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hat Is Residual Stress

Residual stresses are the stresses that
remain in a solid material after the original
cause of the stresses has been removed.

Taken from Wikipedia




Reasons of Residual Stress

D/ue to different coefficients of thermal
EXPANSIONS

Dxidation
ubstifutional doping
plantation
IsSpnatch of lattice spacing in epitaxial

Id addition of materials



Governing equation and weak
formulation

h% governing equation with residual stress is given by

d*w d?w

Y T T o.bt Tx? — Gl

adx

he wegk formulation is given by
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INnife element formulation

»

The governing equation is
V-o+b=0
o= C(Ce+ o,

Over the enfire domain

Where b body force

fe element formulation for the continuum plane
stfresyelements is given as

[BT™CBdQ = [N'h dQ — [ B"o, dQ
over the entire domain.

this we would be able to convert residual stress term
o load vector




FEA Results

x 10° Beam deformation due to residual stresses
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FEA Results (Cont.)
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Results and conclusion

As we are applying positive |1.e.
tensile residual stress, the
cantilever will try o confract
and vice versao

For the simply supported

beam, the beam will deflect
upwards as it will try to contract
again.




COMSOL Simulation
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COMSOL Simulation (Cont.

Surface: von Mises stress '{Nfr‘nz}'
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Stress Gradient

When there is a residual stress
gradient in some direction in the
beam, then It causes a bending
moment at each cross section.
The deflection profile concludes
that the curvature is constant and
thus beam bends info a circular
arc.




Curling of cantilever

Surface: von Mises stress {N,."mz}'
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Something interesting

We can incorporate geometric
nonlinearities to consider large
displacements of the beams.

By applying stress gradients and
obtaining a polar array of curled
up cantilever beams and also
considering anficlastic effect we
can form a cell cage for
capturing biological cells.
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