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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
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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 fo the
software:

o 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.

¢ 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.

1t 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:

o 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 @ 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 Caiculations Column Analysis

Statically determinate beams Column Design

Statically indeterminate beamns Ball and Roller Bearings

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

Helical Torsion Springs Combined Stresses/Mohr’s Circle

ISO Fit System
Parallel Keys

V-belts

Synchronous Belts
Roller Chains
Shafts-U.S. Standards



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 idenfifies 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

¢. 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 .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 smatiler 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 oz, 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.

¢. 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. It 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 results.

[ 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 resuits 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-Belis, 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 multiple 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 puliey 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, f;, 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 />’
(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’ (f2).

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, §, 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, V, and the pV value, and the design value of pV
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(23calculated p¥). It then searches a modest table of possible matertals similar to that shown in
Table 16-1 of the text for one that has a rated p¥ 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, D,q,’. 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:

s |t is recommended that you maintain the given spreadsheets as they initially appear on the
disk, considering them to be master copies.

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

e« For Instance, the original program calfed Column Analysis should be considered the
master. Use “Save as” and call it, for exampie, Column Analysis — Working. Then use that
version for general problem soiving.

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.8. 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 8-4. Note that a short macro program in Visual Basic is used to
decide whether the column is long (Euler) or short (J. B. Johnson) and to complete the calculation of the
critical buckling load. Be sure that your Excel program enables macros.

Column Analysis SI: Chapter 6. Same as Column Analysis: except Sl units are used. The solution to
Example Problem 6-2 is 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 8-11. 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 8. Secticn 6-12. Computes the required yield strength of the
material and the resulting maximum deflection of the middle of a column that is loaded eccenfrically. 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 Probiem 7-4 are shown in the master spreadsheet.

Gear Geometry: Chapter 8. Computes the geometric features of spur and hefical 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 Tabie 8-8 in Section 8-7 and lustrated in Exampile Problem 8-3. Two identical programs
are shown side-by-side. One shows the results of Exampie Problem 8-3 and the other can be used to
solve any given probiem.

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 iliustrated
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 number of gear teeth. The program identifies the combination of numbers of
teeth that produces the minimum differential between the desired ratio and the actual ratio. The
spreadsheet was used to compiete Problems 62-85 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 fo complete Problems 1-6 at the end of Chapter 9. The resuits 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,
inciuding 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 Exampie Problem 9-4 are shown in the given spreadsheet as iliustrated 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 8-11 and 9-12. The user can then specify suitable materials and list them at the bottom of the
spreadsheet.

Geometry Factor-l-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, ¢.



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 Exampie 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 8-12 and Table $-5. The spreadsheet inciudes the computation of the
required bending siress number, s, and contact stress number, s.c, based on user-entered hardness
(HB) for through-hardened Grade 1 steet 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 9-7.

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 tha soiutions to
Probiems 1-11 at the end of Chapter 10.

Hellcal 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 allowabie 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 reguired bending stress number, sq, and contact stress
number, s.c, 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 10-8.

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 Probiems 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 acceptabie 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,
maodifying 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 anailyzed has a retaining ring instailed, 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 18. 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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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-straln curve exhibits a horizontal slope.

Yleld 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 proporticnal 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 1s a measure of the stiffness of
a material,

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

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

Poisson's ratio is the ratio of the lateral strain in a
material to the axial strain when subjected to a tensile
load.

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

3



12,
13.

14.

15.
1s6.
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 1)

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 iren and carbon SAE 4340 steel contains
nickel, chromium, and molybdenum. (Table 2-8)

Approximately 0.40% carbon in JA£ 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 s4Z 12L13 steel to improve machinébility.

Shafts are often made from JSA4C /09D 4140, 4640, 5150,
6150, and 8650 steels. (Table 2-9)

Gears are often made fiom SAE 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. 34 1080
steel is a reasonable choice. -

5AE 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% elongaticn).

L{



29.

33U,

S1,

32,

33.

34.
35.

36.

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. Wwhile 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. ‘

Somé carburizing grades of steels are 5%5'1015, 1020,
1022, 1117, 1118, 4118, 4320, 4620, 4820, 8620 and 9310.
The carbon content ranges from 0.10% to 0.20%. 4, A4-S.

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

Chromium gives stainless steels good corrosion resistance.

ASTM A492 structural steel is used for most wide-flange
beams.

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

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

ASTM A48 » 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 /69x10% psi ( }i4 GPa).

5



Problem 38. ({(continued)

39

40.

41.

42.

43,

44.

45.

46.

47.

443,

ASTM A536 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 Z7 x106 psi (/&5 GPa).

ASTM A47 , Grade 225/0 is a malleable iron with a tensile
strength of 52 ksi (3Ys MPa); a yield strength of 725 ksi
{224 MPa); Jo% elongation (ductile); modulus of elasticity

(stiffness) of 25x10¢ 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-presgssing 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° pgi (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 aluminﬁm 6061=-T6 indicates that it was heat
treated.

Aluminum 7/7¢ -T6 has the highest strength; tensile strength
= B89 ksi (o7 MPa); yield strength = 78 ksi (%725 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
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43,

50.
51.

V2

53.

54.

55,

56.

37.

58.

59.

60,

6l.

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

elasticity of 15x106 psi (103 GPa).
Bronze is used for gears and bearings.

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

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

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,
pPolyimides, Pyewscics(AiL THeAmssETS) + (7eRA0 PLas1Cs e, A4,
Prek , 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,

!



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 compogite materials are produced with the
resin already on the fibers in a convenient form, called

a prepreg. The prepreg is layered onto the form and
cured.

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

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

In the filament winding process, continuous filaments are
rlaced around a mandrel in a controlled patterm 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 Figure 2-232 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 verv nearly equal for all metals listed,
approximately 1.0x10¢ 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.

Sea Section 2-)/7 £for angwers to Questions 74 to /o85.



Supplementary Proplems — Chapter 2

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

. Erosive, abrasive, adhesive, fretting, surface fatigue

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

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

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

. From Section 2-3: Aluminum Association

. From Table 2-7: a) DIN 42CtMo4 or W-1.7225; b) BS 708A42; c¢) EN 42CrMo4; d) GB
ML42CrMod4; ¢) 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 430817; c) EN X6Cr17; d) GB
ML1Crl7; ¢) JIS SUS430

12. From Table 2-7: a) DIN AlZnMgCul.5 or W-3.4365; b) BS 1.95, 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

Do N

N0 =~ O Lh

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 compiete 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);



24

25

Low-alloy steel F1.-4405-HT, s, = 160 ksi (1100 MPa);
Diffusion-alloyed steel FD-0205-HT, s, = 130 ksi (900 MPa);
Sinter-hardened steel FLC-4608-HT, 5, = 100 ksi (690 MPa)

. 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)

. 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,

27.
28.
29,

30.

31.

32.

33.
34.

35.
36.
37.
38.

39.

771, 850, 852. Others available.

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

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

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)

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

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

From Section 2-15: H-numbers indicate the degree of hardening by strain hardening
methods; a) H04 — Full hard; b) H02 — % hard; ¢) HO1 — 1/8 hard; d)HO8 — Spring hard

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

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% clongation
40% cold work: s, = 154 ksi (1062 MPa), s, = 142 ksi (979 MPa), 1% elongation

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

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

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

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

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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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 results
from the MDESIGN -~ MOTT solutions. Note that in the MDESIGN-MOTT output, the graphic
view of Mohr’s cir T ments show the stress values only jn psi.

II Ox =20 kSi; Oy =0, Tey= J0kEl | X-AX/s iN IST QUADRANT
Tays * 671( + ﬁ)/z - @O 1"0)/2 z fhoks)
= Ox—~Ouvg= 20 —/0 = J0 ksi, b =Tyy=/0Ks/
R=a™tb* = Jio2ap? =/9/9/%) = s

A = 7"&»”[!’/&) =70l () = yse =280 Cw Flom X-4X/5 To O+
¢0'='2¢o~/2 : ¥59h =22.5°

28p » W'k T GoHS 2 U CCw FRom A-45isy 70 Tomax

Op = 20fe = ¥5h <22.5°

007 Tyyp + R JOHIY 1 =2¥/0kS)

G2 = Opwg ~R = J0 /Y0¥ = = 4.10ks]

———m

= \QC
%=
Zokis

f'”?
i. \
ORIG JuiL FENCiPAL MAI UM SHEAR MOARDS iRl =
LTHELS sSraess Sratees
ELEMENT ELCaEnT ELEMEANT
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cy=10 ksi
Results: ™y = 10 ksi
Maximum principal stress gl = 24.142 ksi
Minimum principal stress a2 = 4.142 ksi
Maximum shear stress max= 14.142 ksi
Average normal stress aavg = 10.000 ksi
Principal planes fs = 22.500 o
ow
Angle of maximum shear stress bt = 22.500 °
ccw
T
Jave  Panax
{10000,14142)
/ T-Ax/S
45.000°
-4142 Pri 24142 ps/

_U
—T
| -
T | | 20000 P17 o
il ; \
10000 750 X
14142 P51

Criginal stress Principal stress Maximum shear
glernent element stress element
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2 1 ox = -85000 psi
oy = 40000 psi

Results: ™y = 30000  psi
Maximum principal stress ol = 46827.123 psi
Minimum principal stress g2 = -91827.123 psi
Maxirmum shear stress mmax=  69327.123 psi
Average normal stress gavg = -22500.000 psi
Principal planes ¢c = 77.179 e
ow
Angle of maximum shear stress gt = 32.179 o
ow
43
y el 69327)
64.359°
A~ AXis
91827

=X

-91827

[ i ﬂ"’\/ yi 5@;4

[ 09327
46827 ‘.r
Original stress Principal stress Maximum shear
element element stress element
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3 |

oX = 40 ksi
oy = -40 ksi
Results: xy = -30 ksi

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

Angle of maximum shear stress

ol = 50.000
a2 = -50.000
Tmax= 50.000
cavg = 0.000
o = 18.435
bt = 26.565

28 &

ksi

ow to -tmax

s0000 A5/

36.870°

X-Ax /s

Original stress
element

Principal stress
element

o

Maximum shear
stress element



oX = -80 ksi
E oy =40 ksi

Results: oy = -30 ksi
Maximum principal stress sl = 47.082 ksi
Minimum principal stress 2 =  -B7.082 ksi
Maximum shear stress Tmax= 67.082 ks
Average normal stress cavg=  -20.000 ksi
Principal planes ¢ = 76.717 °

cow
Angle of maximum shear stress pr = 31.717 @

cow o -tmax

T
LU, DA UGL )
-87082 A5/ 47082 57

A— AXiS
63.435° R
—] '
=T
|40000 £ #1
76.717°
———

[y |7

_amp . i \
' I !
l : - | __/_7‘\-87032 -

47082
Original stress Principal stress Maximum shear
element element ) stress element
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4 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 by = 82.982 @
oow
Angle of maximum shear stress ¢t = 37.982 e
cow B -tmax
T
(-40000,82462) ’\
-122462 _C_! / 42462 @5/
-0 g
AT
75.964°
——165.964"
-t
140000 #5
82.982° (40000
——— o f N
L{ = g 50000 Psi [ h‘“‘——] X
: U] 120000 #57 | [
T
1 I —————j‘}l._______‘
W '
42462
Original stress Principal stress Maximum shear
element element stress element
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;5 oX = -120 ksi
oy = 40 ksi
Results: wy =20 ksi
Maximum principal stress gl = 42.462 ksi
Minimum principal stress o2 = -122.4632 ksi
Maximum shear stress Tmax = 82.462 ksi
Average normal stress cavg = -40.000 ksi
Principal planes s = 82.982 °
cw
Angle of maximum shear stress bt = 37.982 9
oW
T
Y -ruuuu,u‘.ﬁzl
75.964° .
A ~AXs5
-122462 ¢4 i 42462 95/
¢6
-1
40000 PS5/ %

1 Il
J -120000 P31 | k__-—l'fﬂ"'"—" 122462

[ e T \ﬁ /

Original stress Principal stress Maximum shear
element element stress element
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E ox =60000  psi
. oy = -40000 psi
Results: ™y =-35000  psi
Maximum principal stress ol = 71032.778 psi
Minimum principal stress o2 = -51032.778 psi
Maximum shear stress max=  61032.778 psi
Average normal stress cavg = 10000.000 psi
Principal planes b = 17.496 @
oW
Angle of maximum shear stress bt = 27.504 e
ow to -tmax
T
{10U00,61033)

-51033 A5} 71033 #57
-0 8} o
34.992°
A-AxrS
g
i
40000 pg 4 \
e s ia, ‘_{;/"’/
| fj rsum Pri \
-1 c0000s5F
I 71033
-— \
\
-51033
Original stress Principal stress Maximum shear
element element stress element
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8 ox = 120
oy = 40
Results: xy = 100

ksi

Maximum principal stress gl = 168.062 ksi
Minimurn principal stress o2 = -88.062 ksi
Maximum shear stress TInax = 128.062 ksi
Average normal stress savg = 40.000 kesi
Principal planes do = 25.670 e
cw
Angle of maximium shear stress bt = 19.330 °
oW
%
X-Ax1s
{4UUU, 128Ub2) /'
38.660°
51.340°
-88062 P51 0 168062 £ 7
-0 o
-s.._,_____‘

40000 F'5 *
-_.‘_
—
Original stress Principal stress Maximum shear
element element stress element
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K

=-100

mirg

oy=0 MPa
Results: ™y = 80 MPz
Maximurn principal stress el = 44.340 rira
Minimum principal stress ol -144.340 MPa
Maximum shear stress Tmax= 94.340 MPa
Average normal stress cavg = -50.000 MPa
Principal planes po = 6$1.003 ©
ow
Angle of maximum shear stress bt = 16.003 ©
oW
Ogve 1 r
_53,0,410;/.--9%39(”1’9" b f;"q“
A-AxXts (-7252,13683)
32.005°
122.005°
~/t. 3902 yz.39MP6 =01
-20935 £5/ 6431 A&7
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e
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B mm 3110 e
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Qriginal stress
element

‘| -36259

16434

Z 0 oX = -250 MPa
oy = 80 MPa
Results: wxy = -110 MPa
Maximum principal stress al = 113.305 MPa
Minimum principal stress o2 = -283.305 MPa
Maximum shear stress Tmax= 198.305 MPa
Average normal stress cavg=  -85.000 MPa
Principal planes jo = 73.155 @
oW
Angle of maximum shear stress gt = 28.155 °
cow to -tmax
T
Ope =-T50mie 1a8. 51 mPe=Topy
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/ f ox =50 MPa
oy = -80 MPa
Results: oy = 40 MPa
Maximum principal stress gl = 61.322 MPa
Minimum principal stress o2 = 91322 MPa
Maximum shear stress tmax= 76.322 MPa
Average normal stress oavg = -15.000 MPz
Principal planes o = 15.804 e
Angle of maximum shear stress ot = 29.196 °
—1SHnPR %{m 76 3tmint Toax
(-2176,11050) P¥7
e
A-AKLS
31.608°
~41 7% “ 7o 432 Mla = &%
-13245 #5 / of.1 8894 €5 {
=¥ o
=
|
i
Original stress Principal stress Maximum shear
element element stress element
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l i2 l ox = 150 MPa
oy = ~80 MPa
Results: ™y =40 MPa
Maximum principal stress ol = 156.758 MPa
Minimum principal stress o2 = -86.758 MPa
Maximum shear stress Tmax= 121.758 MPa
Average nomnal stress cavg = 35.000 MPa
Principal planes o = 9.590 @
cow
Angle of maximum shear stress tr = 35.410 @
cw to -tmax
T
g 238, 0MP .
i ? 12176057 Thypy
(5076,17659) F5 |
|
-12583 P51 [~ 22736 s i
~F 0 o
19.179°
A-A¥is
70.821°

-12583

Original stress Principal stress Maximurm shear
element element stress element
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/3| ox = -150 MPa
oy = 80 MPa

Resufis: wy =40 MPa
Maximum principat stress gl = 86.758 MPa
Minimum principal stress s2 = -156.758 MPa
Maximum shear stress max= 121.758 MPa
Average normal stress cavg = -35.000 MPa
Principal planes o = 80,410 e
oW
Angle of maximum shear stress gt = 35.410 e
cow 1o ~tmax
T
Cpia = ~35.0mbe 1217 MPo= | Tagy
{-5076,17659) AiS/
—/$T.74 mPa =0z 86,76 mPe =0y
-22736 /5 1258395/
-0 a
A- AXis
70.821°
) 160.821
.
A t1803 %
. 80.410°

12583
Original stress Principal stress Maximum shear
element element stress element

50



AN , 0Y=0, Tay=1250 MPo.

