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Abstract-- In machining operation it is necessary to clamp the 

component on the fixture and avoid unwanted vibrations while 

machining on the component in order to achieve precision while 

performing various machining operations like Cover Face Milling, 

Bearing Cap Face Mounting Milling, Drilling, and Tapping. To 

perform these operations more accurately on the AL-Nissan 180M 

Advantek Series Differential Carrier on a Vertical Machining Center 

(VMC) to achieve accuracy, reduce clamping time and apparently 

economic saving. The Hydraulic Swing Type clamps are designed 

according to the requirement of clamping force. The design is 

evaluated in FEA software ANSYS by performing Modal, Harmonic 

Response and Static Structural analysis. 

 
Index Terms –AL-Nissan 180M Advantek Series Differential 

Carrier, ANSYS, Modal analysis, Harmonic Response analysis, 

Static Structural analysis, VMC. 

 
I. INTRODUCTION 

 
piece. In this work, design of Hydraulic Fixture for differential 

carrier to perform machining operations in VMC is done. 

 
VMC operations are much cheaper than HMC so it is convenient 

to perform few operations on VMC also. For this currently a 

mechanical fixture is being used. Our job is to change the 

mechanical fixture with hydraulic in order to save time without 

compromising with the quality of machining. The cast component 

is loaded in fixture where it is located against casting lugs and 

clamped on cover face rib with pull down clamps and machined 

on cover face like- Milling of cover face, Milling of Bearing cap 

mounting face, bearing cap mounting drilling, tapping, cover face 

hole drilling. In new setup the mechanical pull down clamps are 

replaced with hydraulic swing clamps with change in mounting 

location of clamps. 

 
II. MODAL ANALYSIS 

 
Machining Fixture is a precision device used for constraining the 

movement/vibration of work piece while performing machining 

operations. In order to achieve better precision and reduce the 

clamping time as well as to eliminate manual loading efforts, 

Hydraulic Machining Fixtures are used vastly in industries. This 

work focuses on Hydraulic Machining Fixtures. The fixture 

comprise of Hydraulic Swing Clamps, it is important to locate the 

swing clamp in a way that the clamps will not interfere with the 

machining operations that are to be performed by VMC on the 

work piece. The main function of this hydraulic fixture is to apply 

clamping force on the work piece so that it can resist the external 

unwanted forces generated while machining operations. Proper 

fixture design is crucial to product precision, accuracy and 

surface finish of the work 

 
Modal analysis is the study of dynamic properties of structure 

under vibration excitation. Modal analysis considers mass and 

stiffness of the structure to find various periods at which it will 

resonate. Modal analysis calculates the natural frequency of 

system alone. We get the result in form of mode shapes. A 

mode is a shape with a corresponding natural frequency at 

which the structure will absorb all the available energy 

supplied by an excitation. 
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---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - Fossil fuel will face a serious shortage in the near 
future and become rare. Scarcity of conventional petroleum 
resources is problem to be addressed immediately and that let 
to the research in alternative fuels for internal combustion 
engines. So there is a high priority to find alternative energy as 
their sustainable energy sources. Besides having various 
sources of alternative fuels, best substitution for diesel fuel in 
without any modification of the engine can be biodiesel The 
main rewards of using biodiesel are its renewability, 
availability, and better quality of exhaust gas emissions. In this 
paper we try to understand the performance and emission of 
Calophyllum inophyllum biodiesel and its blends when tested 
on the diesel engine with varied compression ratios, injection 
pressure. It is understood that the performance characteristics 
are more over similar for the biodiesel blend and diesel. The 
emission like HC,CO and smoke opacity showed reduction with 
increase in compression ratio, NOx emission slightly high for 
Biodiesel blends when compared to diesel. 
 
Key Words: Calophyllum Inophyllum Biodiesel, diesel 
engine, Performance, Emission 
 

1. INTRODUCTION 
  
Global warming and environmental pollution is the serious 
problem that the world is facing today and it should be 
addressed at the earliest. Energy is the major need for the all 
the activities for any economical and social development of 
the world .The petroleum products and fossil fuels are the 
main source of energy.  In the transportation and industrial 
activities diesel engines will have a lot of application. 
Because of the increased usage of these fossil fuels there is a 
lot of shortage of these fuels as the reserves are depleted. 
But the progress of the world should not be hampered due to 
the decrease in these reserves. So a search of the possible 
use of any other fuel is taking the lead. The fuel that can 
replace the fossil fuel in all aspects in needed. So the 
researchers started the work in the exploration of the 
alternative fuel. And amongst the various alternatives, 
biodiesel stood first in the possible replacement to the fossil 
fuel. Biodiesel has got its own benefits of being an 
oxygenated fuel, bio degradable, renewable and nontoxic in 
nature. Biodiesel derived from animal fats and vegetable oil.  

