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Abstract. The depletion of fossil fuels has raised an urgent demand for carrying out work for researchers and 

scientists to find an alternative fuel for a more stabilized emission and to minimize the environmental 

damage and their impact on the future generation. In the future, the energy system needs to be stabilized and 

has too renewable, sustainable, convenient, and efficient. The convection of all the combustion-based cars 

into the electric car may not be a suitable idea since the massive creation of the electricity in present 

technology is also a non-renewable source. So, research has come up with the idea of using alternative fuels 

in transportation to reduce carbon emissions and preserve fossil fuels for future generations. There is a 

variety of alternative fuels for an internal combustion engine. However, the hydrogen based internal 

combustion engine is estimated to be one of the most significant fuels in the near future to meet the stringent 

emission norms. The hydrogen usage in the internal combustion engine represents the alternation of petrol to 

produce the maximum amount of energy. In this paper, a study has been performed to understand the 

performance of the four-stroke hydrogen engine, which is compared with the standard four-stroke petrol 

engine to observe the energy supplied, energy losses by the exhaust gasses, thermal efficiency, and work 

done for both the engines. 

 

Keywords: internal combustion engine, hydrogen engine, alternative fuel, carbon emission, combustion 

process, four-stroke engine. 

 

1. Introduction 

The hydrogen is the fuel of the future. As an avid researcher of alternative fuels and an ambitious 

chemistry student, this researcher understands the importance of a shift to a hydrogen economy. 

Hydrogen is an energy carrier that can be used in internal combustion engines produces virtually no 

greenhouse gas emissions when combusted with oxygen [1]. The only significant emission is water 

vapor. Hydrogen production and storage is currently undergoing extensive research. A solar-

hydrogen system can provide the means of a totally emissions-free method of producing hydrogen. 

Although steam reformation of methane is currently the major route to hydrogen production, the 

emissions involved can also be controlled much more efficiently than our current system of 

transportation fuel [2]. The climatic change is a serious issues becoming increasing evident too 

much of the population. Rising CO2 levels have directly contributed to the global warming 

phenomenon. As shown in Figure 1 and Figure 2, the CO2 levels have rising dramatically in the 

past 200 years, along with the global average temperature [3]. The main region of the usage of the 

hydrogen is to reduce the NOx and the carbon components in the engine emission. Due to this 

emission the carbon content and the temperature are increasing the environment [4]. 
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Abstract

Diesel engines are most widely used as power plant for many

applications, like automotive, agricultural purposes, portable

machines and remote location power generation, because of their

higher torque, power output, energy content per unit mass and cost

of fuel. Because of the higher compression ratios, the diesel engines

are able to produce greater cylinder pressures resulting in higher

temperatures and thermal efficiency. On other hand, the diesel

engines produce CO , NO , Soot and sulphur emissions which are

harmful and these pollute the environment leading to acid rain,

global warming and variety of human diseases. Also, the present

emission regulations are framed such a way to ensure the

environmental sustainability in addition to the economic and social

importance. These constraints make the researchers find an

alternate fuel for replacing the diesel fuel on the existing diesel

engines for the reduction of environmental pollutions. Biodiesel is

found to be a very good alternative fuel obtained from natural

resources and having good energy with least possible emissions.

Rubber seed methyl ester (ROME) is one kind of the biofuel can be

used in the existing diesel without any engine modifications. The

ROME is produced using trans esterification process and the

biodiesel blends are prepared in the sequence of B20, B40, B60 and

B80. The ROME is tested on the Variable Compression Ratio (VCR)

engine to test the emission characteristic in line with the
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Abstract

Al 4032 was being used as the material for manufacturing of pistons in automobiles and its
usage was not limited only to pistons, but this material was being used in many structural and
aerospace applications. The corrosive properties of Al 4032 have a major influence for
adopting this material for long service life of the components. Hence, in this study an attempt
was made to study the corrosive properties of Al 4032 and the composites manufactured by
reinforcing silicon hollow glass microspheres (SiHGM) in Al 4032. The composites are
fabricated using stir casting technique and their corrosive rate was studied by conducting
electrochemical polarization test. From the results of the tests, the composites have shown
better corrosion resistance when compared to the matrix material and the corrosion
resistance of the composites has increased with the increase in amount of reinforcement.
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ABSTRACT: Thermoelectric Devices are solid state devices which directly convert thermal energy to electrical energy 

and vice versa. In the recent past, a lot of effort has been made to improve the performance and also the power generated 

by a thermoelectric device. This is done by attaching heat sinks on either sides of the device. Optimizing heat sinks 

improves the overall efficiency of it but on the other hand the device also has to be optimized. TEC are mostly used for 

electronic cooling where the heated electronic devices serves as target that needs to be cooled while air acts as a heat sink 

with natural convection. In this paper, maximizing the cooling  power of a TEC system has been studied and its effect 

with respect to variations in the TEC geometry has been discussed. 1D analytical model has been developed using 

Mathcad and a 3D model of the same has been numerically simulated using  ANSYS  whose setup used has been explained 

in detail. At low leg length of the TEC, the cooling power can be improved but a lot of other parameters have to be 

taken into account to accurately model the system. The contact materials used to electrically connect the device and the 

resistance of the conductor play a very important role while calculating the cooling power at low leg lengths and hence 

cannot be  neglected. Results show that cooling power of the TEC can be dramatically improved at low leg lengths and 

with better heat sink material. 

Key words: Design, Modelling, Simulation, TEC, ANSYS, Analytical Model 

I. INTRODUCTION 

Thermoelectrics is defined as the generation of electricity 

from a given temperature  difference or vice versa. Solid 

state devices capable of producing power, these devices are 

environment friendly that come with low maintenance and 

reliability. They use a very simple concept of running on a 

temperature difference and as long as this criteria is being 

fulfilled, energy is produced. The concept of 

thermoelectricity can be classified into 2 parts. 

Thermoelectric Coolers (TEC) and Thermoelectric 

Generators (TEG). In order to run a TEC, a certain amount 

of current has to be input along with maintaining a 

temperature difference which gives a cooling power and the 

coefficient of performance of the device can then be 

measured. However, in a TEG, a load resistance is input 

along with maintaining a temperature difference and 

electricity is thus generated from these conditions. There 

have been quite a few number of applications in the recent 

past and the number of applications are increasing with time. 

Thermoelectrics has found its way into air conditioning 

systems, automobile applications, solar energy applications 

and many others.  

History & Derivation of Thermo-Electrics 

In 1821, Thomas Seebeck discovered that an electromotive 

force could be generated when a circuit was made out of 

two dissimilar materials and when the junction was heated. 

The electromotive force that was generated was  named the 

Seebeck Effect. A few years later, Jean Peltier discovered 

that this same process could be reversed to produce heat 

when voltage was applied across the junction of two 

dissimilar materials [1]. In short, when current is passed 

through a circuit, one junction increases in temperature 

while the other junction cools down. A thermoelectric 

module is formed when a number of dissimilar materials 

are connected thermally in series and electrically parallel to 

each other [2]. At the end of the 19th century, electrons were 

discovered. And that was when the concept of 

thermoelectricity came to be clearer to the people working 

on it. We now understand that electrons can be liberated 

from any source even at temperatures as low as the room 

temperature. This is the reason we have electrostatics 

everywhere [1]. When a temperature difference is applied 

across a conductor, the hot region liberates more electrons 

and diffusion takes place from the hot side to the cold side. 

This distribution of electrons provoke the generation of an 

electric field which helps the electrons move from the hot 

side to the cold side  due to Coulomb force. Therefore an 

electromotive force (emf) is generated which causes the 

current to move in the direction opposite to the flow of 

temperature. The same can be said about the opposite 

criteria as well. The movement of electrons due to the 
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Abstract: Additive manufacturing is one of the latest manufacturing techniques which has the ability to generate 

complex parts. Our paper deals with application of this technique in the field of biomedical. This work concerns a type 

of bone cancer known as Osteosarcoma. A methodology has been proposed here in which Computer Tomography (CT) 

scan data is used to make a 3D model and the portion containing cancer is studied in Computer Aided Design (CAD) 

software. Different 3D printing parameters were changed to obtain a good quality part and respective time estimations 

were made. It was observed that bone implant in case of osteosarcoma can be easily fabricated using this method. 

Key words: Cancer, Prototype, CT, CAD, 3D printing 

I. INTRODUCTION 

3D printing is to manufacture any 3D data designed with 

CAD programs using a printer, by adding layers of material 

to a 3D physical part. 3D printing can be defined as 

additive manufacturing (AM) or layered manufacturing. 3D 

printing which has some techniques like selective laser 

sintering (SLS) material jetting, stereolithography (SLA), 

material extrusion and binder jetting etc. can be used for 

different materials and areas. It is interesting for many areas 

due to its success in the production of complex parts and 

the saving of material and time thanks to high-speed 

production. The effects of the developing technology can be 

seen in every field, from medicine to manufacturing. 3D 

printers have become a part of this developing technology. 

Although it is thought to be a very new technology for us, 

what is actually changed is that they are now more 

accessible and affordable than before. It is thought that 3D 

printing will move forward day by day thanks to the 

different facilities that provides for many different sectors. 

This technology, which is preferred especially for many 

applications in the field of health, provides great benefits 

especially for medical imaging and dental imaging, since it 

can largely manage studies such as medical device design 

and production that define the patient-specific anatomical 

structure. Applications using biocompatible materials such 

as the creation of tissue without any damage with living 

cells, blood vessel production, dental implants and special 

medical prostheses are just some of the contributions of the 

3D printer to the biomedical field. In addition, this 

technology is also being researched in order to fix or 

replace defective organs such as kidneys, heart. Moreover, 

with this technology, organs that will perform the same 

biological functions as the original organs can be created. 

Thanks to this technology with organ and tissue printing, 

the future will be provided for many patients, and there is 

now a growing research effort focusing on the use of its 

research in a variety of biomedical applications. 3D printer 

technology has become a preferred application in many 

sectors, especially in recent years its use in biomedical 

applications has attracted attention. In this study, 3D 

technology is introduced and various 3D method are 

referred. The superior properties of the method and its use 

in biomedical applications are mentioned. The use of the 

method in surgical applications, medical imaging, 

pharmaceutical industry, production of patient-specific 

medical prostheses and implants, vet medicine applications, 

skin engineering and stem cell studies and organ printing 

were explained. In addition, this study includes the benefits 

of this technology which is expected to become widespread 

in the biomedical applications, the current challenges that 

need to be developed, trends and future opportunities. 

Recently the use of 3D printing in the biomedical 

applications has been interesting for lots of researches. 

Many companies around the world have contributed to the 

increase in the use of this manufacturing method in the 

medicine with their laboratories and scientific researches. 

This technology offers significant benefits for biomedical 

applications and devices owing to the ability to 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-08,  Special Issue, MAY 2022 

19 | IJREAMPR2203                               DOI : 10.35291/2454-9150.2022.0223                         © 2022, IJREAM All Rights Reserved. 

Cad Modelling of Human Ankle from CT and MRI 

Scan to Study the Bone Dislocation and Planning 

Operation Methodology by Using Slicing Software 

Mr. G.V.V. Satyanarayana*, Mr. M. Venkata Ramana*, Mr. P. Ganesh*, Ms. S. Vakshika 

Kalyani*, Mr. D. Apparao*, Mr. B Hari Krishna**, Mr. DJ Johnson**    

*UG students, Department of Mechanical Engineering, Pragati Engineering College (A) 

**Faculty, Department of Mechanical Engineering College, Pragati Engineering College (A) 

ABSTRACT: Recent findings show that 3DP is a versatile technology platform for numerous materials for mass 

customizable bone regeneration devices that are also getting approval from different regulatory bodies worldwide. 

After a brief introduction of different 3DP technologies, 3DP of different materials and devices for bone regeneration. 

From cell-based bioprinting to acellular patient-matched metallic or ceramic devices, 3DP has tremendous potential to 

improve the quality of human life through bone regeneration among patients of all ages.3D printing provides the end 

user with design freedom, part customization and the ability to print complex parts on demand. A case study on the 

various process parameters of 3D slicing and printing in bone regeneration of human ankle is presented here.  

Key words: Ankle, Bone Dislocation, Slicing, 3DP, AM 

I. INTRODUCTION 

3D printing is to manufacture any 3D data designed with 

CAD programs using a printer, by adding layers of material 

to a 3D physical part. 3D printing can be defined as additive 

manufacturing (AM) or layered manufacturing. 3D printing 

which has some techniques like selective laser sintering 

(SLS) material jetting, stereolithography (SLA), material 

extrusion and binder jetting etc. can be used for different 

materials and areas. It is interesting for many areas due to 

its success in the production of complex parts and the 

saving of material and time thanks to high-speed 

production. The effects of the developing technology can be 

seen in every field, from medicine to industry. 3D printers 

have become a part of this developing technology. 

Although it is thought to be a very new technology for us, 

what is actually new is that they are now more accessible 

and affordable than before. It is thought that 3D printing 

will move forward day by day thanks to the different 

facilities that provides for many different sectors. This 

technology, which is preferred especially for many 

applications in the field of health, provides great benefits 

especially for medical imaging and dental imaging, since it 

can largely manage studies such as medical device design 

and production that define the patient-specific anatomical 

structure. Applications using biocompatible materials such 

as the creation of tissue without any damage with living 

cells, blood vessel production, dental implants and special 

medical prostheses are just some of the contributions of the 

3D printer to the biomedical field. In addition, this 

technology is also being researched in order to fix or 

replace defective organs such as kidneys, heart. Moreover, 

with this technology, organs that will perform the same 

biological functions as the original organs can be created. 

Thanks to this technology with organ and tissue printing, 

the future will be provided for many patients, and there is 

now a growing research effort focussing on the use of its 

research in a variety of biomedical applications. 3D printer 

technology has become a preferred application in many 

sectors, especially in recent years its use in biomedical 

applications has attracted attention. In this study, 3D 

technology is introduced and various 3D method are 

referred. The superior properties of the method and its use 

in biomedical applications are mentioned. The use of the 

method in surgical applications, medical imaging, 

pharmaceutical industry, production of patient-specific 

medical prostheses and implants, vet medicine applications, 

skin engineering and stem cell studies and organ printing 

were explained. In addition, this study includes the benefits 

of this technology which is expected to become widespread 

in the biomedical applications, the current challenges that 

need to be developed, trends and future opportunities 

II. BIOMEDICAL 3D PRINTERS  

It can be expressed with many definitions such as “additive 

manufacturing” and “layered manufacturing”. Although it 

has more than one definition, as we explained in our 

previous study, it is the method of adding main materials to 

layers that usually overlap to produce parts. Printing 
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ABSTRACT: 3D printing is emerging technology in advance manufacturing process. The main moto of the 3D printing 

is to achieve the most complex geometries accurately without effecting the features of the object within less time 

compare to conventional manufacturing. To build any component we need material and power source. Materials used 

in 3d printing are polymers, metals powders, ceramic powder etc… Material consumption is one of the important 

factors, here we are trying to optimize the consumption of material without effecting the features of the object before 

going for printing. most of the parameters effecting the material consumption and printing time among all the 

parameters like layer height, infill density, print speed and shell thickness etc... are majorly effecting parameters. 

Among these parameters line width or layer width also playing major role in consumption of material. Layer width in 

directly proportional to the material consumption which means increasing line width increases the material 

consumption and decrease in layer width decrease the material consumption.  This line width directly effecting the 

printing time, bond strength and surface quality. Rapid increment and decrement of line width causes failure of print. 

In this study we are trying to optimize the material consumption and printing time by varying the line width for a 

constant layer height at different infill densities. 

Key words: FDM, Density, 3D Printing, strength, surface quality. 

I. INTRODUCTION 

The potentials of additive manufacturing (AM) to produce 

the parts for various applications including prosthetics, 

automotive, intelligent structure and defence show its 

increasing recommendations. It is able to fabricate the parts 

using a variety of materials ranging from plastics to metals. 

Many AM systems are commercially available such as 

stereolithography apparatus (SLA), selective laser sintering 

(SLS), fused deposition modelling (FDM) and three-

dimensional printing (3DP) for advanced applications. 

Among all available AM systems, FDM technology is the 

most widely used process for polymeric material. The 

major advantages of FDM technology are material 

availability, material diversity, cheaper, compact size and 

low working temperature. Based on the literature survey 

many studies also revealed some disadvantages of FDM 

technology such as surface properties, slow process and 

limits of dimensions. Researchers also performed the 

optimization of process parameters for avoiding limitations 

of FDM process. In every manufacturing process, the cost 

of process depends upon the material and energy 

consumption per part. Since 3d printing is advancing 

rapidly in manufacturing process, the material consumption 

per part varying depend on the process parameter like infill 

density, wall count, infill pattern, support material, support 

infill and brim count etc.. The cost of 3D printed part is 

varying depends upon the complexity of the geometry. If 

the complexity of the geometry of the increases cost also 

increases & vice versa. Since 3d printing is layered 

manufacturing process the, material consumption per each 

layer varies because material each layer contains cross 

sectional details of the geometry. The area of each cross 

section varies continuously and material and energy also 

consumption also varies. Compared with conventional 

manufacturing (CM), this unique fabricating approach 

largely simplifies and accelerates the production process 

without the requirements of moulds, dies and tools. Its 

feature of rapid prototyping provides users with an efficient 

manufacturing environment with higher material utilisation 

and lower time consumption. As opposed to subtractive 

manufacture (SM) such as CNC machining, AM is 

conducive to both thin-skin and light-weighted production 

with an alternative infill density and a higher material usage 

efficiency, rather than solid fabrication. The design freedom 

with limitless geometric constraints offers AM a broad 

application into customised productions, which allows users 

to personalise the processing parameters. To produce 

complex designs, AM avoids the tooling-related constraints 

with the assist of support structure, especially for the 
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ABSTRACT: Additive manufacturing is the process of creating an object by building it one layer at a time. It is the 

opposite of subtractive manufacturing, in which an object is created by cutting away at a solid block of material until 

the final product is complete. Not every manufacturing process is the 100% efficient. In additive manufacturing also we 

have problems take care off before printing the model. Out of all the machine problems we have one more issue which 

we have taken care of slicing the model.  When we slice the model, we have to consider the total height of the model and 

layer thickness. If, the layer height is not perfectly dividing the total height, we will get extra layers in the final printed 

model. These extra layers will consume extra energy and extra time. To avoid this extra material consumption and 

extra layer height we have rectified by editing the G-codes. Here we have modified the G code programme by using 

notepad. Here we have sliced the model with 0.1, 0.2, 0.3 0.4, 0.5 and 0.6mm layers of height. The final height of the 

component is calculated by reverse engineering the code and deleted the extra layer program and corrected it by 

replacing with the correct height programme layer. 

Key words: FDM, G-Codes, CAD, AM, Slicing,  

I. INTRODUCTION 

The potentials of additive manufacturing (AM) to produce 

the parts for various applications including prosthetics, 

automotive, intelligent structure and defence show its 

increasing recommendations. It is able to fabricate the parts 

using a variety of materials ranging from plastics to metals. 

Many AM systems are commercially available such as 

stereo lithography apparatus (SLA), selective laser sintering 

(SLS), fused deposition modelling (FDM) and three-

dimensional printing (3DP) for advanced applications. 

