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ABSTRACT

Biodiesel is a renewable, ecofriendly fuel that can provide comparable engine performance. Karanja
oil is made in this experiment using a transesterification process with SiO2 as a heterogeneous
catalyst. It is investigated utilising five separate parameters and their respective levels. The
orthogonal arrays are fixed using Minitab, and the Taguchi method is utilised to study the interaction
impact for the transesterification reaction. Molar ratio, catalyst concentration, reaction temperature,
reaction time, and stirring speed are the five variables that affect biodiesel yield. The impact of these
variables has been investigated on a limited scale. Experimentally biodiesel yield obtained is 77% at
optimum conditions are 20% molar ratio, 3% SiO: catalyst addition, 65°C reaction temperature, 180
min reaction time and 500 rpm stirring speed. Minitab results are compared here with ANN results
using script by analytically as well as graphically.

Keywords: Transesterification; biodiesel; SiO,; Heterogeneous catalyst.
1. INTRODUCTION

Diesel fuels are utilized in various zones and contribute to the economies of the countries. Alternative
fuels are required due to a rise in environmental consciousness and dwindling petroleum reserves [1].
The ongoing requirements for fuel in meeting the ever-growing demand in commercial sector have
pushed researchers in finding and optimizing the production of biofuels from cheap sources, enabling
for a sustainable production [1]. The properties like non-toxic, degradability, less carbon monoxide
emission, particulate matter and unburned hydrocarbons, the biodiesel has gained an international
focus as an alternative to diesel fuel [2]. The conventional compression engine does not require any
modification to use the biodiesel as fuel [3]. Improvisation of the biodiesel production by employing
heterogeneous catalyst and its optimization is the best way to mitigate the growing concern with the
traditional feedstocks and their prices [4].

The yields of Karanja oil biodiesel were obtained by 25 different sets of different experimental
conditions and noted. All experiments were performed as per array obtained by Taguchi method
under the different experimental conditions as mentioned here.

The analysis of the results has done by Taguchi method using Minitab for optimization of input
parameters. The graphs namely main effect plots, interaction plots, regression plot, and mathematical
model have obtained during the analysis [5]. The ANN script has written for obtaining results. The
yield values obtained by Taguchi array experimentation and obtained by ANN are compared. The
graphical and analytical comparative analysis has done. The results obtained by Minitab
experimentation are validated by ANN.
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2. OPERATING G@NRITIONS

During the Transesterification process for biodiesel production from Karanja oil using heterogeneous
catalyst the effect of different input parameters is studied as follows [4].

1) Variation of Molar Ratio. (MR)

2) Effect of Percentage of catalyst.(CP)

3) Effect of Temperature of Process/reaction.(PT)
4) Effect of Stirring Speed of reaction.(SS)

5) Effect of Reaction Time of reaction. (RT)

The range of operating conditions for each parameter has as follows.

Table 1. Optimizing parameter conditions

A:MR B: CP C. PT D: RT E:SS

% % °C min rpm

Al =5 B1=15 C1=55 D1 =60 El =300
A2 =10 B2=2.0 C2=60 D2 =90 E2 =400
A3 =15 B3=25 C3=65 D3 =120 E3 =500
A4 =20 B4 =3.0 C4=67 D4 =150 E4 =600
A5 =25 B5=3.5 C5=70 D5 =180 E5 =700

3. EXPERIMENTAL RESULTS WITH SiO2 AS A CATALYST

Initially the esterification process is done, the color of Karanja oil after esterification changed from
deep brown to reddish yellow. The transesterification process produces methyl ester (Karanja oil
biodiesel) and glycerol form upper and lower layers respectively. Due to more density of glycerin, it
was settled at bottom. The catalysts and unused methanol were in the lower glycerol layer. The
results shown that, using SiO2 catalyst the biodiesel production has a considerable potential.

Twenty-five numbers of experiments for transesterification Design details
process were conducted using Karanja oil with methanol Array obtained by Taguchi Method
under different conditions of reactions to produce biodiesel. L25 (5"5)
Input parameters and % of yields were noted. The sample Factors: Five numbers
readings are given below [4,5]. Runs: Twenty five
Columns of L25 (576) array: 12345
Table 2. Sample reading of Yield obtained and SNRs

MR CP PT RT SS Yield % SNRA1 SRES

5 15 55 60 300 50 33.9794  -0.06531
5 2 60 90 400 52 34.3201 -1.24764
10 3.5 55 90 500 72 37.1466  1.83866
15 3 55 120 700 68 36.6502  -0.5516

15 3.5 60 150 300 73 37.2665 0.16741
20 25 55 150 400 67 36.5215  -0.94569
20 3 60 180 500 77 37.7298  1.62962
20 3.5 65 60 600 74 37.3846  -0.4575

25 15 70 150 500 68 36.6502  0.85144

The above table gives the optimal values of input parameters for maximum biodiesel yield because of
high value of SN ratio. The biodiesel yield obtained experimentally at optimum conditions are 20%
molar ratio, 3% SiO2 catalyst addition, 65°C reaction temperature, 180 min reaction time and 500 rpm
stirring speed is 77%.

4 TAGUCHI ANALYSIS WITH SiO, CATALYST
Taguchi Analysis: yield % versus Molar Ratio %, Catalyst ... reaction Speed [5,6,7]
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Signal to Noise Ratios: Larger is better

Main Effects on yield by SN ratio for Individual Parameter: For examine differences between level
for one or more factors the main effect plot is used. The graphs shows the response mean for each
factor level [1].

Main Effects Plot for SN ratios
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Fig. 1. Main effects Plot for SN ratios

This Fig. 1 shows that, the two graphs are steeper than others. First is the mean of S/N ratios vs
molar ratio and second is the mean of S/N ratios vs. catalyst%. So, it is concluded that the two
parameters affecting the yield mainly are the molar ratio and catalyst %. The effects of other three

parameters can be neglected.

Interaction Plot for SN ratios: Main effects were generally focused by Taguchi method, but
suspected interactions are important to test. To measure whether the effect of one factor on response
characteristic depends on the level of other the interaction plot is used [1].

Interaction Plot for SN ratios
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Fig. 2. Interaction Plot for parameter A and B (For molar ratio and Catalyst %)

Simultaneously the interaction plots shows, the variation of yield with effect of molar ratio and
catalysts are as shown in Fig. 2. This shows that the yield has maximum value for 20 % molar ratio

and catalyst 3%.
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5. REGRESSION ANALYSIS FOR SIO>
Regression Analysis: yield % versus Molar Ratio %, ... , Reaction Speed Analysis of Variance [5,7].

Table 3. Analysis of variance

Source DF AdjSS Adj MS F-Value P-Value
Regression 5 1165.96 233.191 42.00 0.000
Molar Ratio % 1 544.50 544.500 98.08 0.000
Catalyst % 1 598.58 598.580 107.82 0.000
Reaction Temp. °C 1 1.66 1.657 0.30 0.591
Reaction Time 1 19.22 19.220 3.46 0.078
Reaction Speed 1 2.00 2.000 0.36 0.555
Error 19 105.48 5.552

Total 24 1271.44

Model Summary: R square value in model summary provides the measure of, how perfect the model
is fitting with the actual data. R square value 91.70% shows that the obtained model is fitted to actual
data.

Table 4. Summary of Model

S R-sq R-sq (adj) R-sq (pred)
2.35622 91.70% 89.52% 86.30%

Regression Equation: It is a statistical model that determine the specific relationship between the
input and output parameters. It gives the outcome with a relatively small amount of error.

Yield % =35.39 + 0.6600 A + 6.920 B + 0.0484 C + 0.0207 D + 0.00200 E
6. VALIDATION OF EXPERIMENTAL RESULTS

Table 5. Sample Readings of Comparison of Yield by Experimentation and ANN for SiO;

MR CP% PT RT SS Yield % ANN  Error Error %

5 1.5 55 60 300 50 49.97 0.03 0%
5 2.5 65 120 500 58 58.64 -0.64 -1%
5 3.5 70 180 700 68 68.00 0.00 0%
10 15 60 120 600 56 5417 183 3%
10 2 65 150 700 59 58.47 053 1%
10 2.5 67 180 300 65 65.00 0.00 0%
15 2 67 60 500 61 61.32 -0.32 -1%

15 3.5 60 150 300 73 7129 171 2%
20 15 67 90 700 60 61.15 -1.15 -2%

20 2 70 120 300 66 65.77 0.23 0%
25 15 70 150 500 68 67.65 035 1%
25 3 65 90 300 74 73.04 096 1%

Comparison of Yield obtained by Experimentation and ANN for SiOz:

The graphical comparative study of yield obtained by experimentation and ANN is as follows:

The graphical comparison of yield obtained by experimentation and ANN is appearing in Fig. 3. The
values of yield obtained by experimentation, by ANN, the difference in these values, and also the %

errors are given in Table 5. There is a very small difference between these values and% errors are
also very small. So, results obtained by Taguchi method are validated by ANN.
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Regression Plots: The normal probability plot is a graphical tool for comparing a data set with the
normal distribution. A straight line in this plot shows the data fit a normal probability distribution. There
are very low residual values and all residuals obtained are almost along the line.
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Fig. 3. Comparison of Yield by Experimentation and ANN for SiO»
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Fig. 4. Comparison of Regression plots by Minitab and by ANN for SiO»

The R-square value for this regression is 91.70%. The regression plot obtained by ANN is compared
with the Minitab regression plot. There are very low residual values and all residuals obtained are also
along the line. There is a similarity in these plots, hence results are validated.

7. CONCLUSION

The analysis of optimizing the transesterification process has been carried out by Taguchi method for
production of biodiesel from Karanja oil using SiO2 as a heterogeneous catalyst. The results by
experimentation through Minitab have validated by ANN (Artificial Neural Network), the conclusions

are;

1)

The biodiesel yield obtained experimentally is 77% at optimum conditions are 20% molar ratio,
3% SiO2 catalyst addition, 65°C reaction temperature, 180 min reaction time and 500 rpm
stirring speed.

Main effective plot is concluded that the two parameters affecting the yield mainly are the molar
ratio and catalyst %.

From interaction plot the yield has maximum value for 20 % molar ratio and catalyst 3%.

R square value 91.70% shows that the obtained model is fitted to actual data.

There are very small errors between the yields obtained by experimentation and by ANN.

The regression plot obtained by Minitab is similar to ANN regression plot.

In this way, various results obtained by Minitab have validated by ANN.
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The stereolithography (SL) process is one of the rapid prototyping technics and it is also
known as additive layered manufacturing method. It is a chipless manufacturing method
and the object is built layer by layer. A low cost stereolithography apparatus (SLA) is
developed to produce highly precise, three-dimensional (3D) structures from broad
selection of functional materials, especially photopolymer resin. The present SL systems
available in the market are very expensive. The developed low cost SLA will be affordable
to medium scale industries as well as customers. The developed SLA utilizes focused light
beam of wavelength range of 300 nm — 700 nm from the DLP projector and passes through
the objective lens over the surface of a photo-curable resin, which undergoes photo-
polymerization and forms solid structures. The photopolymer used in this experimentation
is polyethylene glycol di-acrylate and photo-initiator is Irgacure 784. The experiments are
performed on objects with hexagonal cross-section and pyramid geometries and 0.1 mm
curing depth along Z — axis. The trials are performed with different exposure and settling
period. The 3D objects are successfully fabricated with high build speed and low cost. The
pyramid object with maximum 120 numbers of layers with 12 mm dimension along Z-axis
is built in 11.0 minutes. It is found that the optimum exposure time to cure a layer is two
seconds. The maximum exposure area obtained in X-Y plane is 55 mm x 45 mm. The
percentage dimensional error of the build objects is decreased as the curing time is reduced
and the error is minimum for the two seconds curing period per layer. The obtained
resolution of the build objects in X-Y plane is 23 microns and Z-stage resolution is 0.1
mm.

Keywords:
photo-polymer,  stereolithography,
prototyping, ultra-violet light

rapid

1. INTRODUCTION large number of small molecules and forming a highly cross-

linked polymer [6]. Now a day, rapid prototypes of the

There are a number of processes that can realize three-
dimensional (3D) shapes such as those stored in the memory
of a computer. An example is the use of holographic
techniques [1], but these require many complex calculations to
obtain the hologram and there is insufficient accuracy and
clarity. A manual or a conventional mechanical process can
also make a physical model, but such models require long
fabricating times, high cost and excessive labour. To solve
these kinds of problems, a new group of techniques called
additive manufacturing (AM) technologies have been
developed by a number of researchers group [2-5]. AM is a
collection of processes in which physical objects are quickly
created directly from computer generated models. The basic
concept of rapid prototyping is where 3D structures are formed
by laminating thin layers according to two-dimensional (2D)
slice data, obtained from a 3D model created on a CAD/CAM
system [2-5]. Stereolithography (SL) is one of the most
popular AM process. It usually involves the curing or
solidification of a liquid photosensitive polymer by focusing a
light beam or laser beam of specific wavelength on the surface
with liquid photopolymeric resin. The focused light beam
supplies energy that induces a chemical reaction, bonding

411

different objects are required before their actual manufacturing
because one can improve the design at the early stage of
product development. The rapid prototyping or 3D printing
field is very fast developing and this technology can applicable
to all the fields i.e. engineering as well as non-engineering.
The objective of this research work is to develop a low cost
stereolithography apparatus (SLA) to produce highly precise,
three-dimensional (3D) structures from broad selection of
functional materials, especially photopolymer resin. The
present SL systems available in the market are very expensive.
The overall cost of the newly developed SLA is very low as
compared to cost of SLA available in the market. The cost of
photo-curable resin used is also low as compared to other
available resins. Therefore, the developed low cost SLA will
be affordable to medium scale industries and customers as the
overall build cost of the objects is minimum.

