
Mechanical Engineering Department

Lecture 15

November 2023

WORCESTER POLYTECHNIC INSTITUTE
MECHANICAL ENGINEERING DEPARTMENT

DESIGN OF MACHINE ELEMENTS
ME-3320, B’2023

Optional



Mechanical Engineering Department

Master Examples 6-1 and 6-2: estimating S-N diagrams

Master Example 6-3: determining fatigue stress-concentration 
factors

Fatigue failure
Notches and stress concentrations
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Fatigue failure
Notches and stress concentrations
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Correcting for stress-concentrations.  
Stress concentration factors in fatigue:

Use of stress concentration factors in fatigue:
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Notches introduce stress-concentrations.  See 
lectures 07-08, 13, and 14

Shaft with keyway
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Stress concentration factors in fatigue:

)1(1 −+= tf KqK

Fatigue failure
Notches and stress concentrations

tKTheoretical (static) stress-concentration factor:

Neuber’s constant (depends on the value of the 
ultimate tensile strength of the material used).  
See, for example, Tables 6-6, 6-7, and 6-8

Notch sensitivity factor:
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a = Neuber’s constant
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Fatigue failure
Residual stresses: must be taken into account
Residual stress are built-in or introduced (typically during 
manufacturing) to an unloaded part.

Residual stresses can be the cause of crack initiation and, 
therefore, fatigue failure

Source: ASM International

Example: rotary dryer.  Welding 
lifters to a rotary shell

Residual 
stresses 

introduced 
during welding 
caused crack 

initiation
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Fatigue failure
Designing for HCF

Fatigue design situations
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Review Example 6-4: under fully-reversed bending: parametric approach

A feed-roll assembly is to be mounted at each end on support brackets cantilevered from a machine 
frame.  Examples of cantilevered bracket configurations are shown in the figures.  Task is to design 
a cantilever bracket to support a fully reversed bending load.

Fatigue failure: design of a cantilever bracket
Designing for HCF.  Nf=2.5

Support brackets 
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Review Example 6-4: under fully-reversed bending: parametric approach

A feed-roll assembly is to be mounted at each end on support brackets cantilevered from the 
machine frame as shown in the Figure.  The feed rolls experience a fully reversed load of 1000 lb 
amplitude, split equally between the two support brackets.  Design a cantilever bracket to support a 
fully reversed bending load of 500 lb amplitude for 109 cycles with no failure.  Its dynamic deflection 
cannot exceed 0.01 in.
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Fatigue failure: design of a cantilever bracket
Designing for HCF.  Nf=2.5

Other initial 
assumptions:

 r/d   =0.5; 

 D/d = 1.125;

 b/d  = 2

Low-carbon steel: 

Sut=80ksi
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Review Example 6-4: under fully-reversed bending: iterative approach

Fatigue failure: design of a cantilever bracket
Designing for HCF.  Nf=2.5

Comment: use MathCad example to perform design iterations 
(file is included in the CD-ROM that came with your textbook)
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 Fully reversed load of 1000 lb 
(amplitude is, therefore, 500 lbs)

 Life of about 10 9 cycles

 Material: steel/machined

 Operating conditions: room temp.

Initial assumptions:

r/d=0.5; D/d=1.125



Mechanical Engineering Department

Review Example 6-4: under fully-reversed bending

Fatigue failure
Designing for HCF
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Review Example 6-4: under fully-reversed bending

Fatigue failure
Designing for HCF

May need to do curve fitting in order to 
determine Neuber’s constant functions:

)(xfy =
aconstant sNeuber' ==y

utS=x
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Fatigue failure
Designing for HCF: fluctuating uniaxial stresses

Gerber parabola: 
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 (Fits experimental data:
useful to study failed parts)

Soderberg line: 
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1 (Overly conservative theory)

Modified-Goodman line: 
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1 (Conservative theory)
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Fatigue failure
Modified Goodman-diagram
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Fatigue failure
Augmented modified Goodman-diagram

