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Documentation on

Fatigue Analysis

This guide is made for non-experienced FEA users. It provides the
basic knowledge needed to start working on fatigue analysis.

Experienced FEA can also use this guide to get used to FEA NX
workflow.
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Fatigue Analysis

1. Fatigue Definition

Fatigue is a phenomenon associated with variable loading or more
precisely cyclic stressing or straining of a material.

Fatigue failure is defined as the tendency of a material to fracture
through progressive cracking under repeated alternating or cyclic
stresses of an intensity considerably below the normal strength.
Although the fracture is of a brittle type, it may take some time to
propagate, depending on both the intensity and frequency of the
stress cycles.

Examples of fatigue failure

All structural and mechanical components that are cyclically loaded
can fail due to fatigue.

Fundamental requirements during design and manufacturing to
avoid fatigue failure are different for each different case and should
be considered during the design phase.
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Fatigue Analysis

2. Fatigue Loading

Fatigue loading is primarily the type of loading that causes
cyclic variations in the stress or strain on a component.

The cyclic loading can be uniform or non-uniform in nature.
For simple cases, constant amplitude loading is used to
obtain material fatigue behavior/properties for fatigue
design.

Some real-life load histories can occasionally be modeled
with constant amplitude as well.
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Fatigue Analysis

Concentration factor: it is the ratio of fatigue strength of
the smooth member to that of the notched member.
Depending upon the type of geometry of the detail the
characteristic curve shall be modified by using concentration
factor.

Number of Repetitions: the number of times the loading
function should be repeated to complete one full loading
cycle.

Fatigue loading function definition in FEA NX

Fatigue analysis> Fatigue load> Define> Define fatigue load function

Fatigue Load
Load/Stress History I Define... I
Number of Repetitions 1
Define Load/Stress History l X
Name Concentration Factor Fatigue Load Function
Linear Static 1.0000 Fatigue Load Function
+
B _1 N —
Fatigue Load Function X
Name Fatigue Load Function-1
E:E Value
0 0
0.2618 0.25882
[ Define Fatigue Load Function ]——-ﬁea&% 8131315 DN
0.3927 0.33268
2 . . o T - 0.4488 0.43388
0.5236 0.5 L
0.62832 0.58779 f
1.0472 0.86603
1.5708 i
3.1416  1.2252e-016
3.4034 -0.25882
3.4558 -0.30902
3.5343 -0.38268
3.5904 -0.43388
2 ARS? as
[ oK Cancel Apply
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Fatigue Analysis

3. Fatigue Life Estimation Method

Fatigue analysis is usually carried out using the following methods
of analysis:

1. S-N Method
2. E-N Method
3. Crack Growth

FEA NX can consider the S-N and the E-N methods for fatigue
analysis.

The stress-life (or S-N method), is commonly referred to as the total
life method since it makes no distinction between initiating or
growing a crack. This was the first fatigue analysis method to be
developed and it provides satisfactory results for fatigue analysis.

The local-strain or strain-life (E-N) method, commonly referred to

as the crack initiation method, was more recently developed and is
intended to describe only the ‘initiation’ of a crack.

Total Life Crack Initiation Crack Growth

O |+ O

Idealization of fatigue design process

<
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Fatigue Analysis

In FEA NX we can specify the S-N and E-N methods by using the
loading, stress, or strain results based on the linear static analysis
carried on the structure. Users can specify the following methods:
SN using loading history

EN using loading history

SN using stress history

EN using stress history

EN using stress/strain history

Lk wn =

Fatigue analysis> Method or Analysis Set

Fatigue Analysis X
Analysis Data
Name Axial load _Fatigue Results u;ﬂ; y
Description SN using stress history
EN using stress history
Method ISN using load history l /’ EN using stress/strain history
Analysis Set [Fealioad “]—>Select Analysis Set
Option
Stress Type Equivalent (Von Mises) v
I I\i Equivalent (Von Mises’
Equivalent (Von Mises) Signed Von Mises
~ Max. Abs. Principal
© Average O Max O Min Maximum Shear

() Quick Counting (Number of Stress Ranges)

Property
Define Property...

