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Abstract  

This thesis focuses on designing a specialized ASTM G65 testing apparatus for 
UddeholmsAB, a company known for its high-quality tool steels. Using 3D 
Experience software, we developed a primary design and analyzed how Neoprene 
rubber interacts with Vanadis4E. The project followed Freddy Olsson’s design 
methods, aiming for simplicity and cost-efficiency while meeting the specific testing 
needs of the company. The final design allows UddeholmsAB to test the wear 
resistance of their products more accurately. This work helps improve the way tool 
steels are evaluated, ensuring they are durable and reliable for use in industry. 
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1.Introduction 

1.1 Background  
 

Collaboration and Work Distribution 

This project was carried out in cooperation with Elise Chirat, who is doing her 
internship at Halmstad University. Elise is a fifth-year mechanical engineering 
student, and her contributions have been significant to the execution of this work. 
The project counts as my bachelor thesis, while for Elise, it is an internship project. 
Our joint work included a primary design for the ASTM G65 apparatus and a contact 
analysis for neoprene rubber’s deformation when it encounters the Vanadis4E. 

In the early phase of the project, before Elise joined, Reza initiated the work with a 
literature study on the ASTM G65 apparatus. This phase was crucial for gathering 
necessary information about the machine's functionality and the data required to 
create a preliminary design of ASTM G65. The literature study provided with an 
early overview of the design and identifying standards regarding the components, 
and its dimensions, which are central elements in this work. ASTM G65 apparatus 
contains of two parts, the first part contains of Lever arm, specimen holder, 
specimen and the wheel rubber which are called the key components for ASTM G65 
apparatus. The second part is containing the frame, and the other components see 
figure1. The early phase included identifying the main components. With this 
background, Reza started by 3D modeling the main components and assembling 
the parts together. Later when Elise joined the project, together with her we 
continued working on the frame part of the project and furthermore performing 
the contact analysis required from the company. During the work we had the 
opportunity to have meetings with the company and presenting our thoughts on 
the preliminary design for ASTM G65 apparatus and the result from the Finite 
Element Analysis. 

Project Background 

Wear on machine parts requires replacement and results in lost productive time. 
Therefore, serious studies in tribology are needed to predict and prevent future 
failures. By using appropriate evaluation methods for different materials and 
machines according to their applications, productivity can be preserved, industrial 
safety enhanced, and costs reduced. Laboratory modeling of tribological behaviors 
is crucial for selecting the right materials and increasing their durability in friction-
limiting situations. With an increased understanding of industry requirements, 
methods have been developed to conduct reproducible tests at various locations. 
This has led to organizations such as ASTM, DIN, ISO, among others, standardizing 
these techniques, resulting in a broader understanding of machine operating 
conditions, their dimensions, and all operational parameters during testing.  
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The ASTM G 65 standard for abrasive wear testing is a commonly used tool in the 
industry to support material selection for abrasive-intensive use [1]. 

The ASTM G65 apparatus replicates moderate pressure under shear wear by using 
dry sand between a rubber wheel and a material sample, see figure1. Through this 
method, wear-resistant materials can be assessed by measuring their volume loss 
in cubic millimeters. Typically, materials with higher wear resistance exhibit less 
volume loss [2]. 

The abrasion test results should be reported as volume loss in cubic millimeters 
according to the chosen test method. The test method includes five different 
recommended procedures that are suitable for specific degrees of thickness of the 
test material [3]. 

The ASTM G65 Standard provides various procedures to evaluate the abrasion 
resistance of metallic materials. Procedure A is comprehensive and suitable for 
materials with medium to very high abrasion resistance. Procedure B is a shorter 
version of Procedure A, recommended for durable materials, especially those with 
medium to low abrasion resistance, if the volume loss in Procedure A exceeds 100 
mm³. Procedure C is a quick test designed for thin coatings. Procedure D offers a 
gentler approach than Procedure A, helpful for comparing materials with lower 
abrasion resistance or different types of materials. Procedure E is a quick version of 
Procedure B, useful for comparing materials with lower abrasion resistance. The 
wear and tear on a system depend on various factors, including particle size, shape, 
hardness, stress level, and frequency of contact [3]. 