Among all available AM systems, FDM technology is the 

most widely used process for polymeric material. The 

major advantages of FDM technology are material 

availability, material diversity, cheaper, compact size and 

low working temperature. Based on the literature survey 

many studies also revealed some disadvantages of FDM 

technology such as surface properties, slow process and 

limits of dimensions. Researchers also performed the 

optimization of process parameters for avoiding limitations 

of FDM process. 

In every manufacturing process, the cost of process depends 

upon the material and energy consumption per part. Since 

3d printing is advancing rapidly in manufacturing process, 

the material consumption per part varying depend on the 

process parameter like infill density, wall count, infill 

pattern, support material, support infill and brim count etc.. 

The cost of 3D printed part is varying depends upon the 

complexity of the geometry. If the complexity of the 

geometry of the increases cost also increases & vice versa. 

Since 3d printing is layered manufacturing process the, 

material consumption per each layer varies because 

material each layer contains cross sectional details of the 

geometry. The area of each cross section varies 

continuously and material and energy also consumption 

also varies. Compared with conventional manufacturing 

(CM), this unique fabricating approach largely simplifies 

and accelerates the production process without the 

requirements of moulds, dies and tools. Its feature of rapid 

prototyping provides users with an efficient manufacturing 

environment with higher material utilisation and lower time 

consumption. As opposed to subtractive manufacture (SM) 

such as CNC machining, AM is conducive to both thin-skin 

and light-weighted production with an alternative infill 

density and a higher material usage efficiency, rather than 

solid fabrication. The design freedom with limitless 

geometric constraints offers AM a broad application into 

customised productions, which allows users to personalise 

the processing parameters. To produce complex designs, 

AM avoids the tooling-related constraints with the assist of 

support structure, especially for the consolidation of 

assemble parts. Since AM implements fabrication in terms 

of pre-defined path-planning code, it drives the production 
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ABSTRACT: Rapid prototyping is a manufacturing process in which a computer-aided design (CAD) model is used to 

fabricate a physical model without the use of fixtures, tools, and human intervention. The prototype is made by 

deposition of material in layers. The major advantage of this manufacturing process is that it can fabricate complex 

part quickly with minimum loss of material. There are many rapid prototyping techniques available commercially. 

Fused deposition modelling (FDM) is one of the most widely acceptable methods in industry due to its simplicity of 

operation and ability to fabricate parts with locally controlled properties. However, the surface of the FDM parts shows 

a very low surface finish. In order to find out the effect of important factors that influence the process parameters on 

surface quality of spiralise contour and printing time and material consumption here we have done software runs to 

find the better printing parameters. Spiralise contour majorly used to prepare the casting patters and covering bodies 

of electronic gadgets and many more application. Here we are studying the process parameters effecting the quality of 

the print and printing time and consumption of material has been studied. The spiralise contour makes the solid print 

to outer layer print with constant increment in Z axis. Due to spiralise print the model majorly wall count, shell 

thickness, print speed will be effected directly. To control the quality of the final print part layer thickness, wall count,  

line width, print speed will play major role. Fused deposition modeling (FDM) is one of the RP techniques in which a 

plastic filament is melted in the extruder of the 3D printer and deposited on the build platform of the 3D printer to 

form the object layer by layer. Part quality and mechanical properties of the FDM fabricated parts extensively depends 

on process variable parameters such as layer thickness, raster angle, part orientation, raster width, air gap. Hence, 

selection and optimization of FDM process parameters is vital. The aim and objective of this article is to study and 

determine the influence of these parameters on processed part through the research work carried out so far. A number 

of optimization techniques and designs of experiments for the determination of optimum process parameter have been 

studied. 

Key words: Rapid prototyping, FDM, 3D Printing, Optimization, DOE, CAD. 

I. INTRODUCTION 

The potentials of additive manufacturing (AM) to produce 

the parts for various applications including prosthetics, 

automotive, intelligent structure and defence show its 

increasing recommendations. It is able to fabricate the parts 

using a variety of materials ranging from plastics to metals. 

Many AM systems are commercially available such as 

stereolithography apparatus (SLA), selective laser sintering 

(SLS), Fused Deposition Modeling (FDM) and three-

dimensional printing (3DP) for advanced applications. 

Among all available AM systems, FDM technology is the 

most widely used process for polymeric material. The 

major advantages of FDM technology are material 

availability, material diversity, cheaper, compact size and 

low working temperature. Based on the literature survey 

many studies also revealed some disadvantages of FDM 

technology such as surface properties, slow process and 

limits of dimensions. Researchers also performed the 

optimization of process parameters for avoiding limitations 

of FDM process. 

In every manufacturing process, the cost of process depends 

upon the material and energy consumption per part. Since 

3d printing is advancing rapidly in manufacturing process, 

the material consumption per part varying depend on the 

process parameter like infill density, wall count, infill 

pattern, support material, support infill and brim count etc. 

The cost of 3D printed part is varying depends upon the 

complexity of the geometry. If the complexity of the 
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ABSTRACT: The camshaft and its associated parts control the opening and closing of the two valves. The associated 

parts are push rods, rocker arms, valve springs and tappets. This shaft also provides the drive to the ignition system. 

The camshaft is driven by the crankshaft through timing gears. Cams are made as integral parts of the camshaft and 

are designed in such a way to open the valves at the correct timing and to keep them open for the necessary duration  In 

this paper a cam shaft is designed for PS 24/2 stationary multi cylinder engine by using theoretical calculations. Based 

on theoretical calculations, a 3D model of the camshaft is created using Unigraphics software. Static structural analysis 

is done using ANSYS with two different materials such as structural steel and aluminum alloy 7475 (AL 7475) to 

determine displacements and stresses developed in the camshaft. Core & Cavity is extracted for the cam shaft and CNC 

program is generated for both core and cavity using NX design software. 

Key words: Design, Analysis, CAM, Die manufacturing, CNC 

I. INTRODUCTION 

A cam is a rotating or sliding piece in a mechanical linkage 

used especially in transforming rotary motion into linear 

motion or vice versa. It is often a part of a rotating wheel 

(e.g. an eccentric wheel) or shaft (e.g. a cylinder with an 

irregular shape) that strikes a lever at one or more points on 

its circular path. The cam can be a simple tooth, as is used 

to deliver pulses of power to a steam hammer, for example, 

or an eccentric disc or other shape that produces a smooth 

reciprocating (back and forth) motion in the follower, which 

is a lever making contact with the cam. The cam can be 

seen as a device that translates from circular to 

reciprocating (or sometimes oscillating) motion. A common 

example is the camshaft of an automobile, which takes the 

rotary motion of the engine and translates it into the 

reciprocating motion necessary to operate the intake and 

exhaust valves of the cylinders. The opposite operation, 

translation of reciprocating motion to circular motion, is 

done by a crank. An example is the crankshaft of a car, 

which takes the reciprocating motion of the pistons and 

translates it into the rotary motion necessary to operate the 

wheels. Cams can also be viewed as information-storing 

and -transmitting devices. Examples are the cam-drums that 

direct the notes of a music box or the movements of a screw 

machine's various tools and chucks. The information stored 

and transmitted by the cam is the answer to the question, 

"What actions should happen, and when?" (Even an 

automotive camshaft essentially answers that question, 

although the music box cam is a still-better example in 

illustrating this concept.) Certain cams can be characterized 

by their displacement diagrams, which reflect the changing 

position a roller follower would make as the cam rotates 

about an axis. These diagrams relate angular position to the 

radial displacement experienced at that position. Several 

key terms are relevant in such a construction of plate cams: 

base circle, prime circle (with radius equal to the sum of the 

follower radius and the base circle radius), pitch curve 

which is the radial curve traced out by applying the radial 

displacements away from the prime circle across all angles, 

and the lobe separation angle (LSA - the angle between two 

adjacent intake and exhaust cam lobes). Displacement 

diagrams are traditionally presented as graphs with non-

negative values. A camshaft is a shaft to which a cam is 

fastened or of which a cam forms an integral part. An early 

cam was built into Hellenistic water-driven automata from 

the 3rd century BC. The camshaft was later described in 

Iraq (Mesopotamia) by Al-Jazari in 1206. He employed it 

as part of his automata, water-raising machines, and water 

clocks such as the castle clock. The cam and camshaft later 

appeared in European mechanisms from at least the 14th 

century, or possibly earlier.  

 

Figure 1.1 Computer animation of a camshaft operating 

valves 
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ABSTRACT: A drive shaft is a mechanical component for transmitting torque and rotation, usually used to connect 

other components of a drive train that cannot be connected directly because of distance or the need to allow for 

relative movement between them. As torque carriers, drive shafts are subject to torsion and shear stress, equivalent to 

the difference between the input torque and the load. The functions of the driveshaft are it must transmit torque from 

the transmission to the differential gear box. The drive shafts must also be capable of rotating at high speeds required 

by the vehicle. The drive shaft must also operate through constantly changing angles between the transmission, the 

differential and the axles. The length of the drive shaft must also be capable of changing while transmitting torque. 

High strength steel is a new generation of steel material exhibiting improved properties over conventional steel grades. 

The Drive Shaft of the rough terrain vehicle (BAJA) suffered from a dynamic instability problems due to the nature of 

rigorous instability on rough terrain. This problem is inherent to study the vibration properties of the drive shafts as 

they tend to break down causing severe shaft dynamic loading. The multidisciplinary problem of drive shaft dynamics 

was to be addressed accurately in the time/frequency domain using traditional “strike method” of testing structures 

with modally tuned impulse hammer and data acquisition system. Modal testing is conducted with FFT Analyser using 

impact hammer as input force transducer and accelerometer to record the output signals. CAD modelling of drive shaft 

is done using available drawings & dimensions. FE simulation of drive shaft is carried out to solve modal analysis. 

Validating and comparing the result of both FE analysis and experimental modal analysis. 

Key words: Damping, HSS, Steel alloy, Vibration, FEA 

I. INTRODUCTION 

A drive shaft is a mechanical component for transmitting 

torque and rotation, usually used to connect other 

components of a drive train that cannot be connected 

directly because of distance or the need to allow for relative 

movement between them. As torque carriers, drive shafts 

are subject to torsion and shear stress, equivalent to the 

difference between the input torque and the load. They 

must therefore be strong enough to bear the stress, whilst 

avoiding too much additional weight as that would in turn 

increase their inertia. 

An automobile may use a longitudinal shaft to deliver 

power from an engine/transmission to the other end of the 
vehicle before it goes to the wheels. A pair of short drive 

shafts is commonly used to send power from a central 

differential, transmission, or transaxle to the wheels. An 

automotive drive shaft transmits power from the engine to 

the differential gear of a rear wheel drive vehicle. The 

torque capability of the drive shaft for passenger cars 

should be larger than 3500 Nm and the fundamental 

bending natural frequency should be higher than 9200 rpm 

to avoid whirling vibration. In front-engine, rear-drive 

vehicles, a longer drive shaft is also required to send power 

the length of the vehicle.  

An automotive drive shaft transmits power from the 

engine to the differential gear of a rear wheel drive 

vehicle. The drive shaft is usually manufactured in two 

pieces to increase the fundamental bending natural 

frequency because the bending natural frequency of a shaft 

is inversely proportional to the square of beam length and 
proportional to the square root of specific modulus which 

increases the total weight of an automotive vehicle and 

decreases fuel efficiency. The torque that is produced from 

the engine and transmission must be transferred to the rear 

wheels to push the vehicle forward and reverse. The drive 

shaft must provide a smooth, uninterrupted flow of power 

to the axles. The drive shaft and differential are used to 

transfer this  torque.  

The Drive Shaft of the rough terrain vehicle (BAJA) 

suffered from a dynamic instability problems due to the 

nature of rigorous instability on rough terrain. This problem 
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ABSTRACT: Rapid Prototyping (RP) is an emerging technology, especially in a Three-Dimensional Printing (3DP) 

application. 3DP is used in many fields such as aeronautical, automotive, architecture, medical, and many others. 3DP 

can be effectively used in anatomical education for medical students who are pursuing their undergraduate degrees. It 

can also be used for pre-operative surgical planning by experts before surgery. Some complex organs of the human 

body which cannot be seen visible even after dissection of the cadaver can be printed using a 3D printer which provides 

haptic studies on organs and bones to students. These 3D printed parts can be used in pre-operative planning such as 

analysis and diagnosis formulation of affected organs. Further, it can be used in explaining the operative procedures to 

patients which helps them to understand and co-operate with the medical procedures. Therefore, this paper aims at 

3DP of complex organs and bones for anatomical studies and pre-operative planning procedures. As a first step in the 

work, some of the human bones were printed and analysed for its quality. 

Key words: CT Scan, RPT, 3D Printing, Complex organs.  

I. INTRODUCTION 

Rapid Prototyping (RP) is a technology that will construct 

scale models of the prototype from its 3D Computer-Aided 

Design (CAD) data. Unlike the subtractive process which 

will remove material to fabricate a part, 3D Printing (3DP) 

is based on an additive process that adds layer by layer 

material to the substrate for constructing the whole model. 

In manufacturing sectors, a lot of time required for 

fabricating a prototype, patterns, and molds with many 

complex processes. To reduce the manufacturing time and 

to avoid the complexity, industries have started using 3DP 

techniques to produce a complex pattern, molds, and 

prototypes. In subtractive process, tool movements are 

planned for material removing from work piece to attain the 

desired shape compare  to subtractive process like milling, 

turning and machining, AM technology has the most 

capabilities to get the complex geometries such as 

anatomical structures. RP provides cost- effective models 

of the designs that will be used to realize the product before 

the fabrication of expensive prototypes. Various types of 

RP techniques include Stereolithography (SLA), Selective 

Laser Sintering (SLS), Fused Deposition Manufacturing 

(FDM), Laminated Object Manufacturing (LOM) and 

Ballistic Particle Manufacturing (BPM). 3D printing is a 

technique that will print the molten material layer by layer 

to form an entire 3D structure of a physical part. The 3D 

model created by CAD software will be converted to. STL 

format. The STL format was developed by Hull at 3D 

systems and it is being used as the gold standard for the 

data transfer between CAD software and the 3D printer. 

Medical applications of 3D printing include printing of 

customized implants and prostheses like titanium 

mandibular prosthesis, skull implant, orthopedic implants, 

maxillofacial, spinal, hearing aids, Invisalign braces, 

neuroanatomical models and dental implants. Many 

researchers have tried to print knee meniscus, heart valve, 

spinal disk, cartilage tissues, bone, artificial ear, artificial 

liver and bio-resorbable tracheal splint. For example, 3D 

printing of a prosthetic socket with respect to the patient's 

residual limb was done using the rapid prototyping 

technique. The patient's limb was scanned using the 3D 

scanner and digital data was processed using TracerCAD 

software and SolidView Pro and then after rectification, it 

was printed using Z corporation Z402 3D printer. An 

anatomical study is very important for the postgraduate 

specialist to get surgical training. It is the required field of 

study for students practicing medicine. The knowledge 

obtained from anatomical study can be effectively used in 

the examination and diagnosis studies. This knowledge can 

be further used in explaining the operative procedures 

clearly to patients. Anatomical errors lead to litigation 

problems. Anatomical knowledge obtained from anatomical 

studies will avoid those errors. It provides the students to 

have haptic studies on 3D anatomy. Various teaching aids 

have been used for anatomical studies such as dissection by 

students, prosecution and demonstration, didactic teaching, 

models, technologies (Computer Aided Learning (CAL), 
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ABSTRACT: The 3D printing process is a kind of additive manufacturing, that the basic principle of this process is 

adding material layer by layer to form a product. The purpose of this research was to study the effect of orientation 

and internal over hangs on micro heat exchanger. In this we are optimizing the printing orientation to avoid the 

warpage of micro heat exchanger printing and decreasing the ovality of the circular tube by orienting. In this case 

study we are optimizing the orientation with constant layer height of 0.1mm to achieve the dimensional accuracy of 

internal features of micro heat exchanger. By the end of the study, the orientation effect on the micro heat exchanger 

will be deduced. In addition to that effect of various process parameters can be calculated.      

Key words: Optimization, 3D Printing, Slicing, Modelling 

I. INTRODUCTION 

3D printing or Additive Manufacturing (AM) is any of 

various processes for making a three-dimensional object of 

almost any shape from a 3D model or other electronic data 

source primarily through additive processes in which 

successive layers of material are laid down under computer 

control. A 3D printer is a type of industrial robot. Early 

Additive Manufacturing equipment and materials were 

developed in the 1980s. In 1984, Chuck Hull of 3D 

Systems Corp, invented a process known as 

stereolithography employing UV lasers to cure 

photopolymers. Hull also developed the Standard 

Triangular language file format widely accepted by 3D 

printing software, as well as the digital slicing and infill 

strategies common to many processes today. Also during 

the 1980s, the metal sintering forms of Additive 

Manufacturing were being developed (such as selective 

laser sintering and direct metal laser sintering), although 

they were not yet called 3D printing or Additive 

Manufacturing at the time. In 1990, the plastic extrusion 

technology most widely associated with the term “3D 

printing” was commercialized by Stratasys under the name 

Fused Deposition Modelling (FDM). In 1995, Z 

Corporation commercialized an MIT-developed additive 

process under the trademark 3D printing (3DP), referring 

at that time to a proprietary process inkjet deposition of 

liquid binder on powder. 

Additive Manufacturing technologies found applications 

starting in the 1980s in product development, data 

visualization, rapid prototyping, and specialized 

manufacturing. Their expansion into production (job 

production, mass production, and distributed 

manufacturing) has been under development in the 

decades since. Industrial production roles within the 

metalworking industries achieved significant scale for the 

first time in the early 2010s. Since the start of the 21st 

century there has been a large growth in the sales of AM 

machines, and their price has dropped substantially 

Applications are many, including architecture, 

construction, industrial design, automotive, aerospace, 

military, engineering, dental and medical industries, 

biotech (human tissue replacement), fashion, footwear, 

jewellery, eyewear, education, geographic information 

systems, food, and many other fields. 

3D printable models may be created with a Computer-

Aided Design (CAD) package, via a 3D scanner, or by a 

plain digital camera and photogrammetry software. 3D 

printed models  

1.2 3D Printer 

3D-Printer is a machine reminiscent of the Star Trek 

Replicator, something magical that can create objects out 

of thin air. It can “print” in plastic, metal, nylon, and over 

a hundred other materials. It can be used for making 

nonsensical little models like the over-printed Yoda, yet it 

can also print manufacturing prototypes, end user 

products, quasi-legal guns, aircraft engine parts and even 

human organs using a person’s own cells. We live in an 

age that is witness to what many are calling the Third 

Industrial Revolution. 3D printing, more professionally 

called additive manufacturing, moves us away from the 

Henry Ford era mass production line, and will bring us to a 

new reality of customizable, one-off production. 3D 
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ABSTRACT: 3D printing is a promising digital manufacturing technique that produces parts with layer by layer. The 

influence of process parameters is investigated for PLA material in fused deposition modelling (FDM). This work 

aimed to determine what are the printing process parameters effect the surface roughness of printing parameters. 

Major influencing parameters are wall count, top and bottom closing layers effecting the surface roughness when the 

infill density is less than 100%. Wall count, top and bottom closing layers are need to increased when the wall count 

decreases. By increasing the wall count, top and bottom closing layers the strength of the component increases. But the 

material consumption and printing time increases. 

