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Stresses in a bi-material strip with discontinuities subjected to temperature gradient that varies
linearly in longitudinal direction are studied using FE analysis. The discontinuities considered
are, transverse through hole and longitudinal hole. For longitudinal hole total area is equally
divided by upper strip with low coefficient of thermal expansion and lower strip with high coefficient
of thermal expansion. The diameter and depth of hole is varied for analysis and its effects are
studied using FEM.
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INTRODUCTION

heated, and in the opposite direction if cooled
below its initial temperature. The metal with the
higher coefficient of thermal expansion is on the
outer side of the curve when the strip is heated
and on the inner side when cooled.

Bi-material strip consist of two metals with
different coefficients of thermal expansion bonded
together. As the temperature varies from the
temperature at which the metals were bonded,
the metals expand by different amounts and the
composite experiences a shearing force.

The sideways displacement of the strip is
much larger than the small lengthways expansion
in either of the two metals. This effect is used in
a range of mechanical and electrical devices. In
some applications the bimetal strip is used in the
flat form. In others, it is wrapped into a coil for
compactness. The greater length of the coiled
version gives improved sensitivity.

A bi-material strip is used to convert a
temperature change into mechanical
displacement. The strip consists of two strips of
different metals which expand at different rates
as they are heated, usually steel and copper, or
in some cases brass instead of copper. The
strips are joined together throughout their length
by riveting, brazing or welding. The different
expansions force the flat strip to bend one way if
1

In present work, the bi-material strip with
discontinuities is considered for analysis. For
specific study discontinuities like transverse
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through hole, longitudinal hole by varying diameter

METHODOLOGIES

and depth of hole is considered. The FE analysis

Finite Element Analysis

is carried out and the effect of discontinuities on

For the analysis purpose 3-D models are
prepared using ANSYS. FE analysis is carried
out with 20-node SOLID95 3D structural solid
element, by applying constant temperature and
axial temperature gradient. The materials
considered are Steel and Brass. The properties
of material are provided and mesh model is
developed. The analysis is done by varying
diameter of transverse hole in steps of 10 mm

stresses in bi-material strip subjected to constant
temperature and axial temperature gradient is
studied.

DESIGN PARAMETER AND
MATERIAL
The Bi-material strip made of steel and brass with
equal length, breadth and thickness subjected to
constant temperature and axial temperature

Figure 1: First Principle Stress Counter
for Bi-material Strip Subjected to Constant
Temperature

gradient is considered. The FE analysis is carried
out by using following specifications
Constant Load Temp = 100 °C
Axial temperature gradient = 0 to 100 °C
Length of Bi-material strip L = 200 mm
Width of steel plate b = 50 mm
Thickness of steel plate t = 10 mm
Width of the brass plate b = 50 mm
Thickness of brass plate t = 10 mm
Transverse through hole diameter variation =

Figure 2: First Principle Stress Counter
for Bi-material Strip Subjected to Axial
Temperature Gradient

20 to 40 mm
Longitudinal hole diameter variation = 5 to 15
mm
Longitudinal hole depth variation = 10 to 50 mm
The design parameters of bi-material strip are
shown in Table 1.
Table 1: Design Parameters
of Bi-material Strip Combination
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from 20 mm to 40 mm. After solving, the first
principle stress contour at nodal region is shown
in Figures 1 and 2. Analysis is also carried out for
variation in depth and diameter of longitudinal hole
considered as discontinuity. The first principle
stress contour is shown in Figures 3 and 4.

Figure 3: First Principle Stress Counter
for Bi-material Strip Subjected to Constant
Temperature

COMPARISON OF RESULTS
To study the effect of discontinuities on stresses
in Bi-material strip the transverse through hole
diameter is varied in steps from 20 mm to 40
mm. The results are tabulated in Tables 2 and 3.
The depth and diameter of longitudinal hole is
varied and the results are tabulated in Tables 4
and 5.