A large number of researcher’s groups have developed the
SL systems out of which some of them are briefed in the
following literature review.

Fujimasa [7] has been described the concepts of
microplanes, microrobots, microcars and microsubmarines
and MEMS which are systems that combine computers with
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tiny mechanical d8yfoes such as sensors, valves, gears, mirrors,
and actuators embedded in semiconductor chips. Ventura et al.
[8] developed a direct photo shaping process for the
fabrication of functional ceramic components layer by layer
and each layer is photo image or a digital light processing
(DLP) projection system. Bertsch et al. [9] developed a micro
stereolithography apparatus employing a pattern generator in
which a UV laser and dynamic LCD pattern generator were
used to generate the cross section of a 3D structure. While the
substrate did not move in the x—y direction in the liquid
photopolymer, an LCD pattern generation system was
necessary and the resulting diffraction had to be considered.
Maruo et al. [10] developed two-photon polymerization (TPP)
which utilizes focused lasers to precisely polymerize small
volumes resin and the volume is only polymerized if it is
excited by two different photons within a very short time
period. TPP is much slower than SL, but has successfully
created components with 100 nm features. TPP is limited to
polymers because it requires a clear resin to function;
suspended particles would scatter the laser beams. Young et al.
[11] have described a novel device for producing 3D objects
that has been developed using an LCD as a programmable,
dynamic mask and visible light to initiate photopolymerization.
Ikuta et al. [12] introduced micro stereolithography
technology and proposed a means of applying micro
stereolithography in mass-production using an optical fiber
array so that multiple microstructures could be fabricated in a
single process. Monneret et al. [13] presented a new process
of microstereolithography to manufacture freeform solid 3D
micro-components with outer dimensions in the millimeter
size range. Sun et al. [14] performed Monte Carlo simulations
and experimental studies to understand the detailed microscale
optical scattering, chemical reaction (polymerization), and
their influence on critical fabrication parameters. It was found
that due to the scattering, the fabricated line is wider in width
and smaller in depth compared with polymeric fabrication at
the same condition. The doping technique substantially
reduced the light scattering, which in turn enhanced the
fabrication precision and control. The experimental values of
curing depth and radius agreed reasonably well with the
theoretical modeling. Bertsch et al. [15] described new
polymer/composite photosensitive resins that can be used in
the microstereolithography process for manufacturing
complex 3D components. Huang et al. [16] analyzed the
shrinkage deformation of the mask type stereolithography
process. Lee et al. [17] developed a micro stereolithography
apparatus using a UV laser and a complex optical system.
Jiang et al. [18] developed a Masked Photopolymerization
Rapid Prototyping (MPRP) system using LCD panel as
dynamic mask with an upper exposure skill. Dongkeon et al.
[19] developed a liquid crystal display (LCD) based micro
stereolithography process in order to fabricate microparts with
superior mechanical properties (for e.g., micro gears) and
investigates the fabrication process of micro bevel gears using
photosensitive resins reinforced with ceramic nanoparticles.
Deshmukh et al. [20] proposes and develops an offaxis lens
scanning technique for MSL and carries out optical analysis to
compare its performance with the existing techniques
mentioned above. The comparison clearly demonstrates
improved performance with the proposed offaxis lens
scanning technique. Limaye [21] presented a more
sophisticated process planning method to build a part with
constraints on dimensions, surface finish and build time and
formulated an adaptive slicing algorithm that slices a CAD

412

model so as to obtain the required trade-off between build time
and surface finish of up facing surfaces of the part.
Hadipoespito et al. [22] developed DMD based UV micro —
stereolithography system for fabricating 2D and 3D micro —
parts. With the help of characterization experiments it was
observed that the developed the DMD based imaging system
irradiates an entire photopolymer layer at once, providing
reasonable curing speed and good resolution at a low cost.
Micro parts were also fabricated in nanocomposites, which
were obtained by ultrasonic mixing of the transparent
photopolymer and nano-sized ceramic particles. The micro
models fabricated by this process could be used for micro scale
investment casting, tooling, devices, and medical applications.
In this method process optimization is needed to improve the
quality of fabricated micro — parts. Singhal et al. [23] has
presented a statistical surface roughness model for SLS
prototypes as a key to slice the tessellated CAD model
adaptively. The adaptive slicing system is implemented as
Graphic User Interface in MATLAB-7.

Choi et al. [24] developed a more economical and simpler
micro-stereolithography technology using a UV lamp as a
light source and optical fiber as the light delivery system and
photopolymer solidification experiments were conducted to
examine the characteristics of the developed micro-
stereolithography apparatus. Zhao et al. [25] developed a thick
film mask projection stereolithography to fabricate films on
fixed flat substrate and develop a column cure model in which
a CAD model of part is discretized into vertical columns
instead of being sliced into horizontal layers, and all columns
get cured simultaneously till the desired heights. Vatani et al.
[26] optimized the exiting slicing algorithms for reducing the
size of the files and memory usage of computers to process
them. In spite of type and extent of the errors in STL files, the
tail-to-head searching method and analysis of the nearest
distance between tails and heads techniques were used. As a
result STL models sliced rapidly, and fully closed contours
produced effectively and errorless. Deshmukh et al. [27]
carried out analysis and experimental verification of
optomechanical scanning systems for microstereolithography.
Choi et al. [28] developed MSL system for tissue engineering
using a Digital Micromirror Device (DMD) for dynamic
pattern generation and an ultraviolet (UV) lamp filtered at 365
nm for crosslinking the photoreactive polymer solution.
Gandhi et al. [29] proposes and analyses a 2D optomechanical-
focused laser spot scanning system for microstereolithography
which allows uniform intensity focused spot scanning with
high speed and high resolution over a large range of scan.
Higher speed and high resolution at the same time are achieved
by use of two serial double parallelogram flexural mechanisms
with mechatronics developed around them. Itoga et al. [30]
developed maskless photolithography device by modifying
Liquid Crystal Display (LCD) projector optics from magnified
to reduced projection. The developed device produces a
practical centimeter scale micro-pattern by dividing a large
mask pattern and divisionally exposing it synchronized with
an auto — XY stage, applying it to cell micro-pattern and
microfluidic device production. But they arise problems in
jagged pattern boundaries due to the liquid crystal panel
structure and collapse pattern of the boundary divided on
divisional exposure using the auto — XY stage. Zhou et al. [31]
presented a novel AM process based on the mask video
projection. For each layer, a set of mask images instead of a
single image are planned based on the principle of optimized
pixel blending. Experimental results show that the mask video
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projection process can significantly improve the accuracy and
resolution of built components. The disadvantage of this
method is that it will require an additional linear stage with
good accuracy and moving speed. In addition, the platform
movement during the building process requires the designed
hardware to ensure the repeatability between different layers
which increases the overall cost of the system. Zabti [32]
carried out Pareto based Multi-objective function based
optimization of STL process which has three objective
functions. The goal is to find the optimum exposure time value
by minimizing the cure depth, surface roughness and
maximizing the mechanical strength. Lehtinen [33] developed
a DMD based projection stereolithography and a computer
code is written to control the entire manufacturing process.
Gandhi et al. [34] analyze various optical scanning schemes
used for MSL systems along with the proposed scheme via
optical simulations and experiments. The mechanical design
of the scanning mechanism is carried out to meet requirements
of high speed and resolution. The system integration and
investigation in process parameters is carried out and
fabrication of large micro-component with high resolution is
demonstrated. Campaigne III [35] developed projection
stereolithography and  material  characterization  of
nanocomposites photopolymers was carried out. Valentincic
et al. [36] conclude that DLP based stereolithography is used
to reduce the build time and to increase the manufacturing
accuracy. Compared to fused deposition modeling (FDM)
machines, machines for DLP stereolithography are expensive
and thus not available to a broad range of users as it is the case
with FDM 3D printers. Luo et al. [37] developed desktop
manufacturing system which can produce RP parts with good
machining efficiency, but the surface roughness should be
further improved. Ibrahim et al. [38] investigate the influence
of process parameters which are layer thickness and exposure
time on physical and mechanical properties of DLP structure.

Thus, by going through the aforementioned literature on SL
systems, it is observed that most of researchers develop
microstereolithography systems. The developed SL systems
are either LCD based or DMD based. The disadvantages of
LCD based SL systems are low pixel filling ratio, print —
through errors occurs due to light that penetrates into already
cured layers, unnecessary wavelengths cause inaccurate
dimensions in the cured part. The advantages of DMD based
SL systems are availability of UV compatibility, high
modulation efficiency, high light transmission, high optical fill
factor, low pitch size and pixel size. Both the developed SL
systems i.e. LCD as well as DMD based mentioned in above

literature survey are very expensive, which are not affordable
to common or medium sized industries or vendors who can
build their prototypes with a cheaper cost. Therefore,
development of a low cost SLA with better build speed is a
goal of this research work.

The sub-section 2.1 of section 2 describes the developed
low cost SLA in detail with specifications of the sub-systems,
different softwares, photo-polymer and photo-initiator used in
the apparatus. In sub-section 2.2 the absorbance spectrum of
photo-curable resin and light beam spectrum of DLP projector
are plotted. In sub-section 2.3 the slicing procedure of 3D
CAD model into 2D slices is explained with the help of
developed MATLAB code. The experimental results and
discussions are given in section 3. Finally, the conclusions are
drawn from experimental work in section 4.

2. EXPERIMENTAL SET UP
2.1 Stereolithography apparatus (SLA)

The stereolithography apparatus (SLA) is developed to
produce highly precise, three-dimensional (3D) structures
from broad selection of functional materials, especially
photopolymer resin. The lay-out of the experimental set-up is
shown in Figure 1 and the CAD model is shown in Figure 2.
The developed stereolithography apparatus (SLA) utilizes
focused light beam from DLP projector and then through the
objective lens over the surface of a photo-curable resin, which
undergoes photo-polymerization and forms solid structures.
The lamp of the modified DLP projector works as light source
and DMD chip in the DLP projector works as a dynamic
pattern generator for this SLA. The colour wheel of the DLP
projector is filtering most of the UV light out. But UV light is
required for solidification of the photopolymer. Therefore, we
had done changes in the colour wheel. The color wheel is a
glass disc with several colored segments that spins while the
projector is running to colorize the image. The projector
actually requires it to run; when the color wheel is simply
removed, the projector would not turn on the lamp. Therefore,
only glass portion of the color wheel is removed so that
maximum UV light should come out from the projector which
is the requirement for solidification of liquid resin. After
removing glass portion from the color wheel, the projector
becomes black and white. Infocus make DLP projector with
display resolution 1024x768 is used. The photograph of actual
experimental set-up is shown in Figure 3.
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Figure 1. Lay-out of the experimental set —up
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Figure 3. Experimental set-up
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The photopolymer used in this experimentation is
polyethylene glycol di-acrylate with 2% Irgacure 784 as
photo-initiator. The absorbance spectrum of the photopolymer
is plotted and the maximum absorbance observed is in the
range of 315 nm to 480 nm. The peak absorbance of
polyethylene glycol di-acrylate matches with the peak
intensity of light beam of DLP projector which is in the range
of 400 nm — 570 nm. Therefore, polyethylene glycol di-
acrylate is selected as photo-curable resin and cost of the same
resin is also low as compared to other resins. From this data it
is concluded that maximum UV light is required for
solidification of the photopolymer. The NEMA 17 bipolar
stepper motor with 0.9° step angle, 5% step accuracy, 5 mm
shaft diameter is used to rotate the ball screw. The ball screw
with nominal diameter 12 mm, pitch 2.0 mm, core diameter
10.084 mm and lead angle 3.04° is used for up and down
motion of the Z-stage. The maximum speed of the stepper
motor is 2344 rpm and holding torque is 4.8 kg-cm. The Creo
3.0 software is used for modeling of 3D CAD model. The 3D
CAD model and STL file format in Creo 3.0 software is more
compatible with developed MATLAB code for slicing of 3D
CAD model as compared to other modeling softwares.
Therefore, Creo 3.0 software is selected for 3D CAD modeling.
A special MATLAB code is developed for slicing of the 3D
CAD model and this sliced 3D CAD model is imported into
the Creation Workshop software version 1.0.0.75 which is
used to control the focusing time period of sliced images
through DLP projector and focusing lens. The make of
focusing lens is Optics and Allied Engineering Private Limited,
Bangalore with 100 mm diameter and 100 mm focal length.
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Criteria 3

The Creation Workshop software also controls the motion of
the Z-stage through Arduino MEGA 2560 micro- controller
and NEMA 17 bipolar stepper motor. It also controls input
parameters, such as layer thickness, motor movement speed,
exposure time and settling period. These parameters make the
equipment versatile and suitable for a wide range of different
tasks. Finally, the different shape objects are built by curing
the aforementioned photo-curable resin. The photographs of
the build components are taken by the Amp Cam digital
microscope with optimum resolution 640x480 and 5X digital
zoom. The FARO Edge 3D scanner with the specifications
+25um accuracy, 25um repeatability, 115 mm depth of field,
80 mm effective scan width for near field, 2,000 scanning
points per line, 40pum minimum point spacing, 280
frames/second scan rate and Class 2M laser is used to measure
the dimensions of the build objects. Thus, a low cost, high
build speed SLA is developed to fabricate 3D components.