It is defined as the mono-alkyl esters of long chain fatty acids 
that are obtained from vegetable oils or animal fats and 
alcohol with or without a catalyst. There are diverse feed 
stocks from which the biodiesel can be synthesized. Some 
are edible in nature and some non-edible. The edible feed 
stock like soyabean , seasame, palm oil and so on. But if the 
production of the biodiesel is done using the edible oil then 
there will a disturbance in the food web. So in order not to 
hamper the food chain the non edible sources are considered 
for the production of the biodiesel. 
 
  
1.1 List Of Non Edible oils: 

 
To name a few non-edible oil seed crops are Jatropha curcas, 
Calophyllum inophyllum, Sterculia feotida, Madhuca indica 
Croton megalocarpus, Salmon oil, Pilu, Crambe, Pongamia 
glabra (koroch seed), Linseed, Ponagame pinnata (karanja),  
syringa, Scheleichera triguga (kusum), Cuphea, Camellia, 
Champaca, Simarouba glauca, Garcinia indica, Ricebran, 
Hingan (balanites), Desert date, Asclepias syriaca 
(Milkweed), Guizotia abyssinica, Deccan hemp Radish 
Ethiopianmustard, Syagrus, Idesia polycarpa var. vestita, 
Sapindus mukorossi (Soapnut), M. azedarach (syringe), 
Copaiba, Milkbush, Laurel, Cumaru, Andiroba, B. napus 
Almond piqui, Tomatoseed, camlisasativa, Zanthox-ylum 
bungeanum ,Azadirachta indica (neem), Lesquerella fendleri, 
Nicotiana tabacum (tobacco), Babassu, Deccan hemp, Ricinus 
communis L. (castor), Simmondsia chinensis (Jojoba),etc[1]. 
 
2. CALOPHYLLUM INOPHYLLUM OIL 
 
After referring all the research work on various biodiesel 
oils, Honne oil (Calophyllum Inophyllum) is a promising for 
further studies since this oil is not much explored as an 
alternative biofuel for CI engine application.The Calophyllum 
Inophyllum linn is a species of family Guttifereae 
(Clusiaceae) and it is a native to India, East Africa, Southest 
Asia, Australia and South Pacific. It is called as ‘Indian laurel’, 
‘Alexandrian Laurel’, Sweet Scented Calophyllum (in 
English),  Sultan Champa,  Surpan(in Hindi), Kokani, Pinamai, 
Punnai,,Namere(in Tamil) Burmese, Nagachampa, (in 
Marathi). The growth of this tree is found particularly near 
the sea coast and sufficient amount of sun light will help in 
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Abstract 
  
Rapid decline in conventional hydrocarbon fuel reservoirs is forcing researchers all over the globe to hunt for 
alternatives for these hydrocarbon fuels. Fish oil extracted from discarded body parts of fish like head, tail, fins, etc. 
has shown promising results on a fixed compression ratio engine. Lot of studies regarding optimization of fish oil 
extraction methods are reported in the literature. However no study related to optimization of combustion 
parameters of diesel engine fueled with fish oil is reported in the literature. This paper presents the same study at 
three blends of fish oil viz. B15 (15% Fish oil+85% Diesel), B30 (30%Fish oil+70% Diesel), B45 (45% Fish oil +55% 
Diesel). Together with fish oil blends compression ratio, injection timing and load are the parameters varied in the 
experimentation. Compression ratio is varied from 15 to 18, injection timing is varied from 200 BTDC to 260 BTDC, 
and load is varied from 1/4th to full load. Experimentation is carried out as per response surface methodology from 
concept of design of experiment. HC, CO, CO2 and NOx are the combustion parameters kept under observation. A 
regression model is also postulated for each mentioned combustion parameters to predict them at different levels of 
input parameters. Model is validated by performing ANOVA. Significance of each input parameter on responses is 
studied through mean effect plots. Interaction effects between input parameters and various fish oil blends on 
responses are studied with the help of contour plots and commented in the paper. Further optimization of input 
parameters is carried out with composite desirability approach. The entire experimentation is confirmed with 95% 
confidence interval. Compression ratio 15:1, injection advance 210 BTDC and load 3kg and 22.5% fish oil blend were 
found to be optimal values in the test engine of 3.5kw at 1500rpm. 
 
Keywords: Fish oil, Emission, Design of Experiment (DoE), Response surface mothod, Parametric optimization. 
 
