95m
SPRING INSTALLEY ON 38t DIA.SAAFT ! TRY Diw=YShorn
SeVere Service: T = SSombe (0P, A197)

T3 55D J

TRY Der=2 8omm (6ce/s-2) 5 T =oomPu Tipy= 800178

C= 0“0...,= "/%,30 =//.9/; K=L725 @/6—. 18-4)

77 = S K Fo D = B (/.72 4SS #5-) = JY 0l O£
TFD Wl T (3.80)3 T

= G lw _ F1203(3.00) _
Ve EACS - Blasdireyy T 70

Ls = Dl Wer2) A3.80)(2.9972) =20.86 s rn
Fe=k(le~Ls) =(& SA o) (385 = 20.88) e = 299 4/

- Fs
7e =T Th = 36smpe -?s—‘;—’:):: BY 9 MPa Buwr stianny nish)

ID=Dm-Dur= Y5 -280= 4/.2 ram ok
COMPRESS /oM SPRING ! ANALYSIS ¢ AsTmA224, G =)/ 2 x0°A}

/7 Ga, ! Dar= 0.6SV/N.; 7;:—'\/05&(55‘/57{5))'7::/23@(,4ys)/'
OD= 0.53//0 . Dau= 0DDar= 0.53/=0.45Y = 0.Y77 sron

= D
< = /0«#: 0.777/‘,057 = 8.63 ;e“' /'/7_; N=Do C'dl(—fl' NMaw o222 520
Fol Fo = /D.0L8 "

To= 8K Fo C_ 8C/r)/0)(843) _ g5 70 -

T3=// Lr)

T O™ 7T (0.0SY) 3 AOL50/:, OK Fok Sercae SERV.
£, = EBXCHNYD _ 68X /) 2831 5-0) - A
& Da dr.2 x00¢)(0.05% )

Lo=Le ~fo= 12Sw —0.9% = 0.79%n ) L5 =Dt at)=0.65%(7)= 0.378, 1.
el e Trar woomin 278
Fe=4 (Le-Le) 28193 )/ 25-0359) = 12./2 0.
Ts= 7o B =6r20ss) 22 e = 102600051 720 jgn
BIT Thpy = Ty FoR LISHT SECUCE = Ve ALY /
471




EXTEN S0 SPRING R =2.75¢8, b= 273 Li=22Cm, £i = S;25L8

I STHLAFD
Ds £ 306N 5 MUSICWIRE ,SEVERE SERVICE, ”

LET Dm= 0-23'0”/ L X/28 000FS/

Lk F, 8¢/ 0)(7.77)( 0.250) é
Bur = [_;_“7‘;—&:} 77C/20 000) 90367
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CHAPTER 21
ELECTRIC MOTORS AND CONTROLS

Questions 1 - 8: See Sections 2 -2 and 2/-3.

9.

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

Standard frequency for AC power in the U.S. is 60 hertz.
Standard frequency for AC power in Eurbpe‘is 50 hertz.
Single phase AC power at 115 and 230 volts.

Two conductors plus a ground wire.

480V, three phase is preferred because the current would be
lower and the size of the motor would be smaller.

Synchronous speed is the speed at which an AC motor tends
to run at zero load. ns = 120(f)/p, where f is the
frequency of the power and p is the number of poles in the

-motor.

Full-load speed is the speed of the motor when it is
delivering its rated torque.

In U.S.: ne= 120(f)/p = 120(60) /4 = 1800 rpm
In France: ns = 120(f)/p = 120(50)/4 = 1500 rpm

2-pole motor. Zero-load speed approximately 3600 rpm.
ns = 120(f) /p = 120(400) /4 = 12000 rpm

Two speed motor; 1725 rpm and 1140 rpm

Variable frequency control

21,22,24 - See Section 2/-8.

23.

25.

26.

27.

28.