T FAva
X-AXLS . /’P;'y = max
(0 /280 %)

03 = —12% mmi

- P e —
Ty "
1 ! 7"50% i l
| e
Qriginal stress Principal stress Maximum shear
element element stress element
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ox = 250 MPa
/é’l -
oy =-80 MPa

Results: wxy=0 MPa
Maximum principal stress ol = 250,000 MPa
Minimum principal stress g2 = -80.600 MPa
Maximum shear stress max= 165.000 MPa
Average normal stress cavg = 85.000 MPa
Principal planes o = 0.060 @
oW
Angle of maximum shear stress v = 45.000 o
cow to -tmax
Bsombs* Oim;m/f. O mba. = Tpx
/ (12328,23931) Ps¢
~-Bo = 0’7_,
S il 250 pa =0
-11603 A1 ) 36259 P53/
< La-pxrs °
-n-ft
11603 P51 U, <850 mPa
~ 86,0 M0 12328 P77 _
B I ! \\<\
HONgs?
vv Mee,
. - 0.000° \
625904 4
/?<
. Tady = /65 0 MPa.
-11603 f 5l
Original stress Principal stress Maximum shear
alernent element stress element
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/ é | ox =50 MPa
oy = -80 MPa
Results: >y = -30 MPa
Maximumn principal stress cl = 56.589 MPa
Minimum principal stress o2 =  -86.589 MPa
Maximum shear stress max= 71.589 MPa
Average norrnal stress cavg = -15.000 MPa
Principal planes jo = 12.388 e
oW
Angle of maximum shear stress g1 = 32.612 ¢
cw to -tmax
T
Cve = ~16.6mpP Puax = TET mea.
AN
-2176,1 ;
,_(____}6, 0383) Fs/
01 =-84,59 nta 7725654 Afa.
-12559F & § 8208 fs ;
it 9] [+]
24.775°
A-pxss
g
',_,--—
-
11603 P57 \ -2176 £54
- 86 mte i —5.0n98= Pave
= Somle §
435167 7+ il / \
I 1 12.388° <
- l a | 7252 P5° \ .
50 AP g0 P 32
¥, s mbo. -
vy P
-Bs. 58 Afa= Ot Bt
ssaifei 71.5% Mp o= Trnax
Original stress Principal stress Maximum shear
element element stress element
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I f’] | aox = 400 MPa
oy = -300 MPa

Results: ™y = 200 MPa

Maximum principal stress ol = 453.113 MPz

Minimum princpal stress 62 = -353.113 MPa

Maximum shear stress Tmax= 403.113 MPa

Average normal stress gavg = 50.000 MPa

Principal planes b = 14.872 °

oW
Angle of maximum shear stress gr = 30.128 °e
oW
T
Caré =556 /’{03,/ M= [ ax
(7252,58467) Pe |
60.255°
A-Ax s
29,745°
Ov = 283,100 | 453.0 P 3 o,
51215 P+ 0 65718 s /
-G d o
_r‘
43511 P5 | 512150 ¢
i /
' I 58015 ff‘f\L /
.II I ul
I ‘ lzgt:n:s psy Lo ) )
Original stress Principal stress Maximum shear
element element stress element
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/8 ox = =120
oy = 180
Results XY = -80

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

Angle of maximum shear stress

MPa
MPa
MPa

cl
o2
max
cavg

$o

It

It

]

200.000MPa
-140.000MPa
170.000MPa
30.000MPa
75.964°
ccw
30.964°
ccw to —-tmax

Tau

L4

Unye =3

04f

/ ~Tp= 170 MP6.

(4351,24656) P¥ /

~f¥6 mé 2od Afo.
-2030582 0 29008 Ps/
-Sigma &, L~ O Sigma
A~ Axrs
-
[y
61.93 151.93°
g
-Tau
26107 57
75.96°
11603 5

- =

‘] -17405 P51

20008 P35
Qriginal stress Principal stress
element element
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Maximum shear
stress element



ox = -30 MPa
{d}’ oy = 20 MPa
Results =y = 40 MPa
Maximum principal stress ol 42.170MPa
Minimum principal stress a2 = -52.170MPa
Maximum shear stress tmax = 47.170MPa
Average normal stress cavy = -5.000MPa
Principal planes bo 61.003°
cw
Angle of maximum shear stress bt = 16.003°
cw
A~ Ax1s Tau Ohve 2 ~5.0 APo
/f':.‘“ s ‘{?-/? Mfﬁ-
(-125,6841) Ps¢
32.01° 1
122.01°
547 Mbe. 42,11 Mo
\ . £
-7567 45 i 6116 Ps:
-Sigma o 0 Sigma
h
-Tau
=5 Mo
200 P31 725 P5) * g
P Oy s
e NPt W
[ L] ]
- 4 4stpgp , g
1 ) | / = 16.00°
- | Vs802 i ,I"I
= X P 5 B ) T Taas
r A 684t #81
Y 6116 i1.07 P&

Original stress
element

Maximum shear
stress element

Principal stress
element
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ox = 220 MPa

o,

ay = -120 MPa
Results wxy = 0 MPa
Maximum principal stress ol = 220.000MPa
Minimum principal stress a2 = -120.000MPa
Maximum shear stress tmax = 170.000MPa
Average normal stress cavyg = 50.000MPa
Principal planes bo 0.000°
ccw
Angle of maximum shear stress o1 = 45.000°
ccw to —-tmax
Tau F0.6 Mbu = Thya
/ S 170 MPe = Tmag
(7252,24656) Ps5 |
’..--"-“
=ite Ml 270 MFs
-17405 PE 0 31908 %/ x-Axis
-Sigma o2 ~ hY U‘, Sigma
"'\-...__-‘
~Tau
17405 Ps:
_
o |
— | A 319087 ' i
' Psi |
I [
17405 P31 * 0t
Onginal stress Principal sfress Maximum shear
o stress element

element element
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2/ ox = 40 Ksi

oy = 0 Ksi
™y = 0 Ksi
Results
Maximum principal stress cl = 40.000Ksi
Minimum principal stress o2 = 0.000Ksi
Maximum shear stress max = 20.000Ksi
Average normal stress cavy = 20.000Ksi
Principal planes bc = 0.000°
ccw
Angle of maximum shear stress ot = 45,000°
ccw to -mmax
Tau Tavp 220.0 Ksi
/ o Tang = 20,0181
(20000,20000) 5 ;
0 0 40000 P57 A -Ax/s
-Sigma 0 # \0-; Sigma
-Fau
. .
T Zoo00py;
7
Original stress Principal siress Maximum shear

element element stress element
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ox = 0 Ksi
I.QJ oy = 0 Ksi

xy = 40 Ksi
Results
Maximum principal stress ol = 40.000Ksi
Minimum principal stress G2 = ~-40.000Ks1i
Maximum shear stress Tmax = 40.000Ksi
Average normal stress cavyg = 0.000psi
Principal planes bo = ¥5.000°
cw
Angle of maximum shear stress ot = 0.000°
ccw
Tau
X-Ax.s .
S o Yo 0k
{0,40000) £s 7
-40000 457
-Sigma e 0 NG Sigma

-Tau

/ S ‘ ;;L_! Tt
\ \\f{’l l :ngogoesi

Original stress Principal stress Maximum shear
ele?nent element stress element
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\E‘S_l ax =38 ksi
ay = ~25 ksi
ksi

Results: wy = -18
Maxdmum principal stress ol = 42.780 ksi
Minimum principal stress g2 = -29.780 ksi
Maximum shear stress ma= 36.280 ksi
Average normal stress oavg = 6.500 ksi
Principal planes ¢ = 14.872 i

ocw
Angle of maximum shear stress ot = 30.128 °

<w to -trmax

T
(6500,36280)

-29780 P / 42780 #5;
~F
289.745°
A-nxis
-1
L25000 #57
Ty
- -18000F5¢
l | t /"‘514 872
l i l 38000 Pm u.
1 42?30
./ -észso
-29780
Original stress Principal stress Maximum shear
element element stress element
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=55 ksi
g oX
l{ oy =0 ksi
Results: @y =0 ksi
Maximurm princpal stress ol = 55.000 ksi
Minimum principal stress 62 = 0.000 ksi
Maximum shear stress = 27.500 ksi
Average normal stress cavg = 27.500 ksi
Principal planes o = 0.000 o
ccw
Angle of maximum shear stress bt = 45.000 °
oW 1o —-tmax
T
{27500,27500)
o PFi 0 55000 ¥5 7
it a
-T
Original stress Principal stress Maximum shear
element element stress element
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ox =22 ksi
oy=0 ksi
Results: ™y = 6.8 ksi
Maximum principal stress gl = 23.932 ksi
Minimum principal stress g2 = -1.932 ksi
Maximum shear stress Tmax= 12.932 ksi
Average normal stress cavg = 11.000 ksi
Principal planes bo = 15.862 °
ow
Angle of maximum shear stress bt = 29,138 e
cow
T
(11009,12932)
58.276"°
X-AKe3
31.724°
-1932 A5/ 0 23932 Pst
—~F /
s \
-T
e —

Original stress
element

Maximum shear
stress element



26 ox = 4250 psi
L oy = 3250 psi
Results: >y = 2800 psi
Maximum principal stress ol = 4180.011 psi
Minimum principal stress ¢2 = -5180.011 psi
Maximum shear stress wmax=  4680.011 psi
Average normal stress cavg=  -500.000 psi
Principal planes ¢ = 71.626 e
ow
Angle of maximum shear stress bt = 26.626 °
ow
T
(-p00,4680)
53.253° 143.253°
A~ AX1S
-5180 ff5 7 4180 P57
< 0
—t
| 3230 Psi -500

N
;

Original stress Principal stress Maximum shear
element element stress element
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21 Bomd PRNCIEAL STRECSES Are 1ENSILE — SAME Sian

Input data:
Combined Stresses and Mohr's Circle

Normal stress acting along x-axis ox = 300 ira
Normal stress acting along y-axis oy = 100 MPa
Shear stress >y = 80 MPa
Results:

Maximurm principal stress al = 328.062 mra
Minimum principal stress a? = 71.938 MPa
Mirtimum principal stress a3 = 0.000 MPa
Maximum shear stress max = 164.031 MPa
Shear stress T = 128.062 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 angles, elements as caiculated are not applicable.

167,02 p1Pa =Tapy

8. 06 MmPa
23701 P57/ z ”

18574 fsi

328, 66 mPa £ Y
7581 #5,
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Z8 | Prod RINCPAL STRECSES ALE TENSILE ~SANE S1GN.

Input data:
Combined Stresses and Mchr's Circle

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

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

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

Pue to compound angles, efements as calculated are not applicable.

/32 .6% MPo- = Tmarx
19147 | P51

L¥. 03 NP
9287 Fs';

26t 03mpe > 00

0z psi

o
k1)




29 Basu CIKICIPALSTRES ES A COMERESSIVE — Jome Sr16N

Input data:

Combined Stresses and Mohr's Circle

Normal stress adting along x-axis
Normal stress acting zlong y-axis
Shear stress

ox = -840 nra
oy = -335 kPa
™y = -120 kPa

Results:

Maximurn principal stress
Minimurn principal stress
Minimum principal stress
Maximum shear stress
Shear stress

ol =
o2 =
o3

max =

T

0.000 kPa
-307.936 kPa
-867.064 kPa
433.532 kPa

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.

279.56 4P

a1 Psi

w32 - 847 06k
=0z2.126 |¢5}

33,53 e Po= ThaK
6345

3679 Rfaz
/ 45 45§

~T



@ BoTlt CRINLIPAL STRECSEX ANE Lam RESSIVE — SAME S/ W

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 nra
Minimum principal stress a2 = -37.479 kPa
Minimurmn 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.

Al
/ﬁ"; T /6§476 P
Y

= -37Y8 ~Po-

G = -355MA ,.
-49 | 1 y 0= O

A= AXIS
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CHAPTER 5

DESIGN FOR DIFFERENT TYPES OF LOADING

Stress Ratio

o= A= TLm)T 78 Y

a.. = 35‘ ” - #,
aax @ /M’.S"mam" ——-—-——W Ehla

Crun= SN/ g = M
= G5 +500)/2 = 20004/
Gy = 2;?00/% = Z5:.5 MFa
Ta = Onax~da 4.6 - 26.5=/0./8 Mpa

R= VMM/O'MM = e =019

STRESS

0= F/ﬂ p A’ﬂﬂmﬁ){?ﬂmn‘)-?xx)ﬂmb
nu"-ZDﬁo’/;, = 66, 7hPa.
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Design and Analysis o~ -

Problemns 15 - 18 are open-ended design problems for which there is no unique answer. The General
Design Procedure from Sectlion 5 ¢ should be used. The loading and support conditions should be
compared with the cases described in Section 5-§ {o 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 5+% in Section 5-¥.

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

18, Themd:ssubjectedtoaﬂuctuahngnormalsﬂess. Use Case 5 from Section 5-8 Seealsothe
solution for Problem 4.

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

18. The latch parst is subjected to a fluctuating nommal stress. Use Case 5~ from Section 5-5 See also
the solution for Problem 5.
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CHAPTER 6
COLUMNS
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ECCENTRIC COLUMN ANALYSIS

Data from: Problem 6-37

Solves 5‘ uation 6-13 for design stress and Equation 6-14 for maximum deflection
er data for vanalies n falics mn 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 Elasﬂw'y, E= 290E+07 psi > Column constant, C, = 111.6
Cross Section Properties: Argument for secant = 0.777 for strength
[Note: Enter r or compute r = sqrt(i/A) ] Value of secani = 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, | = o in*
Radius of Gyration, r = 1.410 in > Slendemess ratio, KUr = 89.4
Vaiues for Eqns. 6-13 and 6-14:
Eccentricity = e = 3in Column is: short
Neutral axis to outside = ¢ = 2in
Alfowable load =P, = 17600 ib Req'd yield strength = 45,896 psi
-Design_iactor ' IMust be less than actual yield strength:
Design factor on foad, N = 3 Sy = 46,000 psi
Max. deflection, ¥ o = 0.329 in

ote: A and r from Appendix

Jou




ECCENTRIC COLUMN ANALYSIS

.a:iﬁf.. T {.:a.lnh:a..[..‘l ﬁ

1 Use consistent  U.S. Customary units

Computed Vaiues:
NOTE: This solution considers the eccentric
load with bending about the horizontal axis,
Eq. Length, L, = KL = 40,0 in
Column const., C, = 70.2

Argument of sec =  0.855 for strength
Value of secant= 1.5236

Argumentofsec=  0.494 for deflection
Value of secant = 1.1355

H— Slender. ratio, KLir = 92.4

Column is: fong
FINAL RESULTS
Req'd yield strength = 39,954 psi
Must be less than actual yield strength:
8,= 40,000 psi
Max Deflection, Y., = 0.237 In

See aiso Solution 388 for buckling about
the thinner vertical axis.

NOTE! A< som)(o.vom) = O.600/u"
b~ /nsv J“ ) -
A= s LAV IN L 0,¥32uN Po = 685 L.
n iz ’
ECeenRic LOAD TENDS TP BUcele 1Me 04t Adovrmrs SrRows Ax.
BurT 565 SorLurion 38K, Llrmitine LoAD ¢S /63 LB Fonr Bulresneg
Abovr THin AKes. B

0]



COLUMN ANALYSIS PROGRAM
Refe o |gune 6-4 for analysis Ioglc

Use consistent  U.S. Customary units.

Computed Values:
Eq.Length, L, = KL= 40.0in
Column const.,, C; = 102

NOTE: Cross section propesties taken with
respect 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: fong

Critical Buckling_; foad = 489 ib

Allowable Load = 163 Ib
'mis value govems the deslgn, not solution 38A

FANALYSIS AS A STRALHT CENTRALLY LoArsl Citvrw

THAT TZNO5 T0 Butkls AROVT TMHiN AXIS, L= 0.¥0iN

t. . 2YK L, s
= —

FRom guiot FoamdlA winy =3 Pa=/63 8.

FVL



ECCENTRIC CQLUMN ANALYSIS

Use consistent Sl Metric units
Computed Values:
Eq. Length, L, = KL = 750.0 mm
Column const,, C,. = 63.9

Argumerit of se¢ =

0.811 for strength
Value of secant =

1.4512

Argument of sec =
Value of secant =

0.468 for deflection
1.1205

Slender. ratio, KLUr = 102.9

Column is: fong

FINAL RESULTS

Req'd vield strength = 389 MPa
Must be less than actual yield strength:
8, = 9668 MPa

Max Deﬂecuon, Ymax = 2.41 mm

Piston rod is safe for P, = 5200 N.
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COLUMN ANALYSIS PROGRAM

Rafer to anune 6-4 for analysls logic

| Use consistent U.S. Customary units, |

| Computed Values:
NOTE: Analysis of straight pipe. See also

Solution 40B for crooked pipe.

Eq. Length, L, =KL=  156.0.in

Column const., C, = 1283

Slender. ratio, KLir= 198.2

Column is; Jong

Critical Buckling Load= 8,707 b

“Straight Pipe
Allowable Load = 2,700 ib

See also Solution 408 for crooked pipe.
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CROOKED COLUMN ANALYSIS

Solves Equation 6-11 for Allowable Load

Data from:
58 I Use consistent _ U.S. Customary unis.
Computed Values:
. }—>| Eq.Length,L,=KL= 156.0 in
|— Column const,, C,, = 128.3
""" e Euler buckiing load = 8101 b
C; inEgn. 68-11 = -22074
C, in Eqn. 6-11 = 3.483E+07
..... § —— Slender. ratio, KL/r = ' 198.2
Column is; long
Straight Column
Critical Buck!in_g_ Load = 8,101 Ib
Crooked Column.
: Allowable Load = ‘1,711 .1b
"1:"his value governs the use of the pipe.
Sea solution for straight pipe; Problem 404,
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CHAPTER 7

VZerrs BELT DRIVES AND CHAIN DRIVES
/. & 2omw) Doz i3Sy, DI=&52Sv, 3y ar
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CompPutsy L= YE69.9/n . W& LLSO im
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9] = /147° ; oumassze (0w 7 7¢)
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2 ——ai'\%zﬁl o GEEELALL = 2405 P
/I e Ru= RYm L_ﬂ__,. %‘Eﬂ;ﬂ = 2557 FTfm
H -
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Cokrscrep Powen.= Co (o P2 BYLY1.03)(625) =405 Ar
loe



V-BerTs

RATIO = 27.7/8.4= 330 5 PRASs+ fi2i = /6,74 A7} Lon 953 Lo /105
Corrserer powar= G Co P= (IS Lo5H/4.76) = /6.72. hp

/5.

