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Abstract

Bucket teeth are an important component of an excavator that functions as a material
penetrator or digger. This part is prone to failure because it is in direct contact with the
ground. This study aims to determine the value of stress, strain, deformation, and safety
factors that ctur in the Komatsu PC400 excavator bucket teeth against thickness
variations of 2.5 mm, 5 mm, 7.5 mm, and 10 mm. This study uses a computer with
specifications: processor: Intel (R) Celeron (R) N4000 CPU @ 1.10 GHz, memory: 8
GB. Windows 10 Home Single Language 64-bit Operating System. This computer is
equipped with Autodesk Inventor Professional 2023 and ANSYS Workbench R1 2023
software. The method used in this research is a testing method using ANSYS software
with a finite element method approach, namely static structural. The simulation results
of bucket teeth show the maximum deformation values are 0.16382 mm, 0.13832 mm,
0.1249 mm, and 0.11619 mm, respectively. Furthermore, the maximum equivalent
stress values are 108.6 Mpa, 79.712 Mpa, 80.338 Mpa, and 79.992 Mpa, respectively.
For the equivalent elastic strain maximum, 0.00052993, 0.00038899, 0.000392, and
000039029 were obtained. Then the safety factor value is obtained 3.8214, 5.2062,
5.1657, and 5.188. This shows that the thicker the thickness variation, the better the
strength value.

Keywords: Bucket Teeth Excavator, Inventor, ANSYS, Finite Element Analysis, Static
Structure.

1. INTRODUCTION

In use, the bucket teeth experience high stress because they are in direct contact with the
ground. Therefore, the materials used to make bucket tooth components must have
sufficiently high characteristics of wear resistance, strength, and ductility !, Bucket tooth
damage is usually caused by several factors, namely soil type, excavation speed, excavation
edges, and the material used to make the bucket teeth. The design of the bucket tooth
geometry must be in accordance with the requirements so that the use time can be extended
and costs can be reduced 1.

In line with developments in manufacturing technology, one of which is creating modern
designs that can minimize production costs [*l. The next step that needs to be taken before
the manufacturing process is to analyze the design, minimize failures, extend the usage time
of components ¥, and detect product damage. The excavator manufacturing process does
not take into account the teeth required for the bucket and the weight of the teeth.
Consequently, the production of a tooth does not need design compensation; instead, it uses
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the previously completed success data 1. Product failure can occur due to stresses exceeding
the specified yield stress !9, A structure can be considered a failure because it is unable to
withstand the required load '], Designers use software that can simulate numerically to help
solve engineering problems !"l. Bucket tooth modeling can be simulated using Ansys
software which is equipped with a finite element method. When the fatigue point occurs, the
strength structure of the bucket teeth undergoes changes, such as stress, strain, freezing, and
safety factors!®l, The advantage of using Ansys software is the ability to discretize the model
very finely with more elements, which produces high-fidelity output ¥,

Based on the problems above, further research on bucket tooth strength is needed to
obtain bucket tooth quality that meets excavation needs. In this case, the stress distribution
on the bucket teeth is used to improve the existing design using the finite element method,
and static structural sir.llation is used. In this research, we will modify bucket teeth with
thickness variations of 2.5 mm, 5 mm, 7.5 mm, and 10 mm on excavator bucket teeth. The
aim of this research is to obtain the values of stress, strain, deformation, and safety factors
that occur.

2. MATERIALS AND METHODS

2.1. Bucket Teeth Modeling Design

The pre-processing stage is creating a bucket tooth modeling design using Autodesk Inventor
Professional 2023 software, after creating a product design, then save it in model form
*#STEP so it can be included in the program ANSYS. Figure 1 shows the product design to
be analyzed.

Figure 1. Bucket Teeth Modeling Design

2.2. Computational Domain Division (Meshing)

The next step after the product design has been created, the next stage is meshing, the bucket
tooth model design will be discretized into small elements so that the software can simplify
the iteration process [?['°l, The division of the domain into small elements is done for control
purposes and produces a more convergent output ', when numerical simulations are carried
out ! in engineering design . The meshing results in the bucket tooth product design are
tetrahedral type with many nodes and elements as shown in Table 1. Mesh determination is
carried out using the finest scale so that the modeling simulation is more optimal 2,

Table 1. Number of nodes and elements

Description Value
Nodes 115980
Elements 77976
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2.3. Initial Condition and Materials Selection

The initial condition that is used is a fixed support, as shown in Gambar 2a. The use of fixed
support is marked in the hole that connects the adapter pin, teeth, bucket, and bucket. The
load applied is a force of 8285.06 N with a force vector of 32 degrees. The load is placed on
the tip of the bucket tooth because it is in direct contact with the ground so it experiences
extreme loads. The loadings on the model are shown in Figure 2b.

(a) Fixed support (b) Force
R St Ansys s Ansys
2023R1 K X 2023R1
STUDENT STUDENT

B o mEN

Compenenes: 7005, 1415042

[ : W0 e ,/l\ I 1900 e ll-

Figure 2. (a) Fixed Support and (b) Force

ANSYS software is facilitated by various types of materials that can be adjusted by the user
131 Apart from that, it can be done manually to input material properties such as yield
strength, tensile strength, density, and shear modulus. The material properties of bucket teeth
are shown in Table 2.