Key words: 3DP, PLA, Wall count, layers, Granular material 

I. INTRODUCTION 

3D printing or additive manufacturing (AM) is any of 

various processes for making a three-dimensional object of 

almost any shape from a 3D model or other electronic data 

source primarily through additive processes in which 

successive layers of material are laid down under computer 

control. A 3D printer is a type of industrial robot. Early 

AM equipment and materials were developed in the 1980s. 

In 1984, Chuck Hull of 3D Systems Corp, invented a 

process known as stereo-lithography employing UV lasers 

to cure photopolymers. Hull also developed the STL file 

format widely accepted by 3D printing software, as well as 

the digital slicing and infill strategies common to many 

processes today. Also during the 1980s, the metal sintering 

forms of AM were being developed (such as selective laser 

sintering and direct metal laser sintering), although they 

were not yet called 3D printing or AM at the time. In 1990, 

the plastic extrusion technology most widely associated 

with the term “3D printing” was commercialized by 

Stratasys under the name fused deposition modelling 

(FDM). In 1995, Z Corporation commercialized an MIT-

developed additive process under the trademark 3D 

printing (3DP), referring at that time to a proprietary 

process inkjet deposition of liquid binder on powder. AM 

technologies found applications starting in the 1980s in 

product development, data visualization, rapid prototyping, 

and specialized manufacturing. Their expansion into 

production (job production, mass production, and 

distributed manufacturing) has been under development in 

the decades since. Industrial production roles within the 

metalworking industries achieved significant scale for the 

first time in the early 2010s. Since the start of the 21st 

century there has been a large growth in the sales of AM 

machines, and their price has dropped substantially. 

According to Wohlers Associates, a consultancy, the 

market for 3D printers and services was worth $2.2 billion 

worldwide in 2012, up 29% from 2011. Applications are 

many, including architecture, construction (AEC), 

industrial design, automotive, aerospace, military, 

engineering, dental and medical industries, biotech (human 

tissue replacement), fashion, footwear, jewellery, eyewear, 

education, geographic information systems, food, and 

many other fields. 

1. 1 3D Printer  

3D-Printer is a machine reminiscent of the Star Trek 

Replicator, something magical that can create objects out 

of thin air. It can “print” in plastic, metal, nylon, and over 

a hundred other materials. It can be used for making 

nonsensical little models like the over-printed Yoda, yet it 

can also print manufacturing prototypes, end user 

products, quasi-legal guns, aircraft engine parts and even 

human organs using a person’s own cells. We live in an 

age that is witness to what many are calling the Third 

Industrial Revolution. 3D printing, more professionally 

called additive manufacturing, moves us away from the 

Henry Ford era mass production line, and will bring us to a 

new reality of customizable, one-off production. 3D 

printers use a variety of very different types of additive 
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ABSTRACT: The mechanical stress determination in human femur bone is of great importance in both research and 

clinical practice. One of the methods to estimate stress is through finite element modeling. In spite of that, the modeling 

technique has to be validated by an experimental approach as it is the best tool to access the accuracy of finite element 

model predictions. However, in the previous studies, this validation has not been carried out extensively due to limited 

number of studies available and the difficulties of the experiment procedure. The aim of this paper is to develop an 

experimental method in order to determine the maximum stresses at the surface of the bone prototype under normal 

loading. An experiment is conducted where load is applied at the femoral head and the maximum stress on the bone 

surface is determined with the presence of strain gauges. Three-dimensional (3D) printing technology has received 

great attention in the past decades in both academia and industry because of its advantages such as customized 

fabrication, low manufacturing cost, and unprecedented capability for complex geometry, and short fabrication period. 

3D printing of metals with controllable structures represents a state-of-the-art technology that enables the development 

of metallic implants for biomedical applications. To develop the CAD model of knee joint we have used the CT scans of 

the knee joint and developed in the mimic’s software. To design the knee joint implants, we have used 3Matics 

software. From here we can analysis the knee joint and plans the surgical operations. We can manufacture the suitable 

implant for specific patient requirement so that the surgical time will be reduced. The structural analysis has been 

performed using Altair inspire Optistruct software for human weight. 

Key words: Knee joint, 3 Matics, Mimics, 3D Printing, CT scan, CAD 

I. INTRODUCTION 

This paper investigates the suitability of using RP 

technology and associated medical software solutions to 

transfer 2D Digital Imaging and Communications in 

Medicine (DICOM) data into 3d Standard Triangle 

Language (STL) data. This data is then utilized using 

medical software solutions to manufacture preoperative 

planning models and customized medical implants for the 

benefit of patients and surgical planning teams alike. The 

work also gives an overview of relevant subject matter such 

as medical scanning, RP, preoperative planning models, 

customized implants/jigs and biocompatible materials. Case 

studies are included as a method of illustrating how the 

different technologies integrate and function to produce 

tangible successful outcomes that make a significant 

difference in medical interventions. 

Prior to RP the production of medical models of individual 

patients was very rare due to the difficulty and cost of 

generating (usually by CNC machining) complex geometry 

associated with anatomy. Medical implants were 

manufactured using pressing, forging, machining and 

casting processes. Unfortunately, due to the limitations of 

the manufacturing processes this often resulted in bulky, 

poorly fitting and costly implants. With the introduction of 

RP technology, these types of problems were solved using 

the additive manufacturing (AM) or "layer by layer" 

process. Building intricate geometrical parts suddenly 

became less problematic and cheaper this helped RP 

technology gain acceptance by the medical profession. 

Production of Anatomical Models from CT Scan Data 

by JOHN BRENAN 

In this paper the latest medical data processing software 

tools will be used to generate models for preoperative 
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ABSTRACT - The purpose of this study is to study the influence of the laser power and the scanning speed on the 

surface hardness, and top surface and side surface roughness of Ti-6Al-4V metal specimens fabricated via the selective 

laser melting (SLM) technique. The laser power was varied between 150 and 300 W while the scan speed was varied 

between 800 and 1400 mm/s. Response surface methodology (RSM) in the Design Expert 11 software environment was 

used for the design of experiment and results analysis. The distance for surface indentations were targeted at 10–20 μm 

for the top surface and 60–80 μm for the side surface while the surface hardness profiling was studied using an indenter 

with the indentation performed at a load of 500 gf and at a dwelling time of 15 s. The study revealed that as the laser 

power was increased, the surface hardness increases, while the top surface and side surface roughness reduces. Then, 

when the scanning speed increased, the surface hardness, and top surface and side surface roughness were found to also 

increase. The optimum range of the process parameters selected are laser speed 300 W and scan speed 1400 mm/s. This 

produces a minimum surface roughness of 13.006μm for the top surface roughness and 62.166 μm f o r the side 

surface roughness with a corresponding hardness value of 409.391 HV. The findings of this study will assist 

manufacturers in the process design of the SLM of titanium alloy for aerospace applications.  

Key words: Optimization, ASTM E8, RSM, SLM, Titanium alloy 

I. INTRODUCTION 

The laser power and scan speed played contradicting roles 

in the resultant roughness and porosity. An appropriate 

increase in laser power and decrease in scan speed could 

reduce the surface roughness and simultaneously improve 

the density and dimensional accuracy. Additive 

Manufacturing (AM) is defined as the manufacturing 

process to build three dimensional objects by adding layer-

upon-layer of material. The process starts with a computer-

aided-design (CAD) file that includes information about 

how the finished product is supposed to look. The material 

can be plastic, metal, concrete or even human tissue. AM is 

achieved using an additive process, where successive layers 

of material are laid down in different shapes. It is also 

considered different from traditional machining techniques 

that mostly depend on the removal of material by 

subtractive processes like milling or lathing. All AM 

technologies involve a series of steps that move from the 

virtual three-dimensional     geometric representations to 

the physical resultant part. Due to variety of the product 

demands and the level of complexity, AM involves in 

process development in different ways and different 

degrees. Furthermore, in the early stages of product 

development of small and relatively simple products AM is 

used for a simple fabrication of visualization model while 

in later stages the larger and more complex parts require 

certain technology and possible post processing activities 

for the final form of the product. Regardless the case, the 

construction process of all AM technologies follows to 

some degree at least the same principle generic process 

sequence.  

According to Gibson (2010) eight key steps can be defined 

as the generic process of AM: 

• Conceptualization and CAD 

• Conversion to STL 

• Transfer and manipulation of STL file on AM 

machine 

• Machine setup 

• Build 

• Part removal 

• Post processing of part 

• Application 

All AM parts must begin from virtual model designed on 

software describing the external geometry in detail. The 

output of the first step should be an STL file format given 

information of the external surface and the basic 

calculations of the slices of the part. At the next stage the 

part is transferred to an AM process software where is been 
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ABSTRACT: A theoretical study of single phase microchannel heat exchanger has been carried out. The computational 

fluid dynamics (CFD) model equations are solved to predict the hydrodynamic and thermal behaviour of the 

exchanger. The geometry of the problem and meshing of it have been made in ANSYS Workbench. The models have 

been solved by ANSYS Fluent 12.0 solver. The utility of nonmaterial as a heat enhancer has been justified by studying a 

circular microchannel thermal behaviour. Water and its nanofluids with alumina (Al2O3) are used as the coolant fluid 

in the microchannel heat sink. The present CFD calculated heat transfer coefficient values have compared with the 

analytical values and very close agreement is observed. The result shows that nanofluids help to increase the heat 

transfer coefficient by 15% and 12% respectively in laminar and turbulent zone. Thus use of nanofluids has been found 

beneficial both in laminar and turbulent zone. The relation between heat transfer coefficient and thermal 

conductivity of the fluid i.e. h  is proved in the present study. 

Key Words: microchannels, heat exchangers, nanoparticles, nanofluids, Fluent, CFD, heat transfer coefficient, pressure 

drop, friction factor. 

I. INTRODUCTION 

Heat sinks are classified into single-phase or two-phase 

according to whether boiling of liquid occurs inside the 

micro channels. Primary parameters that determine the 

single phase and two-phase operating regimes Over the last 

decade, micromachining technology has been increasingly 

used for the development of highly efficient cooling 

devices called heat sink because of its undeniable 

advantages such as less coolant demands and small 

dimensions. One of the most important micromachining 

technologies is micro channels. Hence, the study of fluid 

flow and heat transfer in micro channels which are two 

essential parts of such devices, have attracted more 

attentions are heat flux through the channel wall and 

coolant flow rate. For a fixed amount of heat flux (heat 

load), the coolant may maintain its liquid state throughout 

micro- channels. With a lower flow rate, the flowing liquid 

coolant inside the channel may reach its boiling point and 

thus flow boiling occurs, which results in a two-phase heat 

sink. 

MICROCHANNEL AND ITS USE 

Tuckerman and Pease (1981) first made use of 

miniaturization for the purposes of heat removal, within 

the scope of a Ph.D. study in 1981. Their publication 

titled “High Performance Heat Sinking for VLSI” is 

credited as the first study on microchannel heat transfer. 

Their pioneering work has motivated many researchers 

to focus on the topic and microchannel flow has been 

recognized as a high performance heat removal tool ever 

since. Before proceeding with microchannel flow and heat 

transfer, it is appropriate to introduce a definition for the 

term “microchannel”. The scope of the term is among 

the topics of debate between researchers in the field. 

Mehendale et al. (2000) used the following 

classification based on manufacturing techniques required 

to obtain various ranges of channel dimensions, “D”, 

being the smallest channel dimension: 

As is evident from the diversity of application areas, the 

study of flow and heat transfer in microchannels is very 

important for the technology of today and the near future, 

as developments are following the trend of miniaturization 

in all fields. Literature shows that the microchannels and 

microchannels heat sinks were studied extensively, , this 

work studies the CFD simulation of micro channel flow and 

conjugates heat transfer, which couples fluid convection in 

a rectangular micro channel and heat conduction in the 

solids. 

The present work is undertaken to study the following 

aspects of 

1. Computational Fluid Dynamics modeling and 

simulation of single phase micro channel heat 
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ABSTRACT -Solar energy collectors have been the need of the hour for the past couple of decades as the world has 

been desperately trying to find new and innovative ways to shift the dependency on fossil fuel to clean and green energy 

sources for power generation. The aim of the present study is two folds modelling of “Compound Parabolic Collector” 

and studying its contribution in the performance improvement of “Organic Rankine Cycle” engine for different 

ambient and operating conditions. Compound Parabolic Collectors (CPC) are mostly used for low temperature 

applications such as process heating, waste heat recovery etc., but with integration of the same to a proper heat engine, 

considerable amount of work output can be obtained. A concentration ratio of 2 was employed for the CPC, to have a 

higher acceptance angle so that maximum amount of solar radiation can be focussed on to the absorber. This also 

eliminates the use of tracking for the collector. The CPC module used for this study is the tubular absorber module. 

The performance of the CPC has been modelled with the use of a CFD tool, namely “Ansys”. The physical and the 

mathematical models are also discussed in details. The model generated has been validated with similar experimental 

work. The use of ORC for the generation of work from the CPC unit has been explored in the second part of this study. 

The overall heat loss coefficient and the heat losses from the collector have been expressed as a function of the outlet 

temperature of the CPC unit. The effect of the solar radiation intensity, mass flow rate of the working medium, inlet 

temperature of the working medium has been discussed in the results. Finally, the thermal efficiency and the optical 

efficiency of the collector have been expressed as a function of the outlet temperature of the working medium. The 

thermal efficiency has been found to be in the range of 60-80% at a maximum temperature of 100° C as attained from 

the computational study for varying solar radiation (700-1500) W/m2. The performance of the ORC has been studied 

with the help of “Engineering equation solver”. The effects of parameters such as pressure ratio, condenser or the cold 

side temperature are discussed in the results. The effect of incident solar radiation of the CPC on the efficiency of the 

ORC has been studied. The efficiency of the ORC cycle with the CPC unit as the heat source has been found and 

compared with a conventional ORC cycle. The efficiency of the ORC with a suitable working medium for the study has 

been found to be 13.03%. The ORC with CPC as the heat input showed considerable improvement in thermal 

efficiency over the conventional ORC unit where the later had an efficiency of 9 %. The present study illustrates the 

significance of low-grade process heat in the improvement of the performance of ORC. 

Key words: CPC, CFD, ORC, Modelling, Solar energy collector 

I. INTRODUCTION 

The sun is a massive celestial object with a diameter of 

1.39 × 109 m. The solar energy hits earth for a mere 8 min 

and 20 seconds after leaving the giant star, which is 1.5 × 

1011 m away from the green planet. The sun hasan 

effective blackbody temperature of 5762 K. The 

temperature in the central region is much higher and it is 

estimated at 8 × 106 to 40 × 106 K. The sun is a 

continuous fusion reactor in which hydrogen is turned into 

helium. The sun’s total energy output is 3.8 × 1020 MW 

which is equal to 63 MW/m2 of the sun’s surface. This 

energy radiates outwards in all directions. Only a tiny 
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ABSTRACT: The development of morphing wing technologies for flight regime adaptation has received great interest 

from Researchers and engineers in the past years. This paper is in one such research where we have designed a 

morphing wing structure to our aircraft to adaptive mechanisms and structures. Morphing can encompass many 

aspects of the aircraft design, including the location, shape, area and angle of the wings, tail or fuselage.  Our approach 

towards the work is to develop new concepts and technology thus enhances the overall flight performance of aircraft, 

enabling new approaches to the design of aircraft and improving multi-mission flexibility. We want to develop an 

aircraft with a morphing wing in a high-performance aircraft that can operate efficiently in multiple flight conditions 

by Changing in its material and thus finding the best material to improve overall performance.  

Key words: Aircraft, optimization, telescopic wing, material 

I. INTRODUCTION 

Morphing changing ones image into another through a 

seamless transition. Morphing is generally achieved using 

either smart materials (materials which have one or more 

properties that can be significantly changed, in a controlled 

manner, by external stimuli), or structural morphing. The 

literature study of the paper through some of the resent 

designs shows that the morphable wing having more scope 

in the fields of improved aircraft performance for extent its 

flight envelope, extent performance reduced drag, vibration 

and improved range. Morphing changing ones image into 

another through a seamless transition. Morphing is 

generally achieved using either smart materials (materials 

which have one or more properties that can be significantly 

changed, in a controlled manner, by external stimuli), or 

structural morphing. And here we are using the composite 

material as the material for the wing design, large 

deformations of the morphing aircraft the orthotropic 

properties of composite material is used. 

II. TELESCOPIC WING 

External Telescoping Wing Section With Rectangular 

Platform 

This concept involves rectangular inboard and outboard 

wing sections as shown in Figure, allowing for uniform 

cross sections within each wing segment. The outboard 

section must have a hollow cross section to allow the 

outboard section to slide over the inboard section. This will 

reduce the wing structural weight in the outboard section, 

but will also result in the outboard section having a greater 

chord than the inboard section. Consequently, the taper 

ratio for the entire wing would be greater than one, 

resulting in increased lift generation at the wingtip. 

Internal Telescoping Wing Section With Rectangular 

Platform 

This concept involves rectangular inboard and outboard 

wing sections shown in Figure, allowing for uniform cross 

sections within each wing segment. The inboard section 

must have a hollow cross section for the majority, if not the 

entire, inboard span. This arrangement allows the outboard 

section to retract within the inboard section and gives the 

overall wing platform a taper ratio of less than one due to 

the reduction of chord between the inboard and outboard 

sections required for structural supports. The hollow cross 

section of the inboard wing will result in reduced structural 

integrity. 

Tapered Inboard Platform With Internal Telescoping 

Rectangular Wing Tip 

This concept involves a tapered inboard section and a 

rectangular outboard wing section as shown in Figure, 

requiring varying cross sections within the inboard wing 

segment. The inboard section must have a hollow cross 

section for the majority, if not the entire, inboard span. This 

arrangement allows the outboard section to retract within 

the inboard section and gives an overall wing platform taper 

ratio of less than one. The hollow cross section of the 

inboard wing will result in reduced structural integrity. 

However, the increased root chord will improve the 

structural integrity of the wing. This wing will not benefit 

from the usual structural benefit of reducing weight towards 
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ABSTRACT: Medical images are essential tools for medical practitioner and specialists to use when diagnosing 

problems and diseases in the body. These images from CT and MRI scans are converted into 3D CAD model and based 

on 3D model, reconstruction of knee joint is being made for medical applications. Hence, in this paper an attempt is 

made to create a 3D reconstructed anatomy structure based on real medical images of a patient so that practitioner can 

study the 3D anatomy structure from real medical images. The 3D slicer workbench is used for generating a 3D model 

of the anatomy and problems from medical images. The model was created by combining segmentation and smoothing 

techniques using slicer software. The segmented part is exported as STL file directly. The STL file is sliced for FDM 

process prototyping. The segmented part sliced for different layer heights to study the printing time and material 

consumption. We have sliced the model in Ultimaker CURA 4.0.0. PLA (Polylactic Acid) is used for printing Tibia and 

Fibula because of its biocompatibility, biodegradability, non-toxic, non-immunogenic and non-inflammatory properties 

towards the human body. 

Key words: Segmentation, Tibia, Fibula, Knee, RPT, CURA 

I. INTRODUCTION  

The increasing use and improvement of occupant 

restraint systems have reduced fatality and severe injury 

rates in motor vehicle crashes (MVCs), but the protection 

of the lower extremity (LE) was not improved as much as 

that of the head and chest [1]. LE injuries still account 

for 36% of all AIS2+ injuries sustained by front seat 

occupants in all frontal crashes [2]. Even though LE 

injuries are usually not fatal, they can lead to costly 

rehabilitation and disability, which is a heavy burden for 

the family and community. 

