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Abstract: Manufacturing of cycle rim by conventional methods needs more man power and many machine
tools that increase the cost in developing countries such as India. Moreover, the secondary and tertiary
operations associated with rim manufacturing pollute the environment. Assembly is another tedious process
either by human beings or by machines. In order to overcome these difficulties an attempt is made in this work
to design and develop a corrosion less bicycle rim using the additive manufacturing technique. Different models
are developed and analyzed and the results are impressive.
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1. INTRODUCTION

People use bicycle in different parts of the world for transportation, racing and exercise purpose. The
bicycle consists of many number of components. Among them Rim is one of the most important
components. The bicycle rims are produced in various designs and sizes based on the size of cycle
and or design of bicycle. Generally the bicycle wheel is an assembly of rim and tire joined by tight
fitting. This grip is achieved by the geometry profile of the rim and the tire. As the growing rate of
bicycle industry is much faster in India, the need for bicycle rims is also increased in India. The
various components of a bicycle rim are:

o Wheel hub
e Spokes
e Nipples

e Eye washers

These components are shown in Figure 1. One of the most important parts of a bicycle wheel is hub
and it transmits torque from sprocket to the tire through spokes in the case of rear wheels. But in the
case of front wheel it converts the push/pull given by the forks to rolling motion. Spokes are the
connecting members which are pre-tensioned to assemble rim with the hub. Different types of
spokes are used in bicycle manufacturing. Nipples are the specialized nuts to attach the spokes
with the rim under tension. Each and every components of the bicycle rim is manufactured
individually by using various machineries. The typical step by step manufacturing processes for the
rim may be found in [38].
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Figurel.Various components of a bicycle rim

The conventional bicycle rim manufacturing requires more number of machine tools and operators.
Moreover, assembly is also a problem. In order to overcome these difficulties an attempt is made in
this work to produce the bicycle rim by additive manufacturing (AM) technology.

Additive manufacturing (AM) is a process used to fabricate complex, net-shaped metal components in
successive layers by rapid prototyping technique. With the help of AM several advantages could be
achieved such as shorter lead time, low material and machining cost and less environmental problems
[1]. Different techniques in AM can also be found in [1]. Rapid prototyping is a recently developed
technique. It is used to produce shaped parts by gradual creation or addition of solid material, therein
differing fundamentally from forming and material removal manufacturing techniques [16]. The term
AM s described as a pool of production techniques assisting the layer-by-layer manufacture of
component. The digital data and raw material are used as inputs [2]. AM also supports the engineers
to generate substances from personalized specific computer-aided designs, while employing
automated processes and standardized materials as building blocks. A new method based on computer
aided design for AM was proposed in [4]. The AM was used for biomedical applications [5]. The
potential environmental impacts of RP was discussed in [6]. The applications of AM technologies to
medicine and health care field were presented in [7]. The significance of introducing new
manufacturing processes was described in [8]. The rapid manufacturing technique was proposed for
the spare parts industry [9]. An innovative method was cultivated to design and manufacture
customized exact-fit medical implant [10]. A composite hemi-knee joint based on rapid prototyping
(RP) technique was addressed in [11]. Researchers also proposed the rapid manufacturing technology
for the spare parts supply chain [12]. Emerging rapid manufacturing processes were demonstrated in
[13]. The Stereo lithography technique was demonstrated in [14]. Researchers have analyzed the
possibility of manufacturability to combine additive and subtractive processes [15].

Several innovative production procedures were developed by the researchers to produce the parts
growing the material gradually to obtain the needed profile [17]. The applications of RP in various
field of engineering and technology were addressed in [18]. The detailed review and developments in
ink-jet print technology were studied in [19]. The RP technique in dentistry: technology and
application was studied in [20]. The solid freeform manufacturing processes were analyzed with
respect to ecological performance [21]. Design and analysis of wheel rim using design soft wares such
as CATIA & ANSYS were carried out in [22]. Tissues and organs were produced using AM by the
researchers [23]. Researchers also studied the environmental aspects of different industries such as
laser-based and conventional tool and die manufacturing industries [24]. One of the most important
techniques, the Laser Engineered Net Shaping process was presented in [25]. The environmental
influence of machining processes were demonstrated by using models [26]. Different aspects such as
process mechanics, wear characteristics and lubricant flows were integrated in the analytical model.
The compassion of environmental factors with respect to variations in machining parameters were
also inspected. A detailed comparison of different RP techniques were made in [27].