 

 

Figure.1 ASTM G65 components  
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1.1.2 UddaholmsAB 
UddeholmsAB is the world's leading manufacturer of tool steel for industrial tools. 
UddaholmsAB manufactures and processes high-alloyed tool steel in various 
shapes and sizes. These steels are primarily used for manufacturing tools such as 
molds, knives, and press tools used in various industries such as the automotive, 
electronics, and consumer goods industries. These steels possess special properties 
such as hardness, wear resistance, toughness, and corrosion resistance, that make 
them suitable for mechanical applications [4]. 

To achieve the highest possible standards for durability and performance in 
UddaholmsAB’s products, continuous testing and validation of wear resistance are 
crucial. The ASTM G65 apparatus is used to measure material wear under 
controlled conditions and is an essential part of this testing procedure. The 
company has identified a need to develop and adapt such an apparatus specifically 
for their products and requirements. The company has stated that they 
manufacture products close to the D2 steel with the hardness 62 HRC, see appendix 
B, table 1. D2 tool steel is well-known for being very hard, which makes it great for 
making things like cutting tools, and knives. 

According to the ASTM G65 standard, the Procedure A should be used for this kind 
of hard material. This procedure involves a load of 130 N against the test specimen 
[1], meaning that the apparatus must be designed to provide this load. 

1.2 Aim 
The aim of this project is to design and develop an ASTM G65 apparatus and 
performing Finite Element Analysis regarding the contact analysis tailored to the 
specific requirements of UddeholmsAB. This apparatus will be used to test and 
validate the wear resistance of the company's tool steel products. By creating a 
customized solution that meets the product requirements outlined in Table 2, the 
project seeks to enhance the efficiency and accuracy of UddeholmsAB's testing 
processes. Ultimately, this will ensure that their tool steel products maintain the 
highest standards of durability and performance, thereby strengthening the 
company's market competitiveness and meeting customer expectations. 

1.2.1 Problem Definition 
The company has required a designed ASTM G65 apparatus based on the ASTM 
G65 standard and a Finite Element Analysis focusing on neoprene rubber’s 
deformation. To meet the company's requirements, two critical aspects need to be 
addressed: the structure for designing (see Table 2) and the contact analysis. 

Structure for Design 

The design of the ASTM G65 apparatus must adhere to the company's specifications 
while maintaining simplicity, manufacturability, and cost-effectiveness. The 
apparatus should be designed based on the ASTM G65 standard and include key 
components and the frame. These parts must ensure stability and durability while 
being easy to assemble and maintain. 
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Contact Analysis 

A critical aspect of the design is the contact analysis, which involves evaluating the 
interaction between the neoprene rubber and the Vanadis 4E. This requires a 
detailed Finite Element Analysis to assess the contact pressure and deformation of 
the neoprene rubber under the specified load conditions. 

Table.2 Product requirement 

Must consider  Should take in consideration  
Structure for design  Meet the company’s requirements 

Simplicity 
Manufacturability  
Cost-effectiveness 
Designing based on ASTM G65 standard  

1.3 Limitation  
This project is limited to achieving the primary design for the ASTM G65 apparatus. 
The focus is on developing an initial design that meets the specified requirements 
and standards. Detailed testing, further optimization, and validation of the 
apparatus are beyond the scope of this project. Furthermore, a contact analysis of 
this design through Finite Element Method (FEM) analyses will be performed. 
Regarding the 3D modeling and the FEM analysis, we are limited to use the 3D 
Experience software, which is available for students here at the university. The 
analysis will specifically focus on the contact pressure and the deformation of the 
neoprene rubber used in the apparatus when it’s encounters the specimen.  

Furthermore, the project is limited to using materials that are already available in 
the company's material inventory. This means that no new materials will be 
purchased for this project, see the desired material selection for the components 
in table3.  

