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I. Introduction  
The manufacturing process and the development of products for manufacturing are experiencing 

very rapid growth, this also applies to the palm oil processing support industry. It has a very significant 
impact on the phases of developing a design into a product, which affects the process of machining 
and the manufacturing procedure of the product[1], that a conventional manufacturing process, the 
product it is manufactured takes a long time, the evolution of the manufacturing process is resulting 
in several creative techniques, both in regards to hardware as well as software, primarily to accelerate 
the switch from conventional modern manufacturing[2]. 

Reverse methods of engineering have become increasingly common as modern manufacturing 
advances. The term of reverse engineering remains unchanged: rebuilding, redesigning, renewing, and 
obtaining to the previously product[3]. However, the reverse engineering in the manufacturing process 
could be accomplished with materials which are solid or existing in form as a final product, it can be 
studied using the scanning method and converted into 3D images, and can be redesigned on a 
computer with CAD programs and simulation using CAE software, then going through manufacturing 
using CAM programs. This stage of finishing enables the production or redesign of a damaged product 
that loses original design drawings because of being discontinued[4]. 
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The method of reverse engineering has been commonly utilized for mechanical products that are 
commonly utilized in industry, the application of new analyses including scanning, and the application 
of high resolution (HR) microscopes additionally greatly facilitates the reverse engineering process 
currently being carried out[5, 6], in some previous studies the reverse engineering process on lorry 
products has been carried out, but the case in this study is different because of the use of lorry wheels, 
In previous research, the reverse engineering solve was applied to railway lorry wheels; however, this 
study addresses lorry wheels used in the palm oil processing industry[7][8][9]. 

The primary variation is the handling of the existing conditions of the lorry wheels, especially that 
used in palm oil processing, that is must be frequently flared less than the melting point. In the 
sterilization station or boiling procedure. the lorry lugging fresh fruit bunches will enter the boiling 
station and will boil together with the fruit. 

Based on the case study of lorry wheels in palm oil processing, it must conduct a reverse 
engineering study to identify the future development potential of lorry wheels used in the palm oil 
processing industry. The objective of this study is to reverse engineer the lorry wheels and 
specifications. The specimens used in this study are lorry wheel samples from the production of lorry 
wheel component suppliers for palm oil processing, as well as prototype lorry wheel specimens, that 
will be simulated and analysed using reverse engineering methods. To identify the compatibility of 
the model of design materials and the lifetime use of the lorry wheels, which will be conducted during 
the reverse engineering process. 

II. Method 
 Lorry wheel product development is an engineering method developed to reverse engineer a lorry 
wheel product that is often damaged and requires the most common repairs due to use in the palm oil 
processing industry. There is several reverse engineering methods used, some of the stages carried out 
in this study are as follows: 

A. Data Collection Process  
The process of taking process data from the shape of the lorry wheels that have been used in the 

processing process at the palm oil mill. The next process is cleaning the lorry wheels for the next 
process, the lorry wheels are cleaned from the dirt that sticks to the lorry wheels. 
 
B. Workpiece object 

The workpiece object used in this research is the wheel part of the lorry transporting Fresh Fruit 
Bunches, the selection of wheel parts used is wheel.  The selected Fresh Fruit Bunch transport lorry 
part has the consideration of the same design form such as the large size of the lorry, the complexity 
of the workpiece, the workpiece details, and the dimensions of the workpiece so that the results 
obtained have different dimensional measurements. The lorry wheels were also selected because they 
have large dimensions and are not too complicated, but require high accuracy on the part of the wheel 
that rubs directly against the rail to produce a lower error. 
 
C. Camera Specifications  

The camera specifications used with are smartphones with a camera size of 64 MP Triple Camera, 
taking photos there are settings made to produce images as needed.  In the camera settings used in 
this study, settings are used that are adjusted to the environment where the pictures are taken. 
 
D. Camera Settings  

Settings in shooting are very important to simplify the process and make the resulting mesh results 
better.   In this research, the shooting setup used is using the help of a turn table and the background 
using plain colours to facilitate the next process.  
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E. Camera settings to the object  
The lorry wheel to be photographed is in the centre by rotating the camera mount by 360 degrees 

and adding angles to the flage and wheek parts of the lorry wheel that are still not captured by the 
camera. 
 
