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e Mission
— To educate Finite Element Method

— To ensure transfer of technology and knowledge between
University and Industry

 Objectives

— Bachelor level: Mechanical Engineering students should be able
to use FEA in a product design and development environment

— Bachelor level: Civil Engineering students should be able to use
FEA in structural design

— Master level: Civil and Mechanical Engineering students should
be able to use FEA in a research and development environment
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e |ssues in Fatigue Analysis —from an
educational point of view

— Education — Self paced learning and Project
Oriented Problem Based Learning

e FEA - Strong motivator in teaching structural behavior
— Scope of Fatigue Analysis
— Issues in Fatigue Analysis

e [ssues in Deterministic Fatigue Analysis
e Examples —In danish
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Education - FEM in Esbjerg

10 years ago — use of FE in graduate projects 50%:

Supervison and training share in the study curriculum
0% CAE Inventor Professional

100% ANSYS Classic

0% ANSYS Workbench

5 years ago — use of FE in graduate projects 70%:

Supervison and training share in the study curriculum
10% CAE Inventor Professional

90% ANSYS Classic

0% ANSYS Workbench

3 years ago — use of FE in graduate projects 90%:

Supervison and training share in the study curriculum
20% CAE Inventor Professional

70% ANSYS Classic

10% ANSYS Workbench

Currently — use of FE in graduate projects 100%:

Supervison and training share in the study curriculum
20% CAE Inventor Professional

50% ANSYS Classic

30% ANSYS Workbench

Department of Civil Engineering, AAU
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e Bachelor level

— Fatigue in Machine elements — infinite life (only for
mechanical engineering students)

— Fatigue in Steel structures - introductory (welded) — finite
life (for both civil and mechanical engineering students)

— Fatigue in Steel structures (welded) — finite life (only for
mechanical engineering students)

e Master level

— Fatigue in Steel structures (welded) — finite life (for both
civil and mechanical engineering students)

— Linear Elastic Fracture Mechanics (for both civil and
mechanical engineering students)

Department of Civil Engineering, AAU Anders Kristensen
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Scope of Fatigue Analysis

Considering a minimum of 8 directions, 10 waves per direction and 10
periods per wave and reminding that there must be 18 steps for each
wave, this means that the fatigue stresses will require 14400 load cases, in
order to determine 800 stress ranges

In the case of a jacket structure it is usually checked for fatigue at 8 points
around the circumference of the joint connection, times 2, because each
member has 2 ends and times 2 again because there is stress
concentration on both the chord side and the brace side of the
connection.

If the jacket has 1000 members, this means that 32000 fatigue checks
must be performed, dealing with the 1440 stress values that were
determined above, leading to 80 stress ranges.

This means that 80 x 32000 = 2.56 million damage calculations must be
performed for the entire structure (80 for each point).

In education minimum is one.
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Issues In fatigue analysis

Design approach

— Infinite life design

— Safe life design

— Fail-safe design

|dentification of critical regions

Modeling issues

— ldealization

— Mesh

— Geometrical Detail

— Stress Concentrations

— Fatigue Modification Factors

— Material Data (S-N data, toughness, surface roughness...)

Department of Civil Engineering, AAU Anders Kristensen
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Issues In fatigue analysis ...

Load data

— Dynamical behavior (large deformation, flexible multi-bodies, ...)
— Number of cycles

— Stress range in each load cycle

— Mean stress in each load cycle

— Multi-axial Stress Correction

Fatigue analysis approach

— Deterministic Fatigue Analysis — Time domain
— Spectral Fatigue Analysis — Frequency domain
— Strain life LCF

— Stress life HCF

— LEFM

Department of Civil Engineering, AAU Anders Kristensen
http://www.civil.aau.dk/ ask@civil.aau.dk
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Issues Iin Deterministic Fatigue Analysmiﬁs

ldentify all phenomena which contribute to

fatigue

Trans
mem

Trans

ate phenomena into loads on structural
0ers

ate member loads into local stresses

Choose appropriate S-N curve
Carry out Damage calculation using Miner’s Rule
Compare with design life accounting for Factors

of Safety
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Examples

e Example — Bachelor

e Example — Master

e Current work

Department of Civil Engineering, AAU Anders Kristensen
http://www.civil.aau.dk/ ask@civil.aau.dk
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Static models to identify loading conditions
employing a varity of elementtypes in ANSYS
Classic