 Tibia is the shin bone and bears the majority of weight 

between the knee and the ankle. Lateral to (on the outer 

side of) the tibia is the fibula, a smaller long bone that 

provides stability and assists with rotation of the ankle. 

The tibia is a long bone, which means it is a limb bone 

that is longer than it is wide.  

Femur and tibia fractures are commonly seen in MVCs 

and cortical bones are believed to have a dominant effect 

on bone strength, as they serve as a damage‐tolerant 

structural framework [3]. Aging can cause changes in the 

shape, size, and cortical thickness of bones and thus lead 

to increased incidence of bone fractures [4]. Other 

factors such as stature and body mass index (BMI), can 

also affect bone morphology [5‐9].  

Finite element (FE) models are powerful and effective 

tools to assess human impact responses in MVCs and 

reproduce bone fractures. Multiple FE femur and tibia 

models have been developed previously. References [10‐

12] reported detailed LE models using the geometry 

extracted from CT and/or magnetic resonance imaging 

(MRI) data. However, their models could not reflect the 

variation in cortical bone thickness among the 

population, and a method to estimate the cortical bone 

thickness from CT scans was not reported.  

Reference [8] did a comprehensive job on the 

development of parametric femur FE models, and the 

population variation in cortical bone thickness was 

considered. They used a fixed global thresholding method 

similar to [13] to segment the cortical bone from clinical 

CT scans, and the thickness was determined based on the 

distance between the outer and inner cortical surfaces 

along the normal direction. However, the estimated 

cortical thickness values were sensitive to the specified 

threshold, and may introduce significant errors in thin‐

cortex areas. 

In the field of medical image process, several cortex 

thickness estimation techniques based on clinical CT 

scans have been proposed, such as the 50% relative 

threshold method [14‐15]. This method considered bone  
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ABSTRACT - 3D printing is a form of additive manufacturing technology where a three-dimensional object is created 

by laying down successive layers of material. It is also known as rapid prototyping, is a mechanized method whereby 

3D objects are quickly made on a reasonably sized machine connected to a computer containing blueprints for the 

object. The 3D printing concept of custom manufacturing is exciting to nearly everyone. This revolutionary method for 

creating 3D models with the use of inkjet technology saves time and cost by eliminating the need to design; print and 

glue together separate model parts. Now, you can create a complete model in a single process using 3D printing. The 

basic principles include materials cartridges, flexibility of output, and translation of code into a visible pattern.  3D 

Printers are machines that produce physical 3D models from digital data by printing layer by layer. It can make 

physical models of objects either designed with a CAD program or scanned with a 3D Scanner. It is used in a variety of 

industries including jewelry, footwear, industrial design, architecture, engineering and construction, automotive, 

aerospace, dental and medical industries, education and consumer products. 

Key words: Product design, 3D Technology, CAD, Scanner, AM 

I. INTRODUCTION 

3D printing called as desktop fabrication. It is a rapid 

prototyping process whereby a real object can be created 

from a 3D design. A 3D printer machine uses a CAD model 

for rapid prototyping process. 3D printing is called as 

desktop fabrication which is a process of prototyping where 

by a structure is synthesized from its 3d model. The 3d 

design is stored in as a STL format and after that forwarded 

to the 3D printer. It can use a wide range of materials such 

as ABS, PLA, and composites as well.3D printing is one 

kind of rapidly developing and cost optimized form which 

is used for rapid prototyping. The 3D printer prints the 

CAD design layer by layer forming a real object. 3D 

printing process is derived from inkjet desktop printers in 

which multiple deposit jets and the printing material, layer 

by layer derived from the CAD  3D data.3D printing is 

diversifying and accelerating our life, letting various 

qualities of products to be synthesized easier and faster. 

Three-dimensional (3D) printing has the ability to impact 

the transmission of information in ways similar to the 

influence of such earlier technologies as photocopying. This 

identifies sources of information on 3D printing, its 

technology, required software and applications. Along 3D 

printing, companies are able to extract and innovate new 

ideologies and various design replications with no time or 

tool expense. 3D printing possibly challenges mass 

production processes in future. 3D printing influences many 

industries, such as automotive, architecture, education, 

medical, business and consumer industries. 

 MOTIVATION FOR THE PRESENT RESEARCH 

WORK: 

Since over a century the visual world of printed scriptures 

has been dominated by the 2-D printing methods. Be that 

easy to read or comprehend but when it comes to imaging 

of definite and real-life models it is sorely outsourced. Any 

3-D model cannot be represented and displayed easily in a 

2-D workplace. The only thing worth mentioning for 

likable perception is the rendering of the image. This 

ushered in the era of the much-needed idea of “3-D” 

printing. 

Basically, the singular purpose for the division of 3-D 

printer was to prepare 3-D samples directly on the bed of 

the printer. It has been an effective way of manufacturing 

since many companies are now opting for this type of 

method for their production operations. 

1.1 OBJECTIVE: 

1. To study different methods of 3d printing and their 

applications. 

2. To study the working procedure of each 

component of a 3d printer and the evolution of 3d printer. 

3. To design and fabricate a 3d printer using tool kit. 
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ABSTRACT: Numerical analysis of 3-d incompressible flow is done for concentric tubular heat exchanger type of 

domain; this is basically water to water heat exchanger. Analysis is done for both parallel flow and counter flow with 

different mass flow rate and when we compare the efficiency, efficiency is higher for counter flow and less for the 

parallel flow because in counter flow we have highest heat transfer area than in parallel flow. Calculation are done for 

the cross cheq. Ansys Fluent is used for the analysis of double pipe heat exchanger or analysis software. Ansys design 

modler is used as input CAD package to the FLUENT.  Pressure correction technique is used for solving governing 

equation. Flow is basically simulated at higher Reynolds no., because when we increases the turbulence, efficiency of 

heat exchanger is also increases, analysis is done in ansys workbench 12.1 and various contour plots and vector plots 

are presented. 

Key words: CFD, HE, CAD, Ansys, Parallel flow, counter flow 

I. INTRODUCTION 

Heat exchange between flowing fluids is one of the most 

important physical process of concern, and a variety of heat 

exchangers are used in different type of installations, as in 

process industries, power plants, food processing, 

refrigeration, etc. The purpose of constructing a heat 

exchanger is to get an efficient method of heat transfer from 

one fluid to another, by direct contact or by indirect contact. 

The heat transfer occurs by three principles: conduction, 

convection and radiation. In a heat exchanger the heat 

transfer through radiation is not taken into account as it is 

negligible in comparison to conduction and convection. 

Conduction takes place when the heat from the high 

temperature fluid flows through the surrounding solid wall. 

The conductive heat transfer can be maximized by selecting 

a minimum thickness of wall of a highly conductive 

material. But convection is playing the major role in the 

performance of a heat exchanger.  

Forced convection in a heat exchanger transfers the heat 

from one moving stream to another stream through the wall 

of the pipe. The cooler fluid removes heat from the hotter 

fluid as it flows along or across it. Different co relation are 

used for the calculation of Nusselt no. and heat transfer 

coefficient. 

Heat pipes are used widespread in broad applications since 

their operation is generally passive in essence. High heat 

transfer rates are doable by heat pipes over long distances, 

with minimal temperature difference, exceptional 

flexibility, simple fabrication, and easy control, not to 

mention, all without any external pumping power applied. 

Possible applications are varied from aerospace engineering 

to energy conversion devices, and from electronics cooling 

to biomedical engineering. Heat pipe development is 

motivated to overcome the need to presumably manage 

thermal dissipation in progressively compressed and 

higher-density microelectronic components, while 

preserving the components temperatures to specification. 

A heat pipe operates within a two-phase flow regime as an 

evaporation–condensation device for transferring heat in 

which the latent heat of vaporization is exploited to 

transport heat over long distances with a corresponding 

small temperature difference. Heat added to the evaporator 

is transferred to the working fluid by conduction and causes 

vaporization of the working fluid at the surface of the 

capillary structure. Vaporization causes the local vapor 

pressure in the evaporator to increase and vapor to flow 

toward the condenser, thereby transporting the latent heat of 

vaporization. Since energy is extracted at the condenser, the 

vapor transported through the vapor space is condensed at 

the surface of the capillary structure, releasing the latent 

heat. Closed circulation of the working fluid is maintained 

by capillary action and/or bulk forces. An advantage of a 

heat pipe over other conventional methods to transfer heat 

such as a finned heat sink is that a heat pipe can have an 

extremely high thermal conductance in steady-state 

operation. Hence, a heat pipe can transfer a high amount of 

heat over a relatively long length with a comparatively 

small temperature differential. Heat pipe with liquid-metal 

working fluids can have a thermal conductance of a 

thousand or even tens of thousands folds better than the 

best solid metallic conductors, silver or copper. In a heat 
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ABSTRACT - Automotive chassis is an important part of an automobile. The chassis serves as a frame work for 

supporting the body and different parts of the automobile. Also, it should be rigid enough to withstand the shock, twist, 

vibration and other stresses. Along with strength, an important consideration in chassis design is to have adequate 

bending stiffness for better handling characteristics. So, maximum stress, maximum equilateral stress and deflection 

are important criteria for the design of the chassis. This report is the work performed towards the optimization of the 

automotive chassis with constraints of maximum shear stress, equivalent stress and deflection of chassis. Structural 

systems like the chassis can be easily analysed using the finite element techniques. The mass optimization of chassis is 

performed to reduce the weight of the chassis for maximum stiffness condition by using Altair inspire software. 

Key words: Optimization, Topology, Chasis Stress, INSPIRE 

I. INTRODUCTION 

The chassis which is made of pressed steel members can be 

considered structurally as grillages. It acts as a skeleton on 

which, the engine, wheels, axle assemblies, brakes etc. are 

mounted. Every vehicle body consists of two parts; chassis 

and body work or superstructure. The chassis is the frame 

work of any vehicle. Its principle function is to safely carry 

the maximum load for all designed operating conditions. It 

must also absorb engine and drive line torque, endure shock 

loading and accommodate twisting on un even road 

surfaces. The chassis receives the reaction forces of the 

wheels during acceleration and breaking and also absorbs 

aero dynamic wind forces and road shocks through the 

suspension. So the chassis should be engineered and built to 

maximize pay load capability and to provide versatility, 

durability as well as adequate performance. To achieve a 

satisfactory performance, the construction of a heavy 

vehicle chassis is the result of careful design and rigorous 

testing. It should be noted that this ‘ladder’ type of frame 

construction is designed to offer good downward support 

for the body and pay load and at the same time provide 

torsion flexibility, mainly in the region between the gearbox 

cross member and the cross member ahead of the rear 

suspension. This chassis flexing is necessary because a 

rigid frame is more likely to fail than a flexible one that can 

‘weave’ when the vehicle is exposed to arduous conditions. 

A torsionally flexible frame also has the advantage of 

decreasing the suspension loading when the vehicle is on 

uneven surfaces , assemblies, brakes, suspensions etc are 

mounted. The frame supports the cab, engine transmission, 

axles and various other components. Cross members are 

also used for vehicle component mounting and protecting 

the wires and tubing that are routed from one side of the 

vehicle to the other. The cross members control axial 

rotation and longitudinal motion of the main frame, and 

reduce torsion stress transmitted from one rail to the other. 

 Layout of chassis and its main components: 

• Frame: it is made up of long two members called side 

members riveted together with the help of number of cross 

members. 

• Engine or Power plant: It provides the source of power 

• Clutch: It connects and disconnects the power from the 

engine fly wheel to the transmission system. 

• Gear Box 

• U Joint 

• Propeller Shaft 

• Differential 

1.1.1 Functions of the Chassis Frame 

• To carry load of the passengers or goods carried in the 

body. 

• To support the load of the body, engine, gear box etc. 

• To withstand the forces caused due to the sudden braking 

or acceleration. 

• To withstand the stresses caused due to the bad road 

condition. 

• To withstand centrifugal force while cornering 

1.1.2 Types of chassis frames 

• Conventional frame 

• Integral frame 

• Semi-integral frame 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-08,  Special Issue, MAY 2022 

134 | IJREAMPR2220                               DOI : 10.35291/2454-9150.2022.0240                         © 2022, IJREAM All Rights Reserved. 

CFD Analysis of a Finned Vertical Tube with Different 

Cross Sections to Improve the Heat Transfer Rate 

Mr. Allu Subramanyam*, Mr. Manga Veera Chandra Sekhar*, Mr. Chikkala Vinayak*, Mr. Seeli 

Praveen Kumar*, Mr. Pitta Daante*, Mr. B Bharath Kumar**, Mr. N Raghuveer** 

*UG students, **Faculty, Department of Mechanical Engineering College, Pragati Engineering 

College (A) 

ABSTRACT: The heat transfer rate to a fluid flowing in pipe can be enhanced by the use of internal fins. This work 

concerned with simulation analysis of vertical tube with helical fins used to enhance their heat transfer performance 

subjected to natural convection heat transfer. All the main parameters which can significantly influence the heat 

transfer performance of finned tube  has been analyzed. Natural convection in a vertical tube without fins was taken as 

the reference tube and different fin patterns such as a single fin with large no. of turns like coiled shape and large no. of 

fins with single turn is compared with reference tube on the basis of different parameters such as heat transfer rate, 

surface Nusselt number, heat transfer coefficient, fin effectiveness etc. There are some dimensionless numbers which 

affect the natural convection such as nusselt number which is the function of Reynolds number, grashof number and 

prandtl number, Rayleigh number which is the product of grashoff and Prandtl number. After getting best fin 

configuration compared it with different fin profile such as rectangular cross   section, tapered fin with trapezoidal 

cross section and hyperbolic cross section. All the computer simulation analysis has been done on the ANSYS. The 

Navier-stokes equations were used to solve for the fluid flow inside the tube and the Boussinesq approximation was 

used to get the buoyancy effect. Aluminum is used for the fin material and air is taken as the fluid flowing inside the 

tube and the flow is taken as laminar. It was found that the large number of fins with single turn is more efficient than 

other fin patterns, as there is less flow resistance, high heat transfer rate. 

Key words: CFD, FVT, HTR, ANSYS, Nusselt, Grashoff, Prandtl 

I. INTRODUCTION 

Convection is a process which involves mass movement of 

fluids. Natural convection occurs due to temperature 

difference which produces the density difference which 

results in mass movement, this process is called natural or 

free convection. For example, assume a plate which is 

maintained isothermal at temperature Tw and the 

surrounding temperature is T∞. On getting heated, the 

fluid near the wall moves up due to the effect of buoyancy 

and this hot fluid is replaced by cold fluid moving towards 

the wall. Hence a circular current is set up due to density 

difference. There is a boundary layer adjacent to the plate 

where the velocity and temperature and velocity vary from 

plate to free stream. Initially the velocity increase with 

increasing distance from the surface and reaches a 

maximum and then decrease to approach zero value. This is 

because of action of viscosity diminishes rapidly with 

distance from plate, while density difference decreases 

more slowly. 

The used of heat transfer enhancement has become 

widespread during the last so many years. The need of heat 

transfer enhancement is to reduce the size and cost of heat 

exchanger equipment, or increase the heat duty for a give 

size heat exchanger. This goal can be done in two ways 

active and passive enhancement. The active enhancement is 

less common because it requires addition of external power 

(e.g., an electromagnetic field) to cause a desired flow 

modification. In the passive enhancement, it consists of 

alteration to the heat transfer surface or incorporation of a 

device whose presence results in a flow field modification. 

The most popular enhancement is the fin. 

Fins are the extended surfaces which are used to enhance 

the rate of heat transfer dissipation from   heated surfaces to 

air. Fins can be placed on plane surfaces, tubes, or other 

geometries. These surfaces have been used to increase heat 

transfer rate by adding additional surface area and 

encouraging mixing. When number of fins are used to 

enhance heat transfer under natural convection conditions 

the optimum geometry of fins (corresponding to a 

maximum rate of heat transfer) should be used, provided 

this is compatible with available space and financial 

limitations. The common fins used extensively to increase 

the rates of natural convection heat transfer from systems 

are rectangular fins because such fins are simple and cheap, 
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ABSTRACT: Solar air heating is a solar thermal technology in which the energy from the sun is captured by an 

absorbing medium and used to heat air. Solar air heater including a housing having a transparent front wall and an 

inlet and outlet for establishing a flow path for a gas such as air to be heated.  An attempt has been made to carry out 

CFD based analysis using FLUENT to fluid flow and heat transfer characteristics of solar air heater. 3D model of the 

Solar Air heater involving air inlet, absorber plate, glass, modeled by ANSYS Workbench and the unstructured grid 

was created in ANSYS. The results were obtained by using ANSYS FLUENT software. This work is done by using 

computational fluid dynamics (CFD) tool with respect to flow and temperature distribution inside the solar air heater. 

Key words: CFD, Ansys, AH, Tool, Solar air heating 

I. INTRODUCTION 

Solar air heating is a solar thermal technology in which the 

energy from the sun, insolation, is captured by an absorbing 

medium and used to heat air. Solar air heating is a 

renewable energy heating technology used to heat or 

condition air for buildings or process heat applications. It is 

typically the most cost-effective out of all the solar 

technologies, especially in commercial and industrial 

applications, and it addresses the largest usage of building 

energy in heating climates, which is space heating and 

industrial process heating. 

HISTORY OF AIR HEATING: 

 For the first 100 years home heating was dominated by 

biomass (wood) and it was not until 1885 that the nation 

would burn more coal than wood. Prior to 1885 the 

majority of homes were heated with wood burning brick 

fireplaces and derivatives of the cast iron Franklin stove 

invented in 1742. 

By the end of the 19th century the invention of low-cost 

cast-iron radiators would bring central heating to homes 

with a coal fired boiler in the basement delivering hot water 

or steam to radiators in every room. At about the same time, 

in 1885, Dave Lennox built and marketing the industry’s 

first riveted-steel coal furnace. Without electricity and fans 

to move air, these early furnaces transported heat by natural 

convection (warm heated air rising) through ducts from the 

basement furnace to the rooms above. These two methods 

would dominate home central heating until 1935, when the 

introduction of the first forced air furnace using coal as a 

heat source used the power of an electric fan to distribute 

the heated air through ductwork within the home. 

Shortly thereafter, gas and oil-fired versions of forced air 

furnaces would relieve the homeowners from the chore of 

“stoking the coal fire” and relegate coal furnaces and cast-

iron radiators to the dust bin of history. Fast forward to 

today and about 60% of our homes be heated with gas fired 

forced air furnaces (FAU’s) and another 9% with oil fired 

FAU’s. In warmer climates, a quarter of our homes would 

be heated by FAU’s using electric “heat pumps” to supply 

heating energy. 

MODERN BEGINNINGS:  

Chimneys and Stoves: -  

The next important advance in heating was the invention of 

the chimney. The origins of the chimney flue probably lie 

with the Normans, who used sidewall flue openings in 

place of the previously used central roof vents. Many 

sidewall flues were constructed at an oblique angle upward, 

thus beginning a transition to vertical chimney construction. 

