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As a polymer solution coating solidifies by dryirg,a coating of monomer or oligomer
solidifies by polymerization and crosslinking reans, it acquires an elastic modulus.
Subsequent departure of solvent or advance ofgueiactions causes the coating’s elastic
stress-free state to shrink isotropically but pagsnonuniformly. Adhesion to a solid substrate
frustrates the solidification-induced shrinkagéha coating plane and produces elastic strain
and, consequently, elastic stress in the coatifige magnitude and directions of the state of
stress depend on the type of material, its phygicgerty and shrinkage history, and the
topography of the coated surface. Predicting stgeseration can show how undesired defects
are formed in the coating and can suggest aveouepfimizing the solidification process to

minimize the residual internal stress and redudtectie

The equation of momentum conservation, in dimedsgmform, is
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where the Elasticity number, El is the ratio ofrired to elastic forces and the Strouhal number,

Sr, is the ratio of process to convective timescale a sample curing process, Sr = G(Hhd
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El = O(10" so the first two terms of the momentum conseovaéiquation can be neglected and
the equation reduces to the quasi-steady state form
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The Maxwell constitutive equation, the simplestuwislastic constitutive equation that allows
stress relaxation, is used as the constitutivetemuéor the solidifying polymer. This equation
can be given in closed form, where the stresdpstitaeir time derivatives and physical

properties are equated in a single equation.

With the quasi-steady state behavior of the eqoaifanotion, the Maxwell constitutive
equation can be rearranged to exploit easier catipotl techniques. The overall strain is split
into three contributions; one for elastic, onevisicous relaxation, and one for stress-free
shrinkage. The stress-free state is defined théenaterial configuration where there is no
elastic stress. This state changes as a curicfagegroceeds or as solvent evaporates. The
constitutive equation can be split into two compusef equal stress, an elastic and a viscous

relaxation component. This method eliminates itine-tdependence in the constitutive equation.

The two-dimensional system is discretized and sbix@ng Galerkin’s method with finite
element basis functions and appropriate boundarglitons. After calculating the strain at a
given time using the equation of motion and thestitutive equation, the relaxation strain is

calculated using Euler's method and informatiomfrorevious timesteps.

Using the method presented above, two-dimensiamal dependent stress profiles can be

calculated using a wide variety of input physicalerty data as well as for a variety of



substrate topographies. The final internal sthtdress depends on the physical property change
with solidification, shrinkage, heterogeneity, aubstrate topography. In general, residual
stress is caused by competing factors; modulugaser and shrinkage tend to create stress while
relaxation destroys it. By varying the rates airgkage, modulus development, relaxation time
development, and the substrate topography, two+{tkioaal stress profiles are generated that
allow us to see spatially and time-dependent stH#tegess in a coating. By comparing the

stress profile from a uniform substrate to one tzt a sharp topographic feature, the presence
of the corner and valley create stress concentraitiot seen in the uniform case. Presented are
two-dimensional stress profiles for an ultravidight cured system that show how the curing
time and substrate topographic height and lengéimgé the stress maximum magnitude and

location. Such profiles can be used to optimizenguschedules and substrate geometry.