Area in “gray” is the “safe-zone”
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Fatigue failure
Stress-concentration factors in fluctuating stresses

Note that component may “yield” locally
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Fatigue failure
Stress-concentration factors in fluctuating stresses

Mean stress fatigue-concentration factor: fmK

See figures at the bottom 
of previous page
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Fatigue failure – Modified Goodman’s diagram
Safety factors in fluctuating stresses: Cases 1 and 2
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Fatigue failure – Modified Goodman’s diagram
Safety factors in fluctuating stresses: Cases 3 and 4
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Review Example 6-4: under fully-reversed bending: parametric approach

A feed-roll assembly is to be mounted at each end on support brackets cantilevered from the 
machine frame as shown in the Figure.  The feed rolls experience a fully reversed load of 1000 lb 
amplitude, split equally between the two support brackets.  Design a cantilever bracket to support a 
fully reversed bending load of 500 lb amplitude for 109 cycles with no failure.  Its dynamic deflection 
cannot exceed 0.01 in.
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Fatigue failure: design of a cantilever bracket
Designing for HCF.  Nf=2.5

Other initial 
assumptions:

 r/d   =0.5; 

 D/d = 1.125;

 b/d  = 2

Low-carbon steel: 

Sut=80ksi
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Example 6-5: fatigue under fluctuating bending.  Design 
bracket to support the load.  Verify for maximum deflections

Fatigue failure
Review examples
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Initial assumptions.  
Solve iteratively
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Review Example 6-4: under fully-reversed bending

Fatigue failure
Designing for HCF
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Fatigue failure
Review examples

For next lecture: Master Examples 6-5 and  and 6-6; use and 
understand corresponding MathCad solutions (in the CD that 
came with your book and/or on Norton’s Machine Design 
website)
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Example 6-6: multiaxial fluctuating stresses.  Verify the design 
against failure (e.g., by determining safety factors, other?)

Fatigue failure
Review examples

OD

 Applied load: sinusoidal [-200,340] lb

 Finite life of about 6x10 7 cycles

 Material: Al 2024-T4

 Operating conditions: room temp.
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Initial dimensions:

Comment: use MathCad example to perform design iterations 
(file is included in the CD-ROM that came with your textbook)

Notch radius (wall) is 0.25”, 

Kt=1.70, Kts=1.35
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Example 6-6: multiaxial fluctuating stresses.  

Example of mechanical configurations that can be idealized with 
arrangement shown in Example 6-6.

Fatigue failure
Review examples
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Example 6-6: multiaxial fluctuating stresses.  

Example of mechanical configurations that can be idealized with 
arrangement shown in Example 6-6.

Fatigue failure
Review examples
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Example 6-6:

Fatigue failure: Review examples
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Make sure to 
know how to 
evaluate A95

Sut is used in kpsi

Note “negative” 
exponent

Note that this is only 
16.6% of the Sut (and 

24 % of the Sy) 

fatigue
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This is calculated 
differently for 

materials with an Se

Kt and Kts are given 
(we are lucky!)
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Forces: evaluated 
for amplitude and 
mean components

Evaluated for 
amplitude and mean 
components

Moments: evaluated 
for amplitude, mean, 

and maximum 
components

Compensate for 
local “yield,” if any
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Evaluate applied, 
amplitude and mean, 
stresses – point A is 

subjected to 
bending and shear

Evaluate equivalent 
Mises, amplitude 

and mean, stresses

Evaluate for all 
cases, if unsure 

about which case
At point A

Note the use of 
Sn in this equation 
(finite life)
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Account for 
transversal shear – 

point B is subjected 
to pure shear

Evaluate equivalent 
Mises, amplitude 

and mean, stresses

At point B

Evaluate for all 
cases, if unsure 

about which case

Note the use of 
Sn in this equation 
(finite life)
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Reading

Homework assignment

• Chapters 6 of textbook: Sections 6.5 to 6.8

• Review notes and text: ES2501, ES2502

• Author’s: as indicated in Website of our course

• Solve: as indicated in Website of our course
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