Table.3 Desired material selection 

Component Selected material  Physical properties  
Lever arm, specimen holder  Stainless steel 316L Elasticity modulus: 200GPa 

Thermal conductivity:14.6 W/m*k 
Rubber  Neoprene Shore: A 

Tensile strength: 5MPa 
Hardness: 60-65 HRC 
 

Disk  Stainless steel 316L Elasticity modulus: 200GPa 
Thermal conductivity:14.6 W/m*k 

Specimen  Vanadis 4E Young modulus:206GPa 
Hardness:65HRC 
compressive stress limit:3000Mpa 
  

Frame  Stainless steel 316L Elasticity modulus: 200GPa 
Thermal conductivity:14.6 W/m*k 

 

After discussions with the company, it was concluded that certain components will 
be purchased to facilitate the manufacturing process in the future, see appendix b, 
table4.  
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2. Theoretical Framework 

2.1 Related Studies  

2.1.1 Standard Test Method for Measuring Abrasion Using Apparatus 
The design and construction of the ASTM G65 apparatus are crucial for ensuring 
reliable results in wear tests. By meticulously designing and manufacturing each 
component according to standardized specifications, accurate results can be 
ensured. The article ‘Standard Test Method for Measuring Abrasion Using the Dry 
Sand/Rubber Wheel Apparatus’ provides detailed information about the 
dimensions and drawings required for designing an ASTM G65 apparatus. Critical 
components include the type of rubber used on the wheel, the type of abrasive, 
and the design of the sand nozzle, as well as the lever arm system for applying the 
required force [3]. 

2.1.2 Dry sand Wheel Construction Design, and Fabrication 
Wear can cause changes and damage to mechanical parts. In order to predict future 
failures, tribological studies are necessary. Conducting tribological laboratory 
testing is important as it allows for the correct selection of friction materials, helps 
save material and improves durability. ASTM G65 apparatus is a standardized tool 
used to conduct wear tests to assess the resistance of materials to wear. The design 
of this machine considers the test characteristics to determine the abrasive wear 
of different materials. The fundamental elements of the machine are established in 
the ASTM G65 standard and includes: 

• Specimen Holder: Holds the specimen in place during the test. 
• Lever Arm: Used to apply the load. 
• Motor Drive System: Transmits the movement from the motor to the rubber wheel 

via belts and a gearbox. 
• Enclosure, Frame, and Abrasive Hopper: Enclosure and frame supporting the 

machine and a container for the abrasive sand. 
• Test Parameters: 
• Force Against Specimen: 130 N according to Procedure A. 
• Wheel Revolutions: 6000 revolutions. 

[1] 

2.1.3 Components of the ASTM G65 Apparatus According to the Standard 
The ASTM G65 apparatus is composed of various components see figure1, each 
with its own unique properties. These components are essential for the apparatus's 
functionality and performance. In the following sections, we will explore each of 
these components in detail, highlighting their specific characteristics and roles 
within the ASTM G65 apparatus. 
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• The Motor 
The motor has a power of 1.3 kW (1.76 HP) and operates at a speed of 1800 
rpm. Its pulley transmission system employs a Classical V-Belt Class A, with 
a transmission ratio of 3.67. The small pulley has a diameter of 90 mm, 
while the large pulley operates at a diameter of 330 mm. Also, a reduction 
gear with a transmission ratio of 2.4 is incorporated to get 204 rpm on the 
wheel [3]. 

• The Hopper Sands and the Nozzle  
The hopper sand is made of ASTM A 570Steel, grade 36 black steel sheet, 
is designed with a capacity of 20L to meet specific parameters. Maximal 
sand flow rate defined as 400g/min, and the maximal test duration that is 
30 minutes. The sand density is 1.6L/kg. Consequently, the maximal 
capacity of sand required is calculated as (0.4kg/min) * (30min) * (1.6L/kg) 
= 19.2L. The sand flow, according to the standard, is fed through the nozzle 
with a diameter of 12.7mm. In the nozzles, sand flow rate is regulated by 
refining the orifice of the nozzle to widen the opening, achieving a sand 
flow rate ranging from 300 to 400 g/min. During operation, it's crucial to 
position the nozzle opening as close to the intersection of the test specimen 
and the rubber wheel as the design permits [3][6]. 