After the 14th century, chimneys appear in written 

literature. However, their use seems to have spread very 

slowly. Chimneys were still rare enough 200 years later that 

one Early chimneys were very large, so as to allow a 

chimney sweep to climb into them. But the size precipitated 

such vicious drafts that room divider screens sometimes 

had to be used to shield the occupants. 

Stove heating soon advanced beyond the crude devices first 

used. The first freestanding warm-air stove was probably 

the “Furnus Acapnos” or “smokeless stove” invented by 

Dalesme in France in the late 1600s. Dalesme introduced 

fresh fuel in the same opening as combustion air, directing 

https://en.wikipedia.org/wiki/Insolation
https://en.wikipedia.org/wiki/Renewable_energy
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ABSRACT: The objective of this paper  is to design a three-plate injection  mould  that used to produce the differential cover components 

which are used in automobile. In the proposed work we are trying to design  injection mould that has the capacity to produce thin walled plastic 

components without warpage defect and also a mould which permits the part to be created in new plane away from gating system to allow 

sufficient cooling time for the component before ejection. The aim is to create a mould which has flexibility to place gating system anywhere on 

the mould design. The design of three plate injection mould has done using inspire design software and the analysis software. For 

manufacturing and study the mechanical behavior of the three-plate injection mould has been carried out for four materials. Out of four materials 

AISI 304 gives us the better results. 

Key words: Injection mould, Automobile, Ansys, AISI 304, materials 

I. INTRODUCTION 

In j e c t i on  m ol d i n g  is th e m ost  c om m on l y used  

m an ufa ct ur in g  p r oc e ss  for  the f a b r i c a t i on  of 

plastic parts. A wide variety of products are manufactured 

using injection molding, which vary greatly in their size, 

complexity, and application. The injection molding process 

requires the use of an injection molding machine, raw 

plastic material, and a mold. The plastic is melted in 

the injection molding machine and then injected into the 

mold, where it cools and solidifies into the final part. The 

steps in this process are described in greater detail in the 

next section 

Injection molding is used to produce thin-walled plastic 

parts for a wide variety of applications, one of the most 

common being plastic housings. Plastic housing is a thin-

walled enclosure, often requiring many ribs and bosses on 

the interior. These housings are used in a variety of 

products including household appliances, consumer 

electronics, power tools, and as automotive dashboards. 

Other common thin-walled products include different types 

of open containers, such as buckets. Injection molding is 

also used to produce several everyday items such as tooth 

brushes or small plastic toys. Many medical  

devices, including valves and syringes, are 

manufactured using injection molding as well. 

II. EJECTION 

 Mould tool ejection systems vary enormously both in 

complexity and design. The prime function of any ejector 

system must be that of clearing the moulded components 

away from the mould on opening, thus enabling the press to 

recycle. Once clear of the mould the components free fall 

under gravity away from the moulding area or are removed 

by other means, e.g. by robot. Usually situated in the core 

half of the mould, the ejection system can be actuated by 

the moulding machine or the opening action of the mould. 

A few of the most commonly encountered ejection 

components arc listed and described below. 

 (a) Ejector ban: The ejector bar mechanically interfaces 

the mould ejection system with that of the moulding 

machine. The bar can either be linked to the mould (e.g. by 

a screw thread) or used as a knocker bur without any 

mechanical linkage between mould or machine. 

 (b) Ejector plates: The ejector bar transmits the ejection 

force as a single point load to the centre of the ejector 

plates. The applied load is distributed to the various 

components attached or contained within the plate 

assembly. Ejector plates must be of rigid construction in 

order to withstand the relatively high cyclic loads imposed 

on them during service. If the plates flex or bow under load 

tool wear may occur which could significantly shorten the 

mould’s service life. 

(c) Support pillars and parallel blocks: These 

components transmit the clamping force from the mould 

back plate through and about the ejector plate recess 

directly to the core plate. The support pillars additionally 

act as guides to locate the ejector plate assembly. The 

amount of ejection stroke available is determined primarily 

by the overall height of these two components. 

(d) Ejector pins and blades: These headed components 

are trapped between the ejector plates. The ejector pins and 

blades are usually positioned within the core assembly, 

seated in reamed holes and ground flush to the face of the 
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ABSTRACT: Traditionally, the design field has been identified with particular end products, e.g., mechanical design, 

electrical design, ship design. In these fields, design work is largely based on specific techniques to foster certain 

product characteristics and principles. The scope of this work includes, to design, model and simulate the CNC arbor, 

to optimize the cutting tool arbor for maximum stiffness condition and also to detailed factor safety in design . When 

new software and manufacturing processes are introduced, traditional empirical knowledge is unavailable and 

considerable effort is required to find starting design concepts. Milling operation is today the most effective and 

productive manufacturing method for roughing and finishing large surfaces of metallic parts. The model simulates 

precisely the mass optimization of cutting tool and structural analysis to study the optimized model is to make sure that 

the arbor in safe condition. The accuracy of the simulation model has been thoroughly verified, with the aid of a wide 

variety of experiments. The analysis of mass optimization and structural analysis is performed in the Altair inspire 

software. 

Key words: Optimization, CNC, Cutting force, Design, Arbor 

I. INTRODUCTION 

Today, Computer Numerical Control is an extension of 

what was once Numerical Control. It refers essentially to 

the concept of controlling automated machine tools via 

programmable computers. Clearly, with the older system of 

Numerical Control, a computer wasn’t involved, but today 

the technology has advanced in leaps and bounds (and 

continues to advance every year). CNC has set the stage for 

a tremendous upsurge in productivity – it’s an environment 

where machine tools can operate automatically, and without 

the attention and oversight of an operator. 

Historically, the first commercial Numerical Control 

machines were used in the early 1950’s, and operated with 

“punch tape”. And although a proven method, the so-called 

“new” technology was not readily accepted by 

manufacturers. In the late 1950’s, Numerical Control began 

to capture the interest of more and more manufacturers, but 

still with some problems and issues that required attention. 

Things became more manageable when industry groups 

standardized the operational aspects of NC, bringing some 

order and commonality to the manufacturing sector. 

Over the years, as CNC technology gained acceptance (with 

proven results), manufacturers began to replace older 

technologies and manual machining methods with 

Computer Numerical Control. And while the United States 

launched the CNC technology revolution, Germany and 

Japan became more successful in enhancing the 

technologies and bringing down unit costs. In more recent 

years, microprocessors have brought down unit costs even 

more, and have made CNC technology much more 

accessible to smaller manufacturing companies, as well as 

individuals. Whether it’s metal cutting machines, or 

woodworking machines, the technology is being used 

universally, and with advanced applications emerging every 

year. As for the CNC machinist, CAD programs, CAM 

programs, and other computer software are the basis for 

designing and fabricating almost every product that 

consumers use on a daily basis. Indeed, like the 1950’s and 

1960’s, advances and innovations in technology will 

continue to revolutionize throughout the 2000’s. 

The term “CNC” is a generic term which can be used to 

describe many types of device, this would include plotters, 

vinyl cutters, 3D printers, milling machines and others. 

CNC stands for Computer Numerically Controlled and 

basically means that the physical movements of the 

machine are controlled by instructions, such as co-ordinate 

positions that are generated using acomputer.The term 

“CNC Machine” is typically used to refer to a device which 

uses a rotating cutting tool which moves in 3 or more axes 

(X, Y and Z) to cut-out or carve parts in different types of 

materials. The information on these pages will focus on 

what are typically referred to as “CNC Routers” although it 

would be applicable to most CNC milling and engraving 
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ABSTRACT - Recent discoveries in the biomimicry field found that mimicking Humpback whale flippers can give us 

better Drag and Lift coefficients. CFD analysis is done on whale inspired modified NACA-0021 foil with sinusoidal 

leading edge. And Velocity and pressure contours are generated to see the results.It has found that with the change in 

the angle of attack of each foil the velocity contour changes. The geometry was managed using the Design Modeler tool. 

The fluid flow simulation was carried out using ANSYS Fluent. The result showed the performance of E387 is better 

than other hydrofoils as it gives better lift force with the least drag force, resulting in better hydrodynamics of turbine 

blade. Overall, the value of lift and drag coefficients at 10 o was more consistent than 0 o and 20 o AOA. 

Key words: CFD, Hydrofoil, Angles, AOA, Ansys, E387 

I. INTRODUCTION 

It is a fact of common experience that a body in motion 

through a fluid experience 

a resultant force which, in most cases is mainly a resistance 

to the motion. A class of body exists, However for which 

the component of the resultant force normal to the direction 

to the motion is many time greater than the component 

resisting the motion, and the possibility of the movement of 

fast ships above water depends on the use of the body of 

this class for wing structure. Hydrofoil is such an 

aerodynamic shape that when it moves through water, the 

water is split and passes above and below the wing. The 

wing’s upper surface is shaped so the water rushing over 

the top speeds up and stretches out. This decreases the 

water pressure above the wing. The water flowing below 

the wing moves in a comparatively straighter line, so its 

speed and water pressure remain the same. Since high water 

pressure always moves toward low water pressure, the 

water below the wing pushes upward toward the water 

above the wing. The wing is in the middle, and the whole 

wing is “lifted.” The faster an fast boat moves, the more lift 

there is. And when the force of lift is greater than the force 

of gravity, the fast boat is able to lift above water. AOA is 

the angle between the oncoming water or relative wind and 

a reference line on the fast boat or wing. Sometimes the 

reference line is a line connecting the leading edge and 

trailing edge at some average point on a wing. So in this 

report I have basically took an hydrofoil NACA 0021 and 

with various angle of attacks and keeping velocity constant 

I concluded a result on maximum lift and drag coefficient. 

Surfing is a global sport that involves catching and riding 

waves on a surfboard fitted with fins. Currently, only one 

other study compares field performance and numerical 

(computational fluid dynamics, CFD) results of different 

surfboard fin designs [1]. The study involved a single, 

longboard-style surfing fin, comparing a standard 

longboard fin to a tubercled, “real whale” (RW) design. 

Static CFD results showing improved efficiency and an 

expanded operating envelope for RW led to field testing of 

a prototype RW design. Results from over 650 surfed 

waves, comparing RW to a standard longboard fin 

confirmed the CFD results, with significant improvements 

in max speed, average speed, and distance surfed on 

individual waves. Rather than single longboard fins, the 

present study compares field and numerical results from 3-

fin thruster sets. Introduced by Simon Anderson in 1980 

[2], thruster sets are commonly used in high performance 

shortboard surfing, where maneuverability and control are 

key performance factors. Specifically, this paper focuses on 

the cutback, or top turn (Figure S1), an important maneuver 

during recreational and competitive surfing [3–5]. To gain 

more understanding of field performance of RW vs. control 

fins attached to shortboards, this study uses dynamic CFD 

to simulate field results and compare forces imparted to 3-

fin thruster sets. 

1 .1 OBJECTIVE 

1.  To check the behavior of CL (coefficient of Lift), CD 

(coefficient of Drag) in  

2.  NACA- 0012 (National Advisory Committee for 

Aeronautics) When the velocity is kept constant. When the 

AOA(   Angle Of Attack) is varied from -25° to 25° with a 

gap of 5 degrees. 
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ABSTRACT: Additive manufacturing is rapidly growing technology in the field of production and research. AM is 

perceived as an environmentally friendly and sustainable technology and has already gained a lot of attention globally. 

The potential freedom of design offered by AM is, however, often limited when printing complex geometries due to an 

inability to support the stresses inherent within the manufacturing process. Additional support structures are often 

needed, which leads to material, time and energy waste. Research in support structures is, therefore, of great 

importance for the future and further improvement of additive manufacturing. This paper aims to review the varied 

research that has been performed in the area of support structures. To study the effect of support structures we have 

taken three different types of support structures to optimize the best support structure. Optimizing the perfect support 

support structure will give better results on the final build component. Support structure will help in improving the 

better mechanical properties also. The dimensional accuracy and surface roughness are also depending on the support 

structure geometry. 

Key words: Optimization, AM240, simulation, circular support structures, Temparature 

I. INTRODUCTION 

Selective Laser Melting (SLM) is a metal additive 

manufacturing (AM) process wherein a laser beam is used 

to melt and fuse metal powder layer by layer to create a 

part. This technology is considered to be one of the 

upcoming techniques to manufacture near net shape 

components for industries like automobile, aerospace, 

defence and biomedical. Further, due to layer-by-layer 

building approach, this process enables to fabricate 

components with complex shapes using volume 

optimization techniques like topology optimization (TO). 

Brackett et al. (2011) reviewed the feasibility of 

implementation of topology optimization to additive 

manufacturing techniques. They reported that TO designs 

can be effectively employed to manufacture products using 

AM with a significant improvement in TO methods. 

Furthermore, Brandt et al. (2013) employed the SLM 

technique to fabricate an optimized design of an aerospace 

bracket. They described various strategies to improve the 

manufacturability of the 2 optimized designs using the 

SLM process. However, to realize the full potential of TO, 

the AM processes have to be fully optimised, as reported in 

detail by Zegard and Paulino (2016). 

Till date, most of the studies have been carried out to assess 

the feasibility of SLMprintability of a variety of 

engineering materials. Yap et al. (2015) reviewed different 

materials that were being employed in the SLM process 

along with their applications. They reported that most 

engineering materials like aluminium, steels, cobalt- and 

nickel-based superalloys, and titanium alloys are being 

studied for printability using SLM. However, to fabricate 

functional parts using SLM process, considerable research 

is required to obtain fully dense metal components by 

selection of optimum process parameters. For example, 

Yasa and Kruth (2011) printed single layers of 316L 

stainless steel to study the effect of SLM process 

parameters on density and microstructure. They reported 

that even though SLM process is capable of producing parts 

with densities of 98-99%, the remaining porosity of even 1-

2% would render the as-built SLM parts not suitable for 

high strength and load bearing applications in aerospace 

and defence industries. Therefore, it is vital that a 

comprehensive understanding of the SLM process is 

developed to achieve desired properties. SLM is a complex 

additive manufacturing process that involves understanding 

the interaction between various parameters relating to 

materials, machine, as well as fabrication aspects. Irrinki et 

al. (2016) found that the powder parameters like particle 

size and shape along with powder atomization process 

affect the density and mechanical properties of SLM 

printed parts. Moreover, Attar et al. (2015) studied the 

influence of particle morphology on the density of in-situ 

Ti-TiB composite material parts fabricated via SLM. The 

relative density of the samples produced using spherical 

particles was 99.5% when compared to samples printed 
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ABSTRACT: The objective of the paper is to build a three fingered gripper for a flexible robotic arm to have the 

capability of mimic the motion of a snake such that work space of the robotic arm is maximized. In this paper a three 

fingered gripper is designed with payload capacity of 2kg by considering flexible design, ease of manufacture, low cost 

and recyclable material as the constraints. The designing of three fingered gripper is done in AUTODESK FUSION360. 

Based on the design, it is identified that the screw operated gripper has more flexibility and better efficiency when 

compared with other designs hence the performance of screw operated gripper is analysed using Ansys software. From 

the analysis, based on the deformation and stress values, it is ensured that designed screw operated gripper made of 

ABS (Acrylonitrile butadiene styrene) material is capable of handling 2kg of load. The printing time and cost 

estimation is carried out by slicing of screw operated gripper by using Ultimaker Cura software. 

Key words: RPT, CURA,  FUSION360,  ABS, FRA 

 

I. INTRODUCTION 

Grippers are special devices designed to help robots handle 

objects in the real world. Grippers are also known as 'end-

effectors' or 'manipulators’. Some grippers look just like 

hands, while others look like a hand with two or three 

fingers.  Some grippers don't look like hands at all; they 

look more like robot claws. Other grippers come with giant 

suction cups. Some grippers look like a soft round ball. 

Some have magnetized tips. And grippers receive their 

power in different ways, from electrical to pneumatic (air) 

and hydraulic (hydraulic fluid). 

Payload refers to the entire weight the robot arm is able to 

support, including the gripper. Just as your arm and hand 

can only lift certain weights at the gym, a robot can only 

handle so much weight without faltering. So, when 

choosing your robot hand, you must consider the payload 

capabilities of the robotic arm and the gripper itself. 

Robotics is a mixture of geometric transformations, control 

theory, stepper / DC motors, digital signal processing and a 

real-time operating system. Robot is a reprogrammable and 

multifunctional manipulator designed to move materials / 

pieces from one place to another through different 

movements programmed to perform a series of tasks and 

the robot can also be classified according to its application 

method as a way of control, operating parameters, 

environmental conditions, structural design, structure 

materials, technology level. The two main types of control 

are servant and non-servant. The volume of the work space 

of a robot can be articulated in a rectangular, cylindrical, 

spherical or spherical shape. The growing competition of 

industrial robots for tasks normally performed by human 

hands has led to the need for more efficient handling 

equipment, in particular pre-tensioning instruments (more 

commonly called clamps). This is one of the reasons why 

tweezers deserve special attention. However, industrial 

robots are not simply a substitute for people often in 

applications beyond the normal (physical or temporary) 

capacity of conventional labour. 

II. LITERATURE SURVEY 

A. Krishnaraju et al [1] designed a three fingered robot 

mechanism which has the potential to fulfil various demand 

in industry and factories. So far there are so many 

mechanisms available for robot gripper in three fingered 

robot gripper mechanism is a type of mechanism which is 

used in industrial robots for moving object, which has 

higher gripper ratio. The kinematic system has been 

designed for one degree of freedom and the kinematic 

design of robot structure is developed using SAM 

mechanism software. The gripper modelling has been 

designed using Pro-E Wildfire5.0 software and a three 

finger gripper is fabricated by aluminium material for 5 kg 

payload. The gripper mechanism has three fingers which 

are used to hold the object in a balanced way to meet the 

challenges faced on the industrial life. The fingers are also 

provided with senses to identify the type of object. 

S. Chandra Sekhar et al [2] published a paper. In this paper, 

the design of an open source, low cost, single actuator 

under actuated gripper that can be created through fast and 

commonly accessible through rapid prototyping techniques 

and simple off the shelf components. This work establishes 
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ABSTRACT: The purpose of the Society of Automotive Engineers (SAE) Baja Major Qualifying Project (MQP) was to 

analyze the pre-existing Baja SAE (BSAE) vehicles to determine flaws and design a new chassis that improved upon the 

previous designs. This MQP identified particular problems with the size of the engine compartment, the overall 

suspension alignment and attachment points, as well as the visibly crooked nature of the vehicle. After consideration of 

possible solutions, the MQP created various preliminary designs utilizing the Baja SAE Rules as a guide for design 

decisions. In this study we have perform the numerical solutions for different subsystems of Baja SAE vehicle to design 

the front wheel assembly. The modelling of front wheel done in auto desk fusion 360 software and assembly operations 

performed. 

Key words: Design, Modelling, Fusion 360, SAE, MQP 

I. INTRODUCTION 

The purpose of this paper is to optimize the design of front 

wheel assembly of ATV for the better performance of the 

vehicle by reducing the weight of the components of front 

wheel assembly and also by changing the material 

properties of components of front wheel assembly. 

