Q) ¥ /= o
ﬂ1§ﬂ§$§ﬂﬂ1%!ﬂﬂuﬂﬂ1§%1ﬁﬂﬂ
a ¢
UUUNINADNNIAND T

A W
iWanuaanuuutazlIuls
FUTIUUAZIAIDIDNT

1@NFITIF FIINNINEANA

Finite Element Method
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FINITE ELEMENT METHOD

Example of Plate with Circular Cutout:

FINITE ELEMENT METHOD

Analysis Choices for Plate Solution:

* Use experience from similar problems

* Look at engineering design handbook

* Solve set of equilibrium PDE,
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® Use the finite element method




FINITE ELEMENT MODEL
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FINITE ELEMENT METHOD

Plate with more complex geometry:




FINITE ELEMENT MODEL

Ovonmisces ON DEFORMED PLATE
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Computer-Aided Engineering
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CAD/CAE Laboratory
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DROP TEST OF TOILET SEAT
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DROP TEST OF TOILET SEAT
._ @ (At the time of impact)




DROP TEST OF TOILET SEAT
wmd (At the time of impact)

DROP TEST OF TOILET SEAT
amd (At the time of impact)
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AIR VENTILATION IN COMPUTER BOX

OUTLET

AIR VENTILATION IN COMPUTER BOX
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HOUSE VENTILATION




AIR FLOW IN THE GREAT
SAPHA DHAMMAKAYA HALL
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Pre-Processing / Geometry

Pre-Processing / Elements

Element

Node

Finite Element Model




Post-Processing
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STRENGTH OF MATERIALS

oo, Oty ot

COMPUTER PROGRAMMING

HEAT TRANSFER ANALYSIS

ENGINEERING MATHEMATICS FINITE ELEMENT METHOD

COMPUTER PROGRAMMING COLOR GRAPHICS




FLUID FLOW ANALYSIS
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TURBINE DESIGN

and Life Prediction

WIND TURBINE DESIGN

Wind Turbine Sizes Increasing Rapidly
e 2007: Average capacity of turbines installed around the world = 1,492 kW

e 2009: Largest turbine in operation has power capacity of 6 MW (Enercon E126, rotor
diameter = 126m)

Wind Turbine Reliability a Major Issue for Industry OEM’s and Suppliers

e “Current reliability unacceptable!” -Dr. Falk Felker; NREL, Center Director, Nationgl
Wind Technology Center

¢ Challenges due to dynamic loading and fatigue, like failure of transmission gear
pinions, failure of bearings, blade fracture, tower buckling, etc.

e Failures are expensive (OEM warranty cost = 4-5% of sales) and many are spectaculg

.

» Certification processes requires simulation of hundreds of wind condition scenarios

-I e
~

Sources: Global Wind Energy Outlook, Oct. 2008 (GWEC, Greenpeace and Wind Power Works)
Merrill Lynch (http://www.ml.com/media/81290.pdf)




WIND TURBINE DESIGN

Planetary gear train model

Wind turbine model with
flexible blades and tower

Detailed modeling of a gear system

WIND TURBINE DESIGN

Sub-System and Component Design and Analysis
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WIND TURBINE DESIGN

Gearbox Loads

— Apply wind loading event
to wind turbine model _

— Predict shaft loads High-speed shatt

— Evaluate alternate shaft
design

— Stress recovery on high-
speed shaft

— Output loads for detailed
component FEA

‘ Off shore:
Additional

#Wavc Loads

Energy

WIND TURBINE DESIGN
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High Accuracy
Here

= Reliable Results Here

Accuracy of FEA and fatigue results entirely depends on input loads

Do not waste FEA and fatigue analysis with bad loads!




WIND TURBINE DESIGN
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STRESS ANALYSIS
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