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from the imposition of 11 N/m2 , From the simulation results
concluded that the amount of deflection at mikroaktuator
when stimulated temperature of 200 0C to 1000 0C
temperature is directly proportional to the given temperature,
the higher the temperature is given, the greater the deflection
occurs. The smallest deflection occurs at a temperature of 200
0
C of 0.497m and greatest at temperatures 1000 0C which
amounted to 3.901 m.
Generally, this research aims to conduct a review to obtain
a numerical model of the mechanical behavior of Cu-Ni
material that determines the relationship formation material to
the deflection that occurs as a function of temperature
stimulation. In further development, this study can be used as
the basis for the development of smart materials products.
Particularly with respect to the change of shape due to
temperature stimulation. In the study there were only analyzed
bimetal with the Finite Element Method (FEM) without
varying the position of material combinations.
Step-by-step solution starts with the temperature
distribution finish first. The results of the temperature
distribution will be used as the data for changes in the size of
the strain. Strain can be searched from the stress distribution
will eventually be obtained amount of deflection that occurs.
While the settlement process with the help of ANSYS
software.
Completion of the temperature distribution with FEM is
done by the object to be analyzed is divided into a number of
elements. A mathematical model of the temperature
distribution, represented by (4):
.
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Abstract—The setting of physical and mechanical behavior of a
product increasingly necessary to improve the economical aspects.
One applicative techniques that can be done is the incorporation of
the material making up a product with variations in the type and
position. This study models the bimetal products by varying the
position of the combination block Cu-Ni. Simulation using Finite
Element Method (FEM), the results obtained in the form of deflection
and twist angle. From the simulation results obtained smallest
deflection occurs in combination model block length and deflection
Cu-Ni greatest model of Cu-Ni horizontal position. While the
smallest torsional angle for temperature occurs in a wide combination
model block Cu-Ni and greatest torsional angle occurs in blocks wide
variation model combination Cu-Ni.
Keywords—bimetallic; thermal; FEM; ANSYS.

I.

INTRODUCTION

The setting of physical and mechanical behavior in a
product manufacturing increasingly necessary to improve the
economical aspects and their performance. The manufacturing
process used is Layer Manufacturing (LM) raw material
powder called Multi Material Deposition process Indirect
Sintering (MMD-Is). Application of Rapid Prototyping (RP)
in the production process has been proven to quickly help not
give feedback on design concepts and eliminate
inconsistencies a concept design before entering the
manufacturing process (1). While applicative techniques that
can be done is the incorporation of the material making up a
product with variations in the type and position.
One simple example is the incorporation of bimetallic
material. Theories about the incorporation of the material,
known as bimetallic first discovered by Timoshenko in 1925,
which analyzes the voltage bimetal due to temperature (2).
Referring to this, the study was conducted to determine the
method of preparation of block formations material Cu and Ni,
Determining the product dimension with material block size
parameter variations Cu and Ni, Set loading condition for
obtaining deflection and mechanical behavior, Determining
the formation dimension as a basis for development of multimaterial product.
Research for the development of multi-material has a lot to
do antaralain: research on analysis of bimetal with the finite
element method (3). In this study analyzed two pieces of
material with a thermal expansion coefficient different from
that taped together, using the finite element method and then
apply it using ANSYS software to permit distance movement
of the tip of the material by 3 cm and tension (stress) resulting

Where k is the thermal conductivity, t is the thickness, h is
the convection heat transfer coefficient, Q'is a source of heat
in the body, and Tf is the temperature of the fluid. Final
resolution of the temperature distribution in the matrix form
can be written as follows:
=
(2)
Completion of the equation (2), will produce temperatures
at all nodes. This temperature distribution will be used to
determine the strain in the stress analysis with the following
equation:
 = [ ∆
∆
0]
(3)
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While the completion of the distribution of stress (voltage)
which will be described, using elements of triangular or
rectangular with linear shape functions. Strain nodal
displacement matrixB is served by the following equation (5):
0
0
0
0
0
=
= 0
(4)