In the Z- Stage, we have to control the linear movement of
the platform with the help of stepper motor and ball screw. The
stepper motors rotational motion is transformed in to linear
motion with help of ball screw coupled with motor shaft.
Arduino microcontroller is used for precise and accurate
control the movement of the motion stage. The rotational
movement of the stepper motor is controlled with the help of
special Arduino program. The program mainly consists of
various commands and statements to control the various
parameters such as speed, time delay etc. Figure 4 shows the
window of Arduino software in which the uploaded program
is shown. The Arduino Micro-controller with stepper motor is
interfaced with Creation Workshop Software to obtain desired
motion of Z-stage.
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Figure 4. The program uploaded to the Arduino software
2.2 Spectrum study of photopolymer and DLP projector

The 3D object is built by focusing the light beam of DLP
projector through objective lens on the z-stage platform. On
the Z-stage platform a layer of liquid photopolymer of
thickness equal to the slice thickness of CAD model is made
available by lowering the platform with help of ball screw and
stepper motor. Therefore, it is necessary to plot the absorbance
spectrum of photopolymer from which we can conclude that
what is value of wave length for peak absorbance. The Figure
5 shows the absorbance spectrum plot of photopolymer and it
is observed that the peak absorbance is at wavelength 335 nm,



410 nm and 480 nm. Therefore, the focused light beam must
have the peak wavelength in the range of 300 — 500 nm which
isa UV light region.
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Figure 5. Absorbance spectrum of photopolymer
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Figure 6. DLP projector light beam spectrum plotting set-up
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Figure 7. Light beam spectrum of DLP projector

The study of DLP light beam spectrum is done by using
Horriba (model iHR320) light spectrometer. The Figure 6
shows the set-up for plotting the spectrum of DLP projector
light beam. The light beam from the DLP projector is passes
through the aperture then it passes through the neutral density
filter. The neutral density filter removes the unwanted light
rays. The spectrum is plotted for the light wavelength range of
250 — 900 nm. Finally, light beam passed into the
photoluminescence (PL) system. The PL system consists of
optical grating, mirror 1 and mirror 2 with CCD (closed circuit
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device) camera. The measured spectrum data by PL system is
collected by the computer. The Figure 7 shows the light beam
spectrum obtained by above mentioned spectrometer. From
light beam spectrum it is observed that the peak values are in
the wavelength range of 400 nm — 570 nm. Therefore, the light
beam of DLP projector is useful to cure the selected
photopolymer as peak wavelength range matches with each
other.

2.3 Slicing of 3D CAD model

Basically, the stereolithography equipment consists of a
DLP projector, focusing lens, resin vat, a linear translation
stage with a platform and a computer. Before the
manufacturing can begin, some preparations must be done.
First, the CAD model is sliced into horizontal cross-section
images. These black and white images will be projected one
by one onto the platform with resin layer. As there are different
methods available to slice a CAD model without tessellation
but slicing a triangulated mesh model is still the commonly
used method in 3D printing caused by its format (i.e. STL) is
widely adopted in software and machine. These different
methods of slicing a 3D CAD models are Contour,
Voxelization and Ray tracing [39]. The contour method is the
traditional slicing process that generates the cross-sectional
information by intersecting the input model with a set of
horizontal planes. As the input model is tessellated into faces
(e.g. triangles defined in the STL), the slicing operation is
actually a number of face-plane intersections, each of which is
a segment. In a layer, the intersection between the model and
a slicing plane is one or more polygons (contours), which are
constituted by the segments. The voxelization method creates
a 3D array of voxels that can cover the whole volume of the
input model, and then decides whether each voxel is inside or
outside the model. The in/out determination is challenging,
because the mesh is just a set of faces in the 3D space without
the information of inside or outside. In ray-tracing method, 2D
image is used and in/out for every pixel in a slice is determined
similar to point-in-polygon testing. In this method testing can
be done by casting a ray from each pixel to intersect with the
model, and finding out if the ray reaches the interior or exterior
of the model at a particular height. Out of the above three
slicing technologies, the ray-tracing method is the fastest in
most cases and it needs a moderate amount of memory for
computation. It maintains a good balance between
computation time and memory space. It would be optimal if
the intersection problem can be handled without creating other
problems. Therefore, due to these advantages, the ray-tracing
method is used for development of a special MATLAB code
for slicing of 3D CAD model in this research work.

The STL file shown in Figure 8 was originally conceived by
3D Systems [40] and it opened the door for rapid prototyping
and manufacturing market by allowing CAD data to be used
in STL systems. The file consists of an unordered list of
triangular facets that represent the outside skin of a part. The
triangular facets are described by a unit normal vector and a
set of X, Y, Z coordinates for each of the three vertices. The
unit vectors indicate the outside of the part. Since the STL
model consists of triangular facets, it is an approximate model
of the accurate CAD data. Regardless of being an imprecise
model, STL has become the standard used by most CAD and
RP systems. STL is a simple solution for representing 3D CAD
data and it provides small and accurate files for data transfer
for specific shapes [41, 42]. There are two formats for STL file:



ASCI and Binary which are shown in Figure 9 and Figure 10
respectively. Binary files are smaller and more compact.
Hence, they are more common. After generating the STL file
of the 3D CAD model then it is necessary to slice the model
into a number of horizontal cross-section images. The 3D
CAD model of the object which is to be built by using
stereolithography process is developed with the help of CREO
3.0 software. Then it is saved in STL file format using the same
software. The Figure 11 shows the 3D CAD model in STL file
format.
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Figure 8. Standard Tessellation Language (STL) file and
CAD model [42]

salid name

facet normal ny n; ng
outer loop
vertex vil, vl, vi;
vertex v2, vi, v2s
vertex v3, v3, v3;
endloop

endfacet

endsolid name

Figure 9. ASCII STL file format [42]

UINT8[80] - Header

UINT32 - Number of triangles

foreach triangle

REAL32[3] - Normal vector
REAL32[3] - Vertex 1
REAL32[3] - Vertex 2
REAL32[3] - Vertex 3

UINT16 - Attribute byte count
end

Figure 10. Binary STL file format [42]

Figure 11. 3D CAD model in STL file format

416

Thus, a special MATLAB code is developed by using ray
tracing method and by using this code, the 3D CAD model is
sliced into a number of layers as shown in Figure 12. The
Figure 13 (a) and (b) shows a single sliced layer in MATLAB
software window. Then these sliced layers are imported in
Creation Workshop software and focused one by one at
required time interval with the help of DLP projector through
objective lens on the Z- stage platform and finally the 3D
object is built.
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Figure 12. Sliced 3D CAD model
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Figure 13. 2D Slices in MATLAB window

3. RESULTS AND DISCUSSIONS

The experiments are performed with hexagonal cross-



section and pyramid objects with 0.1 mm curing depth along
Z — axis. The trials are performed with different exposure time
and settling period. The exposure time is varied from 10
seconds to 1 second and it is observed that the objects are best
cured for 2 seconds curing period. The experimental test data
for hexagonal cross-section and pyramid objects are given in
Table 1 and Table 2 respectively. The CAD model of the
hexagonal prism is shown in Figure 14 and scanned image of
build hexagonal prism by FARO Edge 3D scanner is shown in
Figure 15. The built hexagonal prism is shown in Figure 16 (a)
and (b). The Figure 17 shows the measurements of dimensions
of hexagonal prism by FARO Edge 3D scanner. The Figure 18
shows the CAD model of pyramid and Figure 19 shows the
built pyramid. The scanned image of built pyramid by FARO
Edge 3D scanner is shown in Figure 20 and the measurement
of dimensions of pyramid by FARO Edge 3D scanner are
shown in Figures 21-23. The pyramid object with 120 numbers
of layers with 12 mm dimension along Z-axis is built. The
maximum area 18 mm x 16 mm of pyramid object along X-Y
plane is cured. For commercial SLA machines resolution in Z-
axis is in between 0.01 to 0.25 mm. The resolution along Z-
axis of 0.25mm creates a fairly coarse surface for medium
sized parts, but for larger models, the layer steps are not too
noticeable due to the relative size of larger parts. A resolution
of 0.1mm provides a more favorable surface finish for medium
and small parts. Therefore, experiments are performed with
0.1 mm curing depth along Z-axis. The maximum exposure
area obtained is 55mm x 45mm. It is observed that as the
curing time decreases the percentage error between the 3D
CAD model dimensions and built dimensions are also
decreases. The maximum and minimum percentage errors for
hexagonal cross-section object are 9.43 and 2.0 respectively.
The maximum and minimum percentage errors for pyramid
object are 4.44 and 0.93 respectively. The minimum
percentage error is observed for 2 seconds curing period. The
dimensions of the built components are measured by FARO
Edge 3D scanner with +25um accuracy. Creation Workshop
software Version 1.0.0.75 is used: (i) to control the Z-stage
motion, (ii) to control the focusing time of sliced images and
settling time. The resolution of the built components depends
upon Software Imposed Parameters (SIP) and SL Process
Parameters (PP). The Software Imposed Parameters (SIP) are
line width compensation, .stl file resolution, layer thickness, z
compensation, and stereolithography grid. The SL Process
Parameters (PP) consists of light beam size and intensity, light
beam focus depth, and layer thickness [43].

Figure 14. CAD model of hexagonal prism

Table 1. Hexagonal prism experimentation data

()

Figure 16. Built hexagonal prism

Object Cross- Measuring Dimensions (mm) No. of Exposure Settling Build
section Scale layers time Period time
sec. sec. sec.
.y 2 (sec.) (sec) (sec.)

Hexagon (7 mm CAD Model 14 14 10
%ide) Built object 15.32 1428 9.66 100 2 35 546.5

% Error 9.43 2.0 3.4

Table 2. Pyramid experimentation data

Object Cross- Measuring Dimensions (mm) No. of Exposure Settling Build
section Scale layers time Period time
sec. sec. sec.
oy 2 (sec.) (sec.) (sec)

CAD Model 18 16 12
Pyramid Built object 17.20 16.15 10.85 120 2 35 656.5

% Error 4.44 0.93 2.33




I~ distance 1
Ref Feature: plane |
Feature: plane 2
Nom Meas Dev T
3D Dist 10.000 9.663-0.337

I distance 2
Ref Feature: point 1
Feature: point 2
Nom Meas Dev Te
3D Dist 7.001 8.065 1.064

(b)

Figure 17. Measurement of height and side of hexagonal
prism

Figure 19. Built pyramid
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Figure 20. Scanned Image of build pyramid

[ distance 7
Ref Feature: plane 17
Feature: point |
Nom Meas Dev Test
3D Dist 12.000 10.852-1.148

Figure 21. Height measurement of build pyramid

3 rectangle 1

Nom Meas Dev Test
Len 18.00017.200-0.800
Width 16.000 16.150 0.150

Figure 22. Base measurement of pyramid

Figure 23. Faro edge 3D scanner

4. CONCLUSIONS

A low cost stereolithography apparatus (SLA) has been
developed with DLP projector as a UV light source. The
overall cost of the developed SLA is very low as compared to
the present commercial SLA available. Therefore, the build
cost of the fabricated objects is reduced due to developed low



cost SLA. The optimum curing period per layer is two seconds
per layer as the percentage error is minimum for two seconds
curing period. Therefore, build speed obtained is two seconds
per layer which is remarkable compared with present SLA.
The dimensional accuracy of fabricated objects is also
satisfactory as the maximum and minimum percentage error is
9.43 and 0.93 respectively which is acceptable comparing with
the results available in the literature [33, 36]. The dimensional
percentage error is decreased as the curing period or image
focusing period is reduced. The pyramid object with maximum
120 numbers of layers with 12 mm dimension along Z-axis is
built in 11 minutes. The maximum exposure area obtained
which can be cured in X-Y plane is 55 mm x 45 mm. The
resolution of the build objects in X-Y plane is 23 microns
which is resolution of sliced image focused from DLP
projector and Z-stage resolution is 0.1 mm. The advantages of
the developed SLA are low build cost, high fabrication speed,
excellent resolution in X-Y plane, low resin cost etc. The
limitations are low dimensional accuracy, poor resolution of
the fabricated objects along Z-stage. The future scope of the
work is to introduce the dimensional error correction model in
the experimentation to minimize the percentage errors of the
build objects. Another future scope is to perform the
experiments with values lower than 0.1 mm curing depth so

that resolution of build objects along Z- stage will be improved.