 
1. Introduction 
 

1 The energy problems caused by the progressive 
depletion of fossil fuel sources, the research for 
alternative fuels from renewable sources is in growing 
demand (Gislaine Iastiaque Martins, et al, 2015). 
Numbers of different fuels were tested from the 
begining of the idea of alternative fuels. These fuels are 
used for various applications like traditional boilers, 
furnaces, etc (Fernando Preto, et al, 2008). The 
cultivated land is limited therefore growing seed oil 
plants to fulfill the requirement of food and biodiesel is 
very difficult (Cherng-Yuan Lin, Rong-Ji Li, 2009). 
Therefore experimentation on the use of fish oil as fuel 
additive or substitute to conventional diesel is started 
in the recent past. Several tons of fish waste comes out 
from fishing industry daily which goes for making fish 
food and more is wasted. The fish oil contains 
approximately 90% of the energy content of diesel fuel 

                                                           
*Corresponding author: Rasal Rushikesh M 

and is easy to process into biodiesel fuels, this clean 
burning source of bio-oil/biodiesel can be used to 
reduce dependence on imported fuel and improve air 
quality within the region (Sharanappa Godiganur, et al, 
2010).  

  The research on the impact of the 
transesterification methods on the production of 
biodiesel and its properties, including temperature, 
molar ratio methanol to oil and reaction time and its 
optimization is done in the research (Pedro J, et al, 
2014). The oil is extracted from discarded parts of 
marine fishes of mixed species were refined in 
different steps and afterwards it is tranesterified to 
convert it into biodiesel and the performance and 
emission characteristics were studied in research 
(Cherng-Yuan Lin, Rong-Ji Li, 2009).  

  The study was also carried out by pyrolysis of fish 
oil by a continuous pyrolysis pilot plant where % of 
biodiesel was obtained at constant temperature of 
5250c (V.R. Wiggers, et al, 2009). The effect of addition 
of catalyst on trans- esterification methods were 
studied and the output and the properties were 
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Abstract 
  
Biodiesel in recent days are so extensively studied for the sake of using it as an alternate fuel in diesel engine which 
constitutes the major role in transportation. In the current paper the Calophyllum Inophyllum biodiesel is prepared 
by using thermal cracking process .The thermo properties of the biodiesel derived from the above process is tested 
according to ASTM standards. Experiments were conducted on Variable Compression ratio Engine and Performance 
parameters were determined like Brake Power, Brake Specific Fuel Consumption, Volumetric and Brake Thermal 
Efficiency. Later Exhaust Emission parameters like CO, CO2, HC and NOx were determined for biodiesel-diesel blends 
of 20%, 40%, 60%, 80% and 100%, by incrementing load by 25% and varying compression ratio from 15.5 to 17.5 at 
constant speed of 1500 rpm, injection pressure of 200 bar and injection timing of 27ObTDC. The emissions shown by 
Pure Calophyllum biodiesel and B20 are much better and cleaner in comparison to diesel wherein the Carbon 
monoxide emission and Hydrocarbon emission reduced by 52% and 49.8%. The Nitrogen Oxides emission rose due to 
significant raise in exhaust gas temperature by 2.1%. The Brake specific fuel consumption and Brake Mean Effective 
pressure increased by 24.3% and 52% .       
  
Keywords:  Fatty Acid Methyl ester, Calophyllum Inophyllum Biodiesel, Variable compression ratio Diesel Engine, 
Emissions and Performance. 
  
 
1. Introduction 
 

1 Biodiesel stands for any diesel fuel replacement 
derivative from renewable biological reserve. More 
exclusively, biodiesel is distinct as oxygenated, sulfur-
free, biodegradable, non-toxic and eco-friendly 
alternative diesel oil. Chemically, it can be defined as a 
fuel self-possessed of mono-alkyl esters or methyl 
esters of long chain fatty acids derived from renewable 
sources, for instance vegetable oil, animal fat and used 
cooking oil which is designated as B100 and also they 
meet the special requirements such as the ASTM and 
the European standards. The conversion of vegetable 
oils into biodiesel is best possible way to use in engine. 
There are many techniques to convert the vegetable oil 
into biodiesel and reduce its viscosity. There are many 
seeds of trees from which the oil can be extracted. The 
present work is done on Calophyllum Inophyllum from 
the Clusiaceae family. There are various names given in 
various languages like honne oil, puna oil etc. Many 
investigations were done on this oil by varying 
parameters like load, compression ratio, injection 
timing and pressure on both performance and 
emission with pure and blends with diesel. Collection 
of seeds and oil extraction and then proceeded for 
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biodiesel production of Calophyllum Inophyllum Linn 
(“honne”) Oil and understand its physical chemical 
properties. with molar ratio 8:1, KOH were 1.2wt%, 
temperature 65oc, reaction time 90 minutes were used 
and testing of parameters as per ASTM 6751 standards. 
The thermo physical properties such as acid value 
density, Flash point, Calorific value,  Fire point and 
Moisture, shows of calophyllum methyl esters were 
0.702,892 gm/cc, 1760c 37.18MJ/Kg, , 1820c and 0.01% 
.The physico-chemical parameters proves that 
Calophyllum may be possible replacement as a reliable 
fuel as per ASTM. (Chavan S.B et al.,2013)  
 B.K Venkanna et al 2011 conducted test on CI 
engine for Honne oil and neat diesel to determine 
performance and emission characteristics at varied 
Injector opening. Experiments were carried out with 
different IOP of 200 to 260 bars.   It was observered 
that the BTE increased when the IOP was varied from 
200bar to 240bar because of good atomization and 
better mixing.  The variation of EGT was observed 
highest at 200 bar for H100 but the thermal efficiency 
was found lowest. Emission characteristics like CO, HC 
for H100 dropped as the IOP increased and reached to 
least at 240 bars. Smoke opacity decreased with 
increase in IOP. NOx emission was higher with 
increased IOP. It was concluded that CO, HC, smoke 
opacity reduced as the IOP increased. NOx was 
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Abstract 
  