RATIO = 94,8/ /3.6 = 6.87; P= ¥Fhp s Cox 9045 Co= /09

Corrsersn Powers Co Co P=((F0¥)(Lod)( 45)= ¥234AF
/6.

A ISN BELT /S A METRIC S/2a MHPng B 708 widl O /Srn™
SimnsR 7D A4 SV BT

/7.

A 124 BELI /S A METRI Aovramonvs BT [rdvivg A 70,

WioTH 0F fDoawrvte Sitriesaz 72 A Y3 /Al:/}mm;pw a&Lr

/8.

DESLGN 2 SERVICE FACIDR = /o8 3 D ESLans Powen= £5(28)=2 F25Ar
FRom Rr&. T-1 —uUse SV Gerr

RAT0 = &20/3/0 = 2.8/

For Ny Yoo £77rvm 3 D, =ys2¢ 4000 L. /70SEIN
7L 870)

Foe D=/ ;D= 304w Mg =Cr0x s, =3050PM ok
RATED Power. = 225+ ,9¥ 223.¥V Ar
Cen TER. DiSmweE

3%Y <C & F(32¥473.1) =/ShS

TRY C =YW ~—=Nomwre L=]78m L 7-3)
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O = j57.2° ; Or= 208.9* (£Q% F-5, 7))

Co= 092 5 Com/itb : Carn Powee=E3D0s8) 23, 4%) =22.56 Ag/g
ANo. oF Berrs = 32.54¢ / 22,46 M /BseT = /o 6V BELTS ~wm 2 BELTS

/9.

Design: S,m=l2 3085 Pover=2(S)=E04r —=3 Y Lot
RATIOS /780/725 = 2.%( 3 D)2 12Cy348)/ 1#C152) = 8. v

Fok Dia 2955 Pa=/8i95 s ma= 7250 2 1895= 73v Rrm o2&
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L= /o3 /n ~wUSE L=fo0sm 5 ACTrse @ = 2835w
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Core. Power = (.94 (£o9)(10.3) /0,5 As/8ELr~ NG BerT REQD
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V-BeLT 3

DeIlGu: SE = [.4 5 DES. Power = Ly ¥0) S56AP—w SV B&rr
PATI0 = /s‘ag/ s¥0= .73 s 0, = /2 yaaq)/ﬂ't/:w =/0,2 /.

For D, ®/02smy D22 220 m § M2 =/500 /% 227 552 R0t 2%
RATED Powel 285, Up BY 1w TERPUATIG ON F1& /37D A1 /1500 REA
227€C L WY 5 USE C % 3w LT /33.6 v, =5 L= /22 1%,
ACTUAL &= 5.} S1= /St [ Orm ZORE Com.FT 0L S0l
Core, Power= 32X 4 0/)(25:7) = 23.9 Ap/@eeT

No, oF 8615 = SB/23.9 =2.35 —= ys& 3 8seTs

DES/EN: SR = A4 § D&S, Powe = LY (20) =284y —=~3V BT

RATIO = 1258/ 695 = 188 5 Pi%/20Yoe)/77°¢/250) = /2.2.0m

Fol D) = /0,574 Do/ ETSinr3 738, =)250%/ 0,957 4959 £7m o
KRTED PowsR = J0.Y AP BY srsrporAmrod on F& /12-F ATr250R0m
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RAT10 = 870/ 6251439 § Di%e /2L %00)/ 17(870 = / b

Fok D, = /08 in ] Do l¥9sm 3,ma= 8020 yg = g2/8Pm oa
PATED powsr =/2.6+4,272)8.37KP 5 /49 <C < 29, j USE B i 8ow
L% J36n ~SELo/32/0 ) ACTVAL C = %5781

815 )744° ;612185 "  Com 9% S CL=f0/

Corr. Power= (983)(L0ol)(19.37) = ]3.33 A /8 &cr

No.op 86LTS = 200//8.33 = /0.9 ~= USE// BELTS, fof ActefTabLe

TRY BV BT :FPoRD, 2/28/0D2=20.8/0; 4] =625, 980w O
RATED PoweR = b6Ap 5 247LC <)222 5 YsE C2Yova

L% J43IF —= PSEL=/60 )0y ACTUAL C= 486,Y3 /v
= /Uy’ 5 0.3183:6" ; Co=.98; CL=.9¥
Coer. power = (RBX.9%)(6¢) = 60,84r /8T
M. oF 8EeTs 2 Z2p0/b0.8 =33 —= Us€ YeELTS

0%



ot teR CHAWM

8..

CREIN M0 J0E Prrenr= %6 = /Zm,

24

QHpAN Moo 60 & Prres > Ya= Yvur

iy

STATIC LoAw = /25D L8 AVG. TENSIE STREVGTH=DW = /2500 L£.

Vsem A we.go  Chmn (loosw. P/TER), 1S, /4500, 76e8 7+5

LoAD oN EvieH OHAYN = 2500 L8, T3, = /0W=25040L8

VEE W0:J20 OHAN S Pe st PrTEH 5 75 S2P000L8

27,

»

FATICUE OF tinn PLATES, /MPALT OF LorteRs oV sryecer

TEEH, Ghiews Berwesd P Ave Bussiiss

Bl 7HABLE 7+8 1 Groel w60 CHmAN, 20 rEET § ISORSY

LATED Coweat » .69 AP [InTERPeeATIOND 77 7E B Lues (E477)
SERyIes FACTIE = /.2 FoR HYORAvLIE DRIVE
Desscr) Powst EADNG= 21.68.//2 =/8082

291 2 Srmrwws: FAcrve= 2.5

2o,

3/.

32

5.

Powet. RATING » 2.5(/8.08) = Y5247

TAGLE& 7 -7 ¢ G105 Moo Gk /2 TeeTIH , 860 RPM
fearee Pawse= Y 4 wo (rrerbnamgn), TVPE B Lue (BaT)
S.BT L2 4 DEShBY POws RATNG = Y48/ 02 =304

YSrdAnves ! FACToe = 3.3 Powst. RATAG 223202 0)= FUAIAP

TASLS 1-9 ) Grien 10.80 coan 5 3LTE=TH s /EOLPM ‘
Rarer #owen = 76604 ’éﬂ 7ERFVLATION) 2 g‘//s'.,e_ CluBeE @/4 STmRIAM
SF =1L DeSsEns Powem = Wk /1.2 = 6551 A0

ZSTRANOS 2 FAcro@=/7; Fower Rarwe =(1.1)es.574¢ =4y, s 4P
ND. 80 Cldun 5 M=/ Nee80 5 C SF w05 80Q,.7-9

L pm 3y =0,95 /4,
c= 3 Sw/o.f.rﬁv/pm- Y8 prresres

z
&2 gzr —/ 5 -
L= 248 +~ 2 —%- /129./P/renss

USE /28 PITeHES (VoW wromben) ;L= 128(0,25)=FEm.
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FoR L=/28 P/resas s C FRIM &9, ] 0

>4 =
o= ?L} GDHJ' pzﬂ— ﬂﬁ’j - M ]:yz;z,z' EIrtms
a - 'fzyz.f/nﬂs.s »s d‘m//mw:M

26.

Lo po ?z.m.-:a.nm. : = zv/o.r- 48 Errens

( (_?d’—”
= z A !
L=2( ye,) B, py /246 Prrewes ~=Vse )20 prrepes

3%

/240 3)=&2 .

38.

c -‘?[/ZY y“-ﬁ, V[ ”'N’] M]‘f?.&? Prrepes
g7

C= ¥7.69 prrenas ro.500 Jorren=23.85 .

DESIRNL 284P; y, 2300 AW Moy s /0 REm S Nom. BATH= Y V50 2/.9F
SEm LSS DESIGN Power = L.5T2S) -.?z.nfr

Ve&E 287AM0S 5. RATING = 325 /2,5 /Si0AP PR STRAND
MO, 8O CHAING ) ETEETH RATED PAS8AP AT 3/0 RPM,°TYPE B LBs
Nu = N, 2 RaTeo = /5C/9Y) =.29) = 29 78E7N
Mozt & Vifurn 3270 »5/29 =603 RPMm 2=
D= /.u/,a‘-. é‘f‘%g)— Y.8r0 .5 01L=/000 m(’%ﬁ) 7.293 pov.
Use = Yo Z/meH88 wirH f_=/ 00 /N FOR ND. 80 CHAIN
28475 (29-15) _ _
L= 2(0) + o gl yn O Crrves IS8 102 @ srEES =L

Ez-
o= ff 2 - &L V[ o2 ZBE_ BB ]=3?'9‘ll/rafq= e
Y7 £ :32,9{ /.

Problems 38-42 are design problems for chain drives for which there are no unique solutions.
The generai 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 7-8 must be used to ensure that the sefected chain design has sufficient
capacity.
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CHAIN DRIVE DESIGN
Initial Input Data:

COmputed Data:

Design power: 375 hp
Speed ratio: 1.94
Design Declstons-Cha n Type and Teeth Numbers-

computed Data:

Actual output speed: 160.3 rpm
Pitch diameter-Driver sprocket: 4.810 in
Pitch diameter-Driven sprocket: 9.249 in
Center Distance Cham Length and Angle of Wrap

DT

B sﬁ‘f‘m

Aclual chaln length 102.00 in
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



Com uted Data:
Design power: 5 hp
S ed ratio: 2.31
Desi n Decisions-Chain T and Teeth Numbers;

Required power per strand:

I

P

Computed no. of teeth-Driven sprocket: 92

Com uted Data:
Actual output speed: 324.3 rpm
Pitch diameter-Driver sprocket; 2.583 in
Pitch diameter-Driven s rocket: 5.896 in
Center Distance Chain Len hand An le of Wra

Computed nominal chain length: 90.8 pitches

Actual chain fength: 45.00 in
omputed actual center distance; 31.573 pitches
Actual center distance: 15.787 in
Angle of wrap-Driver sprocket: 187.9 degrees
Angle of wrap-Driven sprocket: 192.1 degrees



CHAIN DRIVE DESIGN :
Initia} Input Data:

Computed Data:

Design power: 56 hp
Speed ratio: 2.00

v n Dems;ons-Cham Typea and Teeth Numbers:
b i s

COmputed Data:

Actual output speed: 250.0 rpm

Pitch diameter-Driver sprocket: 4,494 in

Pitch diameter-Driven sprocket: 8.931 in

Center Distance Cham Len h and An le of Wra :
} i wri] I

2
Actual chain length: 94.00 in
Computed actual center distance: 38.432 pitches
Actual center distance: 36.432 in
Angle of wrap-Driver sprocket: 173.0 degrees
Angle of wrap-Driven sprocket: 187.0 degrees
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CHAIN DRIVE DESIGN
Initial Inp

Design power. 20 hp
Speed ratio: 2.84
Design Decisions-(:ain Type and Teeth Numrs

ey T L3 P, i
!

et

. J513 i " 1 E L J'.{
power per st .76 hp
#

L

Computed no. o

4 et
Computed Data:

Actual output speed: 774.6 rpm
Pitch diameter-Driver sprocket: 3.889in
Pitch diameter-Driven sprocket: 11.304 in
Center Distance, Chain Length and Angle of Wrap:

Computed nominal chain length: 109.8 pitches

Actual chain iength: 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



CHAIN DRIVE DESIGN
Initial Input Data: _ e e 5h S

Computed Data:

Design power: 140 hp
. Speed ratio: 2.78
Design Decisions-Ch ‘ and Tth Nube:

Actual output speed: 226.3 rpm
Pitch diameter-Driver sprocket: 6.710 in
Pitch diameter-Driven sprocket: 18.471 in
Center Distance, Chain Length and Angle of Wrap:

Computed nominal chain length: 1204 pitches

Actual chain length: 120.00 in
Computed actuai center distance; 39.815 pitches
Actual center distance: 39.815 in
Angle of wrap-Driver sprocket: 183.0 degrees
Angrle of wrap-Driven sprocket: 197.0 degrees

)6



CHAPTER 8
KINEMATICS OF GEARS

Gear Geomeftry

lr N= yf"; &__-T- /2

——a. 0= N/p=¥//rm3.667m.

b Pe= 7r/B e srfras 0.26/8u
C.  mm 28Y/0y = 2 12 Z AL T rmm

J: meglLe o ML
e Az Uns Yn=00833/,

§ &= Las)ry =Lasfiaz= ol
. C= 025/ 0.25//2 00208 /4
Ao he=tb =225/ = QITIS14
Lo Auz o= Y =Yz 0l687m.
#u Tape ey = 0./30 1.
De= (M'% ] y%;-‘-" Z.833 /.

10 200

e\ n=3y, Pu=2y 5. b= g to.wor= 2,8 520N
a.0=*Y2y=1¥7m. % € = 1%y 0002 3 00/ 03/8
bo Pz T/2y= 0.3/ /m b ho = Qb = 0.0Y/740.0 S20= 0.0937 s,

Co malSY 243 asBmm L by 22F Yoy= 0108334
d. 1= foo mm 4 = lalay) = 0,068V
&, as /2y =os7m e Doz Yt¥/p; = 382y = LSOO/,

4 6=/ a= 0,625/
cs 028/ = 8.125 yn-

a, p= 5’% = 22.500 /M. 3: ,ft- 288/, = L1254,

b Pem =45t m. A, KAu=3o = lose 1o
C.  m= Va0, 7 mm é = Tagay= 0785

dr M= Jd man
e a= '/rzo.s000m L be= VA= 2000

3' N'-'VJ';/J-'-‘-Z

4, =/8; Fr=8

. &= /”u—/'ﬁ' = 0:./8563 1M,
a, b= ‘% 2 2. 250 /zn ?. e= 28/52 0,003 4
& Loz /s=0.3921m. X he= ¥378% 00,2813 u

C o= W 4= LI h A 7B 0250w
d. m= 3.0 mem S e Pace)= Oul963N.

2., a= Yoz ol A2 D= */g= 2.500:m,

s | ¥M=22 ;B = /)75

S bo b2 g = 89143 0
a, 0= 125 = /2.8 N = 038/),75= ouY 234,
b Pe= s = )nsm. T he= 23 p1s= /2857

. m= Il sy mm A, ha® Ynis= LIY29m
d m= L6mm ta T/atnie)= 0, 82764

e. a= Yrr =05 m. v Do AV tezs= 13N,
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N=20; Fy=6¥ £ b= %%y toooz= 2.0208
8, o= *%Yey +owz = 0,005/ 17,
a. 0= Yey= 03125 m, Ae Ae= Atb= 00389 /.
b, Po= T/ey= 00¥91 im Lo Ar= &Jty= 0.03/3/m
C m=V g2 0390 mm 4, ET ALYy = 0.0295 7w
d.  m= 0.0 mm £. Do= %/gy= 03438 su,

e, a= YVev=0.0156 sm

2] M=/80 ; Ps=80
S, b= ¥, to.00r = 0,0/
a., O= 190/& = 2,250/n. 3 - 020y 4 0,062 T Pu00 oS
L, Pe= /8¢ = 0.0393 4 2; Aee Q+b = 0,295 n
e m=a 25Vg= 0.3 15mm A hi= /P =2 0.025
d M= 0.30 mm . & = T7atmy= 0,096 0.
e a= ‘Ym= oorzsm i Dy= ¢8%/g0 = 2275
8| ¥=28,; =8
] £ b= "'z""-//d’= 0.062Y su.
a. 0=23/1p =L556 wn. 9. C= 0.29//8 = 0,039 s
b P= 7R = 0,)74S 1m0 h. he= 2.35/8= 0725 1n
Copm =25V LR mm A, A= S18= 0.4 1%
do m= LS5 mem . = T2l = 05,0893
ec ) ﬂ. - !/’y =O;05-:5-6/N- f Do ) 3’//9:‘ /f‘é?/,u,
1' N-‘-ZS;PJ-'-' 20 /.20
£ b= 1700 002> 00620,
. D= '2.3/“-_- Y00 sm. , C= 0;200/2‘ +a.00z = 0,002 /i
b. Fo= T/20 =0, 1S UM ? Ax= a-tb= 0./R0 1
L. m= 'u_"(/alo= Lo ) o A Ak_= Q/Ro:- O /800 sa.
di M= Lod5 moan 4- *- itz = 010985
e' o= ,/M m 2,050/, A. Dis= ?"/zo - ZS‘UD 2N

{0.