F. Dimensional Measurement  

Dimensional measurements are taken to obtain size data. Measurements are made using manual 
methods on the lorry wheels.  Measurements with direct contact are made by determining the parts 
of the wheel to be measured and the parts of the flange to be measured. 
 
G. Mesh and Sold Surface Modelling 

The process of making solid modelling and mesh has been made using CAD 3D Modelling 
software basically can be processed in software for analysis, but the mesh produced will be easier to 
do the redesign process if it has a format according to the needs, processing the mesh into a surface 
form is done using CAE software.  

III. Results and Discussion 
 The process of analysis and discussion related to the reverse engineering process can be seen in 

the flowchart in Figure 1: 

 

 

Fig1. Flowchart of reverse engineering process on lorry wheels 
 

 The reverse engineering method is carried out with a physical measurement process using 
measuring equipment such as digital calipers, micrometers to obtain the exact dimensions of the lorry 
wheel components, including diameter, rim width and so on. photogrammetric technology can be used 
to create 3D models for further analysis. Use of CAD software to create a three-dimensional (3D) 
model of the lorry wheel based on the detailed physical measurements taken. This process includes 
modelling for flange and wheel models. For details of the lorry can be seen in the example of the lorry 
wheel standardization image. which is the 6 standardization of lorry wheels used by PT Perkebunan 
Nusantara IX for QC passes of Fruit Lorry as in the following figure 2 [2]. 

 
Fig 2. Standardisation of Lorry Wheels used in Palm Oil Processing Plant  
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The first stage, identifying the product, is to select the lorry wheel to be analysed. The lorry wheel 
is a component that already exists and is used in palm oil processing plants, and information related 
to the use of the lorry wheel, such as the load received by the lorry wheel, the operating speed of the 
lorry wheel, the environmental conditions where the lorry wheel operates. In the following figure 3 
is the condition of the lorry wheels that have been used from the company PT. Mora Niaga Jaya. 

 

 
 

Fig 3. Process of identifying Lorry Wheel Products 
 

The second stage, conducting Mapping and Physical Measurements such as taking pictures from 
various angles of the lorry wheel to facilitate overall visualisation. then the dimensional measurement 
process uses measuring instruments such as calipers to obtain the physical dimensions of the wheel, 
including diameter, width, thickness, and other design details. the last process carried out is 3D 
geometry mapping with photogrammetry technology to produce a 3D model of the lorry wheel being 
analysed. As shown in Figure 4 to Figure 8. 

 

  
Fig 4. Physical Measurement Process of Flange Section 

  
Fig 5. Physical Measurement Process of Hub section 
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Fig 6. physical measurement process of rim section 

 

  

Fig 7. physical measurement process of tread section 

 

   

Figure 8. physical measurement process of web section 
 

The process of identifying the material of the lorry wheel to find out the material used in the 
lorry wheel, which is made of cast iron material. The use of CAD software to create a 3D modelling 
model based on the physical measurement data obtained. Data from physical measurements and 3D 
models can be used to generate accurate 3D CAD models. 
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Fig 9. 3D model modelling with CAD Software 

Using the reconstructed 3D CAD design to create a prototype lorry wheel. This lorry wheel 
prototype is used for further testing, to ensure the fitment of the lorry system as well as its durability 
against operational conditions. 

  

Fig 9. 3D Mesh modelling 
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Based on the Stress Analysis Report obtained with the settings in table 1. 

Table 1.  Setting Paramater 

Physical 
Material Iron, Cast 
Density 7,15 g/cm^3 
Mass 18,7981 kg 
Area 240094 mm^2 
Volume 2629110 mm^3 
Center of Gravity x=0,000000000099933 mm  

y=0,00000000115295 mm  
z=-35,2239 mm 

Note: Physical values could be different from Physical values used by FEA reported below. 
 
