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Available online 13 March 2023 characteristics with no existing load or normal conditions. Using the FEA method, a
static simulation analysis where the material of this assembly design uses Polylactic Acid
(PLA), used mainly by 3D printer machines. The force is given to the gimbal structure
and obtains the results of the maximum value of stress in MPa, displacement in mm,
and strain. Thus, based on the results obtained from SolidWorks, the structure will not
fail. The maximum stress value between parts is 2.31 MPa for the support part and 3.09
MPa for the assembly model when the yield stress value of the PLA material properties
is at 70 MPa. The new design structure for the gimbal hardware focuses on academic
purposes based on PLA material and is easy to build using a 3D printer. In the summary,
the customized three-axis gimbal design using SolidWorks will not fracture when the
design is in normal condition which has a total force of 6.87 N, which is equal to 0.70 kg
Gimbal; Finite Element Analysis; at 3.09 MPa where the weight of the base, O-ring, and servo motors at the U-shape part.
Computer-Aided Engineering; In addition, the design can hold up to 230.87 N, which is equal to 23.54 kg at 69.90 MPa
SolidWorks of the stress value before it will fail at 70 MPa.

Keywords:

1. Introduction

Computer-Aided Engineering (CAE) is widely used by many experts in many sectors, such as
agriculture [1] and automotive [2], to improve their product design performance [3] and safety
factors [4]. The analysis can be done using the CAE called Finite Element Analysis (FEA). One of the
FEA methods is called a Von Mises stress [2, 5, 6]. The Von Mises stress is an analysis that determines
the failure criterion on the product design structure and whether it will fracture based on the product
material properties. Thus, SolidWorks is one of the CAE software used to design a custom three-axis
gimbal as shown in Figure 1 built using PLA material with a yield strength of 70 MPa [7]. The purpose
of the gimbal design is for educational design and analysis, which is easy to use and reproduced using
the 3D printer by others.
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Gimbal is a device that stabilizes the base part that will always maintain the fixed position without
changing the orientation of the base even though the other axis is rotated to another angle. There
are three-axis called the roll, pitch, and yaw (x, y, and z) rotation [8]. The common application of
gimbals are drones, camera stabilizers, and spacecraft. Nowadays, many people have used these
applications in many sectors, such as agriculture, that use drones for their farm and rice fields, the
military, and the film industry. The gimbal requires a better structure and controller to have a better
performance.

Base
O-Ring
U-Shape

Support

Fig. 1. Assembly model of the gimbal structure

2. Methodology
2.1 Static Simulation Analysis

Static simulation is an FEA analysis applied to the model design in static simulation form where
the analysis is not affected over time [9]. It will show the current result based on a given parameter
such as force, pressure, and torque [10]. Table 1 shows the PLA material properties that apply to the
assembly model. The critical value is at its yield strength, where at maximum value is 70 MPa. This
value will be the reference for this analysis on whether it will fracture if the stress result exceeds 70
MPa.

Table 1

PLA material Properties [7]
Properties Amount
Elastic Modulus (MPa) 3500
Poisson’s ratio 0.36

Shear Modulus (MPa) 1287
Mass Density (kg/m3) 1252
Tensile Strength (MPa) 59
Yield Strength (MPa) 70

Table 2 shows the mechanical design specification of each part’s size, thickness, and mass. The
value of the mass is obtained from the SolidWorks mass properties feature. The mass properties can
generate the current mass of the model design based on the material that applies to the design part.
The PLA mass density is the key for this feature, where the value of density of PLA is 1252 kg/m3 and
the results of the parts are the base is 0.18 kg, O-ring is 0.40 kg, U-shape is 0.36 kg, and support is 1

kg.
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Table 2
Design Parameters for each part
Component Part Mechanical Specification
Length (mm) Width (mm) High (mm) Thickness (mm) Mass (kg)
(1) Base 100 100 70 10 0.18
(2) O-ring 175 150 70 10 0.40
(3) U-shape 208 70 130 10 0.36
(4) Support 200 150 110 5 1

There are two types of static simulation used for this research static structural analysis. The first
study analyzes the assembly model with different values given at two points, as shown in Table 3.
The total force of 6.87 N is a condition where there is no external load is given. The second one is an
analysis of four different parts with a force of 6.87 N, as shown in Table 4.