model created by dividing into small elements called meshing.
The more the division of the elements you will get more
accurate results. But with the increasing number of
distribution of elements it will be followed by the longer the
process of iteration. To get the optimization of the number of
elements that will be used the smaller, required testing process
so that with a small number of elements, the simulation results
can be inaccurate. This is necessary so that the accuracy of the
data FEA with analytical results for the validation process has
a small difference (6).
The second step that determines the variation modeling,
administration of boundary conditions and loading. Giving
boundary conditions include the in-constraint node in order to
move towards a particular axis or desired in order not to move
any direction. Next was loading in the form of temperature,
which is included in the second phase of a three-stage scheme
of FEM using ANSYS, includes preprocessing, solution, and
postprocessing.
The simulation results with a number of iterations in
ANSYS thermal stage, will obtain the average temperature
distribution. Distribution of average temperature is obtained
by summing the values of the load temperature or temperature
at each node and then dividing by the number of nodes.
ANSYS can only identify the maximum temperature
distribution, but could not identify the distribution of average
temperature. To see the number and node numbers can be seen
in nodal loads at postprocessing section.
The third step after getting the results of the temperature
distribution is looking for a deflection that occurs. By way of
first preferences change from thermal to structural. The results
of the temperature distribution will be used as the data for
strain distribution. Of the stress distribution will further the
quantity of deflection occurs. Data modeling is then stored for
later retrieved the next simulation if the direction of deflection
is not the direction that we want.

Where mij is a function coefficient form. So that the
completion of the distribution of stress by the finite element
method gives the equation:
=
(5)
Where K is the stiffness matrix, a is a shift, f is the force,
so that the load forces due to strain can be written as follows:

(6)
 =
Element stiffness matrix as follows:
=
(7)
Shifta can be obtained from the completion of the equation
(6) and (7) with the following equation:
=

=

(8)

Equation (4) and equation (8) is used to determine the strain,
in the equation below:
=
(9)
For plane stress, elastic modulus can be written as follows:
1
0
1
0
=
(10)
0 0
In general point of stress is defined in the matrix σ = D ,
wherein:
]
= [
(11)

B. Specifications Material
Specifications material data used in the present this model
are shown in Table 1.

To obtain a strain value due to the influence of temperature
and stress vector initial value (σ0 ) = 0 is expressed by the
following equation:

TABLE 1. SPECIFICATIONS MATERIAL (7)

=
II.

( −  ) +

(12)

METHODOLOGY

Part’s
Name

Densi
ty
gr/cm

Copper
Nickel

8,96
8,91

Elastic
Modulus
(GPa)

Poisson’s
Ratio

131,5
200

0,36
0,31

3

A. Numerical Modeling
FEM modeling scheme in ANSYS begins with a geometry
making model that has been simplified. Modeling is made in
the form of Cu-Ni plate by varying position.Making this
model requires material properties such as modulus of
elasticity (E), Poisson's ratio (v), the thermal conductivity (k),
the coefficient of thermal expansion () and density for each
material. By entering the amount of material properties into
the command box define material behavior models, and
choose favorites on material models available for the amount
of density, elastic modulus, Poisson's ratio and coefficient of
thermal expansion. And choose the amount of thermal to
thermal conductivity. Once this step is done, discretizing the

Coeffician
Thermal
Expansion
(m/m.K)
16,8 x 10 -6
13,3 x 10 -6

Thermal
Conductivity
(W/m.K)
399
89

Melting
point
0
C
1085
1455

Modelling consists of five models, and the dimensions of
each model as shown in Table 2. The imposition of a variation
of the temperature stimulation is1000C, 2000C, 3000C, 4000C,
5000C and 6000C.

TABLE 2. VARIATIONS MODEL BIMETALLIC
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Material

Cu

Ni

Cu

Ni

Cu

Ni

Cu

Ni

(5)
The
combinat
ion of
width
variation
Block
Cu-Ni
Cu
Ni

Length
(cm)
Width
(cm)
Thickness
(cm)

20

20

20

20

20

20

20

20

30

30

3

3

3

3

3

3

4

4

3

3



0,1

0,1

0,1

0,1

0,1



Model

(1)
Cu-Ni
vertical
position

(2)
Cu-Ni
Horizont
al
Position

The
combinat
ion of a
long
block of
Cu-Ni

(3)

(4)
The
combinat
ion of a
block
width
Cu-Ni







0,15 0,1

0,1

0,15 0,1


III.