ACKNOWLEDGMENT

The authors are thankful to the Board of Colleges and
University Development (BCUD) of Savitribai Phule Pune
University, Pune for funding this research project under the
grant number OSD/BCUD/360/122. The authors are also
thankful to Dr. S. H. Gawande Professor, M.E.S. College of
Engineering, Pune for technical support and Management,
Principal Dr. R. V. Patil of Pune District Education
Association’s College of Engineering, Manjari (Bk.), Pune for
permitting to carry out this research work.

REFERENCES

[1] Wilson, J., Hawkes, J.F.B. (1987). Lasers, Principles and
Applications. Prentice Hall, New York.

Gibson, 1., Rosen, D.W., Stucker, B. (2009). Additive
manufacturing technologies: Rapid Prototyping to Direct
Digital Manufacturing, Springer, New York.

Chua, C.K., Leong, K.F., Lim, C.S. (2003). Rapid
Prototyping — Principles and Applications. World
Scientific Publishing, Singapore.

[2]

[3]

[4] Gibson, 1. (2006). Rapid prototyping from product
development to medicine. Virtual and Physical
Prototyping, 1(2): 31-42.

http://dx.doi.org/10.1080/17452750500271298
Bidanda, B., Bartolo, P.J. (2008). Virtual prototyping and
Bio-manufacturing in medical applications. Springer,
New York. http://dx.doi.org/10.1007/978-0-387-68831-
2

Fouassier, J. (1995). Photoinitiation,
Photopolymerization, and Photocuring: Fundamentals
and Applications. Hanser.

Fujimasa, I. (1996). Micromachines: A New Era in
Mechanical Engineering. Oxford University Press.
Ventura, S.C., Narang, S.C., Sharma, S., Stotts, J., Liu,

[5]

[6]

[7]
[8]

419

(9]

[10]

[11]

[12]

[13]

[14]

(18]

[16]

[17]

(18]

[19]

[20]

[21]

C., Liu, S., Ho, L.H., Annavajjula, D., Lombardi, S.J.,
Hardy, A., Mangaudis, M., Chen, E., Groseclose, L.
(1996). A new SFF process for functional ceramic
components. Proceedings of the Solid Freeform
Fabrication, pp. 327-334.

Bertsch, A., Zissi, S., Jezequel, J., Corbel, S., André J.
(1997). Microstereolithography using liquid crystal
display as dynamic mask-generator. Microsystems
Technologies, 3(2): 42-47.
https://doi.org/10.1007/s005420050053

Maruo, S., Kawata, S. (1998). Two-photon-absorbed
near-infrared photopolymerization for three-dimensional
microfabrication. Journal of Microelectromechanical
Systems, 7(4): 411-415.
http://dx.doi.org/10.1109/84.735349

Young, J.S., Fox, S.R., Anseth, K.S. (1999). A novel
device for producing three dimensional objects. Journal
of Manufacturing Science & Engineering, 121(3): 474-
477. http://dx.doi.org/10.1115/1.2832705

Ikuta, K., Hirowatari, K. (1993). Real three-dimensional
microfabrication using stereolithography and metal mold.
Proceedings of IEEE International Workshop on Micro
Electro Mechanical Systems (MEMS’93), pp. 42—47.
Monneret, S., Le, G., Bade, H., Devaux, V., Mosset, F.,
Lantz, A. (2002). Dynamic UV microstereolithography.
Applied Physics, 6(3): 213-218.
http://dx.doi.org/10.1051/epjap:2002094

Sun, C., Zhang, X. (2002). Experimental and numerical
investigations on Microstereolithography of ceramics.

Journal  of  Applied Physics, 92(8):  4796.
http://dx.doi.org/10.1063/1.1503410

Bertsch, A., Jiguet, S., Renaud, P. (2003).
Microfabrication ~ of  ceramic  components by

microstereolithography. Journal of Micromechanics and
Microengineering, 14(2): 197-203.
http://dx.doi.org/10.1088/0960-1317/14/2/005

Huang, Y.M,, Jiang, C.P. (2003). Numerical analysis of
a mask type stereolithography process using a dynamic
finite element method. The International Journal of
Advanced Manufacturing Technology, 21(9): 649-655.
http://dx.doi.org/10.1007/s00170-002-1388-x

Lee, I.H., Cho, D.W., Lee, E.S. (2004). Development of
microstereolithography systems for the fabrication of
three-dimensional micro-structure. Journal of Korean
Society  Precision  Engineering, 21(2): 29-36.
https://doi.org/10.1007/s00170-008-1461-1

Jiang, C.P., Jeng, J.Y., Huang, Y.M., Tsai, M.J. (2005).
Development of masked photo-polymerization rapid
prototyping system using liquid crystal display panel.
Journal of the Chinese Institute of Industrial Engineers,
22(1): 76-81.
http://dx.doi.org/10.1080/10170660509509279

Lee, D., Miyoshi, T., Takaya, Y., Ha, T. (2006). 3D
microfabrication of photosensitive resin reinforced with
ceramic nanoparticles using LCD micro
stereolithography. Journal of Laser Micro/Nano
Engineering, 1(2): 142-148.

Deshmukh, S.P., Dubey, S., Gandhi, P.S. (2006). Optical
analysis of scanning micro stereolithography systems.
Micromachining and  Microfabrication ~ Process
Technology X, Proceedings, 61090C.
http://dx.doi.org/10.1117/12.645856

Limaye, A.S. (2007). Multi-objective process planning
method for mask projection stereolithography. PhD



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

dissertation, Georgia Institute of Technology.
Hadipoespito, G.W., Yang, Y., Choi, H., Ning, G., Li, X.
(2003). Digital micromirror  device  based
microstereolithography  for micro  structures of
transparent  photopolymer and  nanocomposites.
Department of Mechanical Engineering University of
Wisconsin-Madison, Madison, W1 53706.

Singhal, S.K., Jain, P.K., Pandey, P.M. (2008). Adaptive
slicing for SLS prototyping. Computer-Aided Design
and Applications, 5(1-4): 412-423.
http://dx.doi.org/10.3722/cadaps.2008.412-423

Choi, J., Kang, HW., Lee, I.H., Ko, T.J. (2009).
Development of micro-stereolithography technology
using a UV lamp and optical fiber. International Journal
of Advance Manufacturing Technology, 41: 281-286.
https://doi.org/10.1007/s00170-008-1461-1

Zhao, X. (2009). Process planning for thick-film mask
projection micro-stereolithography. PhD thesis, Georgia
Institute of Technology.

Vatani, M., Rahimi, A.R., Brazandeh, F., Sanatinezhad,
A. (2009). An enhanced slicing algorithm using nearest
distance analysis for layer manufacturing. World
Academy of Science, Engineering and Technology, 3(1):
74-79. https://doi.org/10.5281/zenodo.1082905
Deshmukh, S.P., Gandhi, P.S. (2009). Optomechanical
scanning systems for microstereolithography (MSL):
Analysis and experimental verification. Journal of
Materials Processing Technology, 209(3): 1275-1285.
http://dx.doi.org/10.1016/j.jmatprotec.2008.03.056

Choi, J.W., Wickera, R., Leeb, S.H., Choi, K.H., Had,
C.S., Chung, 1. (2009). Fabrication of 3D
biocompatible/biodegradable  micro-scaffolds  using

dynamic mask projection microstereolithography.
Journal of Materials Processing Technology, 209(15-16):
5494-5503.
http://dx.doi.org/10.1016/j.jmatprotec.2009.05.004
Gandhi, P.S., Deshmukh, S.P. (2009). A 2D
optomechanical focused laser spot scanner: Analysis and
experimental results for microstereolithography. Journal
of Micromechanics and Microengineering, 20(1): 15-35.
http://dx.doi.org/10.1088/09601317/20/1/015035

Itoga, K., Kobayashi, J., Yamato, M., Okano, T. (2010).
Development of microfabrication technology with
maskless photolithography device using LCD projector.
Journal of Robotics and Mechatronics, 22(5): 608-612.
http://dx.doi.org/10.20965/jrm.2010.p0608

Zhou, C., Chen, Y. (2011). Additive manufacturing
based on optimized mask video projection for improved
accuracy and resolution. Proceedings of NAMRI/SME,
14(2): 107-118.
http://dx.doi.org/10.1016/j.jmapro.2011.10.002

Zabti, M.M. (2012). Effects of Light Absorber on micro
stereolithography parts. PhD thesis, School of
Mechanical Engineering, The University of Birmingham,
Edgbaston, Birmingham.

Lehtinen, P. (2013). Projection microstereolithography
equipment. MS thesis, School of Science, Aalto
University.

Gandhi, P.S., Deshmukh, S.P., Ramtekkar, R., Bhole, K.,

420

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Baraki, A. (2013). “On-axis” linear focused spot
scanning microstereolithography system:
optomechtronic design, analysis and development.
Journal of Advanced Manufacturing Systems, 12(01):
43-68. http://dx.doi.org/10.1142/S0219686713500030
Campaigne Ill, E.A. (2014). Fabrication and
Characterization of Carbon Nanocomposite
Photopolymers via Projection Stereolithography. MS
Thesis, Virginia Polytechnic Institute and State
University, USA.

Valentincic, J., Perosa, M., Jerman, M., Sabotin, ., Lebar,
A. (2017). Low cost printer for DLP stereolithography.
Journal of Mechanical Engineering, 63(10): 559-566.
http://dx.doi.org/10.5545/sv-jme.2017.4591

Luo, R.C., Tzou, J.H. (2010). Development of a LCD
Photomask Based Desktop Manufacturing System.
Motion Control, Federico Casolo (Ed.), ISBN: 978-953-
7619-55-8, http://dx.doi.org/10.1109/TIE.2008.922603
Ibrahim, A., Saude, N., Ibrahim, M. (2017). Optimization
of process parameter for digital light processing (DLP)
3D printing. Proceedings of Academics World 62nd
International Conference, Seoul, South Korea, 18th -19th
April 2017, pp. 11-14.

Kwok, T.H. (2017). Comparing slicing technologies for
digital light processing printing. ASME, Department of
Mechanical, Industrial and Aerospace Engineering
Concordia University Montreal, Canada, 19(4): 044502.
http://dx.doi.org/10.1115/1.4043672

3D Systems (1988). Stereolithography
Specification, Inc.

Chua, C., Leong, K., Lim, C. (2010). Rapid Prototyping:
Principles and Applications. Third edition, World
Scientific.

Jacobs, P., Reid, D. (1992). Rapid Prototyping and
Manufacturing: Fundamentals of Stereolithography.
Society of Manufacturing Engineers.

Sager, B., Rosen, D. (2002). Stereolithography Process
Resolution, The George W. Woodruff School of
Mechanical Engineering Georgia Institute of Technology
Atlanta, USA.

Interface

NOMENCLATURE

3D three dimensional

AM additive manufacturing

CAD computer aided design

CAM computer aided manufacturing
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DMD digital micro-mirror device
LCD liquid crystal display
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RP rapid prototyping

SL stereolithography

SLA stereolithography apparatus
STL standard tessellation language
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Abstract—Biodiesel is a renewable, biodegradable, and efficient
fuel that can be blended with petro-diesel in any proportion. The
noise in the engine resulting from the combustion has a direct
effect on the engine’s performance. Many studies have examined
the engines’ vibration and noise when using diesel and biodiesel
blends. This study examines the optimization of diesel blends,
load, and compression ratio in the aspect of reducing noise on a
Kirloskar single-cylinder diesel engine. Noise was measured at
the engine and its exhaust on a computerized setup and for
different loads. The experimental results showed that a blend
with 15% biodiesel, at 7kg load, and 18 compression ratio
produced the lowest noise. Moreover, the Taguchi method was
utilized, and experimental results were validated by an ANN.

Keywords-transesterification; biodiesel; noise; optimization

1. INTRODUCTION

Any alternative to diesel fuel should be replicable,
economical, and technically acceptable [1]. Biodiesel is
produced by the transesterification of renewable vegetable oils
and animal fats with the use of alcohol. Biodiesel is highly
degradable and nontoxic. Meanwhile, it has low emissions of
carbon monoxide, particulate matter, and unburned
hydrocarbons. Due to these properties, biodiesel has attracted
wide attention as a replacement to diesel fuel [1, 2]. Biodiesel
can be used without modifications in conventional compression
ignition engines. Noise and vibrations are major issues of diesel
engines [3, 4]. Engine body vibrations and noise are rich in
information about the engine’s operating parameters and
physical condition [4, 5]. Excess noise and vibrations wear out
components such as bearings, grouting, and couplings,
increasing maintenance cost due to more component failures
and unplanned operations. Due to noise and vibrations’
importance, there is a need to study the effect of biodiesel and
its blends on engine’s life and performance [6-8]. Noise level
depends on the load and the blending ratio of biodiesel [5]. As
a result, it is necessary to extend an engine’s life by using
optimal blends, after analyzing their impact in noise [5-9].