The three dimensional printing technique was explained in [28]. A ritual mandible titanium tray was
designed and fabricated by rapid prototyping in [29]. Computer-aided design and rapid prototyping
techniques were used to develop the Customized maxillo-facial prosthesis [30]. The process of Inkjet
printing and its applications were addressed in [31]. ) The use of RP technique to promote medical
implants was discussed in [32]. The impact of rapid manufacturing on supply chain methodologies
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and practice was addressed in [33-34]. Several advanced AM techniques were presented in [35]. The
process cost appraisal for conventional and near net-shape cermet fabrication was proposed in [36].

From the literature it is evident that there is no reported application of the AM technique for the
bicycle rim production. Hence, in this paper it is decided to design and fabricate a bicycle rim using
the additive manufacturing technique. The rest of the paper is organized as follows. The problem
definition is presented in section 2. The material selection will be presented in section 3. Section 4
demonstrates the proposed AM technique. Finally, conclusions are drawn in section 5.

2. PROBLEM DEFINITION

As discussed in the previous section many operations are required to produce the bicycle rim from
cold rolled closed annealed (CRCA) sheet. This sheet is generally made up of mild steel which is then
electroplated to improve its corrosion resistance. This is the principal reason for the rim failure.
Secondly, the residual stress created during the various manufacturing processes. The tensile residual
stress causes mild cracks over the surface of the base material which then develops and influences the
rim failure in course of time. As the rim is to be welded, it leads to weld decay (corrosion of the grain
boundaries in the heat affected zones) and cause knife line attack. Without any external load, the
residual stresses may be in equilibrium within a part. These stresses are retained from a previous
operation and are called as residual stresses. Residual stresses are developed in machining operations.
The residual stresses present in cold rolled sheets and strips causes irregular shape and the residual
stresses in cold rolled sheets are two dimensions both in longitudinal and transverse direction. The
Residual stresses have foremost impact on the properties and contour of sheets. Due to the residual
stresses cold rolled strips change their geometry and properties [39]. The problems with existing rim
are shown in Figure 2.

Figure2. Problems with existing rim

Moreover, in conventional technique steel rim is produced by combination of several production
techniques. It takes more cycle time and it is very tedious to assemble those parts.

« It needs variety of machineries for manufacturing processes thus increasing the number of machines,
operators and large floor area for production.

» Many machining processes are required which creates residual stress and material wastage.
» More power consumption due to the need of hydraulic pressing units and rolling unit.

» Secondary operations like grinding and buffing are required for finishing.

* Electro plating is also carried as tertiary operation to improve corrosion resistance.

» The effluents let out from electro plating process cause environmental pollution.

« Miscellaneous equipments for lacing (assembling) and balancing (truing) are also required.

The above problem can be solved by changing the material in such a way that the corrosion resistance
would get increased. Secondly, the issue incorporated with the manufacturing processes which cause
the post failure of the rim due to cracks could be solved by introducing a new manufacturing process
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in which no machining is carried out. Hence, in this paper an attempt is made to produce a bicycle rim
using an additive manufacturing technique. The objective of this study are:

» To design and develop a model of bicycle rim to improve its corrosion resistance and hence
increases the durability

* To improve the aesthetic appearance of the product.
* To do machining less process thus eliminating the residual stress.

 To select a manufacturing process in which Design modifications for the products can be easily
attained.

» To eliminate material wastage and disposal.

» To reduce operator fatigue, manufacturing methods & machinery requirements.
» To eliminate the need for balancing and lacing machines.

* To reduce the number of components thus eliminating the assembling process
3. MATERIAL SELECTION

As discussed in the previous section the material used for existing bicycle rim does not possess
corrosion resistance properties. So, the existing material is to be replaced by the material which has
such electro chemical potential to avoid or reduce the failure due to corrosion. Therefore, the material
selection is done by the following way. Stainless steels are engineering materials with good corrosion-
resistance, strength and fabrication characteristics. They can readily meet a wide range of design
criteria, including load, service life and low maintenance. The selected material is AISI 302.