DATA ANALYSIS



The study began by building the initial geometry form
asperity simplified in the form of plates in three dimensions
(3D) as in Figure 1 until Figure 5, and then simulating the
formation plate Cu are in a position to the down while the
plate Ni is in a position to theup, as shown in Figure 1. the
next step is to enter initial parameters which include material
properties, application of boundary conditions and loading.
The grooves in the software ANSYS are as follows:
1. Getting the temperature distribution value:
a). Preprocessor
- Modeling
- Incorporate elements of type
- Entering material properties
- Meshing
b). Solution
- Incorporate analysis type
- Enter the temperature boundary condition (define
load)
- Solve
c).Postprocessor
- Plot Result (Getting the temperature distribution)












2. Getting a deflection value:
a). Preprocessor
- Changing the element type (from thermal to
structural)
- Retrieving data properties of temperature distribution
- Meshing
b). Solution
- Incorporate analysis type
- Incorporate analysis option
- Solve
c). postprocessor
- Plot Result (Getting the shift direction and values of
deflection).

A. Result
After all the simulation codes are applied and implemented, it
can be shown that the amount of the observed deflection value
and sliding behavior that occurs in present model, such as the
example shown in model 1 until model 5.
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Fig. 6. Model 1

Fig. 10. Model 5

B. Discussion
From Figure 6 until10 shows that the behavioral shift in
the direction of the z-axis moving or shifting toward Ni plate.
This shows that the present model of the simulation results is
in accordance with the prediction of the behavior shear
ANSYS. From all Figure can be analyzed too, if two materials
having different coefficients of thermal expansion value tied
together and one end in constraining then stimulated
temperatures above room temperature, there will be a shift
towards behaviors that have the smallest thermal expansion
coefficient. This is in line with the theory of the thermal
characteristics when two metal plates are glued to each other
and heated, the metal has a higher coefficient of expansion
expands longer, while having a lower expansion coefficient
expands shorter. Where the greatest shift occurred at the end
of the plate is not in the constraint (clamp). This is because at
the end of the plate that is free or not constrain no force that
inhibits a shift away from the plate. Sliding behavior will be
different when both ends of the plate everything in constraint.
Shear behavior is also influenced by, among others; variations
in formation material, product dimensions, thermal expansion
coefficient, etc.
From the simulation results, the obtained value of the five
models scale deflection as shown in Figure 11. From Figure
11 it appears that, modeling material block formations Cu-Ni
show of the five models, all moving in the direction of the
deflection Ni material. Where the greatest deflection occurs on
the model of Cu-Ni horizontal position that is 0.517 cm. The
result of the imposition of a variety of temperatures ranging
from 100 0C to 600 0C shows the rate of deflection is
proportional to the magnitude of the given temperature. The
higher the stimulation given temperature, the greater the
deflection occurs. Where the smallest deflection temperature
of 100 0C occurs in combination model Cu-Ni block length of
0.008 cm, and the largest deflection temperature of 600 0C
occurred in the model of Cu-Ni horizontal position that is
0.517 cm. FEM modeling results show the influence of
variations in the position of the combination of Cu-Ni block
against deflection: 0.237 cm for Cu-Ni thickness of 0.1 cm,
0.296 cm to 0.15 cm thick Cu, 0.195 cm to 0.15 cm thick Ni,
and 0.254 cm for wide-Cu-Ni 4 cm and 0.277 cm for Cu-Ni
length 30 cm.

Fig. 7. Model 2





Fig. 8. Model 3

Fig. 9. Model 4
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Fig. 11. Graph relationship stimulus variations of temperature (600 0C) with
the amount of deflection in five models

IV.

CONCLUSION

The direction of the shift can be determined by varying the
position of the material.Quality meshing largely determines
the accuracy of a deflection value obtained, the smaller the
value meshing is used, the higher the value of accuracy.
Bimetallic can be bent towards one side if it has a different
coefficient of thermal expansion. When the metal plate by
stimulation at a higher temperature than the temperature of the
binder, there will be bending or shifting. The relationship
between the deflection and variations stimulation given
temperature is directly proportional. The higher the
stimulation given temperature the greater the deflection
occurs. Vice versa, the lower the stimulation provided will be
smaller deflection occurs.
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