Mean Stress Correction

None Goodman Gerber
() soderberg [ Morrow Dswr
Output Request

Damage Fatigue Life Cyde

() contribution of Fatigue

Fatigue Load

Load/Stress History Define...

Number of Repetitions 1
Infinite Life 1e4009

Experimental test data is mostly uniaxial whereas FE results are
usually multiaxial. At some point, stress must be converted from a
multiaxial stress state to a uniaxial one. In FEA NX Equivalent (Von
Mises), Signed Von Mises, Absolute Maximum Principal, and
Maximum Shear options are available for this purpose.
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Fatigue Analysis

4. Stress Life Approach

The Stress life method, more commonly known as the S-N or
Nominal Stress method is used for total life calculation.

It assumes the structure to be fully elastic. The initiation or growing
phase of a crack is not considered in this method. Applicable to
high cycle fatigue problems (low load-long life). This approach
should not be used to estimate fatigue lives below 10,000 cycles.

The S-N Curve was developed by German August Wéhler for his
systematic fatigue tests done in the 1870s. S-N Curve plots the
diagram of the amplitude of nominal stress as a function of several
cycles to failure for un-notched (smooth) specimens. Mathematical
description of the material S-N curve:

0,4, MPa
(log)
10° — e . -B
‘/A Sa Ua ANf
L NE
| I
| I
I
10 1 I_ 1 1 1 >
1100 102 10° 10° 10° 10 N,
(log)

0, — applied alternating stress

A — constant, value of g_ at one cycle

B — Basquin’s exponent, slope of the log-log curve
N; - the number of cycles of stress that a specimen
sustains before failure occurs

—
anl\b 8 www.midasUser.com



Fatigue Analysis

We can define the S-N curve for a particular material by using
Direct Input or by defining a function as per our requirements. In
direct input depending upon the Endurance limit and the Cycles at
Endurance, the program automatically calculates the S-N curve.

Fatigue analysis> Property> Define Property...

r e e “
S-N Curve Function X
Material 1: Mild Steel

Yield Strength 0 Njmm? Name S-N Curve Function

Tensile Strength 0 Nfmm?2

- Stress
() Direct Input Life Cycles | Amplitude |
= (N/mm?)
1000 7.5e+007
10000 2.3e+007
1e+009 2.3e+007

© Function +

S-N Curve S-N Curve Function v~ ., —_—— |
Add Modify Delete
No Material Type

1 Mild Steel Function

i oK | cancel Apply

Close

For the different combinations of mean stresses and alternating
stresses, we can use the Goodman, Gerber, Soderberg, Morrow, or
SWT method of fatigue life prediction in the case of the S-N
approach. These methods can be chosen depending on the
material properties and loading criteria.
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Fatigue Analysis

Stress amplitude (o,,,)

Goodman

Gerber

/

/

Soderberg

Uy

Mean stress (0,,)

Mean stress correction approach

Fatigue analysis> Mean stress correction

Mean Stress Correction

B rione B coodman B cerber
B soderberg B Morrow BswT

Note: If the stress cycle is fully reversible and alternating with no deviation
then no mean stress correction is required and, in that case, None can be

selected.
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Fatigue Analysis

5. Strain Life Approach

This method is also called the Local Stress-Strain, E-N or Crack
Initiation method.

It applies when the structure's durability depends on the stress
amplitude of local strain at the crack initiation place. The strain-life
design method is based on relating the fatigue life of notched parts
to the life of unnotched specimens cycled to the same strains as
the material at the notch root.

This approach is best suited for low-cycle fatigue problems, where
the applied stresses have a significant plastic component.

E-N curve shows the relationship between the strain and the
number of cycles causing fatigue failure as expressed in the
equation below.