Table 2. Material Properties AIST 4140

No Characteristic data AlISI 4140 Value
1 Modulus elastisitas (E) 205 GPa
2 Poisson Ratio 029
3 Massa Jenis 7.85 glem?
4 Yield Strength 415 MPa
5 Tensile Strength 655 MPa
5 Bulk Modulus 162 GPa
6 Shear Modulus 79 GPa
7 Thermal expansion coefficient 12.2 pm/m°C
8 Thermal conductivity 42,6 W/mK

3. RESULTS AND DISCUSSION

Structural static analysis is a determinant of the stress of materials and structures that have
static and dynamic forces and loads !"*!. Equivalence is a determining factor in whether a
product design is suitable for use or will fail [, The simulation results will be obtained in
the form of total deformation, stress, strain, and safety factors.

3.1. Deformation Total

Deformation is a physical or chemical change in shape due to rotational and radial loads
experienced by an object. The smaller the number resulting from deformation, the stronger
the material. When an object is subjected to a force or load, deformation can occur !¢, Figure
3 shows the results of the total deformation of the bucket teeth.
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Figure 3. Simulation results of total deformation with a thickness (a) 2.5 mm (b) 5 mm (c)
7.5mm and (d) 10 mm

In the simulation of bucket teeth with thicknesses of 2.5 mm, 5 mm, 7.5 mm, and 10
mm, the maximum deformation values are 0.16382 mm, 0.13832 mm, 0.1249 mm, and
0.11619 mm, while the minimum deformation value is 0. This shows that the stronger the
material, the smaller the deformation that occurs. Based on the simulation results, the part
that receives the force load has the highest pressure. This shows that the most critical part is
the tip of the tooth because it experiences extreme loads !'*!, when bucket teeth are used
continuously, both ends will be damaged. Failure in the form of wear, bending, cracking, and
breaking during use '3,

3.2. Equivalent Stress

Stress is the result of the comparison between the vertical force acting on the cross-sectional
area of an object. Equivalent stress on the bucket teeth aims to see how the maximum stress
on the bucket teeth occurs when penetrating the ground. This way, you can find out whether
any part of the bucket tooth has failed or not. If the maximum stress value of the bucket teeth
during the simulation remains below the stress limit permitted by the bucket tooth material,
then it can be said that the bucket tooth shape is safe '3,
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Figure 4. Simulation results of equivalent stress with a thickness (a) 2.5 mm (b) 5 mm (c)
7.5mm and (d) 10 mm

S0

In the simulation of bucket teeth with varying thicknesses of 2.5 mm, 5 mm, 7.5 mm,
and 10 mm, the maximum equivalent stress value was 108.6 Mpa., 79.712 Mpa, 80.338 Mpa,
dan 79.992 Mpa respectively. Meanwhile, the minimum equivalent stress is 0.06335 Mpa,
0.85618 Mpa, 0.10024 Mpa and 0084841 Mpa. The highest equivalent voltage can be
achieved when the available load increases because the voltage relationship is inversely
proportional to the fundamental parameters observed by a system 6],

3.3. Equivalent Elastic Strain

Strain is the increase in the length of an object relative to its initial length caused by an
external force that influences the object. The type of material used will also affect the
equivalent elastic strain results ['5],

In a bucket simulation with adjustment ranges of 2.5 mm, 5 mm, 7.5 mm, and 10 mm, The
equivalent maximum elastic strain is obtained 0.00052993, 0.00038899, 0.000392, dan
0.00039029. Figure 4.5 shows that the modeling simulation results do not affect the results
of the equivalent elastic strain contour shape. The largest equivalent elastic strain occurs on
the side of the bucket teeth. This is because the distribution of stress and strain is influenced
by the location of the specified load !'*.
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Figure 5. Results of simulating equal elastic strain with a thickness (a) 2.5 mm (b) 5 mm (c)
7.5mm and (d) 10 mm

3.4. Safety Factor
The lowest value of the design safety factor is a good indicator of how safe it is to use . A
safety factor is one of the factors used to assess stress testing in object modeling *!, Figure 6
shows the results of the bucket tooth simulation. The simulation results show that the
minimum value of the safety factor for bucket tooth simulation is 3.8214,5.2062, and 5.188.
This shows that this research design is safe to use and meets the desired safety values 1%,
Figure 6 shows the value of the selfcl)'lcl()r which changes due to variations in the
thickness of the excavator bucket teeth from 2.5 mm, 5 mm, 7.5 mm, dan 10 mm. The graph
shows that the value of the safety factor increases due to the influence of thickness variations.
Based on the graph above, the thicker the bucket teeth, the better the strength value 711181,
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(a) Thickness 2.5 mm (b) Thickness 5 mm
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Figure 6. Simulation results of total deformation with a thickness (a) 2.5 mm (b) 5 mm (c)
7.5 mm and (d) 10 mm

4. CONCLUSION

The analysis and discussion presentation findings sI'wed that there is a decrease in the
overall deformation value for thickness variations of 2.5 mm, 5 mm, 7.5 mm, and 10 mm.
The largest thickness is 2.5 mm with 0.16382 mm indicating the highest degree of
deformation. The equivalent stress and equivalent elastic strain values were the smallest at a
thickness of 5 mm due to a significant decrease. The smallest equivalent stress value is
79.712 MPa. The smallest equivalent elastic strain value is 0.00038899. The highest safety
factor value is at a thickness of 5 mm, The minimum safety factor figure obtained was 5.2062
due to a significant increase.
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