AN=23¢ M m=3=0

£ b =425mm 2 /.2C3) =T 3,260 ey
A D= ma=2034)= JoLmm % C=0,25m=0aS(3D= 01750 amam
b, Pe=T2)y = Trom=773)= 9, Y25 mm A, Ae= A +bs 2,25m = 4,750 mam

C Pz Y=Y/ 3= 8.y7 A hu= 282 2m= 6,00 man
d: fa=d& J = P =T = 172 aom
e; a = m = 300 pnmm ,h_. D= MCM*J)=3(.?‘)= /080"”1



/&

N= VS, m=la5

£ b= oS ()= L2505 ) e [.SE3 e

A D= PN = L2 (YS) 2 SE.2Smm G C=0,28m= Q2Le25) = 0.3/3 mmm
Pz Pz LA 3922 mmr Ao Ae= 225 m=225C0a5) ™ 2. 813 mom

b.
Co P fme ""‘f'%,m"’ 20,3
de Fa = 20
2} N=/2 5 =72
Q. D=mn = 1201Y= 216 pmm
b Peztrey)= 32070 mem
. O 5/ o= 2017
d, f=2
e, O = pm o [ pnm
A, D=mN= 2o0(22)= 7‘9'04..-.
bo Pc=77'(-'la)= GR.E2 ror.0m
a. by~ 13‘-?/). = [.27
d' ’d - /clf
e, A= = 20rmom
]‘l‘- ”‘ 20_; = /
A. D= MMN=20.00 mm™
b. Frm Tan ® 3,09 mm
o Piw= 5&% = ZSF
d. Pam ¥
é. A =pm = a0 2
/S N= /80, m=0.Y

0 = 01?{ /d’a)‘-'-' 7-2-00MM
fe= o) = A2bmen

o= J‘S“/Ov = 638
Pam &f '

A=M= 0,90 amsn

4

A A2 2m=Q0435)= 2500 m
4. t= Pefa.= TR o [963 mom
b Da=mimA)=f25CF)= SEITMm

£ 8 2/25C12Y " /S,00 prime
% £2 0,25 01)> 3.00 snem
Ae he= 2.25Cn)= 2%00m~
A- Ah-“‘ o 28,00 pmom

$ E= TG = (3. FS mm :

R, b= j25CAD™ 25,00 mm
C2 225C28)= 5,00 mm

?: e = 225(2)> 4500 rmom

A- Ap= R = 20200 70,00 mmm

4 = TFC28)/2.2 34,42 pnrm

L. D> 20(29)= 950 mem

£ 2 LASCD = LaS
?. C= 0, 25¢)= O/ 25 2
he Ae= R,a571)= 2”1;-/,”,'“
A. he= 2012 2,60 A
. ta Th= f50/ mm
3. Do (1) 22)= 22,00 mm

2, b= L&S(24)}= 0150 mm.
?. C2 0:25004)= OO0 s
A At= 2.a50048)= 0,900 smm

A hee 289" 0,50 o~

4. B TNy = 0428 mm

20 Da 0.¥(122) = 72, 8 0mem



/¢, N=28 ;5 m=/S

& b= L2SUS)= [o8 TS
A, D= mmn= Ls(28)F Y2 p0mm D C=a,20LA5)= 0,375 man
b fomgrmm=trlt)= YW pmm h  hes 225045)= Z3 75 mam
e &= ¥Yis= /593 Ao Ap= ALL5)= 2.08,mm
d = s 4 &= T oz 236mm
C, A== LD oy A, Do= )J5(30)= 45,00

VA Ne 28 ¢ m=0.8

=

b= 4h25(0.8)= /00 m m
o= 0;2-5'{0-8) = 220 o
hes 225082 [ §0 pnan
hie= A08) = /o 60 Anm~
r= P&/ q = [ Z59 e
Do= 083D ™ 24,00 mma.

A, D= 0.8(28)= 22./0mm
be Fe= lod= 280 mm
. Fim 25'?/a.3= 34L9¢

d fa= 32

o, A= rmz= 0,80 pmem

18| BAckLasH - SeE £ 389,

SRS

| GaR Feom Fro8.1: Py =122 BACKLASH 0.006 re 0.009/1

GEMR FRoM FPRO8.1J2:mx 12 BAckcAsn O.52 700,82 aveset
DETENCIE ON LENTER DISTHNCE,
Velocity Ratio '

2] o C=_-Nedwe o LELEY _ o r25
284 2L

b, Ve= Mafye = /o= 3552
Co Mg = HMp (/V ‘ZV‘)- 2Vm(/57¢?)= EED Royer
9’. Vi = T dMe . 7 Mo mp | Zredilzyvs) . /YY3 [l i

/2 2 Fy /Ll E)
2). a. C= (20 +qz)/20f) = Shovom. | C. N 22:'(2",/9.)-- 789 2P
b Ve= 9%us 40 d. mer ”7‘2’_‘(2‘4;'—“’?-.-_— 298.5 ¢ m

Y '
22\ a, €= (3o %(-7-0) 2 2¥rom| a ey = FS0 (%0‘37.!'%

b k= 15 > 2,247 77 (20)( &50).

dt /V‘; - Wlﬂyﬁm

2.5, a, C= ‘%*m”/

RL8Y) = AL sy,
S VE= 2% - fas
e mer 3o (Wan)= 552 pom

a. = JI¢CYo) 3¢sp .
N Tcev) S P o,
1%



&
zyl e = (2y+88)/, 12y = Y eaopm.

c ma = 1250 (Z5m) = ¥ 79 20m
b V&= %y = 3.487

d. W= T 5,60,
P W Y D4efi e

2s| a.c=aWs twedm/a= Go+22)C00A = 90400

b VR= N/wp= 68/21 = 3.8%/

S mg= g Mg = 1250 CVe8) = 566 Rpm

d- Ve = Rw = OW=[MM ﬂ&]é""“_}(’"“'ﬂ ZTRAP  fomenss, o
& o J &

P iy "'69: ’“/a’»-w-

M(r.-. (;L)(;la-)(/7.f0)= V;o&m/f

19099 19099
26.
a. ¢= é{tit- 18)(0.8)/2.= 26.70 mm o, vew @0.(78) //50)
b. ye= %8fa= 2.¢¢7 /9099
e, Mg~ /50 (V9g) = Y3/ RP = 2867l

A o c= Est3(0)as l2mm | o ar- G, .
b YLw /3= t2s /9099

e mg = 50 CYg) =120 o

28] a. e~ G6ri(12) o= 306 mm | win é“;';';’g‘;""’)-zsz@/J
b, Y= 36457 2y .

Co Mg ™ 75&5 1573‘ = Qoo RFAM

Errors In statements for Problems 29 - 32
281 Prvid Ao &8N CANT HAVE DIFFSCENT FITCHES

Zo.| C= Nerws /8 + 82

= 8,333 /5 Girven O IS NV ACCARATE

2. 2¢ 6) 8Y 0.033 /N

3/, T Faw TEETH /N 736 Frarron) JASSUMING 20°'F.0. IreTH

JNTRLSREVCE wWollD OCLUR..

32, CI= Mo+ Mg - 24+ ¥

= 2.5 mN 2 Do CAwwor Ba USED To Fwd &,

2Fd 20/%)
Housing Dimensions

33 Mosws musT CLomt AD0&voym CreciE pr At £6%S By /0 soe

a= !/PJ - Ve =028 /0. Dog= .6(”'-:_)/4: cg/j_;.-: & 25 /N
Y = 8z25m +2l08) = & YSm.
X = d+0 + 2a +200,pm) = __;W+H_ﬂ_ e +;;p_;)=z.m+£m+,zr+.2.o
X = /0,700 /n, TR H

A0



34| Deg= Wari)pu= Zsa/ey= 3.938m: V'=2938+az =%139/mz )

X= d+p +zat2odd= Yo , 256 2 = 4976%3m=
e ey tav * 77 f

Dog = (Mﬂf?)m: S0 (od) = Yopmm t Y= ¥0.0 7 2C2m=)= 500

X= d+0+ 20+2C0 = m Np fom Mg + 2om +2(2)
X = 01?(/r)f‘ ﬂor(‘f?) 2008 Ho = JJ:VOmM_-;«r
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Helical Gears
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SEE PRoBLEM Y9 ON WEXT PAGE Fon FogMULAS AND SYMBsLS

BEVEL GEAR GECMETRY

Mean cone distance

Ratio 4 ,,/A

Mean circular pitch
mean working depth
Clearance

Mean whele depth
mean addendum factor
IGear mean addendum
Pinicn mean addendum
Gear mean dedendum
Pinion mean dedendum
Gear dedendum angle
Pinion dedendum angte
Gear outer addendum
Pinion outer addendum
Gear outside diameter
IPinion outside diameter

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
7.555in
2.992 in

face width (b

IMean cone distance
Ratio A,/A,

Mean circular pitch
mean working depth
Clearance

Mean whole depth
mean addendum factor
Gear mean addendumn
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 COMPUTED VALUES

Gear ratio 3.000 Gear ratio 2.000

Pitch diameter: Pinion 2.500 in Pitch diameter: Pinion 2.500 in

Pitch diameter: Gear 7.500 in Pitch diameter: Gear 5.000 in

riwr CONe angle: Pinion  18.435 degrees Pitch cone angle; Pinion  26.565 degrees
Pitch cone angle: Gear 71.565 degrees Pitch cone angle; Gear 63.435 degrees
Quter cone distance 3.953 in Outer cone distance 2795 in
Nominal face width 1.1886 in Nominal face width 0.839 in
Maximum face width (a) 1.318 in Maximum face width () 0.932 in

1.000 in

2345 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
2764 in
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¥

Given: Ny = 18; Ng = 72; P; = 12; 20° pressure angle.

Computed values:
Gear ratio mg = No/Np = 72/18 = 4,000
Pitch diameter: Pinion d = NpP;=18/12=1.500in

Pitch diameter: Gear

Pitch cone angle: Pinion

Pitch cone angte: Gear

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

y= tan'(NpNg) =tan” (18/72) = 14.03°
"= tan*(Ne/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: F = 0.800in Based on the following guidelines:

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

Mean cone distance

A, = Ape =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 circular pitch P = (WP AWwAs) = (#/12)(0.871) = 0.228 in
Mean working depth h=(2.00/Py)(A,/A,) = (2.00/12)(0.871) = 0.145 in
Clearance ¢=0.125h = 0.125(0.145 in} = 0.018 in
Mean whole depth hy,=h+c=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-a; =0145in -0.033mm=0.112in
Gear mean dedendum bg=hn-ag =0.163in-0.033in=0.130in
Pinion mean dedendum bp=hy-ar =0.163in-0.112in=0.051 in
Gear dedendum angle 8 = tan (bo/Am) = tan™(0.130/2.692) = 2.76°
Pinion dedendum angle 8> = tan’ (bp/Amg) = tan™(0.051/2.692) = 1.09°
Gear outer addendum a.g = ag + 0.5F tandp

aos = (0.033 in) + (0.5)(0.80 in)tan{1.09°) = 0.0406 in
Pinion outer addendum a.p = ap+ 0.5F tandg

ap = (0.112 in) + (0.5)(0.80 in)tan(2.76°) = 0.1313 in
Gear outside diameter D,=D+ 2a,gcos I”

D, =6.000 in + 2(0.0406 in)cos(75.96°) = 6.020 in
Pinion ocutside diameter d,=d+ 2a,p cos ¥

d, = 1.500 in + 2(0.1313 in)cos(14.04°) = 1.755 in
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[5EVEL GEAR GEOMETRY

COMPUTED VALUES
Gear ratio

Pitch diameter: Pinion
Pitch diameter: Gear
Pitch cone angle: Pinion
Pitch cone angle: Gear
Quter cone distance

Nominal face width
Maximum face width {a)

4.000
1.500 in
8.000 in
14.036 degrees
75.964 degrees
3.092 in

0.928 in
1.031 in

Maxurnum facewndth (b) 08

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

2692 in
0.871

0.228 in
0.145 in
0.018 in
0.163 in
0.228

0.033 in
0.112in
0.130 in
0.051 in
2.767 degrees
1.090 degrees
0.041 in
0.131 in
6.020 in
1.755 in

GIVEN DATA

COMPUTED VALUES
Gear ratio

Pitch diameter: Pinion
Pitch diameter: Gear
Pitch cone angle: Pinion
jPitch cone angle: Gear
Quter cone distance

INominal face width
Maximum face width {a)
Mamm m face wuﬂh (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

4.000

0.500 in

2.000 in
14.036 degrees
75.964 degrees

1.031 in

0.309 in
0.344 in
0 313 ln

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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COMPUTED VALUES
Gear ratio

Pitch diameter: Pinion
Pitch diameter: Gear
Pitch cone angle: Pinion
Pitch cone angle: Gear
Cuter cone distance

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

e e

Mean cone distance
Ratio A,,/A,

Mean circular pitch
mean working depth
Clearance

IMean 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

3.000

0.250 in

0.750 in
18.435 degrees
71.565 degrees

0.395 in

0.119 in
0.132 ln

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

0.311 in

COMPUTED VALUES
|Gear ratio

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

Nominal face width
Maximum face width (a)
Maxlmum face \mdth (b)

Mean cone distance
Ratio A,,/4,

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

3.000

2.00C in

6.00C in
18.435 degrees
71.565 degrees

3.162 in

0.949 in
1.054 in

0.026 in
0.237 in
0.242

0.051 in
0.159 in
0.1856 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/,Ny=1, %=/0 [ B, =/45"
Me=403 F=0.625 . - SINGLE THREAD

— = = - ?7' =
Lear =AxvAC PrreH= QPCILAR Prich % //a = 0.2V I

=_-"L,-'a~m/z), .

ADPENTIA = 0= [ = [y =0.100n. DEDENDIM = -;A? e

Woem Ourssoe DiA. = Dap= Due P22 = L2350 +2(0.700) = /. YSOsn.
Wokm £oor 0/A.= Dpy= D =267 L250~2(0157) = L, 0186 1w.

Gete Prren DiA. = Dg = Ns fo, = Y0/,= % 000sn.

Cewrer Dsravee =C = D¢ +Du)f = .000 +15v)fa =2, 625’/;«.
YELOC 1TV RATIO = V€ = /"4/,|/N= 46/, =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-]1. The designer must
balance these advantages and disadvantages for each application.
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WORMGEARING PROBLEM: 52
INPUT DATA
Worm pitch diameter=  1.250 in
Diametral pitch = 10
No. of worm threads = 1
No. of gear teeth = 40
Face width of gear=  0.625 in
COMPUTED RESULTS

Circular pitch of gear= 03142 in
Axial pitchof worm= 0.3142 in
Lead ofthe worm= 0.3142 in
Lead angle = 4574 deg
Addendum=  0.100 in
Dedendum= 0.116 n
Worm outside diameter=  1.450 in
Worm root diameter=  1.019 in
Gear pitch diameter=  4.000 in
Center distance= 2625 in
Velocity ratio=  40.00

WORMGEARING PROBLEM: 53A
INPUT DATA
Worm pitch diameter=  1.000 in
Diametrat pitch = 12
No. of worm threads = 1
No. of gear teeth = 20
Face width of gear=  0.500 in
COMPUTED RESULTS

Circular pitch of gear=  0.2618 in
Addal pitch of worm = 02618 in
Lead of theworm = 0.2618 in
Leadangle=  4.764 deg
Addendum=  0.083 in
Dedendum=  0.096 in
Worm outside diameter=  1.167 in
Worm root diameter=  0.807 in
Gear pitch diameter=  1.667 in
Center distance=  1.333 in
Velocity ratio=  20.00

WORMGEARING PROBLEM: 53B
INPUT DATA
Worm pitch diameter= 1.000 in
Diametral pitch = 12
No. of worm threads = 2
No. of gear teeth = 40
Face widthofgear=  0.500 in
COMPUTED RESULTS

Circular pitch of gear=  0.2618 in
Addal pitch of worm = 0.2618 in
Lead ofthe worm = 0.5236 in
Leadangle=  9.462 deg
Addendum=  0.083 in
Dedendum=  0.096 in
Worm outside diameter=  1.167 in
Worm root diameter = 0.807 in
Gear pitch diameter= 3333 in
Center distance =  2.167 in
Velocity ratio=  20.00

WORMGEARING PROBLEM: 53C
INPUT DATA
Worm pitch diameter=  1.000 in
Diametral pitch = 12
No. of worm threads = 4
‘No.of gearteeth= = 80
Face width of gear=  0.500 in
COMPUTED RESULTS

Circular pitch of gear= 0.2618 in
Axal pitch of worm= 0.2618 in
Lead of theworm= 1.0472 in
Leadangle= 18.435 deg
Addendumm=  0.083 in
Dedendum=  0.096 in
Worm outside diameter=  1.167 in
Worm root diameter=  0.807 in
Gear pitch diameter = 6.667 in
Center distance=  3.833 in
Velocity ratio=  20.00

148



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 Diamefral pitch = 6
No. of worm threads = 2 No. of worm threads = 4
No. of gear teeth = 100 No. of gear teeth = 72
Face widthofgear= 0313 in Face width of 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 Axdal pitch of worm = 05236 in
Lead of theworm = 0.3827 in Lead of the worm = 2.0944 in
Leadangle= 11.310 deg Lead angle= 18435 deg
Addendum = 0.063 in Addendum= 0167 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
Velocity ratio=  50.00 Velocity ratio = 18.00
WORMGEARING PROBLEM: 56 WORMGEARING PROBLEM: 57
INPUT DATA INPUT DATA
Woim pitch diameter=  4.000 in Worm pitch diameter= 0333 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 Aodal pitch of worm = 0.0654 in
Lead ofthe worm= 1.0472 in Lead of the worm= 0.2618 in
Leadangie=  4.764 deg Lead angle= 14.050 deg
Addendum= 0333 in Addendum=  0.021 in
Dedendum= 0,386 in Dedendum= 0024 in
Worm outside dlameter= 4667 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 Velocily ratio=  20.00
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Gear Trains - Analysis
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Gear Trains - Kinematic Design

VELOCITY RATIO FOR GEARS  PROBLEM 62 VELOCITY RATIO FOR GEARS PROBLEM 63
DESIREDVR = 3.1416 = 7» DESIREDVR= 1.7321 = 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 17059 0.02617
18 5655 57 31667  0.02507 18 3118 31 17222  0.00983
19 5969 60 31579  0.01630 19 3291 33 1.7368 0.00479
20 62.83 63 31500  0.00841 20 3464 35 1.7500 0.01795
XX{21] 6597 [66 | 3.1429  0.00126 XX 21 3637 36 1.7143  0.01777
23 69.12 69 3.1364  0.00523 xx|221 38.11 [ 38 | 1.7273__0.00478 XX
23 7226 72 3.1304  0.01116 23 39.84 40 1.73%31 0.00708
24 7540 75 31250  0.01659 24 4157 42 17500 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 61875  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| 18 133.56 134 7.4444  0.02444
19 117.12 117 6.1579  0.00652 XX1{19]140.98 [141 | 7.4211  0.00105 XX
20 12329 123 6.1500  0.01441 20 148.40 148 7.4000 0.02000
21 12945 129 6.1429  0.02156 21 155.82 156 7.4286 0.00857
22 13562 136 61818  0.01740 22 163.24 163 7.4091 0.010M1
23 14178 142 6.1739  0.00950 23 17066 171 7.4348 0.01478
XX 124] 14795 [148 | 6.1667  0.00225 XX 24 178.08 178 7.4167 0.00333
Tivo EGuAL
SoLurIows Mindiff =  0.00225 Mindifi= 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