• The Specimen and the Specimen Holder 
The material type determines the size of the specimen. Typically, 
specimens are rectangular and has the dimensions as 7.62 * 2.54 mm. 
These dimensions can be adjusted according to user requirements, it is 
provided that the length and width are adequate to display the full length 
of the wear scar resulting from the test. The test surface should maintain 
flatness within a maximum tolerance of 0.125 mm (0.005 in.).   The 
specimen holder is fixed to the lever arm [3[[6]. 

• The Wheel and the Rubber 
The wheel is made of steel disk with an external layer of Chlorobutyl or 
neoprene rubber molded around its edge. The uncured rubber must be 
adhered to the rim and completely cured within a steel mold. The ideal 
hardness of the cured rubber is Durometer A-60, with a range of A58 to 62 
considered acceptable. The rubber wheel, featuring a diameter of 
228.6mm (9 inches) and a thickness of 0.5 inches [3][7]. 

• Preparation and Maintenance of Rubber Wheels 
The rim's concentricity should be within 0.05 mm. Rubber wheels can be 
used until the diameter wears down to 215.9 mm (8.50 in.). New rubber 
rims may be installed on steel disks by a qualified source [3][6]. 

• Lever Arm  
The lever arm is made of stainless steel, according to the standard. The 
distance between the lever arm and the specimen is defined normally 
508mm [1].  

• Type of the Sand  
The type of abrasive should be quartz grain sand as typified by AFS 50/70 
test sand [3][6]. 



IX 
 

IX 
 

• Moisture Content 
The moisture level must not pass 0.5%. Moisture content can be assessed 
by weighing the loss after heating a sample to around 120°C (250°F) for at 
least 1 hour. If the test sand holds moisture above 0.5%, it should be dried 
by heating to 100°C (212°F) for at least 1 hour, and the moisture test should 
be conducted again. The moisture content could be calculated by: Mc = 
(wet weight - weight after drying)/ (wet weight) *100 [3][6]. 
 

2.1.4 Hertz Theory: Contact of Cylindrical Surface  
Hertz theory, is a fundamental theory in contact mechanics, focusing on the contact 
pressure between elastic bodies with curved surfaces. This theory is particularly 
significant for analyzing contact between cylindrical surfaces, where it provides 
crucial insights into the distribution of contact pressure, deformation, and the size 
of the contact area. The contact of cylindrical surfaces is a special case of Hertzian 
contact that considers contact between two infinitely long parallel-axis cylinders or 
between an infinitely long cylindrical surface and the surface of a half space [7]. 
Based on this theory, we expect the same stress distribution in our simulation 
regarding the contact analysis between the neoprene rubber and the Vanadis4E. 

2.1.5 Modified Hertz Theory: Contact Theory Considering Viscoelasticity 
The study by Chu et al, extensively discusses the modifications made to the 
traditional Hertz contact theory to account for the viscoelastic properties of 
materials, specifically rubber. A significant aspect of their findings in the article, is 
where the contact pressure distribution exhibits a parabolic shape. This shape is 
crucial as it validates the modified theory's ability to accurately predict the behavior 
of steel-rubber roller interactions under load [10]. 

3. Method 

3.1 Freddy Olsson (1995): Embodiment Design  
Embodiment design is a phase in the design process where the initial concept or 
principal solution of a technical product is refined. During this stage, the design is 
developed based on technical and economic criteria, incorporating additional 
information as it becomes available. The goal is to advance the design to a level 
where detailed design can proceed directly to production. This involves designing 
the individual components, selecting appropriate materials, and categorizing them 
as either standard or unique components [11].   