Mesh settings 
Avg. Element Size (fraction of model 
diameter) 

0.1 

Min. Element Size (fraction of avg. size) 0.2 
Grading Factor 1.5 
Max. Turn Angle 60 deg 
Create Curved Mesh Elements Yes 
Material(s) 
Name Iron, Cast 7,15 g/cm^3 
 
General 

Mass Density 758 MPa 
Yield Strength 884 MPa 
Ultimate Tensile Strength 120,5 GPa 

 
Stress 

Young's Modulus 0,29 ul 
Poisson's Ratio 46,7054 GPa 
Shear Modulus 7,15 g/cm^3 

 
Reaction Force and Moment on Constraints 
Constraint Name Reaction Force Reaction Moment 

Component 
(X,Y,Z) 

Magnitude Component 
(X,Y,Z) 

Magnitude 

 
Frictionless Constraint:1 

83954300 N 

-83471900 
N 

19179600 N m 

1062700 N m 

604196 N 4514860 N m 
8965880 N 18610300 N 

m 
 
Result Summary 
Name Minimum Maximum 
Volume 2629110 mm^3  
Mass 18,7982 kg  
Von Mises Stress 41046,7 MPa 71500500 MPa 
1st Principal Stress -11281600 MPa 38616200 MPa 
3rd Principal Stress -51934600 MPa 9584950 MPa 
Displacement 8673150 mm 44240200 mm 
Safety Factor 0,0000106013 ul 0,0184668 ul 
Stress XX -42441900 MPa 35582200 MPa 
Stress XY -16261400 MPa 18420400 MPa 
Stress XZ -12677400 MPa 35537300 MPa 
Stress YY -34362500 MPa 31584000 MPa 
Stress YZ -19575300 MPa 20670900 MPa 
Stress ZZ -17965100 MPa 15382600 MPa 
X Displacement -44113600 mm 44111800 mm 
Y Displacement -44113400 mm 44112100 mm 
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Z Displacement 3332230 mm 3342690 mm 
Equivalent Strain 0,30712 ul 512,498 ul 
1st Principal Strain -2,4231 ul 396,534 ul 
3rd Principal Strain -486,441 ul 2,25431 ul 
Strain XX -281,667 ul 248,653 ul 
Strain XY -174,085 ul 197,198 ul 
Strain XZ -135,716 ul 380,441 ul 
Strain YY -241,609 ul 222,633 ul 
Strain YZ -209,561 ul 221,29 ul 
Strain ZZ -122,423 ul 88,0676 ul 

 

 

Fig 10. Stress Analisys Report 

All data obtained during reverse engineering, such as technical drawings, materials used, and 
redesign results, must be well documented to become reference material for making lorry wheels in 
the future. measurement data in this reverse engineering research aims to obtain detailed data on the 
manufacture of lorry wheels, focusing on the design, materials, quality, and durability of the wheels 
used in the palm oil processing process. Accurate reverse engineering data will help produce more 
efficient lorry wheels with lower production costs.. 

IV. Conclusion 
The manufacturing process, particularly in industries such as palm oil processing, is continually 

growing, with innovative methods being used to increase production efficiency. Conventional 
techniques, that are inefficient and costly in terms of resources will be replaced by more effective 
ways, like as reverse engineering. Reverse engineering is the process of examining old items 
(sometimes broken or discontinued) and rebuilding, redesigning, and improving them. This method 
generates digital models using technologies like as scanning, 3D modeling with CAD software, and 
simulation with CAE software, which are then utilized to direct manufacturing with CAM programs. 

In the palm oil processing business, reverse engineering is used on truck wheels, which are 
regularly damaged owing to use in extreme conditions such as high temperatures during sterilization. 
A study on reverse engineering these truck wheels seek to improve their design, durability, and 
performance. The reverse engineering method begins with the selection of old lorry wheels, followed 
by cleaning and obtaining detailed photographs with high-resolution cameras and a rotating setup that 
captures the object from various angles. To build accurate models, dimensions are systematically 
measured and improved with 3D scanning. CAD software is then used to process the measurements 
and generate a 3D model of the wheel. 
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Material analysis is also carried out, proving that the wheels are composed of cast iron. 3D models 
are used to produce prototypes, which are then tested for compatibility and endurance in the 
operational setting. The findings, including design modifications and material specifications, are 
documented for future manufacturing, ensuring improved performance, lower costs, and longer-
lasting lorry wheels in palm oil mills. 
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