II.  EXPERIMENTAL PROCESS

A Kirloskar TV1 VCR single cylinder, four stroke, constant
speed, water-cooled diesel engine, having 3.5HP at 1500rpm,
was used on a computerized test bed equipped with measuring
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instruments such as thermocouples, dynamometer, tachometer
and flow meters. The engine’s specifications are shown in
Table L.

TABLE L. ENGINE'S SPECIFICATIONS
Name Kirloskar
No. of cylinders 1
No. of strokes 4
Type of cooling Water cooled

Power developing capacity | 3.5kW at 1500rpm

Compression ratio range 12-18
Stroke 110mm
Bore 87.5mm
Cylinder volume 661

Noise levels were measured by a noise meter for four
different fuel blends on variable load conditions and
compression ratios as per the Taguchi array. The study focused
on the input parameters of biodiesel blends for examining the
diesel engine’s operating conditions. Noise was measured at
the engine and its exhaust. A noise meter was placed at 0.5m
distance from the engine for measuring its noise, and another
was placed outside the room near the exhaust pipe end to
measure the noise at the exhaust [3-5]. The noise meter and its
specifications are shown in Figure 1 and Table II respectively.

TABLE II. NOISE METER'S SPECIFICATIONS
Display 14mm (0.55") LCD with backlight
Parameter measurement LP, Lmax, Leq, LN
Frequency range 31.5Hz~8kHz
Measurement range LP: 30~130dB (A)
Resolution 0.1dB
Accuracy +1dB

Noise meter.

Fig. 1.
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Four fuel types were tested, namely: BO consisting of 100%
diesel, B15 consisting of 15% biodiesel and 85% diesel, B20
consisting of 20% biodiesel and 80% diesel, and B25
consisting of 25% biodiesel and 75% diesel [2, 3, 9]. Biodiesel
blend, load on the engine, and compression ratio were the
parameters whose effects on the engine’s noise were studied.
The parameters’ levels are listed in Table III.

TABLE III. PARAMETRIC CONDITIONS
A: Blend B: Load C: Compression ratio
Al=0 B1=0 Cl=16
A2=15 B2=4 C2=17
A3=20 B3=7 C3=175
A4 =25 B4=10 C4=18

A. Noise Analysis

The orthogonal array of the input parameters indicates the
number of combinations for the experiments. This selection of
orthogonal array is based on three parameters and four levels
for each parameter [2,5]. The array was obtained by Minitab
using the following operating parameters:

Taguchi Design

Design Summary

Taguchi Array  L16(4"3)
Factors: 3

Runs: 16

Columns of L16 (4"5) array: 12 3

TABLE 1V. SAMPLE READINGS OF TAGUCHI ARRAY FOR

PARAMETER OPTIMIZATION

. Noise at Noise at Noise at

Blend | Load | C.R. Noise ?t the the engine the
the engine exhaust SNR exhaust
SNR

0 0 16 92.75 108.9 -39.3463 | -40.7406

0 4 17 93 109.25 -39.3697 | -40.7684

15 4 16 93.75 112.15 -39.4394 -40.996

15 7 18 95 110.45 -39.5545 | -40.8633

15 10 17.5 95.6 110.95 -39.6092 | -40.9025

20 0 17.5 91.7 110.45 -39.2474 | -40.8633

25 10 16 96.35 111.9 -39.677 -40.9766

The fourth row of Table IV gives the optimum values of
input parameters for noise among the various blends. Signal-
to-noise ratio (SNR) measures how the response varies
relatively to the nominal or target value under different noise
conditions. Depending on the goal, different SNRs may be
chosen. In this experiment, lower SNRs are better. Optimal
conditions were met with B15 blend, 7kg applied load, and 18
compression ratio, where the noise was 95dB at the engine and
110.45dB at the exhaust.

B. Taguchi Analysis: Noise versus Blend, Load, C.R.

Taguchi method analysis results for noise at the engine
versus blend, load, and C.R are shown in Table V, while the
regression’s resulted equation is:

Noise at the engine =96.6 —0.0507 Blend

1
+0.371Load —0.255C.R. M

TABLE V. NOISE AT THE ENGINE MODEL SUMMARY
S R-Sq R-Sq(adj)
0.2196 | 76.30% 40.76%

Taguchi model’s analysis results on noise at the exhaust
versus blend, load, and C.R are shown in Table VI, and the
regression’s resulted equation is:

Noise at the exhaust =107.89+0.0518Blend

)
+0.1900Loads + 0.044C.R.
TABLE VL NOISE AT THE EXHAUST MODEL SUMMARY
S R-Sq R-Sq(adj)
0.0658 | 86.48% 66.21%

C. Validation of Experimental Results by Artificial Neural
Network (ANN)
The results of noise at the engine and the exhaust were
validated by an ANN. An ANN script, shown in Table VII, was
used for obtaining the output from the input parameters.

TABLE VII. ANN CONFIGURATION SCRIPT

clc; close all; clear all;

x = xlsread('Inputl");

y = xlsread('Output2");

net = new ff{minmax(x),[20,1],{'logsig','purelin’,'trainlm'} );
net.trainparam.epochs = 1000;

net.trainparam.goal = le-15; net.trainparam.lr = 0.01;

net = train(net, X, y);

y_net = net(x);

plot(y);hold on; plot(y_net, 'r");

error = (y - y_net);

III.  RESULTS AND VALIDATION

A. Noise at the Engine

The experimental results for noise at the engine, the values
calculated by the ANN, and the error between them are shown
in Table VIII and a comparative graph of these values is shown
in Figure 2. Apparently, there is a small difference, less than
1.2%, between the experimental and the ANN calculated
values.

TABLE VIII.  EXPERIMENTAL AND ANN RESULTS
Blend |Load |C.R. Noise ?t the Noise by Error|Error %
engine ANN
0 7 |175 97 96 -1 -1.0%
0 10 | 18 95.2 96 0.8 0.8%
15 7 18 95 96 1 1.0%
20 10 | 17 95.9 95.5 0 0.0%
25 7 17 94.8 95.6 0.8 0.8%
25 10 | 16 96.35 95.2 -1L15 ] -1.2%

The regression plot obtained by the Taguchi model for the
experimental results was compared with the ANN regression
plot. The regressions’ R-square value was around 80%. The
straight line in these plots shows that the data fit a normal
probability distribution. There are very low residual values, as
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all residuals obtained are almost along the line in both plots.

The similarity in these plots validates the results.
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Fig. 2. Comparison of experimental and ANN noise values at the engine.
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Fig. 3. Residual plot for noise at the engine by (a) Minitab, (b) ANN.

B. Noise at the Exhaust

The experimental results of noise at the exhaust, the values
calculated by the ANN, and the error between them are given
in Table IX. Moreover, a comparative graph of these values is
shown in Figure 4. Apparently, there is a tiny difference
between experimental and ANN results, less than 0.3%, for
noise at the exhaust.

TABLE IX. EXPERIMENTAL AND ANN RESULTS
Blend | Load | C.R. | Noise at the exhaust | Noise byANN | Error | Error %
0 0 16 108.9 109.2 0.3 0.27%
0 4 17 109.25 109.1 -0.15 | -0.14%
15 7 18 110.45 110.45 0 0.00%
15 10 [17.5 110.95 110.95 0 0.00%
20 0 [175 110.45 110.45 0 0.00%
25 10 16 111.9 111.9 0 0.00%

After comparing the regression plots of experimental and
ANN results in Figures 3 and 5, we can see that there are very
few residual values, and all values obtained are almost along
the line indicating a normal probability distribution. The
regression’s R-square value was 86.48%. The similarity in
these plots validates the results.

2 4 [} ] 19 12 14 15

Fig. 4. Comparison of experimental and ANN noise at exhaust.
Normal Probability Plot
(response is SN ratios)
@ I
* -3 2 -1 0 2 3
Standardized Residual
Tralning: F=0 99001
é. J
® 5
B
3
Target
Fig. 5. Residual plot for noise at the exhaust by (a) Minitab, (b) ANN.

IV. CONCLUSION

This study examined the optimization of noise reduction at
the engine and its exhaust with biodiesel blend, load, and
compression ratio of the engine as input parameters. Analysis
was carried out utilizing the Taguchi method, and optimization
of the input parameters was performed by using SNR [10, 11].
The experimental results obtained by Minitab were validated
by an ANN. The main conclusions of this study are:

e Optimal input parameters were: a blend with 15% biodiesel,
applied load of 7kg, and compression ratio 18, resulting to
95dB noise at the engine and 110.45dB at its exhaust.

e R-square values obtained by regression analysis were
around 80% and more, indicating that the obtained model
fits to the actual data.

e There are small to tiny differences between the

experimental and the ANN’s noise values.

e All regression residuals of both Minitab and ANN were
very low and almost along the line in both methods. The
similarities in both plots validated the results.
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Abstract: Biodiesel is renewable and environmental friendly
fuel which has the capable to gain comparable engine
performance. In this experimental study, Karanja oil synthesized
by using Transesterification process. Transesterification of
Karanja oil to biodiesel using SiO, as a heterogeneous catalyst is
studied using five different parameters and levels each. Minitab is
used to fix the orthogonal arrays and Taguchi method is used to
analyze the interaction effect for the transesterification reaction.
The five different parameters responsible for biodiesel yield are
molar ratio of methanol to oil, catalyst concentration, reaction
temperature, reaction time and stirring speed. Effect of these
parameters has studied on small scale. The biodiesel yield
obtained experimentally at optimum conditions are 20%
methanol to oil molar ratio, 3% SiO2 catalyst addition, 65°C
reaction temperature, 180 min reaction time and 500 rpm stirring
speed is 77%.

Index Terms -Transesterification, Biodiesel, SiO,,

Heterogeneous catalyst,

I. INTRODUCTION

The world today is getting evolved and needs are growing

day by day about everything. The nature has a fixed stock of
natural resources but human population is increasing at a
tremendous rate. In various zones diesel fuels are utilized and
have contribution for the economy of the nations. Due to the
rise in environmental consciousness and decrease of
petroleum reserves, there is needed to use of alternative fuels
[3]. Because of increase in Global warming and more
requirements of energy huge research and development is
going on for renewable energies [3]. The properties like non-
toxic, degradability, less carbon monoxide emission,
particulate matter and unburned hydrocarbons, the biodiesel
has gained an international focus as an alternative to diesel
fuel [3]. The conventional compression engine does not
require any modification to use the biodiesel as fuel.

The yields of Karanja oil biodiesel were obtained by 25
different sets of different experimental conditions and noted.
All experiments were performed as per array obtained by
Taguchi method under the different experimental conditions
as mentioned here.
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The analysis of the results has done by Taguchi method
using Minitab for optimization of input parameters. The
different graphs have plotted here from results obtained
during the analysis. The optimum conditions For different
input parameters have identified for maximum vyield of
biodiesel production from Karanja oil using Heterogeneous
catalyst.

Il. OPERATING CONDITIONS

There the Transesterification process for biodiesel
production from Karanja oil using heterogeneous catalyst.

Effect of different input parameters have studied as
follows.

1) Variation of Molar Ratio in reaction.

2) Effect of amount of catalyst.

3) Effect of temperature on reaction.

4) Effect of stirring speed on reaction.

5) Effect of reaction time of reaction

The range of operating conditions for each parameter have
as follows.

Table 1. Optimizing parameter conditions

A:Molar B: C: D:Reaction E:
Ratio % Catalyst Reaction Time Reaction
% Temp. °C Speed
Al=5 B1=15 Cl=55 D1=60min. | El=
°C 300rpm
A2=10 B2=2.0 C2=60 D2 =90 min. | E2 =400
°C rpm
A3=15 B3=25 | C3=65 D3 =120 E3 =500
°C min. rpm
A4 =20 B4 =3.0 C4 =67 D4 =150 E4 =600
°C min. rpm
A5=25 B5=35 | C5=70 D5 =180 E5 =700
°C min. rpm

I11. EXPERIMENTAL RESULTSSIO2 ASA
CATALYST

Initially the esterification process is done, the color of
Karanja oil after esterification changed from deep brown to
reddish yellow. The transesterification process produces
methyl ester (Karanja oil biodiesel) and glycerol form upper
and lower layers respectively. Due to more density of
glycerin, it was settled at bottom. The catalysts and unused
methanol were in the lower glycerol layer. The results shown
that, using SiO, catalyst the biodiesel production is a
considerable potential .
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Twenty-five experiments for transesterification process were
conducted using Karanja oil with methanol under different
conditions of reactions to produce biodiesel. Input parameters
and % of yields were noted. Sample readings are given below.
Taguchi Design

Design details

Array obtained by Taguchi Method L25 (5”5)
Factors: Five numbers

Runs:  Twenty five

Columns of L25 (5”6) array: 12345

Molar ratio | Catalyst % Reaction temp | Reaction time Reaction speed | Yield % SNRAL SRES

5 15 55 60 300 50 33.9794 -0.06531
5 2 60 90 400 52 34.3201 -1.24764
10 35 55 90 500 72 37.1466 1.83866

15 3 55 120 700 68 36.6502 -0.5516

15 35 60 150 300 73 37.2665 0.16741
20 25 55 150 400 67 36.5215 -0.94569
20 3 60 180 500 77 37.7298 1.62962
20 35 65 60 600 74 37.3846 -0.4575

25 15 70 150 500 68 36.6502 0.85144

In above table the row which is highlited by yellow colour
gives the optimal values of input parameters for maximum
biodiesel yield because of high value of SN ratio. The
biodiesel vyield obtained experimentally at optimum
conditions are 20% methanol to oil molar ratio, 3% SiO2
catalyst addition, 65°C reaction temperature, 180 min reaction
time and 500 rpm stirring speed is 77%.