In this project, we are going to use Freddy Olsson's methodology which provides a 
structured framework for the primary design process and ensuring systematic and 
efficient progression from conceptualization to detailed design. By adhering to 
Olsson's principles, we aim to create a reliable and effective ASTM G65 apparatus 
that meets all specified criteria and standards. The methodology encompasses 
several key phases, including product rough cast, component selection, material 
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selection, detail design, and product overview, each contributing to a 
comprehensive and well-documented final design see figure3. According to Freddy 
Olsson these points should be considered to achieve the final primary design 
regarding our project due to achieve the primary design of ASTM G65 apparatus. 

Product Rough Cast 

• Essential Units/Parts: 
Identify the key components used in the product. 

• Arrangement of Units:   
Determine how these components are arranged relative to each other. 

• Main Dimensions: 
Estimate the primary dimensions of the product/components. 

• Safety: 
 Ensure product installation and operational safety for both individuals and 
the environment. 

In this phase, we referred to the ASTM G65 standard regarding the dimensions for 
the key components, and how these components are related to each other. 

Components Selection 

The aim of this part is to determine component selection, including dimensions, 
size, and brand for all finished units. Olsson (1995) defines a structural component 
as a general-purpose product part with known modes of action or properties. Using 
tested components reduces the time and cost of the project and increases the 
applicability of the finished product. 

According to the Olsson the selection of structural components can be approached 
in these three ways: 

• Plagiarized selection: 
A component previously used successfully in a similar product is selected, 
requiring only necessary dimensioning and brand choice. 

• Limited or optimal choice: 
 A predetermined component or component group is examined to ensure 
it meets the product criteria. 

• Versatile, functional use or re-election of a careful and comprehensive 
examination is conducted to include components that fit the product part 
criteria and function. 

In this phase, we followed 'Plagiarized Selection' by Freddy Olsson, due to the 
existence of the ASTM G65 standard regarding the key components. ASTM G65 
standard outlines how to create the ASTM G65 apparatus by focusing on the key 
components and the Frame part according to its standard. Its noticeable that the 
frame part of the apparatus can be designed in any way the users want. There are 
various types of machines that have previously been built using the same data 
regarding the key components and its dimensions. For our model, specifically 
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concerning the key components and its dimensions, we referred to the article 
‘Standard Test Method for Measuring Abrasion Using Apparatus’, which was a 
study of how to create the ASTM G65 apparatus according to the standard.  

Material Selection 

According to Olsson, the material selection process aims to find a material whose 
characteristics closely match the specified criteria for the product. Regarding the 
material selection, we used the company's material source that they had in their 
material inventory.  

Detail Design 

This phase of the design process finalizes the arrangement, shapes, dimensions, 
and surface properties of all individual parts. It includes specifying material 
selection, estimating costs, assessing solutions, planning layout flow, ensuring 
personal safety, conducting FEM analysis, and creating CAD drawings. The design 
will be completed with precise dimensions and a high level of engineering detail 
and calculations. The detail design phase culminates in the production 
documentation, which provides all necessary specifications. 

• Determination and Analysis: 
Breakdown, analyze, and classify criteria, including loads, environmental 
pressures, and safety. 

• Searching for Solutions:  
Create sketches and develop various realistic variants. 

• Solution Assessment and Development: 
Evaluate options against set criteria, choose a solution, and prepare the 
final design. Ensure no unnecessary or incorrect designs are included. 

In our project, the load against the wheel rubber was set at 130N according to 
Procedure A. After collecting the data regarding the key components, we started 
by sketching these components. For the frame part, we began by reviewing existing 
designs of ASTM G65 apparatuses for inspiration. By sketching various frame 
designs, we were able to visualize and refine our ideas, focusing on stability, ease 
of assembly, manufacturability, and cost-effectiveness. Out of all the design models 
for the frame, we chose the one that was suitable for our case see Appendix C, 
figure 2. 