Figure 4: First Principle Stress Counter
for Bi-material Strip Subjected to Axial
Temperature Gradient

Figure 5: Variation in Stresses for Change
in Diameter of Transverse Through Hole

Table 2: Comparison of Stresses and Deflection for the Bi-material Strip Subjected to Constant
Temperature by Varying Diameter of Transverse Through Hole
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Table 3: Comparison of Stresses and Deflection for the Bi-material Strip Subjected to Axial
Temperature Gradient by Varying Diameter of Through Hole

Figure 6: Variation in Stresses for Change in Hole Diameter of Bi-material Strip Subjected
to Axial Temperature Gradient
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Table 4: Comparison of Stresses in Bi-material Strip Subjected to Constant Temperature Having
Longitudinal Hole by Varying Depth and Diameter of Hole
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Figure 7: Variation in Stresses with Depth of Hole for 15 mm Diameter Hole 5 Discussion
and Conclusion

Figure 8: Variation in Stresses with Diameter of Hole for 50 mm Depth Hole
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Table 5: Comparison of Stresses in Bi-material Strip Subjected to Axial Temperature Gradient
by Varying Diameter and Depth of Longitudinal Hole
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Figure 9: Variation in Stresses with Depth of Hole for 15 mm Diameter Hole

Figure 10: Variation in Stresses with Diameter of Hole for 50 mm Depth Hole
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DISCUSSION AND RESULTS

Effect of Depth of Longitudinal Hole on
Stresses in Bi-material Strip

Though the detailed results are presented earlier,
here an attempt is made to compare the stresses
obtained in bi-material strip with discontinuities
subjected to constant temperature and axial
temperature gradient. For comparison of stresses
first principle stress is considered. The detailed
discussion is as follows.

The longitudinal hole diameter is kept constant
and its depth is varied the result of which is shown
in Table 3. From the table it is found that there is
no significant change in stresses for variation in
depth of hole. Further it is observed that for
through hole there is increase in stress as
compared to hole depth less than through hole.

Effect of Discontinuities on Stresses in Bimaterial Strip

Effect of Discontinuities on Stresses in Bimaterial Strip Subjected to Axial
Temperature Gradient

The discontinuities in the form of transverse hole
and longitudinal hole in bi-material strip subjected
to constant temperature are considered for
analysis.

Further the discontinuities in the form of
transverse hole and longitudinal hole in bi-material
strip subjected to axial temperature gradient are
considered for analysis.

Effect of Diameter of Transverse Hole on
Stresses in Bi-material Strip

Effect of Diameter of Transverse Hole on
Stresses in Bi-material Strip Subjected to
Axial Temperature Gradient and its
Comparison with Bi-material Strip Subjected
to Constant Temperature

The through transverse hole is taken as
discontinuity in bi-material strip and its FE
analysis is carried out by varying the diameter
of hole. The results are tabulated in Table 2.
From the table it is observed that as diameter
is varied the stresses also vary. The increase
in diameter shows significant increase in
stresses.

The through transverse hole is taken as
discontinuity in bi-material strip and its FE analysis
is carried out by varying the diameter of hole. The
results are tabulated in Table 4. From the table it
is observed that as diameter is varied the
stresses also vary. The increase in diameter
shows significant decrease in stresses while in
bi-material strip subjected to constant
temperature increase in diameter shows
significant increase in stresses.

Effect of Diameter of Longitudinal Hole on
Stresses in Bi-material Strip
The discontinuity in the form of longitudinal hole
is considered for analysis. The total hole area
equally divided by upper strip with low coefficient
of thermal expansion and lower strip with high
coefficient of thermal expansion. The diameter
of the hole is varied keeping depth constant for
analysis. The results are tabulated in Table 3.
From the table it is observed that as diameter
varies stresses also vary up to certain limit, further
increase in diameter have no significant effect
on stresses.

Effect of Diameter of Longitudinal Hole on
Stresses in Bi-material Strip Subjected to
Axial Temperature Gradient and its
Comparison with Bi-material Strip Subjected
to Constant Temperature
The discontinuity in the form of longitudinal hole is
considered for analysis. The total hole area equally
divided by upper strip with low coefficient of thermal
expansion and lower strip with high coefficient of
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thermal expansion. The diameter of the hole is
varied keeping depth constant for analysis. The
results are tabulated in Table 5. From the table it is
observed that as diameter increases stresses also
increases up to certain limit, further increase in
diameter deceases the stresses. While in bimaterial strip subjected to constant temperature
as diameter increases the stresses also increase
up to certain limit, further increase in diameter does
not have any effect on stresses.

first increases up to certain limit and then remains
constant while for axial temperature gradient the
stresses first increases up to certain limit and
then decreases.
From this analysis it is seen that the
temperature gradient and discontinuities play
important role in stress distribution as compared
to a simple bi-material strip with constant cross
section.
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