Static models in 3D solid in ANSYS Workbench to
identify stress concentrations

Dynamic models to compute eigenfrequency

Establish dynamical models to generate a load
nistory

Hot-spot stress by, e.g. DNV or Eurocode
-atigue analysis by ANSYS/Workbench
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Example - Bachelor

®
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Lasttilfaelde

e Lasttilfeelde 1

— Egenvaegt af vingekonstruktion
— Slanger med gylle
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Lasttilfeelde

o Lasttilfeelde 2
— Egenvaegt af vingekonstruktion

— Slanger med gylle
— 1200 N i 3. sektion
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Lasttilfaelde

e Lasttilfeelde 3

— Egenvaegt af vingekonstruktion
— Slanger med gylle

Department of (
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Bjzelkemodel af vinge

fogyget

 Randbetingelser

Ovre understotning

= -
K:iobal " Vciobal = Telobal

K 1. = Global stivhedsmatric E el. X

rod

Veropar = Global flytningsvektor [m el. rad]
Telobar = Global knudekraftvektor [N el. Nm]

Nedre understotning
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Bjzelkemodel af vinge

222 x 222 222 x1 222x1

u, = 07 R,
,=0| IR,
u, =0 R

‘le. =0

0

=

-
o e
Il
Il
o RR;

g

= m

- —
K;iopal " Veiobal = Tolobal

Department of Civil Engineering, AAU Anders Kristensen
http://www.civil.aau.dk/ ask@civil.aau.dk




Free Offshore Seminar on ANSYS, Issues in Fatigue Analysis
17th November, 2009, AAU, Esbjerg, Denmark

Fepyan®
Opbygning af bjeelkemodel
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107 MPDATA . PRXY . 1 . . 0.3
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109 ! 3D Elastic Beam 4
110 ET . 1 . BEAM4
111 ! 3D Structural Mass
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fagyen®
Bjelkemodel af vinge
= Knude _ o, & Knud
Viokal = 1 " Vglobal
kI.GF.:aE ) ﬁLGkaI = JFI.GFE&I
k,..., = Lokal stivhedsmatric [~ el. —]
Lokal — m " vend
Vyorar = Lokal flytningsvektor [mel."rad"]
Trona = Lokal knudekraftvektor [N el. Nm]
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e Rijttersnit

Rittersnit .
023 Massemidtpunkt
K3
' K7
l 10
I
|
I ]
1 f
I e B - =8 =
K4 e7; K5 i Al—l- ;
| 5.07m ,
I |
, 637m ,
| 1
Lasttilfeelde 1 Lasttilfeelde 2
Normalkraft Rittersnit Ansys Classic Afvigelse Rittersnit Ansys Classic | Afvigelse
N7 -27,6 kN -25,2 kN 9,5% -38,9 kN -36,6 kN 6,3 %
N23 27,4 kN 26,4 kN 3,8% 37,6 kN 36,6 kN 2,7%
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Resultater fra bjeelkemodellen

e Lasttilfaelde 2
— Udbgjningen er 67,4 mm
— Normalkraefter

— Bgjningsmomenter om z-aksen

A
B
C
L |
-5073 -35485 -2023 -495. 1958 1027
-4310 -2786 -1261 264,255 1789
Department of Civil Engineering, AAU Anders Kristensen
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Analyse af knudesamling
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e Kontrol af valgt knudesamling
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Analyse af knudesamling

 Konvergensstudie af lasttilfaelde 2

— Refinement = 1, Meshrelevance = 85

965,69 Max
814,69
60,1

662,15
458,02
404,74
201,86
205,67
174,4

146,61
110,06
79,284
53,627
30,821
0,1971 Min

Departn 0.00 150,00 300,00 () Kristensen
http://w T e ivil.aau.dk

75.00 225,00
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Validering

e Sammenligning af egenfrekvenser

Bjeelkemodel Solidmodel Inventor Analytisk beregning

Modeshape F [Hz] F[Hz] | Afvigelse. [%] F[Hz] | Afvigelse. [%)]
1 21,6 22,5 +5,1 19,8 -8,3
2 64,2 68,9 +7,3 95,4 -13,7