5 U

- M O

Gear speed = 4861  Ipm
VR=mg= 3600
pinionPD= 1887 in
gearPD= 6.000 in
center distance=C = 3,833 in
pitch line speed = 784  ft/min
torque on pinion shaft = 270  Ibin
torque on gear shaft = 972 in
tangential force = 324 b
radial force = 118 b
normal force = 345 b

a Gear speed = 304.4 pm

b VR = mg = 3.778

ol pinion PD = 3600 in

gearPD = 13.600 in

d|l centerdistance=C= 8.600 in

e pitch line speed = 1084 ft/min

f] torque on pinion shaift = 2739 Ibin
torque on gear shaift = 10348 b in

g tangential force = 1522 Ib

h radial force = 554 ib

! normal force = 1620 b
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{ . ____Forces on Spur Gear Teeth ]

RESULTS:
a Gearspeed= 7527 rmm
b VR=mg= 4583

O

pinion PD= 1.000 in
gearPD= 4583 in
d|l centerdistance=C= 2792 in

e pitch line speed = 903  fi/min

fl torque on pinion shaft= 13.70 tbin
torque on gear shaft= 6277 Ibin

g tangential force = 2740 Ib

H radial force= 9.97 b

|

normal force= 29186 Ib

Probliem 4 |
RESULTS:
a Gear speed = 4861 rpm
b VR=mg = 3.600
c pinion PD = 1.867 in
gear PD = 6.000 in
dl centerdistance=C = 3.833in
e pitch line speed = 764 ft/min
1 torque on pinion shaft = 270 Ibin
torque on gear shaft = 972 Ibin
g tangential force = 324 Ib
h radial force = 151 Ib
[ normal force = 358 b
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| Forces on Spur Gear Teeth |

Problem S b

RESULTS:
a Gearspeed = 3044 M
b VR=mg= 3.778

c pinionPD= 3.800 in
gearPD= 13600 in

d] centerdistance=C= 8600 in
e pitch line speed = 1084  ft/min
f] tomue on pinion shaft= 2738 Ibip
torque on gearshaft= 10348 ibin
g tangential force = 1522 Ib
h radiai force= 710 ib
I normmal force= 1680 b

: a Gear speed = 752.7 rpm
b VR =myg = 4.583
C pinion PD = 1.000 in
gear PD = 4,583 in
d] centerdistance=C = 2.792 in
| el pitch line speed = 903 ft/min
] torque on pinion shaft = 13.70 b in
torque on gear shaft = 62.77 Ibin
g tangential force = 27.40 1
h radial force = 12.78 ib
i normat force = 30.24 b
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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 invoiute tooth form. High levels of contact stress, called Heriz 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: 54 = 28.26 ksi; 5. = 93.50 ksi — U.S.: 5,; = 194.9 MPa; 5, = 644.6 MPa - Sl
b. Grade 1; 300 HB: 5., = 36.0 ksi; 5, = 125.7 ksi — U.5.: 5,; = 248.1 MP3; s, = 866.6 MPa — Sl
c. Grade 1; 400 HB: 5, = 43.72 ksi; 5, = 157.9 ksi — U.S.; 54 = 301.5 MPa; 5, = 1088.56 MPa - Sl
d. Using HB > 400 is not recommended.

e. Grade 2; 200 HB: 5, = 36.80 ksi; 55 = 104.1 ksi ~ U.S.: 54 = 253.7 MPa; 5, = 718.5 MPa -5l
f. Grade 2; 300 HB: 5, = 47.0 ksi; 5, = 139.0 ksi— U.S.: 5,4 = 324.0 MPa; s, = 959.5 MPa -5l

g. Grade 2; 400 HB: s, = 57.20 ksi; S5 = 173.9 ksi = U.S.: 55t = 394.3 MP3; 5, = 1200.5 MPa - S|
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 Tabte 9-5: Flame or induction hardening produces 50-54 HRC with materials having high
hardenability

SAE 4140, 4340, 6150. All have good hardenability

ASTM AS536, Grade 80-55-06 has a minimum hardness of 179 HB.

a. 5g = 45.0 ksi; 5, = 170.0 ksi = U.S.: 5 = 310 MPa; s, = 1172 MPa — S| [Table 9-5]
b. Sz = 45.0 ksi; S5 = 175.0 ksi — U.S.: s = 310 MPa; s, = 1207 MPa — S [Table 9-5]
€. Sge = 55.0 ksi; sq. = 180.0 ksi — U.S.: 5, = 379 MPa; s, = 1241 MPa - Sl [Table 9-5]
d. Not listed

€. Sgt = 55.0 ksi; 5, = 180.0 ksi — U.S.: 5+ = 379 MPa; s, = 1241 MPa — Sl [Table 9-5]
f. 5q¢ = 5.00 ksi; 5, = 50.0 ksi — U.S.: sg = 35.0 MP3; 5, = 345 MPa - S| [Table 9-6]

£. 5ot = 13.0 ksi; 55 = 75.0 ksi — U.S.: 5, = 90.0 MP3; 5, = 517 MPa — Sl [Table 9-6]
h. 54 = 27.0 ksi; 5. = 92.0 ksi — U.S.: 54 = 186 MP3; 54, = 634 MPa -S| [Table 9-6]

i. St = 5.70 ksi; S, = 30.0 ksi — U.S.: 5, = 39.0 MPa; s, = 207 MPa — Sl [Table 9-6]

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

k. 5q = 12.0 ksi; 5., not listed: 54 = 83.0 MP3; s, not listed [[Table 9-14]

b Sz = 9.0 ksi; s, not listed: s, = 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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[DESIGN OF PLASTIC SPUR GEARS

1From Problem 76

Comput

. @m:/fm=37.s'ﬁ/m

2L0m |w—

.I_
}_

HPAN

Pitch Diameter - Pinion: Dz = 1.500 in

) My = /592 Rén
Pitch Diameter - Gear: Dg = 5.167 in

Secondary Input Data - Pinion;
i ?1!4 L

SRR HES R H T P
Actual Bending Stress in Pinion: §: = 5985 psi
Secondary Input Data - Gear:
Tooth Form: 20 degree full depth Same as for pinion

¥

i)

Face Width - Gear  F = Same as for pinion
Actual Bending Stress in Gear:  $: = Must be < s 4

{
o
&
[4)]

2

/69

Computed data: Ve waan = 77 DwMw /72
Actual Cutput Speed: ng = 160.0 rpm 1A NVEw _ 12(22%)
GearRatio: mg = 3.444 W o, rrlam

CoNNET WHEEZ oM OUTAIT

Center Distance: C= 6.667 in
Pitch Line Speed: v, = 216.4 fymin -; ;* A ;" OF fe'm ee;wc en.
Transmitted Load: W:= 3811 b & A OF GEARS.



RACk DRIver FURNALE Dook . MeaZ 240 /S = /26 Fr/min

PRE = Ty Mo fr2 SHAPT FoR
mp 2 1208, _ 02)(/20) _ ys8y LEans B¥C
7 Do m Oo Do ID
FPess/BLeE VALY FoR Dy’ ! I RAck j
b mp TV="%ms A%
10.0¢ Y5 8YKPA 32,72 Al , Ma= /500 Rem
90w 5043 29.45 A Morse
12,767 32.7¢6 3972 usedb il —
P 1 Muge IS0 APM Ma* 172:3 gem e
Nax 17, Ng= 48, V= 8.7 fj —
PAIRZ Y me =mg= J72.8RemM, My>37.74
AMe= 1€, Np* 73, Vs = 456 D'R’Ac.x

SEE TWO SFLEANOSHEET Sob VTISS

DESIGNED Fol OFEM GEARING
DETIGN LIEEL N EACKH CYCLE ) RACK 10 VES & FI ERACH WY

TOTAL eF ILFT FIR FUL CYELE - AT 2. OFPT/S, CYyrLs rimesss:

I156¢ _
ey * 12T S bosec/opne

.6,553 LLYCLES  Z9#He L 365 P4V ASYES b
" X X X S/34Y AN
CYLLE An DAY YR " 3660 S

USE 1500 hn PESIGAN Li1Fe,

.{UMMﬂﬂfﬁ ﬂdwe‘a =50 j'lf) kd-'/,f'(}) E}g_f:zf‘p-., &UA(J”"AV"!’/

L Ne Ng De B 2
Pl s 10 17 772 1.780 147 Bow 1200 5.258 % [SELL BhanieD
LI IN SIZE

& 16 T3 2.66) j7.747 2,500 7,977

FPaug 2°
AL GEALS MmADE Flsm 3SA€ 13Y6° FAa -0QT /oo HE 32/

PAIRZ ~0GT 900 H6 398
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79, GEAR DRIVE FOR A LIFTTRvEK 127

RotiNnG WHoas. 15 THe 7R VERSE OF

APrnroas DRIVIANG A RAcCk . x.«e;:__ »
=2
A AT cENTER OE whHas £0VALS 9
e 20 5130 FT, [ha
W= T MYIL ha | oml ;@m
= =7 ' Az [760 Fr/nm.
m= A _ 120/ 760%mn) oz Kem

TRAIN VALUE = 3oo%“.23 = 57753
1415 TV couLD e PRoDvrcer BY ONE PAIR OF GEARS,

However., For Pow En. LEQUIREY, GEAR Wovep £ 7o0
LALGE 1D AITACH 7D AXLE with /2 IN WIEEL.

USe PovELE PEPUCTION . SE€ T O [LELLob NG FAGES .

Ns SO H 34
= o —— - oToek
VR “Ne™"77 A — WHea.
= ST L, 2
Vee Ne 21 / |
My € M= ._A_?__{.V...‘_. F_
w z # NE N
My, =3000-LZ. 2L = 5¢3.9p0m
Y] 28
SLIEHTLY HIte HEAL
THAn TARGET.

No 7es GEARS HAvE Fi=& Foa &mats FrLoo®
AnD FPi=%5 e PAR 2. FiAce winntr ArE
Lapnvery LALGE. £ =250, fo= 3. 00
REDESIGN Wi TH HELICAL BEALS SHovio Ao/

A SmALLER. SYSTEM,

MSO ML GEANS USE SAME MATELI AL AnP
HEAT TREATMEUT.
LiFE Cliculdmiwwv:

/64 bPAYS |, STwiks . ZoYE .
94)” Rk % 7 = 99 2¥0h USE L=/ioas0 A

DEstGn DEcisnas: SF =400, Kr=4-50 LifALuee (N /oooo; R70.9999)
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IDESIGN OF PLASTIC SPUR GEARS

Application:

Actual Cutput Speed: ng = 266.9 rpm
Gear Ratio: mg = 3222
Pitch Diameter - Pinion: 2, = 1.500in
Pitch Diameter - Gear: Dz = 4.833in

Center Distance; C= 86.333in

Pich Line Speed: v, = 337.7 fymin
Transmitted Load: W:= 4884 Ip

Secondary In >

Actual Bending Stress in Pinion;
Secondapy mput Data - Gear:
Tooth Form- eg'ee full depth Same as for p:mon

g

"
IE
3

Face Width-Gearr F= 0.300 in Same as for pinion
Actual Bending Stressin Gear: S+ = 4133 psi Mustbe<s,

ime



[DESIGN OF PLASTIC SPUR GEARS

Aaﬂon _

Cmd data
Actual Output Speed: ng =  21.0 rpm
Gear Ratio: mgz = 4,188

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

Pitch Line Speed: v, = 18.4 ft/min
Transmitted Load: W; = 107.4 Ib

“Secondary Input Data - Finion:

i

i

Required Face Width: 0.387 in

Actual Bending Stréss in Pinion:  $; 11612 psi

Secondary Input Data - Gear:

Tooth Form: 20 degree stub ~ Same as for pinion

Safety Factor. SF= 125 Same as for pinion

|y app 8. 2e
Face Width-Gear:r F= 0.400in Same as for pinion

Actual Bending Stress in Gear:  §: = 8583 psi Mustbe<s,




[DESIGN OF PLASTIC SPUR GEARS

Chmnuou!éclttaun
Actuat Output Speed: g =
Gear Ratio: mg =
Pitch Diameter - Pinion; Dp =
Pitch Diameter - Gear: Dg =
Center Distance: C=
Pitch Line Speed: v; =
Transmitted Load: Wr =

F. ] ‘,Hr,rngxq

fffguf

120.4 rpm

3.5M

0.292 in

1.042 in

1.333 in
32.8 ft/min

2511

Actual Bendmg Stress in Psmon' :

5938 psi

Secondary !nput Data - Gear:

Face Width Gearr F=

~ Tooth Form: 20 degree sfub
' M

Same as for pinion
3

Same as for pinion

Actual Bending Stress in Gear;  §: =

4230 psi

Mustbe<sa¢_
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[DESIGN OF PLASTIC SPUR GEARS

Actual Output Speed: g = 488.0 rpm
Gear Ratio: mg 3.333
P#tch Diameter - Pinion: Dp = 1125 in

1l

Pitch Diameter - Gear; Dg = 3.750 in
Center Distance: C= 4.875in
Pitch Line Speed: v; = 459.5 ft/min

Transmitted Load: W:= 487 Ib
Secondary input Data - Pinion:

Actual Bandi Stress in Pinion: S: = 5971 psi
Secondary Inpm Data - Gear:
Tooth Fonn' 20 degrae fuil depth Same as for pinion

Face Width-Gear. F= 0420in  Same as for pinion
Actual Bending Stress in Gear: St 4363 psi  Mustbe <s,,
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CHAPTER 10

HELICAL GEARS, BEVEL GEARS, AND WORMGEARING

a.

b.

Q.

Heviene Gents? 7= 8, P ;/y{—: N=YS | F=2oun, Y= 30t

P=S 04P, Mg = /250 ReIM . ToRQUE=TT 63000(5.0) . 257 ¢ 3. su

/25D
We = . 7 Dg= %—.— i’f—:sgzs;n
/2 % 8
Nt:"_“ ZER L Bsrv -
__“—-57‘539"/2, = 8% &LLE

Wy = We ta~ ¥=59%¢ ta~30"<57,7L2
W= We tam Pp=89.8m193"723.2 L8

Np=18"5 Deive rs A Rt wRuCATING Pun P, A45D
Skp= _W:': Fd .

Lo Ke ko Ks A/”-; GsSume Ls=ka= LD

ﬂ’l"pﬁb,\f;ﬂi‘:ﬁ }p FRom Fi6 10-S. parA Are Fot Bn=/s*
A CrU. Bm = tait [ tin @ Coa Hl= o [Eovyt e300 =72, 8"
$pn 0.38)00.970= 0.269 -
Dp= N'/f’d = /% :Ag?ﬁﬂ; %’ = /4'0575’6}!; =0.ﬂ-75'; CMz A 3%
K= O+ Cpg t Coney = /. 001 0.0+ 0.7850= [, 23
NEE 1 Dsmg e Vi &: IZSMZQ)/; = /8 Y1 Fr/MN
Seecify Azl (T K= /. S (Ft6-9-20)

Ser - 2.6 X 8) _ (1) (123X1.6) (1553 = 2978 ps/

Lewsl(a.368)
£ = e Ko Kg Ko Kv /9% Er.c Y Lo Y/0X 1. 23X/ 55)
c= Cp F Dp I = T B e W r8759C 0.28)

Sew 34228p¢) P I EST, Flom TASWE /0-1.

