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Abstrak

Analisis statis dan frekuensi penting untuk struktur, seperti batang kantilever, karena
struktur tidak hanya dapat berfungsi untuk menyangga beban statis namun juga dinamis. Studi
dan analisis statis dan frekuensi ini kebanyakan tidak melibatkan beban gravitasi. Penelitian
yang ada mengenai pengaruh beban gravitasi mempelajari pengaruh posisi batang kantilever
menggantung, horizontal, dan tegak. Arah gravitasi diaplikasi dengan menyudut terhadap
batang kantilever, baik arah longitudinal maupun lateralnya, pada penelitian ini. Semakin
tegak ke atas posisi batang kantilever semakin kecil frekuensi naturalnya. Displacement dan
tegangan Von-Mises maksimum tertinggi saat kondisi horizontal dan sudut orientasi lateral 0°.
Perubahan posisi lateral batang kantilever tidak mempengaruhi frekuensi natural.

Kata kunci—Batang kantilever, beban gravitasi, frekuensi natural, statis, sudut orientasi

Abstract

Statics and frequency analyzes are important because the structure can support the
static and dynamic loads. Most previous studies of statics and frequency did not involve the
gravity load. The previous studies of gravity effect to the cantilever beam included the hanging,
horizontal, and inverted positions. The gravity load direction is applied referred to the
longitudinal and lateral beam directions in this study. The closer to the inverted position the
smaller the natural frequency. The highest values of the maximum displacement and the
maximum Von-Mises stress are happened if longitudinal position is horizontal and lateral
orientation angle is 0°. The change of lateral orientation angle does not influence the natural
frequency in this condition.
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1. INTRODUCTION

Static analysis is commonly used for analyzing the structure, such as a cantilever beam.
The analysis gives the useful information about the maximum displacement and the maximum
equivalent Von-Mises stress. The longer the simply supported beam, the bigger the deflection
[1]. The structure is safe if its equivalent Von-Mises stress is lower than its material yield
strength [2]. The failure structure is very harmful to the supported mechanical or static system.

Frequency analysis is about the model natural frequencies and its mode shapes. The
natural frequency of beam will be decreased by increasing its length [1]. Hole addition will also
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decrease its natural frequency [3][4]. Notch addition will decrease the natural frequency of
cantilever beam [5]. This phenomenon affects the beam vibrational transmissibility.
Approaching the natural frequency makes the high vibrational response [5].

Some researchers studied about the frequency of cantilever beam [6][7][8]. The larger
beam dimension, such as length, width, and thick, gives the higher natural frequency. The high
value of modulus of elasticity also gives the high natural frequency. Otherwise, the high value
of density gives the low one. The cross-section model of beam with high inertia gives the high
natural frequency and low mode shape deflection.

Gravity load influences the natural frequency of the structure [9][10][11]. The structure
is on three conditions, vertical-inverted, horizontal, and vertical-hanging. Inverted position gives
the lowest natural frequency. Hanging position gives the highest one. The hung cantilever beam
was studied its transmissibility and natural frequency with notch addition [5].

Some researchers used the simulation software for statics and frequency analysis, such
as ANSYS [1][12][13], COMSOL Multiphysics [14], NASTRAN [9], and Autodesk Inventor
[3][4]. The more number of model elements the better simulation results [14]. However, the
increasing number of elements makes the simulation process duration longer.

However, most researchers studied the statics and the natural frequency of beam by
using simulation without gravity load [6][7][8]. The inclined angles between hanging,
horizontal, and inverted positions have not been studied its effect on the natural frequency of
beam yet [9]. Therefore, the orientation angles are referred to longitudinal and lateral beam
positions in this research. The gravity load is applied to the model. This study is using the
simulation method with the certain number of elements and nodes. The frequency analysis is
simulated until 3 natural frequency.

2. METHODOLOGY

The model is a cantilever beam with rectangular cross-section, the thick of 1.5 mm, the
width of 30 mm, and the length of 300 mm. The material is Aluminum 1100-O with isotropic
mechanical behavior, Young’s modulus of 107 psi, Poisson’s ratio of 0.33, shear modulus of
3,700 ksi, yield strength of 5,000 psi, tensile strength of 13,000 psi, and density of 0.098 Ib/in®.
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Figure 1. Cantilever beam dimension.

The inclined orientation angles referred to longitudinal beam position, a, are 0°, 22.5°,
45°, 67.5°, 90°, 112.5°, 135°, 157.5°, and 180°. These angles are measured from the hanging
position. The hanging position is considered as 0°, the horizontal position 90°, and the inverted
position 180°. The length of 300 mm on the figure 2a is beam length. The lateral orientation
angle is 0°.
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The inclined orientation angles referred to lateral beam position, B, are 0°, 22.5°, 45°,
67.5°, and 90°. The gravity load direction inclines to the width direction. The angle is 0° if the
gravity load direction is perpendicular to the width direction. The length of 30 mm on the figure
2b is beam width. The longitudinal orientation angle is 90°.
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Figure 2. Orientation angle of beam.