Anders Kristensen
ask@civil.aau.dk
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* I:konstruktion,l =0,37 Hz < 3,33 Hz
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e 2 laveste egenfrekvenser

o I:konstruktion,l,z < 3,33 Hz

Department of Civil Engineering, AAU
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Pavirkninger under kgrsel

e Beregning af acceleration

m
%y (Emares) = (0,23 5) = 3,22

. 0 m
Xpmaks —— 3,22;

e Pavirkninger pa konstruktionen

_ m m _ m
Qmaks = 9,82 + 3,225 = 13,04

_ m m _ m
Qi = 9,825 = 3,22 = 6,60

Department of Civil Engineering, AAU Anders Kristensen
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Udmattelse efter DS 412

 Knudesamling [K10] mellem e25 og e6

0,00 300,00 {mm)
I 0O a0

75.00 225.00
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Udmattelse efter DS 412

. o m
 Hot spot analyse ved en acceleration pa 6.60 o
Department of Civil Engineering, AAU o o Anders Kristensen
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Udmattelse efter DS 412
1
T
S . 1x274 MPa
— ! = 2 = > 3x142 MPa
¢ i 2 s 2x 73 MPa
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Levetidsberegning efter DS 412

Speendingsvidde Antal pavirkninger Pavirkninger for brud Delskader
Ofat Cyklus Ns Nrat Ns/MNrar

274 MPa 1 73720 137330 0,5368
142 MPa 322 23737840 986628 24.0596

73 MPa 2 147440 7261893 0,0203

I alt 24 6167

* Beregning af fatale antal pavirkninger [n._,]
log(nsq,) = log(a) —m - log(o74;)

Nrqe = 137330

 Beregning af delskade

ns 73720

Nrgr1 137330

 Beregning af levetid
1

= 0,2 ar ~ 240 timer

Levetid i ar = 5 ar -

24,61

Department of Civil Engineering, AAU

http://www.civil.aau.dk/
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Levetidsberegning i Workbench

° (o] ° °
 Dynamisk kraftpavirkning
Normalkraft ved 13,09 Ez Normalkraft ved 6,55 Ez Dynamisk normalkraft
s s
17152 N 8586 N 8566 N
Constant Amplitude Load
Zero-Based
1,5
08 7 SN N N /7N 7N N /N
, . N N // \H__, / N - / N S N ™ -
0,8
-1,5
Mean Stress Correction Theory
SN-None Goodman Soderberg Gerber
Endurance //7 =
0 Yield Ultimate

Department of Civil Engineering, AAU Anders Kristensen
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Sammenligning af levetid

e Levetid vha. Ansys Workbench
— 347 timer

e Levetid efter DS 412
— 240 timer

Department of Civil Engineering, AAU Anders Kristensen
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Optimering

fogyget
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 Resultater af den redesignede knude
— Uaendrede normalkreaefter
— Reducerede forskydningskraefter
— Reducerede bgjningsmomenter med 50 %

AN T

e T g s s i

Department of Civil Engineering, AAU Anders Kristensen
http://www.civil.aau.dk/ ask@civil.aau.dk
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e Spaendingsanalyse i Ansys Workbench

Static Structural
Time: 1, 5

Items: 10 of 11 indicated
02-12-2003 1008

[& normalkraft e23: 21527 N

. Forskydningskraft 23 -174, 1
[ tament e23: -1,19&+005 N mm
B rormalkeaft 213: 6424, M

. Forskydningskraft 213: 16, K
[B toment e13: 7000, Nemm

[&] rormalkraft e4: 5522, M

. Forskydningskraft e4: -1, N
. Moment e4: 2000, M mm

. Fixed Support

0.00

Department of Civil Engineering, AAU
http://www.civil.aau.dk/

20,00

Optimering

150.00

200.00 {mm)

®
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Optimering

 Spaendinger i redesignede knude

Equivalent Stress

Type: Equivalent (von-Mises) Skress
Lnit: MPa

Tirme: 1

02-12-2002 10:3232

263,3 Max
I 165,91
150,64

- 129,07
- 113,04
97,132
L 91,034

84,252
. 75,545
- 67,485
- 49,851
36,351
25,513

10,531
0,10772 Min

20.00

100.00

150,00

200,00 {rrm)

7R

fogyget
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Example - Master

Static models to identify loading conditions
employing a varity of elementtypes in ANSYS