Table 3
Result of stress, displacement, and strain value at different force values at U-shape part
Force Point (N) o, Stress (MPa) u, Displacement (mm) €, Strain

Number Total Force (N) Mass (kg)

Left Right Max Value Max Value Max Value
1 3.73 3.14 6.87 0.70 3.09 0.11 0.0014
2 53.73 53.14 106.87 10.89 31.60 0.78 0.0147
3 103.73 103.14 206.87 21.09 62.50 1.54 0.0290
4 115.73 115.14 230.87 23.54 69.90 1.72 0.0325
5 153.73 153.14 306.87 31.28 93.40 2.31 0.0434
Table 4
Result of stress, displacement, and strain values between four parts
Component  Force Point (N) Total Mass Stress u, Displacement g, Strain
Part . Force (ke) (MPa) (mm)
Left  Right (N) Max Value  Max Value Max Value
(1) Base - - - 0.18 4.51x107° 0.081 1.21x1078
(2) O-ring - - - 0.40 0.129 0.103 3.11x107°
(3) U-shape 3.73 3.14 6.87 0.36 0.488 0.107 1.26x107*
(4) Support - - - 1 2.310 0.023 9.16x107*
2.2 Method

Figure 2 shows the flowchart of the method implemented in this research. The first step is to
draw each part of the gimbal structure, the base, O-ring, U-shape, and support part, with the accurate
measurement for bolt and nut holes and servo slot. The next step is to assemble the parts into one
complete model. After that, start the static simulation study with the connection of part is clarify
which is bolt and nut. Then, clarify the force as shown in Figure 3, where the two points are given at
the U-shape part, 3.73 N at the left point and 3.14 N at the right point.

Lastly, the results will be obtained from the analysis as shown in Table 3 and Table 4. The stress,
displacement, and strain will be obtained with two different data results, the first one at assembly
with different force values as shown in Table 3. The second one is different parts with the same force
as shown in Table 4.
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(a) Left Point = 3.73 N. (b) Right Point = 3.14 N.
Fig. 3. Location of 2 points given, where total force is equal to 6.87 N (weight of the two servo
motors, O-ring, and base parts)

2.3 Force Point on U-Shape Part

Figure 3 shows the exact point at the U-shape model of the gimbal assembly model. This force
value is obtained by using Eq. 1. The left point is equal to 3.73 N and the right point is equal to 3.14
N considering the weight of the servo motors (60 g), O-ring, and base parts.

F=mg (1)
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Fis a force value in newton, m is a mass in kilogram, and g is gravity equal to 9.81ms™2. The value
of force is obtained after the total weight of the base, O-ring, and servo motors are obtained, which
is equal to 0.64 kg and divided by two since each point uses the exact weight of the base, O-ring, and
servo motor. Figure 3(a) has more force value than the right point because there is another servo
motor attached to the U-shape where the mass of the servo motor is 60 g. Thus, the left point is
required to add the weight of another servo motor.

3. Results
3.1 Assembly Result

The results of stress, displacement, and strain of the assembly model and parts model are
obtained using the SolidWorks simulation study feature [17-20]. Table 3 shows the analysis result for
the U-shape part with a different value of forces. Since the PLA vyield stress is at 70 MPa, when the
forceis at 206.87 N, equal to 21.09 kg, the assembly model will not fracture since the maximum stress
is 62.50 MPa. The maximum force value that the gimbal can hold is 230.87 N, equal to 23.54 kg. If
the force exceeds 230.87 N, the structure will fracture and fail. For example, when the force value is
at 306.87 N, equal to 31.28 kg, the gimbal assembly will fracture because the maximum stress value
is 93.40 MPa which is above the maximum yield value of the PLA material which is 70 MPa. Figure 4
shows the stress vs total force graph that visualizes the results from Table 3.
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Fig. 4. Stress vs total force graph result