The chemical composition of the selected material (AIS1 302) grade is given below,
» Carbon 0.15%

« Silicon 1.0%

» Manganese 2.0%

* Phosphorus 0.045%

* Sulphur 0.03%

* Nickel 8.00-10.00%
» Chromium 17.00-19.00%

4. PROPOSED AM TECHNIQUE

Additive manufacturing (AM) is a process of making a three-dimensional solid object of virtually any
shape from a digital model. AM uses an additive process, where materials are applied in successive
layers (usually layer upon layer) [40]. Each layer is a cross section of the part derived from a three
dimensional model. As the layers get thinner the accuracy of the part increases. Machines typically
have a printing head on an XY motion system with a Z axis that moves the model as each layer is
added. Earlier AM equipment and materials were developed in the 1980s. AM has a 26-year history
for plastic objects the capacity to make metal objects relevant to the engineered products and high
tech industries has been around since 1995. The study therefore focuses on metal AM technologies.
Additive manufacturing technology is used for both prototyping and distributed manufacturing with
applications in different fields. Additive manufacturing is also known as 3-D printing. Also Rapid
Prototyping (RP) is a term, most commonly used to describe a variety of processes, which are aimed
at quickly creating three-dimensional physical parts from virtual 3D computer models using
automated machines. The parts are “built” directly from the 3D CAD model and can match that model
very closely (within the precision limits of the chosen process). Rapid prototyping is different from
traditional fabrication in that it is only possible through the use of computers, both to generate the 3D
CAD model data, as well as to control the mechanical systems of the machines that build the parts.
Virtually all RP processes are “additive”. Parts are built up by adding, depositing, or solidifying one
or more materials in a horizontal layer-wise process. The part is built up layer by layer until done.
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This is similar to the result one would get if one made a topographical map of the object, with the
contour lines representing the layer thickness of the process. 3D CAD models can be made with
many, many different software packages each will have its own way of representing surfaces and
volumes. The problem for the user is to be able to prepare this model for 3D printing or Rapid
prototyping. In general, what is needed is one or more completely closed volumes. The RP software
may be able to understand and automatically correct small openings and errors, but large holes or
open objects will result in not being able to print (without the file being first repaired).

Since different programs work in different ways and have different file formats, it will be necessary to
“translate” the representation of the model in that software into something more “universal” that the
RP software can understand. This translation process can introduce problems into the process that
were not apparent in the original. In general, from the 3D CAD software, we need to export the model
as a .STL file. Nearly all 3D programs can export an STL and most can import them. An STL is a
type of standardized computer exchange file which contains a 3D model. The representation of the
surface(s) of the object(s) in the file is in the form of one or more polygon meshes. The polygon
meshes in an STL file are entirely composed of triangular faces, edges and vertices. Further, the faces
have assigned normals which indicate their orientation (inside/outside).

The name “STL” is taken from its extension, .stl, originally because the files were intended for the
rapid prototyping process called Stereo lithography. The file format has become a world standard for
exchanging 3D polygon mesh type objects between programs, and .stl’s are now used as input for
virtually all rapid prototyping processes, as well as some 3D machining. RP technique has the
following advantages:

[J Reduce the time of new product development.

[J Launch new products well-ahead of competitors.

[ Concept prototypes can be made faster.

[J Design can be frozen early.

[J Multiple working prototypes in a very short time for testing & evaluation.
[ Drawings released to vendors after design validation.
The steps in the AM techniques are as follows [3]:

1) Drawing the object in CAD model.

2) Convert the file in to STL format.

3) Set up Machine.

4) Build.

5) Remove.

6) Post processing.

7) Application.

There are many types based on the materials used, application, form of the material fed for
manufacturing, namely,

[ Stereo lithography (SLA)

[J Laminated Object Manufacturing (LOM)
[ Selective Laser Sintering (SLS)

[J Fused Deposition Modeling (FDM)

[J Solid Ground Curing (SGC)

[ 3D-Printing (3DP)
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[J Direct metal laser sintering (DMLYS)

Among these manufacturing techniques, Direct Metal Laser Sintering (DMLS) could be suitable for
the production of bicycle rim since this technique is capable of manufacturing stain less steels which
is selected for the application. But, it is decided to do fabrication of the model of the proposed bicycle
rim in Fused Deposition Modeling (FDM) in this project. The details of FDM could be found in [37].