Therefore, the design should meet the following criteria, 

Lightweight to maintain good performance to weight ratio 

of the ATV.  Optimum stiffness to ensure low system 

compliance and maintaining designed geometries. Ease of 

maintenance for enhancing serviceability and setup 

repeatability. As the name suggest, Front Wheel assembly 

consists of various component, as shown in figure 1, that 

are Assemble together to get a single complete unit. The 

complete wheel assembly is attached to the rim of the 

wheel, with the four mounting points on the one side and 

from the knuckle side; it is attached to the suspension 

control arms and the tie rod including both, with the three 

points. The front wheel assembly is used to allow the 

vehicle to move. Front wheel assembly connects the 

steering arm, which allows the driver to steer the vehicle, 

and the caliper is the component, which allows the driver to 

stop the vehicle with the help of Brake pads which mounts 

on the rotating disc. 

The major problem of this assembly is that its weight 

includes in the unsprung weight of the vehicle which is 

totally undesirable. The unsprung mass of the vehicle has 

an impact on the various performance parameters of the 

vehicle while it is moving in dynamic conditions like 

problems in acceleration, braking, steering effort etc. 

The objective of the research work is to design the front 

wheel assembly for ATV vehicle and further optimizing it 

by reducing its weight. The sub objective of the paper 

includes: 

1. Study of static and dynamic parameters of the wheel 

assembly. 

2. Study of suspension, steering, braking systems and 

parameters affecting its performance. 

3. Workout the parameters by analysis, design, and 

optimization of the system. 

II. METHODOLOGY  

 The design and optimization of the front wheel assembly 

has a very wide scope. The designers modify and optimize 

the front wheel assembly especially the hub and knuckle in 

order to reduce the unsprung weight of the vehicle which in 

turn improves the overall performance of the vehicle. This 

is very vastly seen in the student integrated competitions at 

college level. The front wheel assembly is excessively 

integrated in the automotive industry as well. This results in 

overall weight reduction of vehicle, fuel efficiency which is 

an important matter of concern these days. 

In this report, firstly calculations are done on steering, 

braking, and suspension subsystems. For the design of 

steering and suspension system this report uses special type 

of ICR (instantaneous center of rotation) diagram and for 

calculating various parameters related to the front wheel 

assembly a extensive survey is done. For obtaining the 

vehicle behavior in various conditions special software is 

used called as LOTUS. The formulae derived are validated 

using design books and research papers. The points 

required to design the front wheel assembly were obtained. 
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ABSTRACT - The current work is aimed to design an aircraft engine cooling fan.  the family of turbo machines and 

they move air or gas conns belong continuously at desired velocity by action of a rotor. Flow investigation of the fan is 

planned to be carried out by using ANSYS-FLUENT software for different designed off design points of operation. The 

performance of the fan generated from the CFD analysis at the design point will be compared with that of the designed 

data assumed for calculation. This will also be compared with the best efficiency point of operation. For  the analysis, 

an CAD drawing, and a 3-D model of the fan impeller and casing are developed for the designed fan. This is followed 

by the generation of Grid and aerodynamic analysis using the available CFD solver. The work is concluded by 

identifying possible zones of improvements in the design of impeller and casing and suggests suitable modifications. 

Key words: Design, Aircraft, CFD, Ansys, Grid, Aerodynamic 

I. INTRODUCTION TO TURBO MACHINES 

Turbomachines used for the compression of gases are 

classified under radial, axial, or mixed flow types 

depending on the flow through the impeller. In a radial or 

centrifugal machine, the pressure increase due to the 

centrifugal action forms an important factor in its operation. 

The energy is transferred by dynamic means from the 

impeller to the fluid. The fluid because of centrifugal action 

is continuously thrown outwards making way for fresh fluid 

to be inducted in because of the reduced local pressure. 

Another characteristic feature of the centrifugal impeller is 

the angular momentum of the fluid flowing through the 

impeller is increased by virtue of the impeller outer 

diameter being significantly larger than the inlet diameter. 

In axial flow machines, a large mass of gas is set in motion 

by the rotating impeller and is made to move forward 

because of the aerodynamic action of the blades. A mixed 

flow machine encompasses the properties of both the above 

types.  Depending on the pressure rise attained, these 

machines are named as fans and blower or compressors. 

There is however no distinct demarcation among the 

different types. Fans handle gases in large volumes without 

appreciable density variation. Pressure ratio attainable is of 

the order of 1.05. They are invariably single stage 

machines.  Blowers cover pressure ratios from 1.05 to about 

4. They are made     either as single stage or two or three 

stages. No inter cooling is required. Compressors include 

pressure ratios from 3 to 12 or higher. They are invariably 

multistage with or without intercooling. For higher pressure 

ratios appreciable compression takes place followed by a 

reduction in volume. The calculations are done on the basis 

of mass flow in such cases.   The selection of a type of 

impeller namely axial, radial, or mixed flow for a specified 

pressure rise, speed and flow rate follow from shape 

number considerations defined by 

              N shape = n √(v)/ w^0.75 

The shape number is important to achieve an optimum 

efficiency. Radial machines have low shape numbers 

ranging from 0.033 to 0.12 and are known as slow running 

impellers. Axial flow types have shape numbers from 0.33 

to 1.5. Mixed flow types have values in between those of 

radial and axial impellers. An idea of the shape of impeller 

can be obtained from the shape number. For example, slow 

running impellers have long and narrow vane channel 

passages and large shroud diameters. This increases the 

friction losses and lowers the efficiency high shape 

numbers are desirable.  The energy which is converted into 

pressure in the impeller is indicated by the degree of 

reaction which is the ratio of specific pressure energy to the 

specific work of the machine. Blowers and compressors 

operate with degree of reaction greater than zero, and 

mostly than 0.5. The reason is that the static pressure can be 

generated more efficiently in the impeller than in the guide 

vanes as the centrifugal forces in the rotating channels of 

the impeller help in the suction of the boundary layer and 

dead zones.  If the specified pressure rise cannot be 

obtained in one stage, two or more stages as required are 

built in series, the individual stages being joined by what 

are known as return guide passages or return channels. In 

such a multistage centrifugal compressor or blower, the 

chief problems encountered are regarding the design of 

efficient guide and return channel passages as well as 

carefully designed shroud and vane contours. Though 

compressors with more than eight or ten stages are in 

existence, the number of stages is generally restricted to 

two or three. The desired pressure rise is obtained by 
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ABSTRACT: The Engine cylinder is one of the major automobile components, which is subjected to high temperature 

variations and thermal stresses. In order to cool the cylinder, fins are provided on the surface of the cylinder to increase 

the rate of heat transfer. By doing thermal analysis on the engine cylinder fins, it is helpful to know the heat dissipation 

inside the cylinder. We know that, by increasing the surface area we can increase the heat dissipation rate, so designing 

such a large complex engine is very difficult. The main aim is to analyze the thermal properties by varying the 

geometry of fins. The accurate thermal simulation could permit critical design parameters to be identified for improved 

life. Presently Material used for manufacturing cylinder fin body is Aluminum Alloy AA 6061 which has thermal 

conductivity of 160 – 170 W/mk. presently analysis is carried out for cylinder fins using this material. 

Key words: FINs, HTR, AA6061, Simulation, material 

I. INTRODUCTION 

Internal combustion engine cooling uses either air or a 

liquid to remove the waste heat from an internal 

combustion engine. For small or special purpose engines, 

cooling using air from the atmosphere makes for a 

lightweight and relatively simple system. Watercraft can 

use water directly from the surrounding environment to 

cool their engines. For water-cooled engines on aircraft 

and surface vehicles, waste heat is transferred from a 

closed loop of water pumped through the engine to the 

surrounding atmosphere by a radiator. Water has a higher 

heat capacity than air, and can thus move heat more 

quickly away from the engine, but a radiator and pumping 

system add weight, complexity, and cost. Higher-power 

engines generate more waste heat, but can move more 

weight, meaning they are generally water-cooled. Radial 

engines allow air to flow around each cylinder directly, 

giving them an advantage for air cooling over straight 

engines, flat engines, and V engines. Rotary engines have 

a similar configuration, but the cylinders also continually 

rotate, creating an air flow even when the vehicle is 

stationary. Aircraft design more strongly favors lower 

weight and air-cooled designs. Rotary engines were 

popular on aircraft until the end of World War I, but had 

serious stability and efficiency problems. Radial engines 

were popular until the end of World War II, until gas 

turbine engines largely replaced them. Modern propeller-

driven aircraft with internal-combustion engines are still 

largely air-cooled. Modern cars generally favor power over 

weight, and typically have water-cooled engines. Modern 

motorcycles are lighter than cars, and both cooling fluids 

are common. Heat engines generate mechanical power by 

extracting energy from heat flows, much as a water wheel 

extracts mechanical power from a flow of mass falling 

through a distance. Engines are inefficient, so more heat 

energy enters the engine than comes out as mechanical 

power; the difference is waste heat which must be 

removed. Internal combustion engines remove waste heat 

through cool intake air, hot exhaust gases, and explicit 

engine cooling Engines with higher efficiency have more 

energy leave as mechanical motion and less as waste heat. 

Some waste heat is essential: it guides heat through the 

engine, much as a water wheel works only if there is some 

exit velocity (energy) in the waste water to carry it away 

and make room for more water. Thus, all heat engines 

need cooling to operate. Cooling is also needed because 

high temperatures damage engine materials and lubricants. 

Cooling becomes more important when the climate 

becomes very hot. Internal-combustion engines burn fuel 

hotter than the melting temperature of engine materials, 

and hot enough to set fire to lubricants. Engine cooling 

removes energy fast enough to keep temperatures low so 

the engine can survive Some high-efficiency engines run 

without explicit cooling and with only incidental heat loss, 

a design called adiabatic. Such engines can achieve high 

efficiency but compromise power output, duty cycle, 

engine weight, durability, and emissions. 

1.1 Generalization difficulties 

It is difficult to make generalizations about air-cooled and 

liquid-cooled engines. Air-cooled diesel engines are 

chosen for reliability even in extreme heat, because air-

cooling would be 

simpler and more effective at coping with the extremes of 

temperatures during the depths of winter and height of 
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ABSTRACT: This work demonstrates the effect of different shapes and positions of a wavy flag vortex generator on the 

heat transfer in a rectangular channel using Computational Fluid Dynamics (CFD) analysis. It covers the shape 

optimization as well as the position optimization of the shape optimized flag to achieve the best heat transfer 

enhancement. The result of post analysis shows that the shape optimized flag is the combination of rectangular and 

triangular flag and the optimized position is the flags arranged horizontally along the breadth of the channel. Average 

Nusselt number in shape optimized flag is 20 % higher than that in no flag condition, whereas in best optimized 

position in which 3 shape optimized flags are used it is 70 % higher when compared to no flag condition. This work also 

covers the experimental validation for the result of position optimization. Although, heat transfer enhancement by 

introducing additional turbulence had been widely studied but usage of flag, effect of different shapes of flag and the 

flag positions for improving the heat transfer has not been explored much in practical applications. This paper thus 

presents the use of flag for heat transfer enhancement. 

Key words: Geometry, Optimization, HT, Vortex, Enhancement. 

I. INTRODUCTION 

All the industrial systems dealing with heat and fluid 

transfer involve fluid flow through channels and must deal 

with efficient heat dissipation problem at the same time. 

Heat transfer through channels is one of the classical 

problems in the heat transfer and fluid mechanics. The 

thermal behaviour of these channels has been described 

well by the correlations given by Dittus and Boelter [1]. 

These correlations imply that the Nusselt number of the 

fluid flowing inside the channel is a function of Reynolds 

and Prandtl number which represent the flow properties of 

fluid. Nusselt number is used to find the average heat 

transfer coefficient which gives the idea of amount of the 

heat carried by the air. Nusselt number can be easily varied 

by changing the Reynolds or the Prandtl number. As it is 

difficult to vary flow properties (i.e. change the Prandtl 

number), usually the Nusselt number is controlled by 

varying the Reynolds number. Vortex generators can be 

used as one of the methods to vary the Reynolds number in 

a channel. Vortex generator (VG) is aerodynamic device, 

consisting of a small vane like structure usually attached to 

a lifting surface. These are most often used to delay the 

local flow separation and aerodynamic stalling, in 

applications such as wings and control surfaces, flaps, 

elevators, aileronsand rubber. Various heat transfer 

enhancement techniques are used for enhancing the heat 

transfer in the channel. All these techniques come under 

active and passive techniques. They are used to enhance 

heat transfer by generating the vortex (whirl) in the flow. 

Passive techniques involve creating protrusions, dimples, 

corrugations etc. The flow can take place only in one 

direction as passive devices will be in-affective in case the 

flow direction changes. Active techniques involve external 

source like fans in which direction of flow can be altered, 

but the active techniques require an external source of 

energy which is a drawback. Another disadvantage is the 

size, as the fans cannot be introduced in small channels.  

The passive method has been more widely accepted than 

the active methods as they do not require any external 

power to produce whirl in the flow. Like these passive 

techniques, vortex generators can be used in the form of 

flags. Flag is a better solution to both active and passive 

techniques as they do not require the external source of 

energy and change in the direction of the flow doesn’t 

affect its performance as it can change the direction of its 

fluttering with the change of course of flow. When the fluid 

flows over the flag, due to the fluttering of flag a whirl is 

produced which results in the mixing of the fluid. This 

mixing affects the thermal boundary layer and the 

temperature field which in turn increases the heat transfer. 

Software and numerical based analysis have been carried 

out to study the vortex generator’s effect on the heat 

transfer. Ralph Kristoffer and Rajneesh N. Sharma 

conducted a study concluding that extensive and intensive 

experimental results are lacking to validate numerical and 
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ABSTRACT: Heat transfer to or from a bank (or bundles) of tubes in cross flow heat exchanger is relevant to 

numerous industrial applications; such as, steam generation in a boiler or air cooling in the coil of an air conditioner. 

The purpose of this research work is to find out the effect of horizontal pitch on the Nusselt number and friction factor 

of tube. The compact tube bank arrangement experiences high convective resistance on air side, due to low convective 

heat transfer coefficient. The arrangement of seven cylinders in triangular arrangement is made in such a way that 

maximizes the turbulence of air in the tube bank arrangement. The numerical analysis of this tube bank arrangement 

with Ansys fluent is carried out. This work consists of circular and diamond shape tubes, with different value of pitch 

for maximum heat transfer. The increase in turbulence will increase the convective heat transfer coefficient of air due 

to better mixing of air. The circular tube & diamond shape tube bank have maximum Nusselt no at horizontal pitch of 

2.5D & 3D respectively. The value of coefficient of friction should be minimum so that there will be less pressure drop. 

The circular & diamond shape tube have least values of coefficient of friction at horizontal pitch of 3D 

Key words: Convection, Geometry, CFD, Nusselt Number, HT 

I. INTRODUCTION 

The heat transfer in tube bank arrangement in cross flow 

heat exchanger has wide range of applications, such as 

steam generation in boiler or air cooling in the coil of an air 

conditioner. In energy transfer related applications, heat 

exchanger performance is of great importance in meeting 

today’s stringent energy efficiency standards with low cost 

and less environmental impact. In the liquid-to-gas and 

phase-change heat exchangers, typical to many Heating, 

Ventilating and Air Conditioning & Refrigeration 

(HVAC&R) systems, the gas-side thermal resistance 

contributes heavily to the overall thermal resistance. Fin-

and-tube heat exchangers have been widely applied in lots 

of fields, such as energy, power, chemical, food, and 

refrigeration. Improved heat transfer performance will have 

a significant impact on the energy crisis. For the gas-to-

liquid fin-and tube heat exchanger, a high thermal 

resistance exists because of the poor thermo physical 

property of air. For example, the airside thermal resistance 

can comprise 75% of the total thermal resistance in an 

evaporator and 95% in a condenser for typical refrigeration 

systems. Researchers are devoted to developing the 

enhanced heat transfer surfaces, especially on the air side. 

Generally, in tube bank arrangement the fluid moves inside 

the tubes while second fluid moves outside the tubes. So, 

with the help of better mixing of fluids by providing 

different tube bank arrangement the heat transfer can be 

enhanced. The spacing between the rows of tubes have 

significant effect on the heat transfer and skin friction 

coefficient of tubes. The prime motive of this work is to 

find out the effect of horizontal pitch on the convective heat 

transfer coefficient as well as on the skin friction 

coefficient. So the development of the higher effective heat 

exchanger requires a larger contact area for heat transfer 

with reduced volume. Such larger contact area is easily 

achieved by passing one fluid through a number of small 

channels or tubes. This process with an array of the cylinder 

leads towards the development of a new class of heat 

exchanger, as tube banks. The tube bank is a special case of 

the heat exchanger, where the heat interaction is between 

the hot fluids flowing through a number of small tubes and 

cold fluid usually passes over the tube surface along the 

cross direction. There are several techniques commonly 

used to increase the heat transfer rate by improving thermal 

contact between the heat exchanger fluid and wall. Themost 

common methods typically manipulate the surface, 

including its roughness, use of coiled tubes and vortex 

generators. 

II. LITERATURE REVIEW 

Smith et al[2] have investigated experimentally the effect 

of Reynolds number on the nusselt number and skin friction 

coefficient in tandem arrangement with uniform heat flux 

over the tubes. The results presented by the author suggest 

that Nusselt number have strong dependency on cone 

angles, tail length ratio and Reynolds number. The heat 

transfer and friction factor will increase with cone angle 
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Abstract: Selective laser melting technology which rapidly growing technology in the additive manufacturing process.  

Additive manufacturing is influenced by so many parameters majorly laser power, scan speed, scanning strategy, layer 

height, support structure, laser diameter, hatch space etc.  These are the various parameters which may influence 

properties of the resulting part.    To study the influence of layer height on the final part we have simulated the rocker 

arm for different layer heights taken 30, 40, 50 and 60 microns. We have studied the displacement and displacement in 

3 direction, plastic strains, vonmisses stresses nodal temperature and temperatures, form this study can say that the 

layer height 50 and 60 microns has very close results and plastic strain become constant. To print the rocker arm we go 

for 40 or 50 microns. 

Key words: SLM, AM, 3D Printing, Plastic strains, Von-missess stresses 

I. INTRODUCTION 

Selective Laser Melting (SLM) is a metal additive 

manufacturing (AM) process wherein a laser beam is used 

to melt and fuse metal powder layer by layer to create a 

part. This technology is considered to be one of the 

upcoming techniques to manufacture near net shape 

components for industries like automobile, aerospace, 

defence and biomedical. Further, due to layer by layer 

building approach, this process enables to fabricate 

components with complex shapes using volume 

optimization techniques like topology optimization (TO). 

Brackett et al. (2011) reviewed the feasibility of 

implementation of topology optimization to additive 

manufacturing techniques. They reported that TO designs 

can be effectively employed to manufacture products using 

AM with a significant improvement in TO methods. 

Furthermore, Brandt et al. (2013) employed the SLM 

technique to fabricate an optimized design of an aerospace 

bracket. They described various strategies to improve the 

manufacturability of the 2 optimized designs using the 

SLM process. However, to realize the full potential of TO, 

the AM processes have to be fully optimised, as reported in 

detail by Zegard and Paulino (2016). 