TAGUCHI ANALYSIS WITH SiO; CATALYST
Taguchi Analysis: yield % versus Molar Ratio %, Catalyst ...
reaction Speed

Response Table for Signal to Noise Ratios
Larger is better

Table 3.Response Table for Signal to Noise Ratios

Level | Mola | Catalyst | Reaction | Reaction | Reaction
r % Temp.°C | Time Speed
Ratio
%
1 35.18 | 35.34 36.24 36.17 36.26
2 36.06 | 35.75 36.31 36.24 36.06
3 36.39 | 36.42 36.20 36.13 36.50
4 36.72 | 36.80 36.12 36.31 36.35
5 37.12 | 37.17 36.60 36.62 36.31
Delta | 1.93 1.82 0.47 0.49 0.44
Rank | 1 2 4 3 5

Main Effects on yield by SN ratio for Individual
Parameter: For examine differences between level for one or
more factors the main effect plot is used. The graphs shows
the response mean for each factor level. [1]
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Main Effects Plot for SN ratios
Data Means

Molar Ratio % | Catalyst% |ReactionTemp. of| ReactionTime | Reaction Speed

370
il P
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350
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Mean of SN ratios

Signal-to-noise Larger is better

Fig. 1.Main Effects Plot for SN ratios

This figure shows that, the two graphs are steeper than others.
First is the mean of S/N ratios vs molar ratio and second is the
mean of S/N ratios vs. catalyst%. So, it is concluded that the
two parameters affecting the yield mainly are the molar ratio
and catalyst %. The effects of other three parameters can be
neglected

IV. INTERACTION PLOT FOR PARAMETER A AND
B (FOR MOLAR RATIO AND CATALYST %):

Analysis by Taguchi : % yield vs Molar Ratio, Catalyst %
Response Table for Signal to Noise Ratios
Larger is better

Table 4. Response Table for Signal to Noise Ratios

Level Molar Ratio % Catalyst %

1 35.18 35.34

2 36.06 35.75

3 36.39 36.42

4 36.72 36.80

5 37.12 37.17
Delta 1.93 1.82
Rank 1 2
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Interaction Plot for SN ratios: Main effects were generally
focused by Taguchi method, but suspected interactions are
important to test. To measure whether the effect of one factor
on response characteristic depends on the level of other the
interaction plot is used. [1]

Interaction Plot for SN ratios
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Fig.2. Interaction Plot for parameter A and B (For molar ratio
and Catalyst %)

Simultaneously the interaction plots shows, the variation of
yield with effect of molar ratio and catalysts are as shown in
figure. This shows that the yield has maximum value for 20 %
molar ratio and catalyst 3%.

V. REGRESSION ANALYSIS FOR SIO,

Regression Analysis: yield % versus Molar Ratio %, ... ,
Reaction Speed Analysis of Variance.

Table 5. Analysis of Variance

Source DF | AdjSS | AdjMS | F-Value | P-Value
Regression 5 11%5'9 2331'19 42.00 0.000
Molar Ratio% | 1 | 54450 | **%°0 | ggos | 0000
Catalyst% | 1 | 59858 59%58 107.82 | 0.000
Reaction Temp- | 1| 166 | 1657 | 030 | 0591
Reaction Time 1 19.22 19.220 3.46 0.078
Reaction Speed 1 2.00 2.000 0.36 0.555
Error 19 105.48 5.552
Total 24 1211'4

Model Summary: R square value in model summary
provides the measure of, how perfect the model is fitting with
the actual data. R square value 91.70% shows that the
obtained model is fitted to actual data.

Table 6. Summary of Model

S R-sq R-sg(adj) | R-sq(pred)
2.35622 | 91.70% | 89.52% 86.30%
Regression Equation: It is a statistical model that determine
the specific relationship between the input and output
parameters. It gives the outcome with a relatively small
amount of error.
yield % =35.39 + 0.6600 A + 6.920 B + 0.0484 C + 0.0207 D
+0.00200 E
Residuals Normal plot for Yield %: Graphical tool for
comparing a data set with the normal distribution is the
normal probability plot. The data fit in the normal probability
distribution is shown by a straight line in this plot. All
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residuals obtained are almost along the line and very low
residual values .

Normal Probability Plot
(response is yield %)

Standardized Residual

Fig.3. Normal Probability plot

VI. CONCLUSION

The analysis of optimizing the transesterification process has
been carried out by Taguchi method for production of
biodiesel from Karanja oil [1].

The different input parameters as in above table have been
optimized using SNR , The conclusion are as follows;

1) The biodiesel yield obtained experimentally at optimum
conditions are 20% methanol to oil molar ratio, 3% SiO2
catalyst addition, 65°C reaction temperature, 180 min reaction
time and 500 rpm stirring speed is 77%.

2) Main effective plot has concluded that the two parameters
affecting the yield mainly are the molar ratio and catalyst %.
3) The interaction plot shows that the yield has maximum
value for 20 % molar ratio and catalyst 3%.

4) R square value 91.70% shows that the obtained model is
fitted to actual data.

5) The data fit in the normal probability distribution is shown
by a straight line. All residuals obtained are almost along the
line and very low residual values.
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Abstract: Biodiesel is renewable and environmental friendly fuel which has the potential to provide comparable performance of
engine. In this experimental study biodiesel blends (BOO to B25) were used, which were synthesized using Transesterification process.
Study of their effect on brake specific fuel consumption (BSFC), brake thermal efficiency (BTH), noise and vibration parameters have
carried out. The output parameters were measured using vibrometer, noise meter and also other measuring instruments. The tests were
carried out at different loads and plots are plotted here to study the effect of blends. It has been seen that for B25 the BSFC is
considerably less as compared to the diesel. The brake thermal efficiency for biodiesel B10 and B25 is closer to the diesel fuel. For the
blend B20 engine has less noise and B10 and B15 have the less engine vibrations. At heavy load it is found that the biodiesel blends
have better BSFC, brake thermal efficiency and less noise values for the biodiesel blends compared to the pure diesel fuel.

Index Terms - Transesterification, Biodiesel, BSFC, BTH, Noise, Vibration

l. INTRODUCTION

Diesel fuels have significance for the economy of nations because they are utilized in various zones in daily life. The fuel which will
be substitute to diesel fuel must be suitable, technically and economically acceptable [3]. Biodiesel is synthesized by transesterification
from renewable sources such as vegetable oils and animal fats with alcohols. Because of properties like high degradability, no toxicity,
low emission of carbon monoxide, particulate matter and unburned hydrocarbons, biodiesel has gained international attention as an
alternative to diesel fuel[3] Biodiesel is an ecofriendly and provides complete combustion with less gaseous pollutant emission[3].
Biodiesel does not require any modification in conventional compression engine.

Engine body vibrations are rich in information about its operating parameters and physical condition and could be measured by
attaching vibrometer to the engine block. Study is focused on ways to extract useful information about the diesel engine operating
conditions. The diesel engine vibration parameters were studied. The three parameters used in vibration measurement are displacement,
velocity and acceleration. Velocity and acceleration are the most important parameters depending on the frequency range [6]. A sensor
was fixed on the engine head vertically with the help of magnet.

Excess vibrations wear out components such as bearings, grouting, couplings etc. eventually, damage of support structure can affect
the balance, risk of fatigue of components, decreased equipment efficiency. Increased maintenance cost due to more component failures
and unplanned operations [6].There is needed to study the effect of biodiesel and its blends on the engine life. Study of different
parameters of vibrations is more important because they affect engine performance as well as engine life. It is necessary to enhance
engine life by optimal use of blends by analysis of vibrations of the engine. And to find out the best biodiesel blends for better
performance and enhanced engine life

I1.EXPERIMENTAL SETUP

The setup comprises of four cylinders, four strokes diesel engine associated with hydraulic dynamometer. It has control panel with
fuel tank, manometer, and fuel estimating unit, contactless speed indicator and temperature indicator. Temperature indicator is utilized
to indicate the engine jacket cooling water inlet, outlet and calorimeter temperature. To analyze the effect of vibration and noise the
vibrometer and noise meter were used. The vibrometer is having frequency range of 1 — 20 KHz. The noise meter is having accuracy of
1dB. It is used to record the unwanted noise at the time of engine running. The engine used for the experiment is of Mahindra 4
cylinder, 4 stroke diesel engines having 39 KW capacities at running speed of 5000 RPM and water was used to cool the engine.
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Fig 1. Experimental Setup
1. RESULTS AND DISCUSSION

3.1) Brake specific fuel consumption and Brake thermal efficiency:

06 Load Vs BSFC Load Vs ng 4,
: @mguBSFC(B25) 50 —4=nb.th (BOO)
0.5 -
esfll==BSFC(BO5) 40 nb.th (BO5)
0.4
A @i BSFC(B10) 30 - nb.th (B10)
(7] . <
@ 02 @ BSFC(B15) & 20 nb.th (B15)
- @i BSFC(B20) 10 == nb.th (B20)
a=@==BSFC(BOO) 0 ' —®nb.th (B25)
0 ' ! 0 5 10
0 5 Load,Kg 10 Load, Kg
Fig 2. Load vs. BSFC Fig 3. Load vs. BTE

From fig 2, it is observed that diesel has lower BSFC whereas biodiesel blends exhibits higher BSFC at all loads which is due to
higher density, viscosity and lower heating value of biodiesel. Bsfc decreases with increasing load for various blends of biodiesel and
diesel.

The percentage of energy present in the fuel that is converted into useful work is indicated by brake thermal efficiency. So, BTH is
one of the main performance parameter. The comparison of BTE of the various blends of Karanja (B05, B10, B15, B20 and B25) with
pure diesel is as shown in Fig 3. The BTE of Karanja blends are lower than diesel for the entire load. The decreasing trend in efficiency
with increase in blend of biodiesel is because of lower calorific value of methyl esters than the diesel fuel. Due to its high viscosity the
poor atomization may be caused.

3.2) NOISE:
Load Vs Noise (db)

95

93 - == Noise
To1 ] (db)(B0O)
@ === Noise
2 89
S (db)(BO5)

87

85 T T T T T 1

0 2 4 6 8 10 LoadKg

Fig 4. Load VS Noise

Statistical analysis of data and graph, It is cleared that the noise of engine measured at exhaust is lowest for B20 and increased as load
increase. The noise of the diesel is less initially and also increases as load increases.
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3.3) VIBRATION:

There are three important parameters of vibration viz displacement, velocity and acceleration. These are measured by using
vibrometer for analysis.

a) Displacement:

Load Vs Displacement

0.5

0.45 _
£ 04 - == Displacem
£ 035 ent(B00)
g~ === Displacem
5 03 ent(B05)
2025

0.2

0.15 . . . . .

0 2 4 6 8 10 Load Kg

Fig 5. Load vs. Displacement

It is observed that the displacement for the biodiesel blend (B20) is higher at heavy load as compared to the pure diesel fuel. The
displacement for B20 at load of 8 kg is near about 0.45mm. For BO5 blend the displacement is much less near about 0.33mm compared to
the pure diesel fuel.

b) Velocity:
Load Vs velocity

32

30 ={—\/elocity(BOO)

)8 == \elocity(B05)
z P~ o ==>¢=\/elocity(B10)
.g 26 - Velocity(B15)
o =@-Velocity(B20)
> B

24

22

20 T T 1

0 5 Load Kg 10

Fig 6. Load vs. Velocity

Statistical analysis of data it is observed that the velocity was lower for B10 and B15 as compared to diesel fuel. Velocity for all
blends and also for diesel initially was low and increases with load.