SOECIF €0 0T IRIA) BETCAVIE OF Lo SIRESS S

£RAY OV ZAON ! Sax = £008ES Sacs S0 oS/
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Heetenr GePrsS s F= 2,50 KF) /V,w-?/é) Ne= #,9} /{,m; /2)45520“) ?L“?.S‘
F=LSO NS roggue=T= b3000(2.50) _

Me= /750 ReA 6
s

= SU. 8w
/750
* = r = ‘?0. &

= 2/, e
Dq/?, 5'“7/2) g_.é.{'i
FRiM Pac8eem 82l P} 2 8.Y85 ) Dg=5.65Tw, Pe=27.2°
De= NP /4

B By /.887 sn
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b.
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= ”(5:6;7)[/7&)42: Zﬁz_,fr/,uﬂv
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s
<€

{15eM 0-30)
Pimue: L% 0,21, Ce=i% casr/Ros/
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SX/LEe21X0.)
Sc.2 26,7115 PSI: Spstiey (LASS 20 CAST 18K4n)

e a;;ffd-' Kokrs oo kon K = (31, 8Y 848SIUASH 11 X1 20X 1. '/03’_—/2 57 257

S A= SUFS] | Sac=50040P5/
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FELICAL GEARS * P=0,58 he, Mg =3Y50 fpn} Fna=2¥, Pn=/v5 "

vz {/5') Ne=72 , Np=/6, F= U025V, WiiecH =100, SHsce Ko=/.50
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Problem 10-14

BEVEL GEARS

Forces and torque for shaft and bearing load analysis:

On Pinion Shaft - Torque: 7T,= 630 Ib-in
Mean radius of pinion; rp = 1.052 in
Enter: pressure angle: o= 20 degrees

On Pinion - Tangential load: Wgp = 5987 Ib
On Pinion - Radial load: W, = 2067 ib
On Pinion - Axial load: Wye = 68.9 Ib

On Gear Shaft - Torque: 7T 1890.0 ib-in

On Gear - Tangential ioad: Wy =  598.7 Ib
On Gear - Radial load: W, ¢ = 689 Ib

On Gear - Axial joad: W, = 2087 Ib

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

Forces and torque for shaft and bearing foad analysis:

On Pinion Shaft - Torque: 7= 1764 Ib-in
Mean radius of pinion; rp, = 1.083 in

Enter. pressure angle: $= 20 degrees
On Pinion - Tangential load: Wy = 1613 b
On Pinion - Radial load: W, = 525 b
On Pinion - Axial load: Wye = 26.3 b

On Gear Shaft - Torque: 7T; =  352.8 Ib-in

On Gear - Tangentialload: Wi = 1613 1b
On Gear - Radial load: W,g = 253 1b
On Gear - Axial load: Wy = 5251b

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

Forces and torque for shaft and bearing load analysis:

On Pinion - Tangential load:

On Pinion Shaft - Torque:
Mean radius of pinion:
Enter. pressure angle:

On Pinion - Radial load:
On Pinion - Axial load:

Tp = 37059 Ib-in

rm= 0938 in
b= 20 degrees
We= 39521Ib
We= 13561
We= 479

On Gear - Tangential load:

On Gear Shaft - Torque:

On Gear - Radial load:
On Gear - Axial load:

Te = 1050.0 Ib-in

3952 b
479 b

Ww= 1356810

> 8
I 1

See following page for stress analysis and design details.
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[Problem 10-17 ]
EL GEA

Forces and torque for shaft and bearing load analysis:

On Pinion Shaft-Torque: 7, = 2625 !b-in
Mean radius of pinion: r, = 0.386 in
Enter: pressure angle: $= 20 degrees

On Pinion - Tangential ioad: Wp= 680 Ib
On Pinion - Radial load: W, = 239 1b
On Pinion - Axial load: Wy = 6.3 Ib

On Gear Shaft - Torque: T¢ = 99.2 Ib-in

On Gear - Tangential load: Wy = 68.01b
On Gear - Radial load; W = 63

On Gear - Axial load: W,g = 239 1b

See following page for stress analysis and design details.
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Problems 10-19 and 10-20 COMPARISON OF THREE PROPOSED DESIGNS
See details on following three spreadsheets

Given gata:
Diametral pitch, P, = 4§
Velocity ratic, VR =
Output speed (Gear) =
Worm pitch diameter, D See comment

Gear face width, F = See comment
Normal pressure angle, ¢, =

Assumed gear is made from chilled cast phosphor bronze
Aliowable bending stress = 24,000 psi

Resylts: DESIGN

e 434 o

Qutput power ¢hp), Po = 0.289 0691 1.254
Gear bending stress (psi) 19190 23963 23987 Limits in Bold
Allowable bending stress (psi) 24000 24000 24000
Rated load for surface durabifity (Ib) 242 418 714 Limits in Bold
Gear transmitted load (Ib) 242 290 263
Efficiency (%) [Problem 20] 72.9 84.1 90.8
Power input (hp) 0386 0822 1.381
Lead angle (degrees) 4.76 9.46 18.4
Gear pitch diameter (in) 1.687 3.333 6.667
Center distance (in) 1.333 2167 3.833

Commerits on resufts;

The given face width is smalil. Could use F > 0.601 in to maximize effective face width.
Worm diameter is too iarge 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

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

T

Given data: A B A Revised
Diametral pitch: 6 10 6
Threads in worm: 1 2 1
Teeth in gear: 30 &80 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
Resufts:
Forces - Gear (Ib):
Tangential: 480 400 480
Radial: 125 108 125
Axial: 58 82 65
Forces - Worm (Ih):
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 (%)- 68.1 776 70.6 Design B - Higher efficiency
Power cutput (hp): . 0.381 0.381 0.381
Power input (hp): 0.552 G.491 0.54 Design B CK for 50 hp motor

Gear pitch diameter (in): 5.000 6.000 5.00C Design A smaller
Center distance (in): 3.500 3.825 3.375 Design A smaller
Stress - Wormgear (psi): 9400 21171 8324 Design A - Lower bending stress
Rated load - Durability (Ib): 1183 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.

21.
22,

23,

24.

25.
39.

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.

Press fit is described briefly in Section 11-6. More discussion follows in Chapter 13.
Section 11-7 describes both rigid and flexible couplings and compares their
performance. Examples of commercially available couplings are shown and described.
Section 11-8 contains general information about universal joints.

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.

to 38. Section 11-10 contains general information about seais.

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, Cz, 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
fiywheel 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

L8



comprehend how the sets of problems lead to the more general shaft design. Any combination of
problems may be chosen.

Torgues 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, £ P24
Figure P12-4: P4 — Gear A; P19 —Sprockets C, D P25
Figure P12-5: PS5 — Gear D; P20 — Sheave A; P21 - Sprocket £ P26
Figure P12-6: P6 — Gear £; {No separate analysis of Sheave A} P27 {Includes Sheave A)

Figure P12-7: P7 —Gear C; PB—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 Axlal 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
19
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P, ¢ Mg=20/8 L8an; T=18Y3L614 AT J‘<e~ise’4)r tSHa o (e <2.5)
- =20
Dirmm = L Q‘ée Jan AT S HE ULPCﬂ‘L-(k
AT RING Efoove: Lemn® O 06)(2;089) 2,2 S0 GevERD

Dul Mc=2339L00N | T 24Y2L61h AT XEYSEAT Ano Sponoge [ £e=2-7)
DymiN = 2,068 N
AT RINE Ghosve: T=06, Ke =3.0, 152339 LP /A

Dymm= G,08)(2:1959) =2.328 n. Qoverns

Dst RiGHT BLG.. Mm=0, T<0, Y= 78018, Ke =& S

Dspn S 2.9 ke YN/, 52,9902, 5(786)(3) 0250 =0,972 15,
Di' Vaz67/t8 —o Dimm = 0.8 55 I

LET) D22 2,250/ Dy=2.500 /N, D3 52,600 /N
D Ao Ds DEPENO o0/ LEARING SELECTOAN
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CowTiNvED) SHAET 3
Mokl l 821Ny p /49,5 /425
. 3 3 . } 3 . 2
o D
T‘WI i 1 V—ERE- I 299
Uho
v o 4 y 2 X - ~
) . @ My =233+ 999
A Mo = /372810,
i T=328718.1u FRom Kelsear
—1233 Mo TO RIGHT END 0F SHAFT,
(to1a) S USE SAME MATERIAL AS FoR
SHAFTS | AND 2. Lo 20,80

o Sy =/ 000 ﬁ'f’,'S,'." /B00s Fsi

= F.00 ————ereim

etpoo— . J.00

SHAFT 3

O
D( Dz - 93 s
ERG. _ Dy |B8rs.
GreAR D
DIAMETER D3 | M =/3/218m } T=3287L81m,Ke 2205 AT SHov0a®.

D2 =/.7F/n. AT SHeveDER,

AT GRoovE!Ds » [,88/n Fot Ke=30;T=0.
WCREASE By 6% © Dy = /. 0¢(/28) = 2. 0 11, Boverss

DIAMETER Dy, i DSZyur § M=0,T=2287c8wm ; Dy, /071N

SPECIFY ¢

Dy = L3780 1v (5mw), BRS 6207
D; = ZuOt0smw

D3 = 2.2%0/4

Dy = 13780 14 (35mm) BRG. 6207
Ds= 125/~

[ CHEcemw C; 0K
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39| P=72.0 Ko, g™ /750 RN, Fibure Pi2 -39

Mo rok SHAFT : 2-__...&,””
NET BRIVING FORCE = Fy= Uy, ey
7= A3000LP)/in = 4£3000(72)/ 152~ 65T 1m0 DRIVE

Fn = 657‘-3"‘7(5;5,“/2) = 2325 8.
BEMOING ForCE =g =/uS FovaISiLBN
Fox = Fasm 250 =BS2LB)Com 259 = 20208 o
oy~ Fs gas 25° =852 cacirzs)=253.8
FORCES ACT on MOTOR SHACT. DIRETTIONS A5 Visv s Flam
Eonad 7H= LEFT &NO OF THE MOTOR.
REDucarR WPIT SOAFT I FORLET SHIwN AS VEWED Flow

BlGH T ENO FoR COnNSursmwey WiITH WENS OF &ET Srem
/N Fl&vre pia-38.

SHACT SPEEDZ Ny =M poroe (%) = //sD Ei’ﬂ@;‘y—é-): 762RPrr
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G morva <hser AvaLysa)
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Ry Rox 3::‘6 PRivE,
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~Goe - 441 N T
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3% Lowrivoen

DESse N OF SHAFT ] WoueLl BE COmMPLETED N A JTANNEE Somiiard
TD THAT Srtow sl N PRoBeenr 2§,

sxaer 2!

SE= FrAZLEr 38 FOK ANALYIIS A0 DES/AV (2o,
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CHUN SPROCEET AT EnO OF SHHFT3!

7z = é.?oa:[/Z)//M = 597 (oot
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R
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3
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M
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R g N
. = {2008

ComleJoR SHAFY Feltees? F 969"_3._.,__ Fsy = 2.61'7&4
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% FlGuee pra-yo: Starr 2. M= TE0rRem ¢ Powert in AT = 22.C 4N,

TPoweat ouTAT A = S AW Preisn OuT AT E= Z..s"llo.
CoAe CRUSHER - USE N=F BEcNUSE OF imPHCET AND SHoCK.

=808 | ZITEAY  Jrwm. =.50.27 21/s.
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Sl 32.27 092 )s - B ¢
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7::&' P 50.27 200/ ~ A .8 c) b s
Tokoue W Gear ¢ = 22T m/s Y47 Moan TOROUE 1N SHACT
£0.27 tro /s
ForRcws !

Geme A Wen = A.ﬁ JﬁMM o
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CON TINVED

Benrné Forcss! Rg=lfever’ ™ /ews™ =B34 7 RB5j5719. + 10043 5807
FRoFoSsED SHAFT DESAMN ¢

GEIRA_  BreAING B GEARC  Boswouns O AL E

apet Oty =ttt [D0AA /B ittt D ot g 0] vy~
1 e ol |
| . ’ T
1Y ' NI )
y fn
D= O B 9 e AL 014 Dl 0y

ASTY & AL FIULETS AE SmaLL RIDIES aniThH iy 2.5, EXCEPT R2, L6
UFE £o= 2047 BING LELoavET WiTh SHAFT DIA. = L046 X6RosvE /A,

UI€ Kem /. 8 AT Ay Ane Sog (et R Va0 &D )

LIATERIA SELETTINS  SAEY/YB ORT 100D, Su=Hbousid, Sy </aDmto

/2% ELONEATION — G100 STHENE TH AND DucTILITY,
FROM Fre. =91 S = 9004180,
SE28er Cg =0.80 (RO LS mm aterss) 300 =0.8100.99 €aindiery)

Sa' = C3 Co S =D BN0. UNY00018) > 2STMPer? 259 Nfnine ™
SoLution Fok DIAMETERS USIMNE £Q. 922 -Sursmemy ! (V=¥)

Locats | Ke'  MEmad| TG mm) | D | Steiren 0
7y 25! o 298000 |2.56 | 30.00m
7y LS | 639,000 298000 | 43,3 EO.8 oontn
J3 2.8 | 639,00 298000 |&2.7¢ 6S5.0mmm
Dy J.0 8§25 000% 27 Boco 6.8 |06 = .4
Ds 2.5 YéL, 000 2% 000 | 5%.67 80. 0. mae
De 3.0 Y62, 000 IMooo | 60/9 qriec=£2.8
D - K12, 2500 792060 |3862 6Q2 mam
D Xy 32,000 792,000 | 49.Y5 5370 mran
Dq .5 0 /#3000 | p.iy 7520 smn

Aoress Dy Awvg Dy ARE STAwoARD BeAmné Boess Flam NS 793,

XMOmEMNT AT Dy ESNMATED Beswesn) Povir & Ao C.

80.0 reem USED Fol Dy\Ps,AN00c TO PROVDE SHONDER Fod. BEAUNGE A7 £t .

D: AnD Dy PRovIOE EASE OF INSTALLAT 704 Fik BeARiNGs.

Di AND Dq MAVE LARGEL THIAN REQUIRED Fig LoA PATI&ILITY wh T
ADIACENT DIAMETEIS A0D TO w1170 PMimeats A SHONOERS.,

FINMR. STRESSES MuST Lo corancr Aram S Peeifrmne FLET RAo/r,

Gloove GEOMETRY, AND BEAUING SELECTION.
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Flaure P41 DEI/SA) SHArT AnD LEVERS. =204

F22 Fi { Gomml/Sosmm = 20M ¢ TORQUE =F, 6D = /200N rimim FloM 8 7 D.
sy Rizow F\-[a'o” UsE SAEN3? ¢b Sresu

1 200w~ Zg o 2bsmm Sa= 76 MPa)Sy=SLS Mo
A # 1€ o Sa=260mPn LF1é58)
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7e S’ 2O N 0. 235 260) =/ 751 P
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ad | B=n oG AVD Tdds/on
0 ' Wil Bt/ ALYIng.
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Des/dn EQUATIW 1224 Musr 8& moviFic FOE\/MY 106 TORGVE.
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: m /78 /75 USE D™ B8.0mam
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!
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Muuns = QONI 60mm) = 1200 t-mere ¢ -2 s

ool M (200N e 3 bi?
Reob S= 5 e = 0. ST /-

REQ‘D h= \/65‘./6 = /‘(20.57;-“?) YO anm = 505K nom Ar SHAFT

L

BEcAhse SHAFT 1S 0.0 maam DIA., LEVER IS ADSD
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UANE ,
o e [-r-\ f: ) & Rosr S‘&ﬂw.
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CHAPTER 13
TOLERANCES AND FITS

Loose ~RC8 ¢ Hote 5 5 Suarr Do jClemaves s

J.5880 J.¥920
L/ Fe [l N
rMITS 2 fove F 5000 SHaT 77095 CL 0.0070 ro 2,0/55

=0 Y -0,285 +4,25
FREUS/HWN~RC2! fOLE —p [ SHAFT _, o0 SCL L, o¢

O3S0
Limyrs « Hots L520%0 SHAFT 2. ¥9975 L Q00028
Jdus 0000 0,499Y5s"
72 220095

P -, 3
Loose ~ Rc8t Hove 758 [ swarr 355 oo 17§

ADJIUST TorerkAw e85 ol BASIC SHAET SYSrem —ADD i

£6.3 . | o , 3.5
Hoce L35 5 SHART =16 ; CL 32,9

, o,63/73 2.6250
Limirs : Hoe gr35  SHAET S o53o (L 0.0035 re 0,0079

ClesE FIT ~RZJAGLE MOTIEN —RC S
2 o, < —_—4s c 46
/fore —e AAET azy 5 CL 434

o080/ . 728y

Limirs s Hors 3.8000 Sﬁwﬂrm Ct 0.00r6 7 25076
Looss — Rc8: /fore fg" ;s PN :g? 3 Ce :;1:-
Lomirs s rlbie -‘;':Lz—.—s.z':-%f-g- Pen % CL 0,0050 r0 0.0l
Loass ~peg : #oe Y50 5 w372 s o 205

ADJIOST 7DLeRANCes Fok BASIc SHART SYSrem — Adp 20

+/2.0

L4 o - 7'0
Hoee 3770 5 PN 35 etk
Y0r20 Y.0000
Lfmirs: HoFE ——— FI 2o m QL 09,0070 100.0/55
% Y0070 3.9945 - 7 /
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7| Precisrond Wit Wil rTEMPER ATURE VARIATIONS woveo
TYFIcALLY CALL FOR Rce3 or BCY ., Rc2 PRosABLY ToO 7761 FoR
TEMP. CHAn 6T} ReS FPRoSASLY 7Db LoosE For REQD Precis .
RC3 oe. Ry NoT AVAILAsLE /N TRELE 3=.
ILLaSTRATE Limps with R :
) “ow . —hs

. ’ Pry YL
Hoiter o J -2,y v

~/. b
+3.6

2.75/2. o. 2% 5y
P 24TS ! Bt el e JA ——e. 2L O 00/
L1y Hore 5.7500 P e 72 00036

PEPT e |, =50 " S 0
8.1 Loose —Rc@: #oce X JOSMFT - T15 Ch s

ADJIvST TVLERANntes Furk BAsse SHAET™ Sysrer? ~A00 S:0.

*4,0 , o 5.0
foce Lo L Skmer F.~ 3 ce

* S
. 258 90 4.5
Lyrrrr3: MouE 75‘?‘% SHR =T -;:-’7;%-:_- £e 0.0050 10 Coys

%] a=0;b= 3225/t = fe2sin; C=Y%000/2= 2,000 19 2 Borr $202.
USEFNS —pesvy mkea Frr E=exwipat

Hocey T T SHArr! TEY TSR Eeescs: T8

. -0 o 700 8'09’

. L2372

Lirtsrs : foce T o Z25H § 25008y,

33570
+ . < =
(¢ 13-2) =£8 |t} 6ad ] @‘m‘)(mawf g.u ~ /by _N/.6359)
(4 f—' 26 .ZJ-LEC?-_QE) 20/.628) L‘:(J‘z‘f)‘(z.ﬁ‘-d)
= 1305 ped .

z . )
73¢) .= crtd > V= j3s95 "rZu FlLbm [ L7263 ped _&gﬁﬁﬂm
(&-Q 'ﬂ’ C‘&-év Lg'o !s__/"zr‘ Fﬂﬂ- L9228 M) =-ﬂ7¢.$1

I a, = 3.50/2 = L 25wy sd= Yr/e 2o sw ) C=

S 59 f"ﬂ/l’ X P2
I Horer TIY 3. : . 2.4
il adl - o Ay o ST -7
.SreEe ppe BB - prsnre .o %00¥d o5 20.0049m
L{Hm - S‘-M %m mm‘q‘ OD ""—”_y'aw'o' - A'”
= g, USING Eo- Bogne Psi £4=15Kn s}
R = ZIS P (e0.3-3) Vo= 0,27 Vi = 0.27

Toz 13938 put ~EQBY) WADE Sutrate o1 sree Sieevs
T\ =~ |/ 81 pat -é-‘@. /3-S5 ) SuTeER SverFAtes £ Bop a2 EvSrng




ToLELANCE D/AGRAMS FoR PRoBrLemS |-8.