Till date, most of the studies have been carried out to assess 

the feasibility of SLMprintability of a variety of 

engineering materials. Yap et al. (2015) reviewed different 

materials that were being employed in the SLM process 

along with their applications. They reported that most 

engineering materials like aluminium, steels, cobalt- and 

nickel-based superalloys, and titanium alloys are being 

studied for printability using SLM. However, to fabricate 

functional parts using SLM process, considerable research 

is required to obtain fully dense metal components by 

selection of optimum process parameters. For example, 

Yasa and Kruth (201  1) printed single layers of 316L 

stainless steel to study the effect of SLM process 

parameters on density and microstructure. They reported 

that even though SLM process is capable of producing parts 

with densities of 98-99%, the remaining porosity of even 1-

2% would render the as-built SLM parts not suitable for 

high strength and load bearing applications in aerospace 

and defence industries. Therefore, it is vital that a 

comprehensive understanding of the SLM process is 

developed to achieve desired properties. SLM is a complex 

additive manufacturing process that involves understanding 

the interaction between various parameters relating to 

materials, machine, as well as fabrication aspects. Irrinki et 

al. (2016) found that the powder parameters like particle 

size and shape along with powder atomization process 

affect the density and mechanical properties of SLM 

printed parts. Moreover, Attar et al. (2015) studied the 

influence of particle morphology on the density of in-situ 

Ti-TiB composite material parts fabricated via SLM. The 

relative density of the samples produced using spherical 

particles was 99.5% when compared to samples printed 

using irregular shaped particles having a relative density of 

about 95%. On the contrary, powder characteristics are 

external parameters as they are usually supplied by either 

the machine manufacturers or powder-manufacturing 

suppliers. Furthermore, SLM machine parameters like laser 

type, maximum laser power and laser wavelength are 

machine dependent parameters and are restricted in terms 

of improving the properties of as-built SLM parts. Hence, 
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ABSTRACT: Carburettor manufacturing is one of the challenging manufacturing process which takes high production 

time. This can be reduced with great interest if we take manufacturing in to account. Here we would like to 

manufacture the carburettor by using metal LPBF process. Metal AM process is rapidly growing technology.  In metal 

AM process the complexity of the object is not considered. The quality of the final printed parts depends on the so 

many factors like laser power, scanning strategy, scanning speed, hatch distance, layer height etc… Among all the 

process parameters print orientation plays major role in consumption of support material and support printing time. 

To make the manufacturing easier and to meet less production times we have performed 3D printing simulation for 

different orientation. This study concentrates on material consumption, printing time, and thermo-mechanical 

properties and analyzes the best orientation for printing the carburettor and by optimizing the printing orientation 

cost. 

Key words: 3D Printing, SLM280, Optimization, structure, Carburettor 

I. INTRODUCTION  

Engine works on fuel. The earliest form of fuel supply 

mechanism for modern automobile is carburettor. The 

primary function of carburettor is to provide the air-fuel 

mixture to the engine in the required proportion. ¬The goal 

of a carburettor is to mix just the right amount of gasoline 

with air so that the engine runs properly. If there is not 

enough fuel mixed with the air, the engine "runs lean" and 

either will not run or potentially damages the engine. If 

there is too much fuel mixed with the air, the engine runs 

rich and either will not run (it floods), runs very smoky, 

runs poorly (bogs down, stalls easily), or at the very least 

wastes fuel. The carburettor is in charge of getting the 

mixture just right. 

1.2 Carburettor Basics 

A carburettor basically consists of an open pipe through 

which the air passes into the inlet manifold of the engine. 

The pipe is in the form of a venturi: it narrows in section 

and then widens again, causing the airflow to increase in 

speed in the narrowest part. Below the venturi is a butterfly 

valve called the throttle valve - a rotating disc that can be 

turned end-on to the airflow, so as to hardly restrict the flow 

at all, or can be rotated so that it almost completely blocks 

the flow of air. This valve controls the flow of air through 

the carburettor throat and thus the quantity of air/fuel 

mixture the system will deliver, thereby regulating engine 

power and speed. The throttle is connected, usually through 

a cable or a mechanical linkage of rods and joints or rarely 

by pneumatic link, to the accelerator on a motorbike or the 

equivalent control on other vehicles or equipment. 

Fuel is introduced into the air stream through small holes at 

the narrowest part of the venturi and at other places where 

pressure will be lowered when not running on full throttle. 

Fuel flow is adjusted by means of precisely-calibrated 

orifices, referred to as jets, in the fuel path. 

 

FIG 1: Carburettor Basics 

1.2.1 Parts of Carburetor 

1. A carburettor is essentially a tube. 
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ABSTRACT: This investigation uses a complex geometry which combines both straight edges and a rounded feature, 

allowing for the in-depth analysis of the effects of laser power on Ti-6Al-4V alloy parts produced by additive 

manufacturing. The printing study was carried out using the laser beam powder bed fusion technique (SLM 280 HL). 

The laser power was altered in the range of 500 to 600 W, in order to evaluate the effects of changing the input energy 

received by the powder particles on the as-built parts. The impact of changing laser power was investigated based on 

printed part dimensions, displacement, plastic strain, von-mises stress, nodal temperature, temperature.  It was 

determined that laser power has a direct influence on dimensional accuracy, displacement, plastic strain, parts printed 

at the higher power. The laser power optimized at 550 W where the minimum displacement, plastic strain, von-mises 

stress and minimum temperature are getting minimum values. 

Key words: Optimization, Laser Power, Thermal stresses, Plastic strain,, Von-misses stress 

I. INTRODUCTION 

Selective Laser Melting (SLM) is a metal additive 

manufacturing (AM) process wherein a laser beam is used 

to melt and fuse metal powder layer by layer to create a 

part. This technology is considered to be one of the 

upcoming techniques to manufacture near net shape 

components for industries like automobile, aerospace, 

defence and biomedical. Further, due to layer by layer 

building approach, this process enables to fabricate 

components with complex shapes using volume 

optimization techniques like topology optimization (TO). 

Brackett et al. (2011) reviewed the feasibility of 

implementation of topology optimization to additive 

manufacturing techniques. They reported that TO designs 

can be effectively employed to manufacture products using 

AM with a significant improvement in TO methods. 

Furthermore, Brandt et al. (2013) employed the SLM 

technique to fabricate an optimized design of an aerospace 

bracket. They described various strategies to improve the 

manufacturability of the 2 optimized designs using the 

SLM process. However, to realize the full potential of TO, 

the AM processes have to be fully optimised, as reported in 

detail by Zegard and Paulino (2016). 

Till date, most of the studies have been carried out to assess 

the feasibility of SLM printability of a variety of 

engineering materials. Yap et al. (2015) reviewed different 

materials that were being employed in the SLM process 

along with their applications. They reported that most 

engineering materials like aluminium, steels, cobalt- and 

nickel-based superalloys, and titanium alloys are being 

studied for printability using SLM. However, to fabricate 

functional parts using SLM process, considerable research 

is required to obtain fully dense metal components by 

selection of optimum process parameters. For example, 

Yasa and Kruth (2011) printed single layers of 316L 

stainless steel to study the effect of SLM process 

parameters on density and microstructure. They reported 

that even though SLM process is capable of producing parts 

with densities of 98-99%, the remaining porosity of even 1-

2% would render the as-built SLM parts not suitable for 

high strength and load bearing applications in aerospace 

and defence industries. Therefore, it is vital that a 

comprehensive understanding of the SLM process is 

developed to achieve desired properties. SLM is a complex 

additive manufacturing process that involves understanding 

the interaction between various parameters relating to 

materials, machine, as well as fabrication aspects. Irrinki et 

al. (2016) found that the powder parameters like particle 

size and shape along with powder atomization process 

affect the density and mechanical properties of SLM 

printed parts. Moreover, Attar et al. (2015) studied the 

influence of particle morphology on the density of in-situ 

Ti-TiB composite material parts fabricated via SLM. The 

relative density of the samples produced using spherical 

particles was 99.5% when compared to samples printed 
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ABSTRACT: The 3D printing process is a kind of additive manufacturing, that the basic principle of this process is 

adding material layer by layer to form a product. The purpose of this research was to study the effect of layer thickness 

and printed speed on CNC cutting tool for making casting replica. In this we are varying the layer thickness and 

printing speed on material consumption and printing speed. In this study by varying the layer thickness and printing 

speed time also varying. As the layer height increasing printing time decreasing similarly, as the printing speed 

increasing printing time decreasing. But by increasing the layer height dimensional accuracy of the final printed part is 

decreasing. Similarly, as the printing speed increases the bond between the layers is decreases. In same way by 

increasing the layer height and printing speed surface roughness increasing. 

Key words: Printing speed, print time, CNC, layer height, surface roughness 

I. INTRODUCTION 

3D printing or additive manufacturing (AM) is any of 

various processes for making a three-dimensional object of 

almost any shape from a 3D model or other electronic data 

source primarily through additive processes in which 

successive layers of material are laid down under computer 

control. A 3D printer is a type of industrial robot. Early 

AM equipment and materials were developed in the 1980s. 

In 1984, Chuck Hull of 3D Systems Corp, invented a 

process known as stereo lithography employing UV lasers 

to cure photopolymers. Hull also developed the STL file 

format widely accepted by 3D printing software, as well as 

the digital slicing and infill strategies common to many 

processes today. Also, during the 1980s, the metal 

sintering forms of AM were being developed (such as 

selective laser sintering and direct metal laser sintering), 

although they were not yet called 3D printing or AM at the 

time. In 1990, the plastic extrusion technology most 

widely associated with the term “3D printing” was 

commercialized by Stratasys under the name fused 

deposition modelling (FDM). In 1995, Z Corporation 

commercialized an MIT-developed additive process under 

the trademark 3D printing (3DP), referring at that time to a 

proprietary process inkjet deposition of liquid binder on 

powder. AM technologies found applications starting in 

the 1980s in product development, data visualization, rapid 

prototyping, and specialized manufacturing. Their 

expansion into production (job production, mass 

production, and distributed manufacturing) has been under 

development in the decades since. Industrial production 

roles within the metalworking industries achieved 

significant scale for the first time in the early 2010s. Since 

the start of the 21st century there has been a large growth 

in the sales of AM machines, and their price has dropped 

substantially. According to Wohlers Associates, a 

consultancy, the market for 3D printers and services was 

worth $2.2 billion worldwide in 2012, up 29% from 2011. 

Applications are many, including architecture, 

construction (AEC), industrial design, automotive, 

aerospace, military, engineering, dental and medical 

industries, biotech (human tissue replacement), fashion, 

footwear, jewellery, eyewear, education, geographic 

information systems, food, and many other fields. 

1.1 3D PRINTER 

3D-Printer is a machine reminiscent of the Star Trek 

Replicator, something magical that can create objects out 

of thin air. It can “print” in plastic, metal, nylon, and over 

a hundred other materials. It can be used for making 

nonsensical little models like the over-printed Yoda, yet it 

can also print manufacturing prototypes, end user 

products, quasi-legal guns, aircraft engine parts and even 

human organs using a person’s own cells. We live in an 

age that is witness to what many are calling the Third 

Industrial Revolution. 3D printing, more professionally 

called additive manufacturing, moves us away from the 

Henry Ford era mass production line, and will bring us to a 

new reality of customizable, one-off production. 3D 

printers use a variety of very different types of additive 

manufacturing technologies, but they all share one core 

thing in common: they create a three-dimensional object 

by building it layer by successive layer, until the entire 

object is complete. It’s much like printing in two 
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ABSTRACT - The demand and application of composites are increasing nowadays. Composite materials in the form of 

plate or plate-like structures are widely used in wind turbine blades and ship building due to its high specific strength 

and stiffness. For high thermal applications, Functionally Graded Materials (FGM) are used in preference to laminated 

composites because of its good performance in the thermal field. The pre-twisted cantilever plates have major use in 

turbine blades, fan blades, compressor blades, chopper blades, marine propellers and chiefly in gas turbines. These 

structures are often subjected to thermal environments, and hence FGMs are a good alternative to metal plates. The 

present work deals with the study of buckling analysis of cantilever twisted functionally graded material plates. The 

analysis is done by using ANSYS, and the results are validated using ABAQUS. A SHELL-281 element having six 

degrees of freedom per node is employed in ANSYS. The functionally graded material plate with a uniform variation of 

the material property through the thickness is estimated as a laminated section containing number of layers, and each 

layer is taken as isotropic. The power law is used to determine material properties in each layer. From convergence 

studies, ten by ten mesh and twelve number of layers are found to give good accuracy. Buckling behavior of cantilever 

twisted FGM plate for the various parameters like twist angle, side to thickness ratio, aspect ratio and gradient index 

are studied.  

Key words: Buckling, Cantilever, Ansys, FGM, Property 

I. INTRODUCTION 

A composite material is a structural material made from 

two or more constituent materials with significantly distinct 

physical or chemical properties, which when fused produce 

a material with characteristics unlike that of the individual 

components. The main advantage of a composite material is 

that they are light as well as strong. Functionally Graded 

Materials (FGM) are a set of composites that exhibit a 

uniform change of material properties from one face to 

another and hence eliminate the stress concentration, 

normally encountered in laminated composites. The 

characteristics of these FGM’s are the ability to yield a new 

composite material with uniform composition variation 

from thermal resistant ceramics to fracture resistant metals. 

The FGM concept originated in the year 1984 in Japan 

during a space research program. This program envisaged 

the manufacture of a temperature resistant material to resist 

a temperature of 2000 Kelvin and a temperature gradient of 

1000 Kelvin having a thickness below 10mm. The 

structural component of an FGM can be characterized by 

the material constituents. It shows the rate of change of 

material properties. The gradient index governs the 

chemical configuration, geometric configuration and 

physical state of FGM. Primarily FGM involves two 

material mixtures in which material configuration changes 

from one surface to another. Variation of porosity from one 

face to another face also yields functionally graded 

material. A steady rise in porosity builds impact resistance, 

thermal resistance, and low density. These FGM’s have 

significant applications in civil and mechanical structures 

including  Thermal structures like Rocket heat shield, heat 

exchanger tubes, wear  resistance linings, thermos-elastic 

generators, diesel and turbine engines etc. The major 

applications of pre-twisted cantilever panels are in turbine 

blades, fan blades, compressor blades, chopper blades, 

marine propellers and chiefly in gas turbines. Nowadays, in 

research field the twisted plates have become key structural 

units. Because of the use of twisted panels in 

turbomachinery, aerospace and aeronautical industries, it is 

necessary to understand both vibration and buckling 

characteristics of the pre-twisted panels. 

1.2 Importance of Present study 

       Composite materials in the form of plate or plate-like 

structures are widely used in wind turbine blades and a 
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ABSTRACT: Wheels are optimal only in highly selective sites or limited artificial environment that we purposefully 

design to allow wheeled locomotion. They exhibit poor performance in variable terrain and is subjected to large scale 

wear and tear. Using idea of Theo Jansen’s kinetic sculptor this paper aims to create a legged mechanism which can be 

used as an alternate for tyres over rough terrains. It is an 8-bar mechanism that mimic nature and come up with 

smooth walking pattern even in rough terrain. The system minimizes the loss of energy during locomotion and allows 

the vehicle to maintain a constant velocity and height over variable terrain. It is a single degree freedom system and 

foot of the system traces an ovoid path. The system is expected to have a large social impact as it reduces the cost 

involved in transportation over uneven terrains and reduces physical load for workers. It finds application in various 

industries like mining, military purpose etc. In this work a 4-legged Theo Jansen walking mechanism was designed 

using Catia modelling and a structural analysis on the same was carried out. Also, a real time working model of this 

mechanism was fabricated. 

Key words: Design, Analysis,  Mechanism, CATIA, Fabrication 

INTRODUCTION AND LITERATURE 

REVIEW 

Humans are mainly using wheeled vehicles for on the 

ground transportation. But if we look around in the nature, 

there is no biological creature moving on wheels. To move 

on the ground, living creatures use legs or crawl. Wheels 

are optimal only in highly selective sites or limited artificial 

environment that we purposefully design to allow wheeled 

locomotion. They exhibit poor performance in variable 

terrain and is subjected to large scale wear and tear. 

Compared to wheel locomotion, walking has many 

advantages: lower energy consumption, no need for roads, 

better to cross over obstacles, the contact with ground is in 

a determined point, the ground is damaged less. Hence, the 

scientists are trying to design vehicles which are using legs 

or other locomotion ways that are inspired from nature. The 

purpose of this study is to contribute to the area of 

mechanism design and optimization of a single-degree-of-

freedom leg mechanism. The leg mechanism is considered 

to be very energy efficient especially when walking on 

rough terrains. This paper describes the design and 

fabrication process of a 2n-legged passive walker based on 

the work of Theo Jansen; the primary focus of this paper is 

the design of a crank-based leg linkage. Walking machines 

possess several advantages over wheeled machines in areas 

of variable terrain. Consider a wheel moving a constant 

velocity V; every point on its perimeter is moving at a 

constant velocity V tangent to the curve of the wheel as 

shown in Figure 1.1. A comparable walking mechanism 

would be one which moves at a constant velocity V, and 

where the “foot” of the walker traces out a similar circular 

path with a constant velocity V at all points on the path 

(also shown in Figure 1.1). The most obvious advantage of 

the foot over the wheel is that the foot may step over 

inconsistencies in the terrain. Local maxima and minima 

may be completely avoided by simply stepping over them. 

This results in less loss of energy during locomotion and 

allows the vehicle to maintain a constant velocity and 

height over variable terrain.  

 

Fig 1.1. Comparison of wheel and foot response to a local 

maximum in the terrain. 

The dotted lines indicate the perimeter of the wheel or the 

path of the foot. The arrows indicate the direction of 

movement. The foot may step over the obstacle completely, 

while the wheel must move over the obstacle. Now consider 

a case where the comparable foot and wheeled systems 
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ABSTRACT: The connecting rod is the intermediate member between the piston and the Crankshaft. Its primary 

function is to transmit the push and pull from the piston pin to the crank pin, thus converting the reciprocating motion 

of the piston into rotary motion of the crank. This paper describes designing and Analysis of connecting rod. Currently, 

existing connecting rod is manufactured by using Forged steel. In this, drawing is drafted from the calculations. A 

parametric model of Connecting rod is modelled using SOLIDWORKS software and to that dynamic motion analysis is 

performed and structural results generated from the motion condition to study the stress values. For the developed 

stress analysis at different RPM’s have been calculated and mass optimization for maximum stiffness condition is 

performed to reduce the weight of the connecting rod for developed stress values. By performing the analysis, we have 

reduced the weight of the connecting rod. 

Key words: Optimization, Link, Weight, stiffness, Connecting rod, Solidworks 

I. INTRODUCTION 

Connecting rod interconnects the piston and the crank 

shaft and transmits the gas forces from the piston to the 

crankshaft. Its primary function is to transmit the push and 

pull from the piston pin to the crank pin and thus convert 

the reciprocating motion of the piston into rotary motion of 

the crank. Generally connecting rods are manufactured 

using carbon steel and in recent days aluminium alloys are 

finding its application in connecting rod. In this work 

connecting rod is replaced by aluminium based composite 

material. And it also describes the fabricating and testing 

of connecting rod. It consists of a long shank a small end 

and big end. The small end of connecting rod is usually 

made in the form of an eye and is provided with a bush. It 

is connected to the piston by means of piston pin. The big 

end of connecting rod is connected to the crank by means 

of damping. Connecting rod has three main zones. The 

piston pin end, the centre shank and the big end. The 

piston pinned is the small end, the crank end is the big end 

and the centre shank is of I cross section. Connecting rod 

is a pin jointed strut in which more weight is concentrated 

towards the big end. Connecting rod is acted upon by gas 

loads and inertia loads during its operation. The forces 

include gas forces due to combustion and inertia forces 

due to its own weight. The automobile engine connecting 

rod is a high-volume production, critical component. 