¢) Acceleration:

Load Vs Acceleration

200

175 == Acceleration(B0O)
§ === Acceleration(B05)
= 150 .
g ==é= Acceleration(B10)
g 125 & Acceleration(B15)

100

75 T T T T 1

0 2 4 6 8 10 Load Kg

Fig 7. Load vs. Acceleration

From the statistical analysis of data it is observed that the acceleration was lowest for B10, B15 and B20. Diesel having higher
acceleration values as compared to all blends. The acceleration values decreased as the load increase.
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V. CONCLUSION

In this experimental study biodiesel blends (BOO to B25) were used, which were synthesized using Transesterification process. Study
of their effect on brake specific fuel consumption (BSFC), brake thermal efficiency (BTH), noise and vibration parameters have carried
out. The observations and results have as follows.

a) It is observed that diesel has lower BSFC whereas biodiesel blends exhibits higher BSFC at all loads which is due to higher

density, viscosity and lower heating value of biodiesel.

b) It has seen that the brake thermal efficiency for biodiesel B10 and B25 is closer to the diesel as fuel. The efficiency for blends

also reaches up to 35%.

c) Itisobserved that the blend B20 is an optimal fuel for diesel engine which gives less noise.

d) Biodiesel blend B10 and B15 have shown the less vibration parameter values in four cylinder four stroke CI engine as compared

to diesel.

X. REFERENCES

[1] Seid Yimer, Omprakash Sahu, Optimization of Biodiesel Production from Waste Cooking QOil. Sustainable Energy, Vol. 2, No.
3, 81-84, 2014

[2] Satish A. Patil, R. R. Arakerimath, Optimization of Biodiesel Synthesis from Karanja Oil Using Heterogeneous Catalyst by
Transesterification Process, Springer International Publishing, (2018)

[3] Satish A. Patil, R. R. Arakerimath, Heterogeneous Catalysts For Biodiesel Synthesis From Karanja Oil By Transesterification
Process, Proceed-ings of ISET2016 International Conference on Energy Systems and Developments ICESD2016-001, Pune,
Maharashtra, India, February 19-20, 2016,

[4] B. Heidary, S. R. Hassan-beygil, B. Ghobadian, A. Taghizadeh, Vibration analysis of a small diesel engine using diesel-
biodiesel fuel blends, Agric Eng Int: CIGR Journal Vol. 15, No.3 117 January 2013.

[5] Tiantian Yang ID , TieWang , Guoxing Li, Jinhong Shi and Xiuquan Sun, Vibration Characteristics of Compression Ignition
Engines Fueled with Blended Petro-Diesel and Fischer-Tropsch Diesel Fuel from Coal Fuels, Energies, Received: 4 July 2018;
Accepted: 30 July 2018; Published: 7 August 2018.

[6] S. Narayan, Sasa Milojevic, Vipul Gupta, Combustion monitoring in engines using accelerometer Signals, Journal Of
Vibroengineering., Volume 21, Issue 6, September 2019.

[7] Yoonwoo Lee,Seunghyun Lee,Hoimyung Choi and Kyoungdoug Minl. International Journal of Automotive Technology, Vol.
20, No. 1, pp. 187-195 (2019)

[8] Bobade S.N. and Khyade V.B., Preparation of Methyl Ester (Biodiesel) from Karanja Oil Research Journal of Chemical
Sciences,Vol. 2(8), 43-50, August (2012)

[9] Chavan S. B., Kumbhar R. R. and Sharma Y. C.Transesterification of Citrullus colocynthis (Thumba) oil Optimization for
biodiesel production,Advances in Applied

Science Research, 5(3):10-20, 2014

[10] Cui Zhanga, Keming Wanga, Pengran Zhaob, A Feature Extraction Method for Aircraft Engine Rotor Vibration Diagnosis
“APISAT2014”, 2014 Asia-Pacific International Symposium on Aerospace Technology

[11] loannis Gravalos, Spyridon Loutridis, Dimitrios Moshou, Theodoros Gialamas, Detection of fuel type on a spark ignition
engine from engine vibration behavior, Applied Thermal Engineering 54 (2013)

[12] M. Fonte, P. Duarte, V. Anes, M. Freitas, L. Reis, On the assessment of fatigue life of marine diesel engine crankshafts,
Engineering Failure Analysis 56 51-57, (2015)

[13] Marius Oltean, José Picheral, Elisabeth Lahalle, HaniHamdan , Julien Griffaton, Compression methods for mechanical
vibration signals, Application to the plane engines Mechanical Systems and Signal Processing 41(2013)313-327

[14] M.M. Ettefagh_, M.H. Sadeghi, V. Pirouzpanah, H. Arjmandi Tash Knock detection in spark ignition engines by vibration
analysis of cylinder block, A parametric modeling approach Mechanical Systems and Signal Processing 22 (2008) 1495-1514

AUTHORS PROFILE

Satish A. Patil
Research Scholar, Mechanical Engineering, DYPIT, Pune (MS), Working as Assistant Professor in Department of

Mechanical Engineering, PDEAs College of Engineering Manjari (BK), Pune. affiliated to Savatribai Phule Pune
University, Pune.

Dr. Rachayya. R. Arakerimath.

Professor & Head Mechanical Engineering, Savatribai Phule Pune University, Pune G H Raisoni College of Engineering,
Pune, India. He has 24 year of teaching experience and worked at various levels. He is approved PhD Guide under
university of Pune and Nagpur. He has published more than 100 papers in conferences and journals. And is reviewer for
International journals also.

[JRAR19K6541 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 787


http://www.ijrar.org/

International Journal of Recent Technology and Engineering (IJRTE)

CRITERIA 3

3.3.5

ISSN: 2277-3878, Volume-8 Issue-4, November 2019

Biodiesel Production Optimization using

Heterogeneous Catalyst (Al,O3) in Karanja ol
by Taguchi Method

Satish A. Patil, R. R. Arakerimath

Abstract: Biodiesel is renewable and environmental friendly
fuel which has the potential to obtain considerable performance
of engine. The aim of this work is to optimize the
transesterification process for production of biodiesel using
Taguchi method. In this experimental work, the Karanja oil
transesterification is done to produce biodiesel using Al,O; as a
heterogeneous catalyst, using five parameters and five levels.
Orthogonal array obtained by Minitab to analyze the interaction
effect by using Taguchi method for the transesterification
reaction. The parameters such as molar ratio of methanol to oil,
catalyst concentration, reaction temperature, reaction time and
stirring speed are effect on biodiesel yield. Effect of these
parameters is investigated on small scale. Experimental yield
obtained at optimal conditions i.e. are 20:1 molar ratio of
methanol to oil, addition of 3% Al,O3 catalyst, reaction
temperature 65°C, reaction time 60 min and 600 rpm stirring
speed is 80%.

Keywords: Biodiesel,
catalyst, Optimization

Transesterification, Heterogeneous

I. INTRODUCTION

Today the world’s needs are growing day by day about

everything. Nature has a fixed stock of natural resources but
the population is increasing at a tremendous rate. Diesel fuels
are used in various fields and have significance for the
economy of nations. Rise in environmental consciousness and
limited petroleum reserves, it is necessary to find out
alternative fuels [3]. Biodiesel have the properties like no
toxicity, high degradability, low emission of carbon
monoxide, particulate matter and unburned hydrocarbons. It
has an international attention as an alternative to diesel fuel

[3]. Biodiesel does not require any modification in
conventional compression engine.
The Karanja oil methyl ester vyields, obtained by

transesterification process. As per array developed by
Taguchi method, there were 25 sets of experiments of
transesterification process for production of biodiesel. Ratio
of methanol to oil, catalyst concentration, reaction
temperature, reaction time and stirring speed [2] were taken as
per array obtained by Taguchi method.
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A Operating conditions

Different Parameters affecting the Transesterification
process

Effect of different parameters studied as follows.[2]

1) Variation of Molar Ratio in reaction.

2) Effect of amount of catalyst.

3) Effect of temperature on reaction.

4) Effect of reaction time of reaction

5) Effect of stirring speed on reaction.

The operating conditions for each parameter and levels
are listed below:

For catalyst Al,O4

Table I. Optimizing parameter conditions

AMolar | B C: D:Reaction | E:
R-atio % Catalyst Reation Time Reaction
% Temp.°C | min Speed rpm
Al=5 |Bi=10 | 175 | p1=gomin | EL=300
C rpm
A2=10 | B2=15 | 2= | D2=g0min, | F2=400
C rpm
A3=15 | B3=20 0C3 =65 Df?’ =120 E3 =500
C min. rpm
= = C4= D4 = 150 E4 = 600
A4=20 | B4=25 67°C min. o
A5=25 | B5=30 | 2770 | D5=180 E5 = 700
C min. rpm

Il. EXPERIMENTAL ARRAY DEVELOPED BY
TAGUCHI METHOD AND YIELD OBTAINED WITH
SN RATIOS

Taguchi Design

Design Summary

Taguchi Array L25 (5"5)

Factors: 5

Runs: 25

Columns of L25 (5”6) array: 12345
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Biodiesel Production Optimization using Heterogeneous Catalyst (Al,Os3) in Karanja oil by Taguchi Method

Table I1. Taguchi array for optimization of parameters (Sample readings)

MOLAR CATA-L REACT REACT REACT % SNRA1 SRES

RATIO YST % TEMP. TIME SPEED YIELD
5 1 55 60 300 60 35.5630 0.231455
5 15 60 90 400 62 35.8478 -0.1543
10 3 55 90 500 70 36.9020 -1.31158
15 1 65 180 400 65 36.2583 0.231455
15 3 60 150 300 74 37.3846 -0.54006
20 2.5 60 180 500 72 37.1466 -0.54006
20 3 65 60 600 80 38.0618 2.160247
25 1 70 150 500 70 36.9020 0.617213
25 15 55 180 600 72 37.1466 0.231455

The highlighted row of above table gives the optimum values
of input parameters for maximum yield, because of higher
values of SN ratio.

I11. ANALYSISBY TAGUCHI METHOD

Taguchi Analysis: %YIELD versus Molar Ratio %, Catalyst
... tion Speed
Larger is better

Table I11. Response Table for Signal to Noise Ratios

Level Molar Catalyst React React React
Ratio % % Temp.°C | Time Speed
1 36.37 36.33 36.68 36.96 36.94
2 36.77 36.64 36.83 36.83 36.77
3 36.84 36.84 37.01 36.93 36.75
4 37.11 37.24 36.99 36.90 37.05
5 37.47 37.51 37.05 36.94 37.04
Delta 1.10 1.19 0.37 0.13 0.31
Rank 2 1 3 5 4

Main Effects Plot for SN ratios

Main effect plot is used to examine differences between level
means for one or more factors. It graphs the response mean for
each factor level. [1]

Main Effects Plot for SN ratios
Data Means

Molar Ratio %

///MWJ

LR RIS IR I G PR S R S R i S )

Catalyst % _ |ReactionTemp. oC| ReactionTime | Reaction Speed

Mean of SN ratios.

Signal-to-noise: Larger is berrer

Fig.1. Main Effects Plot for SN ratios
From above graphs it is observed that graphs of mean of S/N
ratios vs molar ratio and mean of S/N ratios vs catalyst% are
steeper than others, so it is concluded that these two
parameters i.e. molar ratio and catalyst % affects the yield
mainly and effects of other three parameters can be neglected.
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IV. INTERACTION PLOT FOR PARAMETER A
AND B (FORMOLARRATIO AND CATALYST %) :

Taguchi Analysis: %YIELD versus Molar Ratio %,
Catalyst %

Table 1V. Response Table for Signal to Noise Ratios
Level Molar Ratio % Catalyst %
1 36.37 36.33
2 36.77 36.64
3 36.84 36.84
4 37.11 37.24
5 37.47 37.51
Delta 1.10 1.19
Rank 2 1

Interaction Plot for SN ratios:

Taguchi method generally focuses on main effects, but it is
important to test suspected interactions. Interaction plot is
used to measure whether the effect of one factor on response
characteristic depends on the level of other.[1]

Interaction Plot for SN ratios

Data Means
1.0 15 20 25 30
a4 Molar
8 Ratio %
— 5
72| —m- 0
: - B
Molar Ratio % 56| —&- 20
—- £
360
a4 Catalyst %
378 —— 10
- 15
312 _4_ 20
—&- 25
366 EEE —- 30

Signal-to-noise: Larger is better

Fig.2.Interaction Plot for parameter A and B (For molar
ratio and Catalyst %)
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The above interaction plot shows that the maximum value of
SNR at catalyst 3% and molar ratio 20 i.e. the maximum yield
at this combination.

V. REGRESSION ANALYSIS:

Regression Analysis: %YIELD versus Molar Ratio %, ... ,
Reaction Speed
Table V. Analysis of Variance

Source DF | AdjSS Adj F-Valu | P-Va
MS e lue

. 5 528.758 | 105.75 | 48.07 0.00
Regression > 0
Molar Ratio % 1 208.080 308.08 94.58 8.00
Catalyst % 1 288.000 388.00 130.90 8.00
ReactionTemp | 1 26.818 26.818 | 12.19 0.00
.°C 2
Reaction Time 1 0.080 0.080 0.04 2.85
Reaction 1 5.780 5.780 2.63 0.12
Speed 2
Error 19 | 41.802 2.200

Model Summary
In model summary R square value provides a measure of how
well the model is fitting the actual data. Here R square value is
92.67%, this shows that the model obtained is fitted to actual
data.
Table VI. Model Summary

S R-sq R-sq(adj) R-sq(pred)

1.48327 92.67% 90.75% 87.90%

Regression Equation

Regression equation is statistical model that determine the
specific relationship between the input parameters and output
parameters. It gives the outcome with a relatively small
amount of error.