This study is using Autodesk Inventor simulation. The number of mesh elements is
128,706 elements. The number of nodes is 216,795 nodes. The model is fix constrained at one
end face. Computing preload mode is used for the analyzes with the gravity of 9,810 mm/s2.
The simulation results are maximum displacement, maximum Von-Mises stress, 1% natural
frequency, 2" natural frequency, and 3™ natural frequency. The mesh view in Figure 3 is in
longitudinal angle of 90° and lateral angle of 0°.

Figure 3. Mesh view.

3. RESULTS AND DISCUSSION

In the horizontal position, the cantilever beam has the highest value of the maximum
displacement and the maximum Von-Mises stress. The maximum displacement value is 2.042
mm. The maximum Von-Mises stress value is 5.017 MPa. In the hanging and inverted
positions, the cantilever beam has the same lowest values. The maximum displacement value is
0.00001724 mm. The maximum Von-Mises stress value is 0.01739 mm. These conditions are
happened because the beam cross-section inertia factor in lateral load, such as in horizontal
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condition, gives less contribution to the beam strength than the beam cross-section area factor in
axial load. The beam cross-section inertia in this load direction is low because the beam thick is
too lower than its width or 1/20 to its width. The minimum safety factor is 6.87 so it is safe in
static criterion.
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Figure 4. The maximum displacement with longitudinal orientation angle variation.
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Figure 5. The maximum Von-Mises stress with longitudinal orientation angle variation.

The closer to the inverted position the smaller the natural frequency. This trend is
happened to the 1%, 2" and 3™ natural frequencies. In the hanging position, the 1t natural
frequency is 13.77 Hz, the 2" one 85.98 Hz, and the 3™ one 240.89 Hz. In the horizontal
position, the 1% natural frequency is 13.72 Hz, the 2" one 85.94 Hz, and the 3" one 240.85 Hz.
In the inverted position, the 1% natural frequency is 13.67 Hz, the 2" one 85.9 Hz, and the 3"
one 240.8 Hz. This trend matches the trend from the previous study [9].

The mode shapes have the same typical shape and maximum displacement. The typical
mode shape in each natural frequency condition can be seen on the Figure 9-11. The maximum
displacement is about 15.08 mm in the 1%, 2"9, and 3" mode shapes.
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Figure 6. The 1% natural frequency with longitudinal orientation angle variation.
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Figure 7. The 2" natural frequency with longitudinal orientation angle variation.
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Figure 8. The 3" natural frequency with longitudinal orientation angle variation.

Figure 9. The typical 1% mode shape.
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Table 1. Study results with lateral orientation angle variation.

Figure 11. The typical 3" mode shape.

Lateral Maximum Maximum 1% 2 3rd
Orientation Von Mises Stress Displacement Natural Frequency  Natural Frequency  Natural Frequency
(degree) (Mpa) (mm) (Hz) (Hz) (Hz)
0 5.017 2.042 13.72 85.94 240.85
225 4.64 1.887 13.72 85.94 240.85
45 3.556 1.444 13.72 85.94 240.85
67.5 1.944 0.7814 13.72 85.94 240.85
90 0.4096 0.005236 13.72 85.94 240.85

Maximum Displacement (mm}
w

10

20

Maximum Displacement

30 40 50 60
Lateral Orientation Angle (degree)

70

80

90

Figure 12. The maximum displacement with lateral orientation angle variation.




18

Maximum Von Mises Stress

Maximum Von Mises Stress (MPa)

0 10 20 30 40 50 60 70 80 90
Lateral Orientation Angle (degree)

Figure 13. The maximum Von-Mises stress with lateral orientation angle variation.

The closer to the lateral orientation angle of 90° the lower the maximum displacement
and Von-Mises stress. The maximum displacement value is 2.042 mm in angle of 0° and
0.005236 mm in angle of 90°. The maximum Von-Mises stress value is 5.017 MPa in angle of
0°, and 0.4096 MPa in angle of 90°. The highest values of maximum displacement and Von-
Mises stress values are in the lateral orientation angle of 0° because the beam has the lowest
inertia in this condition.

The change of lateral orientation angle does not influence the natural frequencies and its
mode shapes in these various conditions. The maximum displacement in each mode shape is
about 15.08 mm. It has the same value with the value in the various longitudinal orientation
angle conditions. The typical mode shapes have the configuration as Figure 9-11. The natural
frequency with no gravity load condition is same with the value of these orientation conditions.
It is occurred because they have the same tendency of the mode shape. The maximum
displacement is only occurred in lateral direction of beam thick. The gravity load does not
influence the natural frequency in this condition. It is worth considering the effect of other
parameter that might affect the value significantly.

This study can consider the beam orientation angle that is according to the need as a
support structure. The worst condition for the static aspect is the longitudinal angle of 90° and
the lateral angle of 0° condition. The hanging position is the best condition for getting the
highest natural frequency. The hanging position and the lateral angle of 0° condition can be
considered as the best condition for the support of the static and dynamic loads.

4. CONCLUSION

The closer to the inverted position the lower the natural frequency in the various
longitudinal orientation angle conditions. The highest value of the maximum displacement and
the maximum Von-Mises stress is in the longitudinal angle of 90° and the lateral angle of 0°
condition. The change of lateral orientation angle does not influence the natural frequencies and
its mode shapes in these various conditions. The hanging position and the lateral angle of 0°
condition can be considered as the best condition for the support of the static and dynamic
loads.
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