“ILL -

-k TV
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e MY IVITT W

.Jn—lﬁ

AAVHS

e e T .

RN AT

L RS

B Y TR T PR S

001 2——————

00—

0002}

BASIC SIZEO—AR AL A

Ny O LIS

Frog. No.

8.5 = BASIe, SHART
BA., = BASIC HOLE SHcTEM
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BH,
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STRESSES FOR FORCE FITS Problem identification: Problem it
Refer to Figura 13-8 for g_e_omelry

Numerical values in fafics must

input Data: be inserted for each problem
Inside radius of inner member= &= 0.0000 in
Quiside radius of inner memeber= b= 1.5000 in
Outside radius of outer memeber= ¢~ 2.5000 in

Total interference = &
Modulus of outer member= Eo
Modulus of inner member= E;

0.0072 in
1.00E+07 psi AL mNv
3.00E407 psi <7E€EL

i mw

Poisson’s ratio for outer member= o = 733
Poisson's ratio for inner member = 11 = 0.27
Computed resuits:

Pressure at Mating Susface: _p= B84Y¥ psi  Using Equation (13-3)

Tensile Strass in the Outer Member: oco= 18 quf psi Using Equation (13-4)

Compressive Stress in the Inner Member: o1= - 88% psi  Using Equation (13-5)

Increase In Diameter of Outer Member: So= 0. Dvgs¥ in Using Equation (13-8)

Decrease in Diameter of Inner Member: 51 = ©.000 65 in Using Equation (13-7)

EVMVATE FNS Frio FOR MAY74rUM 1K TETR Feszawr fe -

Hoe & ToLERAxreE: + 0,007 8 SHACT { + D072 INIEREENRENcE ! 0.00Y2

| ) -0 +20:0080 o.l072
MAY. INTBRFERENCE = D, 0072 -0 = O. 07T SHNLES 7 ot

LW aEXT- SHARCT

FTENSrét
Assvmme ss ADO/17avac Lo ADS Avp STANC EWO NS,

LET N=2. ROV Sy=2(18% px;)= 37802 p5,/
SPECIFY AvY Atvsminvs Aot oy WITHS 7 27 ReudS
EXAHPLES

STRexs a0 ALva rem = }8 901 o5

2014 -1Y,5¢Y= HLKs ok £o6/-T8 Sy~YoKs/

ANYSTEEL Fea Rop wevto &o SA-rr.sFAcma_; PRoyroeD

Sy7 Al 889 ¢#siY= )7 788
Ay CARBoN ot AiLioY Sreer wWITH Sy 7 /B 060Ps/

FRom 8ot 3. exameres  miss fore HA sy = 30 k)
A5 10YD HR, Sy » YT KSS
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M

5

/6

S7reTt. SLESVE o Atummuar TUEE
A= [2,00~2(0.06)]/2 20,935 ’é=.2w/5.=/mm SnZoy/2 = froom
.05 oz = ~p [EHAT) 2 _L"_"_'zm) Al 4,594,

oy W e /0O — &YV, )

For oy ==8¥00psi; P = %;% = ST0PN AR AliawaiLs

FRim 6Q /3 -2 fnws For 3.

o TR ) 1 -]

For Z0x8 p5i ;) Ea= 102 pg U= o, 27, Fa=0.33
Smar= 0s00177 m.

Nom/wvime DIA, = JASDIN. [ASSymE MAY N TeFEtsts = 3,008 /n
Fof P clsnniwes *O. 08 %, CHANSE /8 DIA.® 8,000 10.002 50,0107

OEm B . _S0/0Y -
Kb " GsannD FTf2r0m) = HILF LG = )5rime = SETE

Brow e ~Sygmr. FROA TIT 7p~20 ; ALZPSF

§ 2 tloe) 0.0 xn ™) Y00 )45V ~0.0038 1.
ITAY SN TERFEREATE” I 9 DOV D 4.
o L L
. N/
Y=0,0050 Ocs/esD ctenmAwes
g O OOSY /v DY EXrAdront JF STeeL..
Ar- & 0057 x> 206 ¢
o~ L
@"’ %" H20) 25F AmEBrewT
2FY°F ASPD SiEEr TP,

EQ L3~
S = -u&f S%at i > RE.0Ns95) | 2ess™t hor i

-

[ $%-ar (77x5) 200F —o0f
Fi = - 000264 v

FivAae Tp = 32.5700 ~2.-902¢9 =3’:’92§ I/
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CHAPTER 14
ROLLING CONTACT BEARINGS

™

=2

Ep 4=2: La= (-—-) “’)'(/m' Co)=2.76120% gy

Ly= (20 coo ﬂvyfaﬁaﬂfﬂﬂféomm/ﬂﬁ) /0¢ mo"»za-y

@ ju=3: C= f:}@a//o") > /250 [obm//o) =/2 748 ¢ e
EQ. j4-2 &) La= Cp,,) trb)* )(4‘) 2,99x/0° Rev,
@) Ly = (,‘,s_ao 9= 0.293x0 = 2.42x10° Rev,
Use Ly=Psow )l ysserm) (é'on/nf/m) =s0¥xn ey

c= f;@;ﬁ;) 1450 (Joynro e j =/Y667LE

FRom Frouee [2-77:; ~
REACTIM AT B =a€a=f£¢,‘.‘+eay"=7?ﬂ'“+4fézo =VHa

BEACTIOY AT D) =

o = YRox*+RpZ = Y223 "+ 180 = 2078 8

Fhorm &X, /2s8./2~/3 D/A. AT B (rm.) =Dy = 3.53 s»

274, M&(/'V/m) ds s Lovsin
INOOSTEI M Blhwer, ) VST Ly m(ID 00K oo rPM){ L) ® 3. 60 x/0% ey,

Re0D, ¢ yavs ATE C= Rg(3.6x0 3/%J=4M3 (LYY= 33 p29 6

73
AT 0 C= RolBbrod [46) = 2098(7.09 )= 1y 787 L&

Fem THELG [4-3.1 BRS, 63/ HAS C=39397.8; Bok€ & 3, pIN-

BLG, E30/  H#AS C2/6076 L0 80E® 7 s0 5 N
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DAT#A OF BA, 058, [2-% : FRomM F6, 12-/6
Ra= 579"+ 78y™= 6/0 L8 5 Rp=[ 393+ /17%= Y340
Des,,., = 2.0 7 20,0~ 198 /7. FRom tABLE I2-2.

TABLE (Y. 4 { AGgRIenTyCsr &6, —LET Lod=Spo0 e
ly= (5000) /)00 Rem)le) = 5./ xn 25y

7z
£eQ'D ¢ YArve AT B C’=é//("""ﬁ.«‘) = YAFZ s

4
ArD: = 4’36@’”}2@9 = FY83c8

ATE" FRont ThAGLs/#-3 1 BEARINE 60/ fips ¢=63/7 e Avo

A Bore OF 20659 I8 o Cis franst Th40 RoGD suT
SHACT O/A. . rmus7 8& 22,02 iwa

SPectiFY BRG. 60/] FoR BoerH B Awnwe O.

DATA OF EX. PR0B. 12-3 Anp FrES. 12-]7 a0 [2-18

R = J507%+ 9% = 50908 5 Re =)/6 974393 -/ 7508 ~A0/AL.
e,.\ loesey Rave > Brs.c cmppes 265 s raeusT Lodo
Bopp2 081 5 Dep 226

UsE  La=(20 ocone)(Vo)emdleoy =42 x/0E Loy,

» 3 ,/3

ReQD. & Yhcus ATA? Can 529 I'Lm/"’a =2s5/9¢4
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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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CHAPTER 17
LINEAR MOTION ELEMENTS
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CHAPTER 18
SPRINGS
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Notes concerning Problems 13 -« 35: Most of these
problems are design problems. No single unique solutions exist.
Sample soluticns 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. In 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 spring.

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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0 o F roosy) 23075/ OK Fok Sercaes sery,
£, = SBXCHNMN . 8X 10 2835 570)

= = D958 N
& 0w 4r.2 x04)(0.05% ) o758 4

Lo=Le ~fo 2 1250 0.9 = 0. 79%n L5 = Dntut)=0.65%(7)= 0.378 1.
b —fo _ /s.0L8

= =2/
Le Lo  Uoas-0.7Vln el 2
Fe=d (Le-Le)=ra3)las-039)=r9.12 0.
Ts= 7o F%;, @029 rs) /9'/2'%1.443 = [72,600051 Tpe Mis
Bir Tamw = Ty FR LISHTSERUCE = 1Y/ I08)) e
d.74




EXTEN S04 SORING B =2.75¢8, &= 275, b1=22Cm, £ = S25L8

IS LAED
Ds £..306/8 5 MUSICWIRE ,SEVERE SERVICE: ”

LET Dm~= a.;.:a”, 75 =/28 000F3/

Zk Fy D ﬂ 2¢/20)(7 77 a.zs‘n)] 7
Bur = [ ” Ts T Cr20 000) 1936 7m
pi& /6Ga. Dur= 2.037/n ) T = /20000057
D“z Dp—;““' DMJ'"-' 4!2'87 /H %JD:-D/M“DM'acZ/J AN

= Oy = O opazy = €7 =22

Toz ELF On - SkKC = 502250 221X428) 2 1932005/ 0%
T 0w PID anr Tl0,037)°T

A-:-_ _‘b...E-.: M = 50 L8
B 2.9r-228 /.

Na= G= _ (r&5x0¥0032 _ 5
3cii 206,7¢)3(s.0) ’
Booy Low&TH = Ouvl Watl)= 0037 (34.5)= /350 ZB.L,
ASSyme Fuee Loor AT ERCH Eal
le» 8L +20r> L3501 200.203)= 2777 IV
DEFCEL TN 70 Lo & fu= oLy = Q05017922 =019773m
JMITIRL. FeReE =/FT * £, -,&.%- 225-5w0(0.9)7) = 2598

/Mg STRESS =T = 7% » T = 9320 & %73’ =YY 3905

Lk="7/)

USEC Smble @t EAD LOOPS ~Siy CO.06ErCH
Le= 8.0, F2.00.0€)= L350+ 0f2 > A4 TN
Q= do-Lp=sR.950-0Y) = L0l
Fre 220-salCr28)=> /L3258

7r= 73 x5 135, .
xz ‘ /F.— /7?2 320 = 4”..-20 FeePsr Ok

Susra Ayl
Davr=0,0372 7 ~/88a. AySsc urk&

Don= ©,25020) D, 2 Q12877 D4 5020300
IS Calts

C RLooPT @ 0.8 /H. EHEH
L= Q058 @ & 21y — 0P HATING
Foa52rig @ 2. 25 /p ~ WITHL D
Fr=/35¢@ @ LYI~v —/NIFAC
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EXTENSHM :  MUSK WIRE ) AVE SERVIE, T3 ~ [Toks/

FozysoLe; Fi= 5.20L8 Le =S0004m L= 7,75
= FEY Lfmy Pom, SO 8O sA; Dos = O.0576 u.; D™ 0.063 (24 Ga.)
Ti=Rt, 008/ 3 C= 132 L= L/sT, To= /05,600F5) Gie |, Vo= /'?’Zﬁ_,
 Rovy LGNGy=EL. 20,93 ) For w0 bor 52820 sT)wAID) o=~ B fmen
CHANGE E0.%2/20m ~» Fr= /T8 0= BSOVA/ QK Fi5.14-21)
DO 0663/ O.75n. Ok
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EXTENIN; MOSIC wiey SEVenE Saencs,) [k foasiy Fo “/ne 5L >Zoom,,

= 6,598/ on] Dom, > 0-85M | Dy = 0.:05P8 ==Y IE0ur0.05m (25°60)

Tu= /0487 0020700 sk LO= 0.5 C=N 02, &% 413/, T= Tt asi gk
Na= 0.4)coseshy Bole = 06261y, L3 0.5W m TD; Frny, 8918, Te=/ 2.345) fran
CHANES Gl 5= 0-SHon) Fre 420083 Ta= Jo-95ks) Ox G6. (§-21)

BTN IMUSIC wine, Sevtns Saev.Fos /09 LB 0T b bom ) 752 oo kess

?Smfﬂ-! #2y For Do, Daar, 00, m)djkd-fs e TESNY e s Bk Lo SY S s
ELS. = 0.5 LD, Fr " Y8L8; T = /3300, (0u prs |G.21)
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EXTENS A ¢ MRIC WIRS ) RVERAGE Sersle; |5 2/0.8 L8 Lo=F, et , B> /oSO8 o,

7; 2—/30@_; pm- . ‘J;J’/M gy/sl; D“’mza'ﬂﬁf;ﬁ'ﬁfiwﬂdm‘p

Ty = 125k (2Y60)T 000, 7825w ) T020. 432505 C7 J2.55 K= L10Y

71 = M7 f.?ASJ; Ao = 27.3/(_‘&(_:‘; 8.4, ‘/,ﬁﬁv.; E.L.5 5 06325 m S D™=
Fre —0./YL0: CHANGE 605540 m Fr=0.96 L8} Tr= W34 Gi)
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EXTENSA) ASTM B33, THPE 300 L Fas /62 L8 Los /0.8 27380 142,

75 % gokes) (AVE.S SR 5 pom £SO & Dy Q2000w > Do 0,225 30w G Ga.)
7= 81ksi 10217283y [P/ 2097, C =88 /7225
7= 8634880 [ NeE2Suf e g [ B = ST ML £ S mf27 00 = LD,
Fr= 72/.7:8_,7: 729 oo /.r/"(rra MIGH),
CHARE E LSS0, 90m ) = ¥3.608 , Tr=/20 ks (bu £16 [§-2)
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EXTANS /AN SPRiNG ENDS
09 Ga. s Dawnr= O, OF 142 Dam = 0. 2545 R1= 0,255 Ro=0,00%p
b Oy = /#6465 Tf 2 /70ks/ Fot Avenssr service
BEe~vo v (5@/9“/3) (F/&./&’;‘-?_)
C:,..": M‘/ e = Z(J 25)/0?/ =/Ea 20
Ki=Zeei 2t - foss
¥ LS ~1)

Ta= 28 CoNS0)(/i0és) |, 5680 .. p4/o00Ps’ gk
T ooy) Tloys)*®

Toasne Golerm
FACTE Zﬂ‘b/pﬂv"' 2-(:0?7)/‘710?‘/" %J"f
Ka = ...'71':’.'3:.:'.’_ - /209
Yor -y

Ta= B Foka =Bl 2)so)lr209) _ '
s I 2 62 é400py O

TORSon Tpwng 8 ASTH AZ/T , TYPE 302 , AVG Seruice

Assume D= 0.Y20/m-3 GG x /40 000 PSS [ Ky = AlS 38,0051 R,

D= | 52 Mo ks ’é_ 72(r.0)(s.152)4 VSE [5Ga, DuR 2 077500
ma T mrlrveses)| T J:0437x = S0 00e PST
2 _
C= Dm/o“ c 0"93%.09’;3-'-‘- 3-55’.‘4&‘-‘-‘{5_"2_’".{. = /092

Acrva. o = B2k 32(40)(009%) rae= .
7 ou? T loayss)s - /0300 R o
Ao=‘- /'0 LR-/A/o“mwﬂ- 200 L.JV;«/(QW
Na= E0L° . (oxpilloor1s)’
70 L D (4—) 10,0.00,¥10) 2.00)
EVOS? SOSTIFY L, =L = 0,9 n
Ne = Li+riq _ 2.1540,27 ,
" Imal 2 o.y19) = 0:38 o (Faoy)
A, =N ~Na= /6.¢-0,389 /6,26 Corcs ous Loy
OPFRATING Dn = Domz Mo _ 0.920(/5.6%)
Na + 8Os (76,63 +0.50)

= /‘. 55’!’.‘0](..5 b Y

=0. Y08 /n

Mivimum ITD = 2,908 0 ~Dwr =088 0,0475 = £0.360

NALE Rod 9% 0F TDmuw = 0.9 (0.3¢0) = 0.32F

USE Dry = 01300 v (sro. Sr2e)
L2Du( Natit+ Be) = O.0475(/6.67 +/+0,5) 2 0.862 W JF COUS TOKH
Doz Demt Durz0.¥20 0+ 0.:0¢752 0,44 1510, %
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73 7ORS/0N SPRING: AFSTM A3/2, TYPE For, JSEreReE Scavice

A:.sms O = L/ZJ dy = J/0ks, ,A’.‘ 415 Bp= 270" 20, 75 p6v,
JSE HEa. Duoltesmw

/ Y
F2mkl% (32 (/2.0)(/-:1')]__ . e :
gl L8 000) dZ* L/ O0D ps)
= JI2 s = 9;39(5,%. el — 087

o= 3k, 22072004 025) _
o’ T rie 1205)° = 75’73"’51 73
£y "o, 1208 Y prsme O sy
tf
E‘Dv - (zgxa‘)/d,zzas) = 32./5 cond roaTAL

3
Ne /0. zam(la) 28.0L 1p25)( 76.0)

EMIS I LET Ly =L S/SDING N~ LIIEY = 0,28 cor fonog)

