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Talk outline

� Friction

� Adaptation

� Parallelism

� Conclusions and further work



Why do we need lots of points?
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Pressure solution to a line contact problem



Why do we need lots of points?
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Why do we need lots of points?
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Why do we need lots of points?
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Stress and friction
� Differences in friction due to resolution of pressure spike

� Total friction through contact given by:

� �
� ∞

�∞
phτxz;1�x�dx

� with shear stress, τxz, given by:

τxz;1�x� ��

aphH

2R
∂P
∂X

�

R
a2η0

η
H

�

U2�U1

�

� hence pressure dependence of friction comes mainly from ∂P
∂X in stress



Shear stress variation
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Friction Dependence on Domain Size
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How to solve on very Þne domains quickly
Assuming we need these very Þne domains to get accurate results then we need to

consider new techniques:

� Adaptivity

� Bigger, better, faster computers

� Parallel computing

� The Grid

� Variable timestepping



Grid Adaptation
� Only use mesh points where most needed - around pressure spike(?)

� Need hierarchies of increasing Þner meshes

� Want to utilise fast solution methods already used (multigrid, MLMI, . . . )

� Use multigrid patches

� Interpolation of Þne grid pressures for deformation

� Sensible choices of where to adapt

�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������

��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������

�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������

��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������
��������������



Example Point Contact Adapted Mesh
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Example Line Contact Adapted Meshes
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Friction Accuracy on Adapted Grids
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Parallel Computing for Point Contacts
Tackling much larger EHL problems than have been previously possible means
looking beyond desktop PCs

� The domain is divided into strips for pressure, density and viscosity

� This enables simple load balancing

� The Reynolds Equation line based solution method is unchanged

� Density and viscosity are local calculations and are only used for pressure

� Communication is accomplished without extra effort

� The deformation calculation is done similarly - MLMI complicates matters

� Ghost cells add an extra difÞculty in getting both perfect load balancing
and minimising communication

� The coarsening requires global broadcasts

� Strip division is Þxed for the MLMI prolongation process to Þx local
communication costs (Top and bottom processors may be brießy idle)



Parallel Timings - Increasing Resolution
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Transient Point Contacts � Solved in Parallel

Still can only (!) tackle up to 67 million points



Conclusions

� Friction is an important key variable to monitor

� Accurately resolving the pressure spike gives better results

� Large inlet region needed

� Grid adaptation can give highly accurate results

� Parallel computing and the Grid will be necessary to solve very Þne grid point

contact real surface roughness cases



The Optimiser
� Experiments already performed measuring friction at a variety of conditions:

� 3 loadings

� 2 ambient temperatures

� 6 slide to roll ratios

� Trying to Þnd set of lubricant parameters to replicate these results numerically

� Using simplex method (very stable) can require up to 1000 iterations each of

36 EHL simulations

� Need accuracy of friction and efÞcient solver



How important a consideration are these overall?

0.01

0.1

1

10

100

1 7 13 19 25 31

%
 E

rr
or

 in
 m

in
im

um
 fi

lm
 th

ic
kn

es
s

Case number

Multiple cases with different input parameters - Minimum Þlm thickness



How important a consideration are these overall?
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The Grid
What is it?

� The Grid is a collection of computational resources, distributed on the internet

� Users will have access to parallel computing resources - possibly distributed

over several sites

� Users may not care what machine runs the job, provided they get the results

quickly

� Security, load balancing and transfer of source, input and output Þles need to

be managed, e.g. by Globus