National Electrical Manufacturers Association

TEFC - Totally enclosed - fan-cooled. See Section 2/ -8.
TENV - Totally enclosed - non-ventilated. Section 2/-8.
NEMA Design 9 - Hazardous locatioms. Flour can explode.

TENV because motor may get bathed in water during cleaning
and to protect food from contaminants from the motor.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Locked rotor torque is the torque that a motor can exert
when the rotor is at rest. Also called starting torque.

A poorer speed regulation means that the motor would slow
down more when subjected to an increase in torque.

Breakdown torque is the maximum torqgue a motor can develop
during the increase in speed after start or the torque at

which a motor would be stalled if the torque is increased

after it is running.

Split-phase; capacitor-start; permanent-split capacitor;
shaded pole.

a) Single phase, split-phase AC motor because of the
moderate starting torque and the change of torque when the
switch cuts out the starting winding.

b) From Table M -2, full-load speed = 1140 rpm

T = 63000(P)/n 63000(.75) /1140 = 41.4 1b-in
C) Starting torque 150%(F.L. torgque)

Te = 1.5(41.4) 62.2 lb-in (approximate)
d) Breakdown = 350% (F.L. torgque)

T, = 3.5(41.4) 145 1b-in (approximate)

—

2-pole; 1.50 kW rated power.

b) From Table Al-2, full-load speed = 3450 rpm
n = (3450 rev/min) (27 rad/rev) (1 min/60 s) = 361 rad/s
T = P/n = (1.5x103 N-m/s)/ (361 rad/s) = 4.15 N-m

Cc) Starting torque = 1.5(4.15 N-m) = 6.23 N-m

d) Breakdown torque = 3.5(4.15 N-m) = 14.5 N-m

Fan requires about 18 1lb-in of torque at 1725 rpm; low

starting torque; assume fan cools motor. Recommend 4-pole:
single phase permanent split capacitor AC motor.

Power = Tn/63000 = (18) (1725)/63000 = 0.49 hp (use 1/2 hp)

Full load torque about 0.5 N-m at 3450 rpm; high starting
torque (about 2.8xF.L.T.) due to starting compressor
against high pressure in the system. Recommend capacitor
start, single phase, 2-pole, AC motor.

n = (3450 rev/min) (27 rad/rev) (1 min/60 s) = 361 rad/s

P =Tn= (0.5 N-m) (361 rad/s) = 181 N-m/s = 181 watts

Speed is adjusted by varying-the resistance in the rotor
circuit through an external resistance control.

F.L. speed = synchronous speed = 720 rpm. (Table 2 -2)
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40.

41.

42.

43.

44.

45.

46.

47 .

Pull-out torgque is the torque that would disengage the
motor from its synchronous speed and cause it to stop.

Universal motors are very small and light weight for a
given power rating. Some vacuums, appliances, and hand
tools utilize the high speed of rotation effectively.

A universal motor can operate on DC or almost any frequency
of AC voltage when operating near its full-load point.

Batteries, generators, rectified AC, AVORse¢n Furl CeLL s,
See Table 2{-7.

SCR - Silicon controlled rectifier. Used to produce DC
power from AC.

SCR controls do not produce pure DC power; it has some

"variation, called ripple, due to the AC input. A low-

ripple control would produce a nearly true DC power.

Could use a 90V DC motor powered from a NEMA Type K SCR
power supply to convert 115 V AC to 90V DC power.

48-50. See Section 2 -11.

51.

52.

53,
54.

55.

The motor would speed up without limit and may fail
catastrophically.

Speed is proportional to torque. T2 = T1 (ni/nz)
T2 = (15.0 N-m) (3000/2200) = 20.5 N-m

56-61. See Sections /-9, 2(-11, and 2/-12.

NEMA Size 2 motor starter for 10 hp, 220V AC, 3-phase.

NEMA Size 1 motor starter for 1.0 kW, 110V AC, single
phase.

1921



CHAPTER 22
MOTION CONTROL: CLUTCHES AND BRAKES
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