As discussed earlier, the selected manufacturing process is additive manufacturing which does not
involve any kind of machining processes thus eliminating the material wastage and its disposal. And,
this process require only the sliced model in .STL format which is the input for the additive
manufacturing machine. This .STL file conversion could be done by using various 3D model formats.
In order to input such .STL format, the 3D model of the required product is to be created. As we all
know that 2D drawings (orthographic views) of the proposed model are indispensable for modeling,
these 2D drawings are to be prepared by manually(hand drawings) or by using drafting software’s like
Auto CAD, Solid works, etc.,

However it is better to prepare using such software’s due to many advantages, namely
» Design changes/editing can be easily attained,

» Dimensions are automatically generated,

* Drawings can be documented safely,

* No need for such drawing equipments,

* Time saving method,

« Can be used for better communications, etc.

However, we used solid works package for the preparation of 2D drawings and for creating 3D
models, as it is user friendly. The different models developed are shown in Figure 3.

MODEL-1
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Figure3. Models developed
4.1. Load Calculation

To evaluate the model whether it will satisfy the requirements for which it is intended, the adequate
analysis is to be carried over. In order to do analysis the model created so far the load exerting on the
rim is to be calculated. This can be calculated by considering the total mass laid on the bicycle frame
which in turns goes to the hub of the bicycle wheel eventually. As discussed in the previous chapter,
the solid works premium has been selected for analysis also.

Let W be the total load on the bicycle,

For analysis, the load on the single wheel is to calculated (F),
F=Wi/2

W = weight of the cycle +weight of the rider

=200 +800

=1000 N,

Including FOS=4 by considering the road conditions and increase in the load,
Actual load = 1000*4

= 4000N.

Therefore, the load/wheel, F = 4000/2

F =2000 N.

4.2. Analysis

The steps in analysis are as follows:

1. Importing the model

2. Material selection

3. Fixture constraints

4. Application of load

5. Meshing the model

6. Running the study

The models were meshed in solid works software using the following parameters.

Analysis type Buckling

Zero strain temperature 298 Kelvin
Unit system SI (MKYS)
Length/Displacement mm
Pressure/Stress N/m?

Mesh type Solid Mesh
Meshes Used: Standard mesh

4.3. Fabrication process

The steps involved in the fabrication parts are given below,
1. Slicing

2. Support structure generation

3. Manufacturing

4.3.1. Slicing
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The part was oriented in horizontal orientations and was sliced uniformly to trade-off among the three
stated objectives satisfying the constraints (presence of support structure trapped volume, large
horizontal planes and small or thin features). The slicing technique was successfully done using
INSIGHT software for adequate accuracy and the file was converted into .STL format. The slicing
parameters are:

1. Height =14 mm
2. Slicing Thickness = 0.075757mm
4.3.2. Support structure generation

An adequate support structure is required for the fabrication. This structure is used to support
the material which is not directly in contact with the bottom layer. This is also used to avoid
the interference of the hanging layers to the bottom layer or ground.

4.3.3. Manufacturing
The fabrication was done in FDM machine. The specification of the machine is given below.
4.3.3.1. Technical specifications

Materials : ABS-M30

Build envelope : 914 x 610 x 914 mm (36 x 24 x 36 in.)

Layer thicknesses : 0.254 mm (0.010 in.)

Support structure : Water Soluble Material

System size/weight : 2772 x 1683 x 2027 mm (109.1 x 66.3 x 79.8 in.) /with crate: 3287
kg (7247 Ibs.), without crate: 2869 kg (6325 Ibs.)

Achievable accuracy £.09 mm (£ .0035 in.) or £.0015 mm/mm (£  .0015in/in),

whichever is greater. (Accuracy is geometry dependent. Achievable accuracy specification derived
from statistical data at 95% dimensional yield.)

Network communication : 10/100 base T connection; Ethernet protocol

Power requirement : 230VAC nominal three-phase service with
5% regulation

The fabricated model is shown in Figure 4.

Figure4. Fabricated model

5. CONCLUSIONS AND FUTURE RESEARCH

Thus the design and development of the corrosion less bicycle rim by additive manufacturing was
successfully done. The additive manufacturing technique would be a boon for the developing
countries such as India. To the best of our knowledge, this is the first attempt to produce a corrosion
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less bicycle rim using additive manufacturing technique. The manufacturing of the complex parts
which require various machining operations could also be done. The processes require many operators
as well as the tedious design procedures could also be carried out using this additive manufacturing
process. This project could be expanded for the production of other automobile components which is
very complex in design and manufacturing.
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