Figure 5 shows the stress, displacement, and strain based on Table 3. At the force value of 6.87
N, the maximum stress is 3.09 MPa. The maximum displacement is 0.11 mm, and the 0.0014 strain
value. This shows that when the assembly model is at the force of 6.87 N, the displacement result is
at 0.11 mm, less than 1mm. This error is very small compared to other force values. When the value
of force is higher, the stress, displacement, and strain will be higher.
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(c) Strain result on assembly test.
Fig. 5. The stress, displacement, and strain results of the assembly simulation test

3.2 Result Between The Four Parts

The Table 4 shows the results obtained from four different parts of the gimbal assembly model
which are the base, O-ring, U-shape, and support.

Figure 6 shows the stress result between the four parts. The maximum stress value is at the
support part at 2.31 MPa. There is a huge difference in the stress value from the other parts. Even
though the force is at the U-shape, the value of stress at the U-shape is smaller than the support part,
which is 0.488 MPa. Thus, for the most part, that effect is the support part and still not fracture.
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Fig. 6. Stress results in four different parts

Figure 7 shows the displacement of the four parts. The given force point is at the U-shape part,
so clearly that the higher displacement value is at the U-shape part at 0.107 mm and 0.103 mm for
O-ring since this part is attached to the U-shape part. The most lower of displacement error is the
support part at 0.023 mm.
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Fig. 7. Displacement results between four different parts
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Figure 8 shows the strain result between four different

parts. The most higher strain value occurs

at the support part at 9.16x1074. The lowest strain value is the base part at 1.21x1078,
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Fig. 8. Strain results between four different parts
3.3 Meshing Process

Meshing is a method that subdivides the assembly model in
meshing is an important step that needs to be considered
more detailed, the more accurate the simulation result will

to small pieces [11-16]. In design analysis,
. When the mesh of the assembly part is
be. Table 5 shows the element size of the

meshing process for this gimbal structure, where the maximum value is 6.91 mm, and the minimum
is 0.35 mm. The meshing type used is curvature-based mesh.

Table 5

Meshing details of the assembly analysis obtain from SolidWorks

Mesh Details Data Information
Mesh Type Solid Mesh
Mesher Used Curvature-based mesh
Jacobian Points 4 Points

Max Element Size 6.90637 mm

Min Element Size 0.345319 mm
Mesh Quality High

Total Nodes 931199

Total Elements 602604
Maximum Aspect Ratio 4.12x10°
Percentage of elements with Aspect Ratio<3 94

Percentage of elements with Aspect Ratio > 10 0.473
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4, Discussion

The most crucial part is that the simulation study needs to clarify the connection between each
part. For example, the servo motor is connected to the O-ring part using a bolt and nut with
dimension size of 3 mm or M3. The second one is the meshing process. When the geometry of the
design is more complex, sometimes it will be hard to mesh simultaneously in the assembly model if
the size of meshing is not suitable for certain parts. Next, the material properties are also important
to run a static simulation and have an accurate result. If the material properties are wrong, the result
might be not valid. Thus, the selection of material properties details is important so that the result of
stress, displacement, and strain is accurate.

5. Conclusions

In conclusion, the new structure of the three-axis gimbal can be used for the experimental test
since the result shows that the strength of the structure is not failed by using the finite element
analysis method on SolidWorks. The results show when a certain force is given to these two points,
the maximum force is able up to 230.87 N, which is equal to 23.54 kg at 69.90 MPa of the stress value.
The yield value for the PLA material is around 70 MPa. Thus, when this structure is in a normal
position which means no load is given, the stress value is 3.09 MPa on assembly model analysis. This
shows the current design can prove that this structure will not fracture.
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