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Abstract. Young modulus experiment is a frequent item in university physics experimental courses, and in
the process of doing Young modulus experiment, we will encounter problems such as difficulty in adjusting
the device, difficulty in reading, and easy to break the wire line. This teaching method is based on the finite

element method, which allows students to simulate and model Young modulus in CAE software after
understanding the principle of Young modulus experiment. Modeling can deepen students' understanding of
Young modulus experiment. Adjusting the Young modulus of the model, the length and diameter of the
wire and other parameters can quickly solve different experimental results and cultivate students' research

thinking.

1. Introduction

Young modulus is an important parameter to
characterize the properties of materials, reflecting their
tensile and compressive capacity, which is indispensable
in practical engineering applications[1-2]. The selection
of Young modulus parameters in computer-aided
engineering solutions determines the realism and validity
of the simulation[3-4]. Commonly used methods to
measure Young modulus include the tensile wire method,
the plate and bar bending method, the percentile meter
method, the interference fringe method, and the
resonance method. Young modulus experiment is one of
the university physics experiments, commonly used
stretching static wire method to measure Young modulus,
which needs to measure the amount of small changes in
the wire, but it is easy to cause errors in the reading
process. There are optical lever amplification method
and CCD imaging method for measuring the stretching
amount of metal wire. In the optical lever measurement
method in Figure 1, it is difficult to observe the ruler in
the optical lever mirror through the telescope.

Figure. 1. Optical lever amplification method.
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It is easy to touch the mirror when adding or
reducing weights, causing the mirror to break. Light and
wind in the environment will affect the observation.In
Figure 2, the CCD imaging method has high
requirements for camera pixels, and it is difficult to
manually adjust the focus of the camera. Among
engineering majors, the college physics experiment
course is a compulsory course, involving many majors,
high use of equipment, and high requirements for the
reliability and quality of equipment. Therefore, based on
the finite element method, this paper allows students to
model the Young modulus model in CAE software,
geometrically create the Young modulus model structure,
and set the corresponding parameters to achieve the
establishment of the Young modulus model. The
combination of physical experiment and engineering
application software in the teaching process can make
students understand the importance of Young modulus in

engineering application.
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Figure. 2. CCD imaging method.
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2. Measuring principle of Young
modulus by tensile method

The Young modulus in college physics experiments is
generally measured by the wire stretching method[5].
According to Hooke's law, the elastic body's internal
stress is proportional to the strain within the elastic limit,
and the wire stretching method is used to measure the
Young modulus.
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Where E is the Young modulus of the measured
material. The cross-sectional area of the metal wire is
2

A= T d is the diameter of the metal wire. Young

modulus is:
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F is the tensile force applied to the metal wire. AL is
the elongation value of metal wire. AL is the
microscopic change, which cannot be directly observed
by eyes. The commonly used methods are Optical lever
amplification and microscope observation method. The
main error sources of the experiment are as follows:
Students measure the straight line length L with a tape
measure. Student use a spiral micrometer to measure the
diameter of the metal wire. Reading of metal wire
elongation value. The rack is not balanced to affect the
actual F pull size. When measuring with a tape measure,
it is easy to cause measurement error because the shelf is
too high. When measuring the diameter of metal wire
with spiral micrometer, it needs to measure and calculate
its average value for many times. Students need to
master the correct reading method of spiral micrometer.
Incorrect reading method is easy to cause the diameter
error of metal wire. When using microscope reading and
CCD camera reading, it is easy to cause reading error
due to unclear resolution, and it is easy to cause visual
fatigue to observe the value for a long time. Before
placing the weight, the shelf was not balanced, resulting
in horizontal component force or friction caused by
contact with other materials of the shelf, making the
tension F smaller.

3. CAE software to construct Young
modulus model

3.1. Geometric model construction and analysis

CAE refers to the use of computer-aided computation of
practical engineering  problems to analyze
electromagnetic, structural, fluid, and thermal problems.
Solve common problems in structural mechanics such as
tension, compression, and bending. CAE solves real-
world problems by decomposing the solution region of
the continuum into a region of finite shape, reducing the

problem to be solved to the values of field variables at a
finite number of cell nodes. The approximate numerical
solution can be obtained by solving the obtained
algebraic equations. In class, the Young modulus
experiment is explained first, and students are asked to
measure the Young modulus of steel wires with different
section sizes. Learn the basic length measurement
method, and master the use of meter ruler, outside
micrometer and reading microscope. Learn to work with
data using the difference-by-difference method or
graphing. Learn how to use CCD imaging system.
Students record the experimental data, summarize and
analyze the error sources that affect the experimental
results, and think about how to avoid experimental errors.
Exercise students' ability to think and develop creativity,
and enhance their academic awareness. Students use
Simdroid software to model Young modulus, as shown
in Figure 3. Students can simulate geometric modeling
of Young modulus experiments based on experimental
models or based on their own knowledge. The modeling
process allows students to analyze structures that can be
optimized, simplify the geometry without affecting the
experimental results, and improve the efficiency of
model calculations. Students' ability to simulate
geometric modeling can be improved as they construct
geometric models.

Figure. 3. Young modulus geometric modeling model.