Ag J}- b / C
R i (2Ns)" + &5 - (2Ny)
0 N
Total strain
%] Vi /

)

S

£ 107

£ b

c 107 e

= ; Elastic strain

— o,

% 1 E o

x Plastic strain
107
0 10 1 1 W 10 19 10
Reversals to failure, 2N

Ag/2 — total strain amplitude = g o; — fatigue strength coefficient
N, - the number of cycles of stress that a g; — fatigue ductility coefficient
specimen sustains before failure occurs C - fatigue ductility exponent

E — modulus of elasticity
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Fatigue Analysis

Fatigue analysis> Property> Define Property...

Analysis Data
Name Axial load _Fatigue Results
Description — :
Method EN using load history G Define Fatigue Property X
Analysis Set Axial load W Material Mild Steel bad
Dpton Fatigue Property
Stress Type Equivalent (Von Mises) v
Cydic Strain Hardening Exponent n Auto bfe
Equivalent (Von Mises)
. . Cydic Strength Coeffident K Auto sfe’n N
© Average (O Max O Min
- F ffi 920 N/mm?
|_J Quick Counting (Number of Stress Ranges) At Soengih Cocffident. s i
Fatigue Strength Exponent b -0.106
|
Property Fatigue Ductility Coeffident e 0.213
I Define Property... I——-) = =
| | Fatigue Ductility Exponent ¢ -0.47.
Mean Stress Correction
None Morrow SWT Add Update Delete
(C)Manson-Halford -
No Material
Output Request
Damage B Fatigue Life Cyde
() Contribution of Fatigue
Fatigue Load
Load/Stress History Define... Close
Number of Repetitions 1 ' - =
|
Infinite Life 1e+009
OK Cancel

By applying several individual strain amplitudes to the E-N curve,
which has been extracted through rain flow counting, each number
of cycles and the corresponding individual damage level are
obtained.

We can use the Morrow, SWT, and Manson-Halford method of
fatigue life prediction in the case of the E-N approach.

Fatigue analysis> Mean stress correction

Mean Stress Correction

H MNone H Marrow H SWT

[ ] Manson-Halfaord
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Fatigue Analysis

6. Fatigue Analysis Workflow

To start your fatigue analysis setup, it is necessary to perform linear
static analysis for your model. When the static results are loaded,
you can enter the Fatigue Analysis dialog box.

Results 2 x

Item D Color
() No Results Imported

=iy Post Style

| .3 Default Style

& E Delete Result File

Close Result File

Add Fatigue Analysis...

Model Analysis ‘Results

13

| Fatigue Analysis X
Analysis Data
Name Axial load _Fatigue Results|
Description
Method SN using load history v
Analysis Set Axial load -
Option
Stress Type Equivalent (Von Mises) v
Strain Type Equivalent (Von Mises)
© Average (O Max Omin
() Quick Counting (Number of Stress Ranges) 32
Property
Define Property...
Mean Stress Correction
B None 8 Goodman 8 Gerber
() Soderberg [ Morrow Oswr
Output Request
@ Damage @ Fatigue Life Cyde
() Contribution of Fatigue
Fatigue Load
Load/Stress History Define...
Number of Repetitions 1
Infinite Life 1e+009
o ] coe
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Fatigue Analysis

A flowchart of the fatigue setup in FEA NX can be described as
shown in the image below:

Define linear Define fatigue :

: : : Fatigue post-
static analysis analysis _
processing
case module

1. Approach selection

3. Fatigue property for material
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Fatigue Analysis

7. Fatigue Results

Fatigue results are calculated as Damage and Fatigue Life Cycle.
Under Output Request required output vector can be selected.

Fatigue analysis> Output results

Output Request
B bamage B Fatigue Life Cyde
[C] contribution of Fatigue

5 5 82+ vone 00

GG I RW OB &

Fatigue damage output
vector.

5 5 82| vone 00

GG I RW OB &

Fatigue lifecycle according
to Goodman mean stress
correction.

5 5 82+ vone 00

GG I RW OB &

Fatigue lifecycle according
to Gerber mean stress
correction.
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