Detailed CAD drawings were created for each component of the frame, specifying 
dimensions and assembly instructions. These drawings are essential for ensuring 
that each part fits together seamlessly See appendix A drawings. The frame design 
for the ASTM G65 apparatus ensures structural integrity, ease of assembly, and 
compliance with relevant standards. The collaborative approach with continuous 
feedback from UddeholmsAB helped refine the design to meet specific needs and 
expectations, resulting in a robust and practical solution for accurate abrasion 
testing. 
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Product Overview 

• Vision and Assembly: 
Create an overall product vision, including assemblies and components. 

• Component Sources: 
Identify if components are in-house, bought-out, standard, or repeat parts. 

• Final Check: 
Ensure criteria and requirements are met for the final product structure. 

After the sketching phase, based on the ASTM G65 standard we assembled the 
sketched components together to achieve the final model. It's good to say that 
during the design phase, we had meetings with the company where we discussed 
what we had done and ensured that our work met the company's requirements, 
especially when we worked on the frame part of the design.    

 

Figure.3 Freddy Olsson primary design Flow chart process 

 

3.2 Mechanics and Design of Undamageable Materials 
Neoprene rubber is represented using hyperplastic material models, particularly 
the Mooney-Rivlin model, which effectively captures its significant resilience to 
cyclic loads. This model is adept at describing the non-linear elastic properties 
characteristic of elastomers like neoprene. According to this model, the stress-
stretch relationship for neoprene indicates that it can withstand extensive 
deformations before failing, making it ideal for applications that demand both 
durability and flexibility [8]. 
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In our simulation, we utilized the stress-stretch curve of neoprene rubber as 
presented in the study by Voyiadjis and Kattan. This curve provides a detailed 
representation of the mechanical behavior of neoprene rubber under various 
loading conditions. The article provided a stress-stretch curve for neoprene rubber. 
Since we required a stress-strain curve for our analysis, we converted the stress and 
stretch data using the formula: strain = 1 – stretch. This transformation allowed us 
to accurately represent the mechanical properties of neoprene rubber in terms of 
stress-strain for our simulation see figure4.  

 

 

Figure.4 Stress-strain curve for Neoprene rubber 

 

3.3 Software 
3D experience’s platform in the cloud, gives the possibility to access to the various 
tools that enable design, simulation, information sharing, and collaboration in one 
place. [9]. Based on the project's goal, we decided to use 3DEXPERIENCE for 3D 
modeling of the components. Additionally, this software will be utilized to perform 
the Finite Element Analysis (FEA). This decision ensures that we have an integrated 
platform for both detailed design and structural analysis, allowing for a seamless 
workflow and more accurate simulations.  
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4.Results 

4.1 Primary Design Result 
The primary design of the ASTM G65 apparatus was completed using Freddy 
Olsson's structured methodology (see the flowchart in Figure 3). The design process 
was systematic, focusing on cost-effectiveness, simplicity, and manufacturability. 
Key components were identified, and dimensions were defined based on the ASTM 
G65 standard. The design included the frame part assembled with the key 
components. The design involves a modular component structure and ergonomic 
layout, making the apparatus easy to operate and cost-effective, see the result in 
figure5. 

 

Figure 5. Primary design for the dry sand wheel rubber apparatus 

4.2 FEM Analyze 
Due to the analysis of the deformation for Neoprene rubber and see the stress 
distribution, we used 3D experience to perform Finite Element Analysis. Since our 
simulation is categorized as non-linear structural analysis due to the use of 
neoprene rubber, we had to establish a stress-strain curve for neoprene rubber. To 
determine the stress and strain curve for our simulation, we referred to previous 
studies and identified a suitable curve for neoprene rubber (see figure3). This 
specific curve was then utilized in our simulation as input for neoprene rubber’s 
mechanical properties.  See the simulation results in figures 6 and 7.  