After the geometric model is built, the model
material is defined. You can directly select stainless
steel material or user-defined material properties. If you
want to measure the metal modulus of different materials
in the physical experiment, you need to replace the wire
of different materials. Replacing materials and
remeasuring will take up classroom time. In the
simulation software we can directly modify the Young
modulus of the material, simulate the experiment with
different materials, and calculate the elongation of the
material after being subjected to force. It can be seen in
Figure 4 that the density, Young modulus and Poisson's
ratio parameters of materials can be defined in the
software. By changing these parameters and calculating,
students can understand the influence of corresponding
parameters on elongation. Let students understand the
importance of Young modulus in simulation analysis and
the significance of Young modulus measurement
experiment.
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Figure. 4. Young modulus model material property values.
In this simulation model, the radius of the wire is
0.5mm and the length is 10mm. Computing small
models requires low computer hardware and has a fast
computation time. Before calculating the model, the
model needs to be mesh dissected.

| Grid Parameters

Grid Parameters

Maximum Size: 1000 mm 5
Minimum Size: 0 mm :
Fineness: Moderate v
Unit Type:
Body Unit Type: Tet10 v
Shell Unit Type: ™T v
Beam Unit Type: Beam2 v
Straight Edge Unit: Yes v

Figure. 5. Selection of mesh generation parameters for Young
modulus model.

As shown in Figure 5, the maximum size and
minimum size of the grid can be adjusted. The size and
number of mesh dimensions in the same model can have
an impact on the calculation time and accuracy of the
results. Adjusting different mesh sizes and dimensions to
compare the final computation time and results can lead
to an optimal solution.

Figure. 6. Young Modulus Model Mesh Sectionalization
Result Plot.

Figure 6 shows the resultant plot after mesh
dissection of the model, which has 5909 Nodes and 2868
Volumes. Considering that the Young modulus of the
wire is studied, the wire can be modeled in the finite
element analysis software. The shelf and base in Figure 3
can be ignored. In the simulation model, when the frame
and base are constructed, the material at the connection

wire will bend. The material bending phenomenon
increases the reference point displacement results and
causes simulation errors. The model has a fixed
constraint on one end of the wire and a tensile force
applied to the other section to mimic the Young modulus
experiment.
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Figure. 7. Cloud diagram of Young modulus model calculation
results.

As Figure 7 shows the simulation results. In the
results, it is observed that the stress of the outer layer of
the metal is greater than that of the inner layer, which
cannot be analyzed in the physical experiment. The CAE
software presents the results by means of a cloud
diagram.
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Figure. 8. Displacement and stress diagram of selected points.

Select a point Imm, Smm and 9mm away from the
stress position of the metal wire. In Figure 8, it is found
that the closer the point to the stressed end, the greater
the displacement, thus indicating that the amount of
deformation is different at each place on the wire.
Existing Young modulus experiments read the overall
deformation, and there is no way to measure the
displacement at each point on the wire. The amount of



SHS Web of Conferences 187, 01027 (2024)
ESSC 2023

https://doi.org/10.1051/shsconf/202418701027

deformation at each place on the wire can be calculated
in the simulation.

Figure. 9. Young Modulus Student modeling diagram.

Figure 3 and Figure 9 show the Young modulus
modeling diagrams constructed by the students. The
figure shows that the students are limited to the real
model in geometric modeling. There is a lack of
simulation thinking by not making optimizations where
they could be made. Students constructing Young
modulus models can be guided to optimize where they
can. Improve students' simulation modeling skills. The
optimized model reduces the computation time and
improves the computational efficiency. It can improve
students' simulation modeling skills while doing Young
modulus experiments.

3.2. Young Modulus Model APP
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Wire Diameter(mm) 0.5
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Figure. 10. Young Modulus APP Interface.

The model can be exported as an APP in the
Simdroid software. The parameter control interface after
APP export is shown in Figure 10. As you can see in
Figure 10, it is possible to make parameter modifications
to the diameter, length, density, Young modulus, and
Poisson's ratio properties of the wire. The APP model
can be modified to realize the simulation of different
kinds of metal wires by modifying the parameters.
Modifying the weights mass can achieve a change in the
elongation of the steel wire. APP is easy to operate and
does not require the user to know how to use CAE
software. College physics experiment is a required
course in the engineering program, but only the
mechanical program involves the study of engineering
drawing. CAE software requires geometric modeling
before analysis can be performed and involves
knowledge such as mesh dissection. It is difficult for
non-mechanical students to use CAE software well
without some theoretical foundation. Non-mechanical
students can use the Young Modulus App directly
without the need to learn about engineering drawings,
etc. The Young Modulus Model App enables students to
complete Young Modulus experiments online.

4. Summarize

Aiming at the problems of the current experimental
apparatus for Young modulus of metal wires, a modeling
experiment using simulation software is proposed.
Simulation of Young modulus experiment can complete
the original Young modulus experiment learning in
addition to improve students' simulation analysis ability.
Simulation of Young modulus can be done on the
student's computer and is not limited by lab space.
Developing a sense of research in students. The
simulation experiment is effective in teaching and has
the value of popularization.
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