St D)
Bowy N = Na—Ne = 325018 = 3/.87 cores
OPERATING Dan> Demz Mo CL2IN(32.42 _ 1,00 /n
Noa+C (Jz,/ 5+0.77)
IOy = LIOO =0 1265 = 019795 [ D00p™ 0.9(.3795)= 0882 1w
USE Dryy > Yoaw = 0:895N 5 L = OmlNatirBe) = 0:1205(32./5 37 95)
L=Y08m 20021285 1+ /205= A 2¥6m

3¢ | ToRston SPousiMusi Wike S Sevens sarues; Oe= foesV
Dm= O0.é25um. 5 % /Y0 S/ /24 x/L/5

Do sz,eé % [3:.(2,@)(/,/:1»& 410599 m

VSE 26 Ga, Dar=0.063

F{/Y0000) o 2/576 600 £5)
= Da . 0.625 =Qgp sk, s Yet-</ _
o.-.--)(/ ﬂj’.ass )76 o 4) /. o8/
22220 /x4
o= = SO/ 00F8s) vL
TC.063)7 % -

(29x 8 Y0.063)
= 250814 . = = 28,44 Cor s
A‘ “Yesv. -’/..Vi 10.20 0,625 Z.50)

S‘Per:zﬁ/ ENDS L, 2Ly = LSO .
Ne = 200S) o 0,5 Core t Ny=28.66-0.:51= BB/ cats

37 (ou425)
Mmimun D=z Mo _ 9.605020.60) _ 5 goy s

Not &g 29667110

Min .0 = 0,60f-0.063 = O,5Y/ v

Deaw = 04 (p.57/)% O-Y07 0 U35 Da= 3{’;//"‘:03 3 25w,
OD= O.6285 1 0.063 = O 658 1A/

L= 0.063C 286641 +1,0) 4. P3.n
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Toesm SPRNG, Dar=0.028 5 Do20.368/4 3 Np= FnSDVCon S

L =p50m La= Lyorson 5 B0 STESL 5 O = /80°=0.50 pev “
Fam &9,7-21 Socve ror ¢

Ma S0 - Eo.sx8800300sa) -,

2,20 Ne)  S0.200.332)(/8,02) ‘

I e s

WHERE ' Do == Dy =~Dur= 0,368-0,038= 330w
ENOS? My = Litiz ‘9&”""":5)5‘2 core
7D~} Frdo.370)
Na= Ni +Na= FSVHOS L =00, copes
7L Do) 70,038
wHns C > P™fou™ 0:3%/, 039~ 4%
Kp = YEE=CS__ Lo7y
(o)
For Sevens SRues <G = 200 800 PSS 3 O =/8Y 8PS/
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CHAPTER 19
FASTENERS

LoAo pere Borr= £000 £-§/¢ = (50018 .
SRECT GRADE 2 I iz 05 Spapp™ - H(5T100)= 71250 PS/

_ 0 [SAEGeRA0E2Z ]
LE00 L TABLE |§ -2

USE K -28 ymF g s 17 vve
e SHg /3 L T =P = 0. /5 +3/25) 4s00)= 70,3 L8N

F = AerSye, = (00/#0 085000 Lafym®) = /20 24

TAScH [9-2

M EXST A= DITmaem ) Graos 86 (Secnow 13-2)
TENS/He SrrevEd 2 500 1 1Pa

YiEryp STRevgTH x 0.6 (7:8.) = -6(300 =480 /i1 fa-
PRO0E STREVETH = 0.9 (1.5D= (Y =432 MFo

= e drem @rpme I 433 asfen) = Y220 Watp23 o

TABLE [F-%

7 ?/3 '/V'VNF'J’ D =0.8725,mx 2579’mn/,r4=,23,zm

p =) om= Iy = 0.00E 1w 3 ASY smirf I = (8]
NEAREST METRIC THREAO =M2YXR  Tadwe (8-S
DIFF'MEMCE ind o= 3-!’:0 ""M-l """/cg Ao =00 N
METRIC THREAD 1§ APPRoX, B8V LARGSR. /N THIS SI12E

£ T o 630,/20 FOL3/T/N X 250y A sy &P 800 o

D= 0i196n x 253 mom) mre Ho98 o
OLos asT STANOARD Trreens 28 HSX0E
Amejcad STANDARD Y0 =32 ]S SimiuArR 8uT A/OT
AS CLeSE TO MEASURET DimENSONS.

Al Miorps: Av= SEOmam ™

Non &/s LTS) = 16 Bl L X Tp = O 25 (r.83= /09 ._{Mfo.
== é—?ﬂmmﬁx’oqffﬂ/m‘a =635 V= 6.35/ AN
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W 2o tWe t Ae= O03/8 v 3 Op= 2.5CT

A)SAE Garaa2 i dp=0.5C77)= F2RS; : Farltaf = 038P0 00)
~3/072L8

b SAe GrAvE 5 gz, = SC/2) " B0.kS/ 2 Fe /908L8

C) SHE GRAVES! .= SCSD) =25Aks] ) F= 2I85LE

JIASTm A349 2 dn= .5Cs0)= 30 RS); F=FsYea

E) Asrm ASH L ca= . Slig0)= T0 Ksi; F=2d62 e

. = = f.oks/ \ - .
‘F) MeTeic Geavs 8.8; 5 = D.5(8ombn)=Y/smba ém, B0,LKS

F=A¢ 0. =(0.03/8 6o 200t 8/ivY) = 191408 SrmnAR To SAE 6L.S
F =[98 % 4YYBAM/rg = BS/PM = B ST Y

)ﬁcm, 2029 -1 Ta e §SCe8)= Sy hksi = /08/¢8
) SY3 000, pum.; Ta= 4, 5CIS) = 29.5Rs/ 5 F= /1938
A) TA=GALYY, Awwn } Oa=+ST/30) = &S P =2040 ta
Nyeod oy Ta= 0.5(2)=nsus J L= 33418
k) Loy chpbonhrs i To 515 ()= 45hs) ) _F=/¥3.8
L) ARBS (#6H impAcr) | Ta=.5(8) = QSRY j L= ToL48

ALTERANATE FOR A 3| Scachs mAY €€ F ULL RARD - AbP.6

g3 oot LT FOKS) ; Tu0.cC90 ~ ¥SKss F=/93/ 1B
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CHAPTER 20
MACHINE FRAMES, BOLTED CONNECTIONS,
AND WELDED JOINTS

O/recT Shere , SO0TS , 307 zl‘j— l?-'?-ﬂ’- -
/20008 I,L %I' 12 9
[ S = 25008 sy T
S/VELE SHEAR -
ReQD A= ;.'. = f::‘:::;w;o,zw/y “ Po-/
- .

*
As = 7P . O = YA =/9ézya)//,7= 0,83

Use Y+ ywe Bocrs, /7% Lons

D/REET Sptehif , CACH BAR Syremar ¥ Méngens h-i?il
' Al '
F= y(?cm)E.?OOOLB =079 LoD on Serwr I—f-¢ ?
¥ Bours W voveLe srehe , F 307 'F’é‘“

b ow e o JocOts 5 i

For As £Eglp 7= W-— 2320 s ;

2 —T
145"@)@) ‘!;.':"0" "»‘.-227‘0'1 £/%. PLO-7

o =YA o - J O30 ars <0209 4

bse 7’}’ =20 gy ﬂam: Z,aa,.y LoNveG
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y'ﬂOLTL‘S _ J[_ | 7o o
Horrz, Diescr Spspm: K = ‘m’%afzm.%m_ 400
Veeren Die. Sroves f= 2% = 2sves 4 '
#M=S726(/3)= 67578 caup., /3 m.
ali
A= f1.50 1 =80 m e Bours p —
Zat=Ynas Yg0)*= /omt + f - i‘ _é_ (
17 A |
Fo= 24, brsvs)(s29), 7383 Le/oir ¥z Re "
24’7‘ /3&0 . l / -¢- .¢-

Follcerx oN Botr Av JPPER LEFT !

e, =2/299 - 4
L o N

7078 o = TR /294 = 9593

&i96 -
7ATHL Ry = S794+ 0= 8756 Fi=z 9353 f
. -y Il , Fz"
F= /0 &5 ¢z L0845 ta

A Y90 Boirs 5 DOUBLE sperr

N L. Logssis I z@v‘)_._. ’7”/:’2
As ~ 73 22000 a0 XN 7 k

REYD D= [ZATF = (21907 = 0,56/ m.

vse V-2 gNE » 372 LoNG
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FIXED-END B&AM - CASE €  BPoenomw 1-3.

Jooo LB
M= wh_ C?;‘ooo)lﬁ’?&) , 1
5 5 32873 L8604 { 51 1E 2’
EACH SI05° /1 232373 cN. Stosy /52

Dieer Sreng = fpols /T8 g 4 ,

& BoLrs _ L = 87 4cr—>

We YLBoLTI O EACH FACE OF Corura) /580

THROUGH FLANSE AND PLATE. vV o

| {e) A0

FORCE oN EACH BoLtT DU& TD AomMENT! 22073

A=W, S0 8Lyl shco w0 M
F= _MA @rery M /lyrv)

= : - . z
Zat /6.0 0 S 8 / \
- 32 &73

FORCES o# BoLtT Ar JPPEA Fl4M4T ]

205¢ = Fy

#s° ver |
295 L —_—
=204/ L2
e _ 0P
- Ve
7orac F,=tos{ +/88c22Ya e
Fr= /#42*’*2057 * e 30yl LE
SFPECIFY -ASTA? A 325 MHIGH STREN&TH BoL 15 -
7\:; = )7500 #5; = Fﬂ/,q:
Req. A= 20U LE oo ay i 1
s /?:‘ 72500 L8/ 4~ i 'l'f. Sioe View
As =170 Y4 '/wa A7 B Fe-s =TT
s =ITDL ;5 D=4 ==
i =8y
D= o490 /u e c!' —
USE 2 =12 UNC Bovrs. Mo 7HREwDS l i me—— -
: ]
N THE SHEAR CLAE, J'
’ )
a3 14—374/#
L=8¥+2191)
fo——— = 22,86 10
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é8otrs , 4307 5 190008 /ss06

. 74
Swere: L= 227 L8 s

Y= 05’00‘3) /J/#)""- /8200 M{,W 2

A= [RY3T = 3.6/0

/LZ = 2!00 pry

ZA: Y3.860)NF 242,000 = oyt

. !
u
A L
fad
2 1L ‘:
_ [
3 |z z2

Lot @ ., _ (ezw)s.8)_ Jorsis

~= ZA* &0

7orAae F=2/296 L&

A = L 72968
7 T3 7 Zoooo b

As = 0.730 s 7Yy

= [¥A4 7’ .
0 "'7-;{ 6%_39‘)‘-“' Y7 X (790

US€ Vs Boers
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6. | f4s.Pro-¢

VERTICAL Com DoaEnT oF Foels
IN sAcH CABLer rysT BE 2ooo L8

Fe Cro 257° = 2000 L& =Fev

A v P rers =2207:2

FepmFosow2s® Fex .
2220745 25 / oA BaAcesT
Fopw =933
(A rF.r,y

8 Cours , A T3.a0sm J i
Az25 Lk 2
ZATE 8(3.0) 3% 02,4" \ :

: MA _ Bo000(32) ) :

E‘f = z A~ = >z e B8 YN -

: Zooo V1

Fy = 2s00ce g H= 2.000(30)
SR -2, 5= !3/5, = JyoL - = 60 200 LE/A
SHEAR ~VoeT, Fp= 2009~ 25004 |

. o
k#?zs \C

Fra)2os®+r )7 > = 275324

7Y - s
As 7o " soepe OSSN =IOy

D= [Jtas/r S HostYg = o.576 in

Us&e 7 ~/3 Borrs
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Weeoen Josnts

F16 v s goov Direer sieAn ; F= U/ 4,
WELD EOTt VeerichL SI08S, Yom. Long, PAw=2(9) 8.0
-V /20008 _ '
,F_ /464/ = XY 2320 H/,p-u
For A3e sros Ao SBo Secresps) Sa= 9600 8 m fn
£ _ s00 & - 3
A e T Gioo L) (2-/-!3'/4), USEwr=208/0 Lo
Fk”aM FROBLEM ¥ ~AT FACH END OF THe BEar, V=/p0L8
T2 22873L8 /N — SHARED & QUALLY 08 FRomnT AND BACK OF
PLATES TMAT AR WELDED TD SIX/S3 coLumi/. L
W&ELD ALowa T70P AnG BoTTom OF AATE. cﬁ
CASE 3 —F/6.20~8: Aw=25b2203.46)732/m. T c.«:j.)o
= (37+36d%)} = (o 302 Wl b0 Y of=Ho0 p
Fw= 22957 roRsion b
b=
ON EACH IWELD PATTERN I V= 75018, 7= /§ y20084. I 3,66 l

Ar @ $,= Lo 708, g, |
Ave P32

£ L= TCy - (/& 976)'151?-!”’)/ 2.0 )

‘—"879’1.3/ —
Jw 37.95 /43 “
f3= Teu _ (16 436)(1.83)
- = 80¢c

VECTOR Sum oF ForcErs: fr=/2/7 L8/,
vie &0 ELECTRo D&
S _ /247
L= = *0,13{ 4 06
Lo Fs00 7 A !

use i //Jm = 0. /88~ -ﬂ//wmm
Fafz LN Prars.
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F/evRe Flo~5 | TRIM S/06F 0 7T _2.00 /w0 EXTEnD

ONTD L1670 STRICTVRE. Werd TP Awo L oT70s JNL ybl
|+
EACH SIve CAREISS SYo0Ls LI
TORQUE ON wero = T =ry00(8+%4) ! !
A—&O— ?— -
T=/¥00 (8+7) =/2600L8/N }
Aoz 26=202)= oosw |
£3w 244 % & % 3¢2) 8 Case 3 -
J‘wa P 3 X ') = 5.3 .05 Flavaszg -8
Yoo LS
5= - < = F52 i
! /7“’ oo/ S '
J}‘,, = T cy_ (F2é00ce-im)l Ht)y = 77/&3,;(.,, —
Fus &3 e
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Fov - /93 e sw {
F6O ELECT Rpos
- ' | 734
a = hors ' A
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vie 2= Y s o180 (wrs) -
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' Aw= 20 > 200 3 ) _ J )[; \ 11_
[ 'Q i
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™ i )
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£ > sreme = /20 = VE.70g - Fi& 208
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P L Ter _ 2000909 yspiy,
3= Toainy F £67 Vo
fg * TORSn ’I—E-{-*: £ = Y50 L8/l vl
d‘u oy
S+ L3 = HBTre/mw 550
' }-Fr-- 7% e8/,, e M ,
fz+5y= S50 LW
£r . 2Y/ : 2" Lo
T T e ™ 0.0374m —vaE =Y Gon)
Flaure PZo- 1] : b

CAss @ Fe4.10-8

/s | _L S f
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Sw= IC26+8) | gusPlaqn+es ",
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.
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e & +2/ :

486



/

»

/Z

(co mnwyea)_ Ar @

Y & 200L8

22,04

fus qovosn Zoe BHED pursigy Gon )

€3 = 70RSI00) (Howrz.) = ch > /20;!/‘49"‘““”’25 273 L8/ pn 4—
n 26

Tch _ /200¢/65)( $58)
£y~ roeseon (renr) = 7., vzé = 244

£ +4y= /9 + 209 = Yoo Lam 4

ResoravT = fr= V6.  rdy P i o)™ = Jrass > 203500

Fo= YO8/ B/ VSE £J0 s acTRooE

o “o&/ or '
REQDAr= T = 0360 yv 5 yss s =
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= 8 Aus 2.0

- /36280m ¥

4 Zovel2/.7)
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CHAPTER 21
ELECTRIC MOTORS AND CONTROLS

Questions 1 - 8: See Sections .21 -2 and /-3.

9.

10,
11.
12.

13.

14,

i5.

16.

i7.

18.

19.

20.

Standard frequency for AC power in the U.S., ig 60 hertz.
Standard frequency for AC power in Eurépe'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 ig 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.: ns = 120(£)/p = 120(60)/4 = 1800 rpm
In France: ne = 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 z/-8.

23.
25,
26.
27.

28.

National Electrical Manufacturers Association

TEFC - Totally enclosed - fan-cooled. See Section 2f-8.
TENV - Totally enclosed - non-ventilated. Section 2/-8.
NEMA Design 9 - Hazardous locations. 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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3.

31,

32,

33.

34.

35,

36,

37.

38.

39.

Locked rotor torgue is the torque that a motor can exert
when the rotor is at rest. BAlso called starting torque.

A poorer speed regqulation means that the motor would glow
down more when subjected to an increase in torque.

Breakdown torgue is the maximum torque a motor can develop
during the increase in speed after start or the torgque 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 torgque 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 1lb-in
¢) Starting torgue 150% (F.L. torgue)

Ts = 1.5(41.4) 62.2 1b-in {(approximate)
d) Breakdown = 350%(F.L. torgque)

Tb = 3.5(41.4) = 145 1ib-in (approximate)

2-pole; 1.50 kW rated power.

b) From Table 2AJ-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

¢} Starting torque = 1.5(4.15%5 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
torgue (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 8) = 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 torgue 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, H¥DRsaew furl CceLl s,
See Table A -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-
rippile control would produce a nearly true DC power.

Could use a S0V 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 £ail
catastrophically.

Speed is proportional to torgque. T2 = T1 (ni/n3)
T2 = {15.0 N-m) (3000/2200) = 20.5 N-m

56-61. See Sections ) -9, 21-11, 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.
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CHAPTER 22
MOTION CONTROL: CLUTCHES AND BRAKES
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