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Hybrid Stress Analysis of Viscoelastic Body by
Comparing Photoviscoelastic Birefringences -
by
Shigeo MATSUMOTO
(Toyama Polytechnic College, Uozu)
Suguru SUGIMORI, Yasushi MIYANO
(Materials System Research Laboratory, Kanazawa Institute of Technology, Kanazawa)

and Takeshi KUNIO .
(Department of Mechanical Engineering, Kanto Gakuin University, Yokohama)

It is well known that photoviscoelastic technique can be used as an experimental technique for
viscoelastic stress and strain analysis. However, this technique is far too complicated, because the
transient birefringence and temperature should be continucusly measured over the period of the loading
process in order to determine the transient stress and strain.

The uncertainty of the reliability of the numerical solution of viscoelastic stress analysis still exists
essentially, because the analytical conditions employed for numerical calculation, such as material parame-
ters, configuration and boundary conditions and others, should be numerically modeled.

In this paper, an approach to experimental and numerical hybrid analysis of the stress and strain in a
viscoelasic body, which is straightforward and reliable, is proposed. In this analysis, the experimental
birefringence measured easily at arbitrary time is compared with that numerically calculated for the
purpose of assuring the reliability of the numerical results. The effectiveness of the proposed ?nethod is
assessed by a specific example, in which the thermal stress generated in a rectangular epoxy beam subjected
to rapid cooling is analyzed by this hybrid method. (Received September 3, 1993)
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Table I Methods for viscoelastic stress analysis.

Dimension Solution Remarks
One [Two ,Threc Transient Residual
Experimental
Photoviscoelastic | O x (e} O |This technique is far too complicated, because the
. transient birefringence and temperature should be
continuously measured.

Simplyfied optical method| O | O X X O |The time and temperature dependence of mechanical
property should have an analogy with that of optical
property.

Layer removal method O X X X O  |Transient change can not be measured.

Removing work is hard.

Numerical The uncertainty of the reliability of the solution still
exists essentially.

Exact method O 0| x O O |Huge steps are required.

Simplyfied method O |0 X O O |A few modifications of program for exact method is
required.
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Loading and Heating on the Specimen

with Two-Dimensional Configuration

(1) The specimen with two-dimengjonal
configuration is made of
photoviscoelastic material.

(2) Loading and heating are applied surface
and body.

Measuring of Birefringence
The fringe order distributions Nexp(X,y,ta)
in the specimen are measured at
arbitrary time ta.

Setting of Mechanical and Optical

Property
The relaxation birefringence-strain
coefficient C(t,T), the relaxation
modulus Ex(t,T), the relaxation Poisson’s
ratio v(t,T), the time temperature shift
factor ato(T), the coefficient of thermal
expansion a(T), and the thermal
diffusivity a(T), are expressed by
functions.

Modeling

(1) The configuration and the boundary
conditions of the experiment are given
for the numerical analysis.

(2) Space and time are discretely divided.

1

Numerical Calculation by FEM etc.

(1) Transient temperature distributions
T(x,y,t) is calculated based on the law
of thermal conduction.

(2) Transient stress oij(x,y.t) and strain
€ij(x.y.t) distributions are calculated
based on the linear viscoelastic theory.

(3) The fringe order distributions
Nnum(x,y,ta) at the time of ta are
calculated based on the linear
photoviscoelastic theory.

Confirmation of Validity
The validity of aij(x,y,t) and €ij(x,y.t)
obtained in “"Numerical Calculation by
FEM etc." is confirmed.

Fig.1 Procedure of experimental and numerical hybrid analysis.
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Fig.2 Configuration of specimen and cooling
method.

Light wavelength = 546 nm

Fig.3 Residual isochromatic fringe pattern.
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Fig.4 Residual fringe order distribution.
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Fig.5 Discritization of cooling time and height.
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analysis.
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