3D Experience 

• Max deformation: 0.446mm 
• Max pressure: 0.53MPa  



XV 
 

XV 
 

 

Figure.6 Contact pressure 

 

Figure.7 Displacement 
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5. Discussion  

5.1 Results Discussion  
 

Primary Design 

All the sketches have been performed in 3D Experience (see appendix A, Drawings). 
The design resulted in a simplified and manufacturable apparatus, which is crucial 
for ease of use and cost-effectiveness. In the initial design phase, the key 
components of the ASTM G65 apparatus were identified, and their dimensions 
were defined based on the ASTM G65 standard. The design process emphasized 
simplicity and manufacturability, ensuring that the apparatus could be easily 
produced and maintained. The primary design was compared to existing models on 
the market, and it was found to offer significant improvements in terms of 
simplicity and ease of manufacturing. 

The design incorporated several innovative features, such as a modular component 
structure and an ergonomic layout, which made it easier for users to operate the 
apparatus. The design process involved several iterations, with continuous 
feedback from UddeholmsAB, which helped in refining the design to meet the 
specific needs of the company. This collaborative approach ensured that the final 
design was well-aligned with the company's requirements and expectations. 

FEM Analysis 

To meet the company's requirements, we analyzed the contact pressure between 
neoprene rubber and Vanadis 4E. The aim of the study was to examine the 
deformation of neoprene rubber and see the stress distribution resulting under the 
applied load. Before the simulation, we used a symmetry line to remove the 
remaining part of the rubber, aiming to align the specimen and the rubber at the 
same height see figure8. This helps in obtaining more accurate results regarding the 
contact analyze. The simulation has been performed with the following properties 
see table5. 

The FEM results from the simulation showed a pressure distribution similar to the 
classical shape according to the Hertz theory of contact for cylindrical surfaces, as 
well as the modified Hertz theory (Chu et al.). This similarity serves as a rough check 
for real-world scenarios involving viscoelastic materials like rubber, for which it is 
difficult to obtain an analytical solution. Even though Chu et al, studied a different 
case (cylinder on cylinder) than ours (cylinder on flat), it is common practice to 
analyze the two cases equivalently [7]. 
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Table.5 3D Experience, simulation properties  

Hyper 
elastic 
Material 
model 

Number of 
elements  

Number of 
nodes 

Mesh type Mesh size Max contact 
pressure  

Deformation 

Marlow 18755 32443 Quadratic Specimen:1,117mm 
Rubber:1mm 

0.531MPa 0.44mm 

 

 

 

Figure.8. Cutting neoprene rubber, using symmetry line  

 

 

5.2 Methodism Discussion  
Freddy Olsson's primary design phase methodology proved to be highly effective in 
guiding the design process. The structured and systematic approach facilitated the 
development of a primary design that met all specified criteria and standards. This 
method's key phases, such as product rough casting, component selection, and 
detailed design, provided a comprehensive framework for the project. 

The methodology ensured that all aspects of the design were thoroughly 
considered, from the initial concept to the final detailed design. The use of standard 
components and materials available in the company's inventory helped in reducing 
costs and simplifying the manufacturing process. The selection of 3D Experience 
software was instrumental in performing the FEM analysis and 3D modelling of 
each component.  

The primary design phase methodology by Freddy Olsson not only provided a clear 
roadmap for the design process but also ensured that all critical aspects were 
addressed, resulting in a robust and reliable design for the ASTM G65 apparatus. 

 
 



XVIII 
 

XVIII 
 

5.3 Social, Economic, Environment Aspects 
 

Social 

The ergonomic design of the ASTM G65 apparatus enhances usability, reducing 
operator fatigue and improving safety. Due to the manufacturing process, the 
components have been divided into separate parts, the frame, and the components 
aiming to increase both the speed and accuracy of the manufacturing process.  

Economic 

The primary design of the ASTM G65 apparatus enables wear tests that help in 
reducing material waste and maintenance costs, thereby extending the lifespan of 
industrial components. This results in lower operating costs and higher 
productivity, enhancing companies' profitability and competitiveness in the 
market. 

Environments Aspects 

The primary design of the ASTM G65 apparatus enhances sustainability by using 
durable materials, reducing waste and resource use, because the components will 
last during the long time. However, the design overlooks the need for a 
containment frame to prevent sand dispersion, which could be risky for users and 
others in the vicinity. 