Every vehicle that uses an internal combustion engine 

requires at least one connecting rod depending upon the 

number of cylinders in the engine. Connecting rods for 

automotive applications are typically manufactured by 

forging from either wrought steel or powdered metal. They 

could also be cast. However, castings could have blow -

holes which are detrimental from durability and fatigue 

points of view. The fact that forgings produce blow-hole-

free and better rods gives them an advantage over cast 

rods. Between the forging processes, powder forged or 

drop forged, each process has its own pros and cons. 

Powder metal manufactured blanks have the advantage of 

being near net shape, reducing material waste. However, 

the cost of the blank is high due to the high material cost 

and sophisticated manufacturing techniques. With steel 

forging, the material is inexpensive and the rough part 

manufacturing process is cost effective. In this work 

connecting rod is replaced by aluminium based composite 

material and it also describes the design and analysis of 

connecting rod. Generally connecting rods are 

manufactured using carbon steel and in recent days 

aluminium alloys are used. Durability is one of the critical 

importance of this component, the critical importance of 

this component, this can be achieved by getting the 

knowledge about different aspects such as production 

technology, materials, performance simulation, and 

fatigue. When building a high-performance engine, great 

attention is paid to the connecting rods, eliminating stress 

risers by such techniques as grinding the edges of the rod 

to a smooth radius, shot peening to induce compressive 

surface stresses (to prevent crack initiation). Time and 
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ABSTRACT: Braking system is the major part of the vehicle in order to slow down and stop the vehicle. Disc brakes 

were most popular on sports cars when Disc brakes were first introduced, since these vehicles are more demanding 

about brake performance. Disc brakes are more common form in most passenger vehicles, although many (particularly 

light weight vehicles) use drum brakes on the rear wheels to keep costs and weight down as well as to simplify the 

provisions for a parking brake. As the front brakes required most of the braking effort, this can be a reasonable 

compromise. Many early implementations for automobiles located the brakes on the inboard side of the driveshaft, 

near the differential, while most brakes today are located inside the wheels. An inboard location reduces the unsparing 

weight and eliminates a source of heat transfer to the tires. Here we are studying the disc brake of BAJAJ pulsar by 

suing Taguchi analysis to optimize the disc for maximum brake condition. To optimize the disc brake we have taken the 

3 * 3 TAGUCHI method. We have taken the outer radius and inner radius and thickness of the disc brake. We have 

optimized for better performance. 

Key words: Design, Simulation, Taguchi, Mechanical Behaviour, Breaking system 

I. INTRODUCTION 

In recent years, brake systems have undergone tremendous 

changes in terms of performance, technology, design and 

safety. 

A brake is device means of which artificial frictional 

resistance is applied to moving machine member, in order 

to stop the motion of a machine. In the process of 

performing this function, the brakes absorb either kinetic 

energy of the moving member or the potential energy 

given up by objects being lowered by hoists, elevators etc. 

The energy absorbed by brake is dissipated in the form of 

heat.  This heat is dissipated in the surrounding atmosphere 

to stop the vehicle, so the brake system should have 

following requirements: 

 The brake must be strong enough to stop the 

vehicle with in minimum distance in an 

emergency. 

 The driver must have proper control over the 

vehicle during braking and vehicle must not skid. 

 The brakes must have well anti-fade 

characteristics i.e. their effectiveness should not 

decrease with Constant prolonged application.  

1.1 PRINCIPLE OF BRAKING  

Braking system is necessary in an automobile for stopping 

the vehicle. Brakes are applied on the wheels to stop or to 

slow down the vehicle. 

“The kinetic energy due to motion of the vehicle is 

dissipated in the form of heat energy due to friction 

between moving parts (Wheel or Wheel drum) and 

stationary parts of vehicle (brake shoes)”. 

Brakes operate most effectively when they are applied in 

manner so that wheels do not lock completely but continue 

to roll without slipping on the surface of road.  

1.2 FUNCTION OF VEHICLE BRAKING  

 To slow down or stop the vehicle in the possible 

time at the time of need. 

 To control the speed of vehicle at turns and also 

at the time of driving down on hill slope.  
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ABSTRACT: Gears are commonly used for transmitting power. They develop high stress concentration at the root and 

the point of contact. We have performed the 3D printing simulation to spur gears to study the effect of laser scanning 

speed on capturing the geometry and minimum stresses and displacements. The laser transferred energy decreased 

with the increase of scan speed, which cause more holes and cracks in the alloy. The smaller scan speed causes low bond 

strength and leads to porosity. Due to presence of porosity in the gear will affect strength and life of the spur gear. To 

avoid these problems, we have optimized the scanning speed to decrease the porosity in the final printed component. 

Due to increase in scanning speed dimensional accuracy of the final printed part will decrease due to overrun of the 

laser. If the scanning speed decreases over melting of the power will occur and larger melt pools will be created and 

surface roughness will be increased due to this very rough surface generates. To avoid these problems, we have 

optimized the laser power for optimized scanning speed. 

Key words: Optimization, Scanning speed, Simulation, 3D printing, overrun 

I. INTRODUCTION 

Gears are used for a wide range of industrial applications. 

They have varied application starting from textile looms to 

aviation industries. They are the most common means of 

transmitting power. They change the rate of rotation of 

machinery shaft and also the axis of rotation. For high-

speed machinery, such as an automobile transmission, they 

are the optimal medium for low energy loss and high 

accuracy. Their function is to convert input provided by 

prime mover into an output with lower speed and 

corresponding higher torque. Toothed gears are used to 

transmit the power with high velocity ratio. During this 

phase, they encounter high stress at the point of contact. A 

pair of teeth in action is generally subjected to two types of 

cyclic stresses: 

i) Bending stresses inducing bending fatigue 

ii) Contact stress causing contact fatigue. 

Both these types of stresses may not attain their maximum 

values at the same point of contact. However, combined 

action of both of them is the reason of failure of gear tooth 

leading to fracture at the root of a tooth under bending 

fatigue and surface failure, due to contact fatigue. When 

loads are applied to the bodies, their surfaces deform 

elastically near the point of contact. The highest stresses 

exist at regions where the lines are bunched closest 

together. 

The highest stress occurs at two locations: 

A. At contact point where the force F acts 

B. At the fillet region near the base of the 

tooth. 

The surface failures occurring mainly due to contact fatigue 

are pitting and scoring. It is a phenomenon in which small 

particles are removed from the surface of the tooth due to 

the high contact stresses that are present between mating 

teeth. Pitting is actually the fatigue failure of the tooth 

surface. Hardness is the primary property of the gear tooth 

that provides resistance to pitting. In other words, pitting is 

a surface fatigue failure due to many repetitions of high 

contact stress, which occurs on gear tooth surfaces when a 

pair of teeth is transmitting power. Gear teeth failure due to 

contact fatigue is a common phenomenon observed. Even a 

slight reduction in the stress at root results in great increase 

in the fatigue life of a gear. 
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Structural Analysis of Earth Auger Bit 
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ABSTRACT: Earth Auger as we all know is a vital part in Drilling all Holes in the ground be that a simple hanging bar 

to one of the most complex rockets. Quite possibly the most important parts of Earth Auger are a Auger bit. So, it is 

vital to strengthen this important aspect to ready it for any use. Our fundamental objective behind this paper is to 

study the Earth Auger bit in detail while doing analysis using ANSYS and testing various materials with different 

moments and by applying load on Auger bit.  Our main spotlight will be on deformation and stress analysis using 

Structural steel , Stainless steel (ss304) and Gray cast Iron Auger bit on ANSYS. The significance of this analysis 

becomes more important as it reduces various expenses and labor effort. 

Key words:  Auger Bit, Structural steel , Stainless steel , Gray cast iron Bits , ANSYS. 

I. INTRODUCTION 

EARTH AUGER 

The modified auger is easy to carry and transport one place 

another. Its designed structure help to reduce the injuries 

and accidents. Also, its drill bit can drill hole on many types 

of soils. Material used to make frame able to sustain 

vibrations and forces acting on it. Our aim to make earth 

auger more use friendly and to avoid accidents and health 

disorder related to it. 

HISTORY 

An earth auger, earth drill, or post-hole auger is 

a drilling tool or machine used for making holes in the 

ground. It typically consists of a rotating vertical metal rod 

or pipe with one or more blades attached at the lower end, 

that cut or scrape the soil. 

Metal augers have been in use since the Middle Ages to 

drill holes in wood. In the 19th century, the hand-operated 

earth auger became a common farm and construction tool in 

the US, and several inventors submitted patents for them. 

An example is the design of a certain M. Hubby of 

Maysfield, Texas, consisting of an open hollow cylinder 

with two blades at the bottom edge. 

The first known power earth auger was built in 1943 

by John Habluetzel , a farmer in Wamego, Kansas, from 

parts scavenged from other equipment, including a 7-inch 

helical blade from a screw separator. It was attached to a 

tractor and could be operated by the driver from his seat. It 

dug one 2.5-foot-deep hole every minute. His invention was 

featured in the Kansas State Board of Agriculture's 35th 

Biennial Report. He went on to dig holes for other farmers 

at 10 cents per hole, a side business that he operated well 

into the 1950s. He donated his invention to the Kansas 

Museum of History in 1999 

There are a number of varieties of the tools known as earth 

augers. If you are looking for a large cutting tool that can 

remove a lot of earth at one time, then an earth auger is 

ideal. However, as well as being small hand-held tools, they 

can also come as very powerful earth-movers, digging holes 

up to 7 feet deep. There are many different types of earth 

auger, so you should know as much as you can about these 

different types of earth auger, and what will be best for you. 

II. TYPES OF AUGER BITS 

 WOOD BORING AUGER BITS: 

This is the one of the most common type of auger bit and is 

used for drilling  through thick pieces of wood for 

construction of channels for pipelines or electric  cables. A 

wood boring auger can be defined as a spiral-shaped drill 

bit that is  specifically designed for boring clean, deep holes 

into the wood. This is the  standard type of auger bit which 

is used in DIY, and can be used simultaneously  with hand 

drills, power drills and drill presses, etc. Stubby wood 

augers are also used in confined spaces where it is very 

difficult or  just not possible to fit a regular bit. Although 

being not much popular than some  other wood-working 

bits in home, augers are most often used by construction 

workers, where drilling to a much greater depth is more 

frequently required 

III. LITERATURE REVIEW 

Prof. R.V. Adakane,Sumedh Shastri, Shekhar Kola, 

Kartik Giri 12  Dec (2020) Design and Development of 

Earth Auger. The Work aims at design and development of 

earth auger which would be modification to overcome all 

the shortcomings of the existing earth auger. The work will 

https://en.m.wikipedia.org/wiki/Drilling
https://en.m.wikipedia.org/w/index.php?title=John_Habluetzel&action=edit&redlink=1
https://en.m.wikipedia.org/wiki/Wamego,_Kansas
https://en.m.wikipedia.org/w/index.php?title=Screw_separator&action=edit&redlink=1
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ABSTRACT: Turboprop motors are the class of motors that drives the air ship propeller. Turboprop comprises of 

propeller, blower, burning chambers, turbine, and a spout. It works with less speed, less cost, better eco-friendliness, 

low climbing pace, less ozone depleting substance discharge and less vibration. The propeller cutting edge and shaft are 

viewed as the basic pieces of a turboprop motor as they turn at high speeds. To manufacture these propellers by using 

conventional manufacturing is very difficult. To manufacture these propeller, Additive manufacturing will be the best 

suitable option. But due to very less thickness manufacturing of propeller is also difficult. Before 3D printing the part, 

we have simulated the propeller for best optimized orientation for minimum displacement and strains. In this study 

horizontal printing orientation is the best orientation for LPBF process. 

Key words: 3DP, AM, LPBF, Propeller, Simulation 

I. INTRODUCTION 

Air ship motors are the real piece of the drive framework in a 

flying machine and it will create the mechanical power. They are 

significantly arranged into three sorts. They are turbine motors, 

cylinder motors and electric engines. The greater part of the air 

ship motors utilizing today is open rotors/turbofans. These motors 

will be appropriate for long courses and eco-friendliness of these 

motors is less contrast with turboprop motors. Turboprop motors 

are the sorts of air ship motors which drives the propeller. 

Propeller sharp edge is a critical piece of the motor. Propeller 

cutting edge will have the airfoil shape which will pivot at fast. As 

the sharp edge will pivot it will push the air. In the event that the 

airfoil is of the deviated shape, there will be weight distinction 

over the cross segment. There will be lift and drag drive following 

up superficially on account of the weight distinction, Along with 

these powers there will be streamlined pushed compel acting 

because of air mass stream and radiating power packaging because 

of turn. For the plan of the cutting edge we have to consider all the 

above said powers and furthermore need to locate the regular 

recurrence of the sharp edge so as to maintain a strategic distance 

from the reverberation marvels. 

 
Figure 1.1 : Basic nomenclature of an air foil 

1.1.1 INTRODUCTION TO THE PROPELLER 

• Propeller changes over rotational power from the motor 

into push. 

• The pivoting sharp edge of a propeller has comparative 

qualities to a wing going through the air 

• A propeller sharp edge produces push F through a 

streamlined lift compel segment, requests a motor torque Q to 

conquer streamlined drag, and will slow down if the neighborhood 

resultant approach of the edge surpasses max 

• Additional factors: trailing vortex age, tip misfortunes, 

compressibility 

1.1.2 General Information 

Push is the power that moves the air ship through the air. There 

are distinctive sorts of drive frameworks create push in various 

ways, in spite of the fact that it ordinarily produced through some 

utilization of Newton's Third Law. Propeller is one of the impetus 

framework. The motivation behind the propeller is to move the 

flying machine through the air. The propeller comprises of at least 

two edges associated together by a centre point. The centre serves 

to append the edges to the motor shaft. 

 

Fig:1.2 air flow through propeller 
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ABSTRACT:A Pelton turbine bucket is the individual component which makes up the turbine section of a pelton 

turbine. The blades are responsible for extracting energy from the high pressure water produced by the nozzle jet. The 

pelton buckets are very often the limiting component of pelton turbines. To survive in this difficult environment, blades 

often use exotic materials. In this paper a pelton turbine bucket is designed and Modeled in 3D modeling software 

CATIA. We know that the efficiency is directly related to material performance making the material selection of 

primary importance. In this paper, materials considered for turbine blades are steel, cast iron and fiber glass 

reinforced plastic. Optimization is done by different materials by performing coupled field analysis on the turbine 

blade for both the designs. The objective of this work is to perform coupled field analysis of pelton wheel buckets for 

various materials and varying the number of buckets on the pelton wheel for finding out the efficiency, high stress 

handling factors. 

Keywords: Pelton wheel, Load condition, Optimization, CATIA V5 software and ANSYS work bench 

I. INTRODUCTION 

Pelton turbines belong to the family of free jet turbines. A 

nozzle is placed at the end of the pressure line which 

converts the potential energy of the water into kinetic 

energy by forming a water jet. The jet is directed to the 

runner buckets, the hydraulically active parts of the turbine. 

At the entrance into the symmetrically shaped buckets the 

water jet is split into two parts, each developing a sheet of 

water on the bucket's curved surface. At the end of the 

working cycle, the water leaves the bucket in the opposite 

direction of the free jet. The rotational Mechanical energy 

is then transferred through the shaft to the generator which 

is produced by the momentum and pressure of the water jet 

striking the buckets. Pelton turbine basins, single or two 

pails together are for the most part made by mold throwing. 

The throwing of basins for Pelton turbines should be 

possible by replicating from other existing buckets. It is 

fitting to cast the single cans and, subsequent to machining, 

to settle them to the rotor plate. In this way convoluted 

throwing molds can be kept away from. It is not prescribed 

to make the pails of split channel areas or other welding 

developments of sheet metal segments, as a result of 

lacking quality and poor effectiveness. The basins can be 

made of diverse materials. This is likewise the case if the 

rotor is cast in one piece. On present day Pelton turbines the 

basins are basically of cast steel with 13% chrome. 

However, different materials and routines are additionally 

utilized, including cast iron, or composites, for example, 

bronze or aluminum, or infusion forming with fiberglass 

fortified plastic. 

WORKING PRINCIPLE: 

● The water is transferred from the high head source 

through a long conduit called Pen stock. 

● Nozzle arrangement at the end of pen stock helps 

the water to accelerate and it flows out as a high 

speed jet with high velocity and discharge at 

atmospheric pressure. 

● The jet will hit the splitter of the buckets which 

will distribute the jet into two halves of                                    

bucket and the wheel starts revolving. 

● The kinetic energy of the jet is reduced when it 

hits the bucket and also due to spherical shape of 

buckets the directed jet will change its direction 

and take U-turn and fall into tail race. 

● In general, the inlet angle of jet is in between 1o to 

3o, after hitting the buckets the deflected jet angle 

is in between 165o to 170o. 

● The water collected in the tail race should not 

submerge the Pelton wheel in any case. 

● To generate more power, two Pelton wheels can be 

arranged to a single shaft or two water jets can be 

directed at a time to a single Pelton wheel. 

INTRODUCTION TO CAD/CAM/CAE: 

The Modern world of design, development, manufacturing 

and so on, in which we have stepped can’t be imagined 

without interference from computers. The usage of 
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ABSTRACT: The Francis turbine is a type of water turbine. It is an inward-flow reaction turbine that 

combines radial and axial flow concepts. Francis turbines are the most common water turbine in use today and can 

achieve over 95% efficiency. Francis turbines are primarily used for electrical power production. The power output of 

the electric generators generally ranges from just a few kilowatts up to 1000 MW, though mini-hydro installations may 

be lower. The best performance is seen when the head height is between 100–300 meters (330–980 ft). Penstock (input 

pipes) diameters are between 1 and 10 m (3.3 and 32.8 ft). The speeds of different turbine units range from 70 to 

1000 rpm. A wicket gate around the outside of the turbine's rotating runner controls the rate of water flow through the 

turbine for different power production rates. Francis turbines are usually mounted with a vertical shaft, to isolate 

water from the generator. This also facilitates installation and maintenance. In this paper, we are using static structural 

analysis. The analysis focuses on stress distribution in the runner blades. It has been found that the maximum stresses 

due to the water pressure are located at the trailing edge of the runner blade towards the transition between the blade 

and the crown. 

Key words: Design, Modelling, Penstock, Francis turbine, reaction turbine 

I. INTRODUCTION 

TURBINE 

Turbines convert hydraulic energy or hydro-potential into 

mechanical energy. Mechanical energy developed by 

turbines is used to run electric generators coupled to the 

shaft of turbines. Hydroelectric power is the cheapest 

source of power generation. Poncelet first introduced the 

idea of the development of mechanical energy through 

hydraulic energy. Modern hydraulic turbines have been 

developed by L.A. Pelton (impulse), G. Coriolis and J.B. 

Francis (reaction) and V `Kaplan (propeller). 

TYPES OF TURBINES 

Classifications and types 

 

Major Components of Francis Turbines 

 Spiral Casing 

 Stay Vanes 

 Guide Vanes 

 Runner Blades 

 Draft Tube 

 Spiral Casing 

 

The spiral casing is the inlet medium of water to the 

turbine. The water flowing from the reservoir or dam is 
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