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Leonard Euler (1707-1783)
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Leonard Euler (1707-1783)






Two means to find the Catenary
First T the direct method

The shape balances T, F and £



Two means to find the Catenary
Second i the variational method

The shape makes h as small as possible.
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Leonard Euler (1707-1783)



The finite element method (1960-70)
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The shape makes h as small as possible.



Solving complicated problems




The finite element method

The shape makes h as small as possible.



The finite element method

The shape makes the total potential energy
as small as possible.



1 Light travels between two given points along the
path of shortest time - Fermat's principle.

1 Nature is thrifty in all its actions - Maupertuiso
least action principle.

1 An elastic structure deforms to minimise Iits total
potential energy.



Needleman and Rice developed a variational

principle for diffusional crack growth

1 |n 1980

Cocks and Pan used it for crack propagation in
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It turned out that this variational principle can be
modified to model ceramic processing.

It also turned out that the ceramists had
never heard of a variational principle !



http://www.portlandpottery.com/
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Industrial Sintering

Ridgway Powdered Metals Inc.




This gave us an opportunity to establish a
unified sintering theory.



This gave us an opportunity to establish a
unified sintering theory.




This ga
unified




Department of Materials Science and Engineering
Carnegie Mellon University

http://neon.materials.cmu.edu/

In sintering, solid particles consolidate
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Computer simulated sintering deformation
- non-uniform initial density




Computer simulated sintering deformation

- Layered systems

Dy=0.64

Acoatings
Afuel cells
Amicroelectronic films



Sang-Ho Lee, Amvind Mohamam. Gary L. Messing and David J. Green

Materials Research Instinute and

PENNSIATE
a Co-firing viscous/viscous m "™ miimiise

- NiO-YSZ (green)
| | YSZ (green)
Sintering strain 1230°C 1260°C

S
8 —YS2Z
| — NO-YSZ

2 -5

:

3 -10 4
.15_\
-20 T T T T

1100 1180 12060 1250 130C 1350
Temperature (°C)

1290°C 1320°C 1350°C

- both materials shrink,
- warpage due to sintering strain mismatch




t=35s
m t=4.375s

t=0.28s

Computer simulated warping of a bilayer



Now the ceramists have got it, and
we are moving on



Orthopedic surgery (from Wikipedia)


http://en.wikipedia.org/wiki/Image:Repair-of-fracture-to-right-acetabulum.jpg

The i1deal fixation:

Force is gradually transferred from
the plate to the bone as the bone
heals.

This requires the stiffness of the plate
decreases in a controlled and
predictable manner.




Solution T using biodegradable polymers

\ \
Biodegradable fixation (PolyMax®) e \%\“\\\\\\\\\\\\\\\\\\\\\\\\\\

made of poly(L-co-D,L-lactide) 70/30



In vivo poly(L-lactide) implant

(from Gutwald et al. Injury, Int. J. Care Injured 33 (2002) S-B-4-16)

52 weeks

98 weeks



State of the art 1 trial and error

Available online at www.sciencedirect.com BRITISH
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Inion biodegradable plates: The first century

Geoffrey D. Wood *
Arrowe Park Hospital, Upton, Wirral, Mersevside CH49 SPE, UK

Accepted 29 July 2005
Available online 3 October 2005

Abstract

I have used the Inion biodegradable plate system to treat patients with facial fractures who preseated to Arrowe Park Hospital. Wirral between
May 2003 and November 2004. I have inserted 100 miniplates (68 mandible. 15 maxilla, 12 zygomatic bone, 3 nose, and 2 thyroid cartilage).
All the fractures healed.

© 2005 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

Keywords: Inion bicdegradable plates: Facial fractures




Variational modelling of polymer degradation

0.3 min
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Model prediction Experiment by Grizzi et al.



Variational orthopedic surgeons ?



http://www.st-joseph.org/news/surgnav.htm
http://www.st-joseph.org/news/surgnav.htm
http://www.st-joseph.org/news/surgnav.htm

What next ?



25,000-17,000 BC

By

Chauvet cave, Ardeche valley, France



1550 BC

Fisherman, National Archeological Museum Athens



410 BC

Meidias, vase, British Museum, London