5.4 Critical Review  
At the start of this project, we sought inspiration from different existing models in 
the market. Following discussions with the company, we identified key factors such 
as simplicity and ease of manufacturing to guide our work. Throughout the process, 
we faced challenges related to components and dimensions due to limited 
information about the ASTM G65 apparatus. However, we resolved this issue by 
revisiting previous studies. 

Regarding the components, we reached an agreement with the company that it 
would be simpler to purchase certain components. Therefore, we did not focus on 
material selecting of these parts. 
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6. Conclusion   
The project successfully developed a primary design for the ASTM G65 apparatus 
using Freddy Olsson's methodology. The design process involved 3D modeling, FEM 
analysis, and adherence to specified criteria and standards. The primary design met 
the company's requirements and garnered interest, indicating alignment with their 
expectations. 

The results of the FEM analysis provided insights into the mechanical behavior of 
the neoprene rubber used in the apparatus. The collaborative approach with 
continuous feedback from the company ensured that the final design was well-
suited to their needs. 

6.1 Future’s Work   
Due to time constraints, an economic analysis of the primary design and the 
inclusion of containment frames to prevent sand dispersion (see appendix C, 
figure9) were not conducted in this project. Future work should be focuses on these 
areas to provide a more comprehensive evaluation of the ASTM G65 apparatus. 
Additionally, a physical experiment regarding the contact analysis between 
neoprene rubber and Vanadis 4E is recommended to validate the FEM simulation’s 
results and obtain more precise data.  
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Appendixes 

Appendix A 
Drawings 

 

• Arm1 

 

• Arm2  

 



XXII 
 

XXII 
 

 
 

• Arm3 

 

 

• Specimen keeper  
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Lever Arm and Specimen Holder Assembly 

 

Frame 

• Frame girder height bottom 1 (x2) 
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• Frame girder height bottom 2 (x2) 

 

• Frame girder height top 1 (x2) 

 

• Frame girder height top 2 (x2) 
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• Frame girder length bottom(x2) 

 

 

• Frame girder length middle and top(x7) 

 

• Frame girder width bottom(x2) 
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• Frame girder width middle, top and the motor support (x5) 

 

 

 

• Frame leg (x4) 
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• Frame plate(x1) 

 

 

 

 

 

• Frame Sand tank leg 1 (x2) A.1 
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• Frame Sand tank leg 2 (x2) A.1 

 

 

• Frame Sand tank length (x2) A.1 
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• Frame Sand tank width (x2) A.1 

 

 

 

Frame Assembly 
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• Sand tank 
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• Sand keeper (out way)  
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• The Shaft 

 

• The Wheel 
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• The Key 

 

 

• The Nozzle 
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Appendix B 
 

Tabel.1 D2 steel properties [5] 

Property Value 

Density 7,700kg/m^3 

Yield strength 1,300Mpa 

Hardness 62(Rockwell C) 

Thermal conductivity  20w/m-k 

 

Table.4 Purchase list  

Quantity Component Information 
2 Bearing Inside diameter:25.4mm 
2 Pillow Block Inside diameter:25.4mm 
1 EN CC493K (CuSn7Zn4Pb7-C) Bearing Bronze Inside diameter:9.52.4mm 

Length: 19.5mmmm 
1 Motor Power:0.7Kw 

gearbox:10/1 

1 Pipe clamp Diameter:17mm 

1  Belt and pulley transmission Spacing of the pulleys:573mm  

1 Hexagon nut ISO 4032 - M18 

1 washer ISO 7092 - M18  

2 Washer ISO 7092 – M6 

2 Hexagon bolt ISO 4017- M6 x 50 

2 Hexagon nuts ISO 4032 – M6 

1 Low Hexagon nuts ISO 4035 – M12 
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Appendix C 
 

 

 

Figure.2 Designed Frame, primary design of ASTM G65 

 

Figure.9 containment frames 
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