Bio diesel is renewable source of energy, non-degradable, cleaner and efficient fuel for IC Engines. Conventionally it is 
produced by the alkali as a catalysis but due to more FFA contents in oils the Acid catalysis method is becoming 
popular for researchers. In this research work the productivity of different acids are evaluated for different 
concentrations of Acids, methanol, catalysts for constant temperature and time is to measure. The optimum 
combination Via Hydrochloric Acid and methanol /pretreated soybean oil, Acid concentration and time wise are 
calculated 0.16, 1% and 28 min.which gives yield up to 81% which meets ASTM fuel requirements. The optimum 
combination via nitric Acid for methanol and soybean as a pretreated oil, Acid concentration and Time wise is 0.20, 
1.25% and 50 min.which gives yield up to 92.734% which meets ASTM fuel requirements. Optimum combination via 
sulfuric acid for methanol /Pretreated oil, Acid concentration and Time wise is 0.20, 1.5% and 24 min, which gives 
yield up to 99.009% which meets ASTM fuel requirement. 
 
Keywords: Biodiesel, Acid Catalyst, Transesterification 
 
 
1. Introduction 
 

1 Exploring renewable energy sources is the need of 
present fuel scenario; the petro-fuels are vanishing 
more rapidly to meet heavy demands of today’s 
population. The Bio-fuels looks attractive and inviting 
source in this situation. Bio-diesel as a fuel of this 
category are more environmental benefits as a cleaner 
fuel and reduces emissions by 85% compare to the 
petrol-diesel. Combustion of bio-diesel as a fuel in 
diesel engine is more proper than gasoline and diesel 
with less emission of carbon monoxide, particulate 
matter and toxic chemicals (Ravi PV 2006). 
 Bio-diesel is the product of the process known as a 
‘stratification’ in which Triglycerides from soybean oil 
reacts with alcohol under action of certain catalysts at 
specific constant temperature for specific time interval 
to produce bio-diesel as a result. Bio-diesel can be used 
in internal-combustion engine as a fuel application 
solely or blending with petrol-diesel. (Knothe G, Dunn 
RO, Bagby MO 1997). According to Literature review, 
its blends show good performance characteristics on 
diesel engine. Their blend improves properties like 
Lubricity and stability etc. 
 Lots of benefits of using biodiesel as a fuel it is 
renewable source, burns cleaner than petrol-diesel and 
compatible with petrol-diesel. Bio-diesel can be 
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produced through many techniques including acid & 
base catalysis, enzymatic conversion, solid catalysis, 
non-catalytic conversion and super-critical 
methanolysis. Enzymatic conversions  are expensive 
and unable to provide  requirements of ASTM diesel 
fuel specification, For Solid catalysis High pressure and 
temperature arrangements are required also for non-
catalytic conversion are required  large set-up of  
experimental and extreme operation conditions, so 
only base and acid catalysis are simple, easy and 
feasible techniques to local researchers out of which 
when free fatty acid contents are more than 5% then 
there will  more soap formation and wastage of base 
catalyst so it is unfavorable in such cases so remaining 
acid catalysis is used for biodiesel production  when 
FFA content are more than 5% in feed stock oil. This 
research paper is related to bio-diesel production from 
acid catalysis in which production rate of different 
acids is calculated. The Acids uses for this study are of 
AR (Analytical Reagent) quality including Hydrochloric 
acid, Nitric Acid and Sulfuric Acid 
 

2. Experimental 
 
A) Chemicals:  All the chemical used are of Analytical 
Reagent (AR) quality which includes use of conc. 
hydrochloric acid (HCL), conc. nitric acids (HNO3), 
conc. sulphuric acids (H2SO4), sodium hydroxide 
pallets, Methanol etc.  
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