Classic

Dynamic models to compute eigenfrequency

Establish flexible multibody dynamic models

JONSWAP spectrum for fatigue analysis
Hot-spot stress by DNV

Department of Civil Engineering, AAU
http://www.civil.aau.dk/

Joint flexible study by ANSYS Classic beam models

Anders Kristensen
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Example - Master

ATEE=1
STEE=1 8uUB -2
3UB =1 FREQ=12.203
FRE(=3.424 DM =3.574
oM =2.64B

Mode 1: Flyder og arm bejer let ud til siden Mode 2: Flyder og arm vrides sidevejs

STER-1 Z sTER=1
sUB =3 < SUB -4
FRE(=14.08 ! FREG=18.455
DMK =3.756 o T -3 .55

Rerknudesamling pasat dimensionsgivende kreefter

Mode 3: flyder og arm vrides forover.

Mode 4: Flyder og arm bejes op.

Figur 87: De 4 laveste mode shapes

Department of Civil Engineering, AAU
http://www.civil.aau.dk/

Arm 1
Mx moment

Figur17L Arm1-Mx

e R
Arm 1
My - moment

Figur 172: Arm 1 - My

7

=
P d

|

m 1
Mz - moment

S
) =

Figur 173: Arm 1 -M;

Anders Kristensen
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Example - Master

Armen beregnes nu for udmattelse ud fra det forventede antal pavirkninger 1 den
budgetterede levetid. Dertil anvendes elasticitetsteorien, og det forudsettes, at armen er
effektivt korrosionsbeskyttet under hele sin levetid. Til beregning af levetiden og under
forudsetning af at pavirkningerne er ulfeldigt fordelte spendingsvidder, anvendes
Palmgren-Miners formel (65) til kontrol.

DI IREFNES (65)

n, , er det aktuelle antal pavirkninger ved en spendingsvidde Ao, ot

1
for . . .
n,., == er den regningsmessig udmattelsestallet svarende til Ae,, .,

Yo

n,,, er udmattelses tallet som kan aflzses ved en given o, 1 Figur 100

7, =1.43 er partialkoefficienten for udmattelsesstyrken &, efter DS 412

3.72-100
1[71?, for ©, >34 MPa
ne, = i {G.ﬂu ) . (GGJ
| Jor o, <34MPa

Department of Civil Engineering, AAU
http://www.civil.aau.dk/
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Ansys resultatfil
lasttilfaelde 1

Belgeinterval ‘

\
ListCleaner
Y
Matlab ‘
v Y
Sterste speendingsvidde Starste spaendingsvidde
i 1. i 2
hovedspaendingsretning hovedspaendingsretning
med tilherende med tilherende
| knudenummer. knudenummer

Y
Ansys resultatfil
lasttilfeelde 2

Y
| Storste
spandingsvidde i 3.
hovedspaendingsretnin
g med tilherende
L knudenummer.

Anders Kristensen
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Example - Master

®

=52.232
o
-51.67
o

=-51.127
o

550.512
Figur 195: Aflzeste spendinger i samlingens krone
s
Omrader med maksimale
SpEBndIngSVIdder / Madelleret svejsning
Figur 198: Solidmodel af T-samling
Department of Civil Engineering, AAU Anders Kristensen
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e Analysis of snow blasting machine — 5. semester
project

e Fatigue analysis of flame cut steel components -
oachelor graduate project

 Development of fatigue test rig for educational
purposes — bachelor graduate project

e Fatigue analysis of lazer welded steel components
— master graduate project

* Large deformation analysis of solar panel
structure — research project

Department of Civil Engineering, AAU Anders Kristensen
http://www.civil.aau.dk/ ask@civil.aau.dk
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©

Example — Snow blasting machine

NNSYS

Noncommercial use only

; 5
L 0,0059297
00029648
0 Min

0.400

Figur 6 udbojning i Ansys

"NANSYS

y Nqn:_om.marcial. use only

Tiaeager
T.563%e8
3,1514e6
0,053495 Min

0.800 (m)

"0.400

Figur 7 spendingen i Ansys

Department of Civil Engineering, AAU
http://www.civil.aau.dk/

. ANSYS
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Summary

Full 3D solid FEA will increase
Emphasize on FE teaching

Focus on mechanical and structural behavior

Validation is key

Important with real problems to push
technology transfer and build students
confidence
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