%YIELD = 40.62 + 0.4080 Molar Ratio % + 4.800

Catalyst % + 0.1949 Reaction Temp. - 0.00133
Reaction Time + 0.00340 Reaction Speed

Normal Probability plot of Residuals for %YIELD

The normal probability plot is a graphical tool for comparing

a data set with the normal distribution. A straight line in this

plot shows the data fit a normal probability distribution. There

are very low residual values and all residuals obtained are

almost along the line.

Normal Probability Plot
(response is %YIELD)

Percent
g

-3 2 1 [ 1 2 3
Standardized Residual

Fig.3. Normal Probability plot
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VI. CONCLUSION

The analysis by Taguchi method has been carried out for
optimizing the transesterification method for production of
biodiesel from Karanja oil [1]. The various input parameters
such as molar ratio, catalyst %, reaction temperature, reaction
time and stirring speed have been optimized using SNR based
on this study, it can be concluded that as follows;

1) Experimental yield obtained at optimal conditions i.e. are
20% molar ratio of methanol to oil, addition of 3% Al,O4
catalyst, reaction temperature 65°C, reaction time 60 min
and 600 rpm stirring speed is 80%.

2)From main effective plots, it is observed that graphs of
mean of S/N ratios vs molar ratio and mean of S/N ratios vs
catalyst % are steeper than others, so it is concluded that
these two parameters i.e. molar ratio and catalyst % affects
mainly on the yield.

3) The interaction plot proves that the maximum value of SNR
at catalyst 3% and molar ratio 20% i.e. the maximum yield
at this combination.

4) Here R square value is 92.67%, this shows that the model
obtained is fitted to actual data.

5) A straight line in the normal probability plot shows the data
fit a normal probability distribution. There are very low
residual values and all residuals obtained are almost along
the line.
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ABSTRACT: Patients suffer from various heart diseases may lead to sudden death. So that prior detection of
arrhythmia is important to prevent the sudden deaths. Developing the methods of ECG signal features
extraction is required to detect heart abnormalities and different kinds of diseases. This study shows the
arrhythmia detection system based on kernel-PCA and support vector regression. Feature of ECG signal are
the interval between the points such as RR interval, P, R, Q, S, and T beats having the specific magnitude.
The several methods have been proposed to recognize and analyze the ECG signals. In this paper, we
employ the combination of kernel-PCA and support vector regression classifier to recognize the ECG signal.
The method consists of three steps; first, low pass filter removes the noise in ECG signal. Then Kernel-PCA
and higher order statistics are derived for feature extraction of ECG signal. Finally, the obtained feature set is
used as input to SVR classifier to classify the ECG signal. Most of the data comes from online MIT-BIH
dataset to obtain the ECG records for evaluating the classification performance. The classification
performance of the proposed model is also compared with the several conventional machine learning
classifiers, which is better classification accuracy.

Keywords: ECG signal, feature extraction, Principal Component Analysis, Arrhythmia detection, Super vector
machine and SVR (Super Vector Regression)

Abbreviations : CNN, Convolution Neural Network; ECG,- Electrograph; FFNN, Feed Forward Neural Network;
FPN, Fusion of Paced and Normal Beat; PSO, Particle Swarm Optimization ;PVC, Premature Ventricular contraction;
PCA, Principal Component Analysis; RMSE, Root Mean Square Error; SVM, Super Vector Machine; SVR, Super
vector Regression.

. INTRODUCTION As the technology changing researcher has been
develop the many computational techniques or methods

In recent year medical science technology has become to extract the normal ECG signal from noisy data.

widely increasing for automatic diagnosis of health
problem. The electrocardiogram (ECG) plays a very
significant role for diagnosing the health problem such
as arrhythmia or other cardiac related issues. The
purpose of ECG is to analyse and diagnoses the heart
problem efficiently and accurately. The ECG receives
the electrical signals from patient and obtains the
arrhythmia signal information. In arrhythmia problem
and genetic abnormalities change the contour of ECG - ___ I
signal; each portion of electrocardiogram beats contains |
information relevant to the doctor when a proper I

:

I

diagnosis is obtained.

The Fig. 1 shows the simple Electrocardiogram signal

indicating the P, Q, R, S and T parameter [20]. The P | |

beats occurs due to ventricular depolarization, the QRS I I

are beats and the T beats due to ventricular | :

depolarization. Volume of electrocardiogram ECG I I
: :
1 1
1 |

recorded in medical emergency is now increasing as
heart disease patient are expanding at a disturbing rate.
The ECG signal contain various types of noise during
the signal receives from patient such noise has some

time high frequency or low frequency signal. It may Fig. 1. Shows the simple Electrocardiogram signal.
affect the wrong diagnosis. So that noise removal is
necessary.

Sanamdikar et al., International Journal on Emerging Technologies 11(2): 44-51(2020) 44



In previous studgﬁggbgergaccomplished the various

model of differed.khds of feature extraction from ECG
signals and a classification techniqgue has been
proposed. Feature extraction may contain the non-
linear, time, frequency domain and multi domain feature
extraction [2, 3]. For the classification classical methods
is used such as Artificial Network, Support Vector
Machine (SVM), Super vector regression (SVR) etc. In
the time domain the ECG signal can be easily figure out
by the noise and has low accuracy level [4, 5]. Another
approach for extracting the ECG feature based on
convolutional neural network model. The model has two
sections; the first part extract the feature from ECG
signals and second part perform the classification of
feature based on the first section. Feature extraction
was discussed based on principle component analysis
to reduce the multidimensional data and input is
processed by three pooling layer approach [6]. These
signals cannot be consider as the accurate parameter of
ECG signals for accomplishing high arrangement
correctness. There are various combination of methods
have been proposed for ECG feature extraction
classification. For the feature optimization the genetic
algorithm and the SVM based classifier designated for
classification of ECG waveforms [7, 22, 23]. The
Extreme learning machine algorithm calculates the
minimum weight Single Hidden Layer Feed forward
Neural Network for classification [8]. The KNN based
approach for cardiac arrhythmia classification. The
model is one of the types of recurrent neural network for
classification is based on the LSTM in time serious
domain. In the recent study, echo state network was
implemented based on the morphology for classifying
the normal and abnormal ECG signals of heart. The
classification is based on the two classes SVEB and
VEB [10]. The feature extraction from non-linear
process in time and space domain based on the T
complexity is applied to the RR and for classification
used 13 different classes [11, 12].

Although, all above mentioned classification techniques
or methods have good result, they used a combined
space, time, frequency, linear and non-linear domain for
ECG beat classification. So that present research
proposed ECG waveform detection model that
extracting the features in multi domain based on the
empirical mode decomposition with linear discriminate
analysis [13]. The combined approach of polyhedral
conic separation and k-means clustering was applied as
classifier to differentiate the ECG waveforms with 5
different classes such as N for Normal, RBBB for Right
Bundle Branch Block, LBBB for Left Bundle Branch
Block, APC for Atrial Premature Contraction and VPC
for Ventricular Premature Contraction [14-15]. Kutlua
and Kuntalp proposed a new cloud based model for
automatic classification of ECG beats with minimum
processing of signals [16]. The proposed model is
based on the compression based similarity (CSM) and
classification is done by KNN with one Bayesian
classifier for better accuracy. An effective method to
classify the ECG signal based on the super vector
regression analysis on 400 samples of data set of
various arrhythmias was proposed [24]. Proposed
Model is tested and compared with the various neural
network classifiers techniques and observed that it gives
better accuracy than existing system. The purpose of

Sanamdikar et al., International Journal on Emerging Technologies 11(2): 44-51(2020)

this research is to propose an efficient arrhythmia
detection techniques based on the kernel principle
component analysis and support vector regression
methods. In this research select 5 classes; normal Beat
(N), Aberrant atrial premature Beats (S), Ventricular
Ectopic beats (V), Combination beat (F), Unclassifiable
beats (Q). We used Support vector regression classifier
to classify the instances of ECG beats. In section Il brief
description of proposed methodology gives the data
handling and signal pre-processing procedures. In
section Il and IV discusses the evaluation, result
analysis and discussion and in section V conclusions.

Il. PROPOSED METHODOLOGY

The entire schematic diagram of recommended model
as present in Fig. 2. The Model based on the Kernel-
PCA and SVR classifier for feature extraction and
classification of ECG signal to detect the arrhythmia.
First raw ECG signal is pre-processed using low pass
filter to remove the noise after that applied Kernel-PCA
and Higher Order Statistics method for feature
extraction from ECG. The extracted feature is further
processed for classification using the SVR algorithm.

| |

|
Input ECG_’ Removal of ||| Segment
Signal Baseline Noise: Overlapping
Tttt ”””’”.:::_’_’_::_’_’_:::_’_:: [y
|
|| Predicteal, | Sbor
} Class Regression

Fig. 2. Schematic diagram of Recommended Model for
Classification of ECG signal.

Fig. 2 shows the proposed system can be categorized
of three different sections such as pre-processing,
obtaining feature and classification of beats. The
working principle of proposed model as shown in
following steps.

The raw ECG waveform are input to the system, and
then pre-processed to remove the unwanted
frequencies called as noise using the low pass filter.
Optimized the inputted ECG data by KPCA. KPCA is
implemented to reduce the dimension and extract the
ECG features. The wavelet transform techniques are
used to extract the feature in frequency domain.

The KPCA are designated by non-linear and frequency
domain parameter, which is useful for feature input to
instruct and analyse the SVR classifier and finally
predicted class of ECG signal, is classified from the
MIT-BIH dataset.

A. ECG Signal pre-processing based on Low Pass Filter
The ECG beats are weak and it contains the noise so
that pre-processing is required before the feature
extraction [19]. Sometimes noise is distinct. We
proposed the noise removal technique based on the low
pass filter and pass the small frequency of ECG data
and attenuates the high frequencies. Low pass filter
function is proposed with cut-off frequency from 5 to
15Hz is used for noise removal is described below:

1, Jx2, +x2 <X;
H(xm, xn) _ { .X'm Xn

0, xZ + x2 > X.
where, X is the cut-off frequency

(1
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The Present techniques shows to verify the ECG Pre-
processing. As adding the noisy data for pre-processing
with the proposed techniques with 360 Hz interference.

RMSE = [ Sio(Y = F)2] @
Where Y; sample of ECG noisy signal, N is the sample

length. ECG beat class from the dataset has been
select for pre-processing by threshold.

B. Segmentation

The primary step is applied to show the lowest slope of
ECG waveform such as goes down the waveform from
R to S. and is also shows the higher slope of ECG
waveform such as signal moving from lower Q to higher
R

y(x) = i(y(x +1)— y(x— 1)), x=0,1, 2
3....N—1 (3)
Where, 2At for sample frequency and N for number of
sample. Starting conditions are set to reduces error i.e.,

beginning condition is indicated for x = 0, and x - N-1.

C. KPCA for Feature Extraction

The ECG signal has uncertain amount of data and most
of the significant data is incorporated into the nonlinear
procedure. The non-linear process of feature extraction
easier to finding out the normal ECG signals [20]. We
present the KPCA method to extract the feature of ECG
signals. The high-dimensional F-Space highlight (with
measurement N) enables to acquire features (non-linear
primary segments) with higher-request connections
between information factors, and we can separate
nonlinear segments up to n information point numbers
(expecting n N). Portion PCA depends on standard
direct PCA calculation in an element space where
information x info is mapped by means of some non-
linear capacity x [21]. Finally, we utilize part capacity to
compute authorized location item in space.

First consider nonlinearly mapping all data points x to
f(x) in a higher dimensional feature space F. the
covariance matrix can be estimated as

Nf = N fXn)f (Xn)T (4)
Plugging this into the eigen equation of the covariance
matrix

Xf® = 49 5)
Get the,

[ 20y F X X)T| @1 = 2 Z0_ 1 (F(Xn) - @)f (X)) =
1@, (6)

The eigen @, vector is a linear combination of the N
mapped data points

@ = T INLCE. @)f ) = Thral (X)) (7)
where, al) = —(f(X,). ®;) (8)
Multiply £(X,,)T in equation 8 to both sides
FXn). @) = ANay =3V al f(Xn) . f(Xa)) =

Moy @y k(X Xn) 9)
Where,
k(X Xn) = ((Xm) . f(Xn)) (mn=1....N) (10)
Kernel representing a inner-product of two vectors in
space F. If we consider (m,n =1.......N)
Equation 10 is scalar equation becomes the m-th
component of the vector

1Na® = Ka, (11)

Where, N is eigen vectors ofK, which is obtained by
solve the eigen value of K. The eigen value of Kis
proportional to eigen value of A; of the converiance
matrix Y, ffor the feature selection of ECG beats in high
dimensional space.

D. Higher Order System (HOS)

Depending upon the types of cardiac arrhythmia the
ECG signals has some variation in shape. The
proposed techniques should receive and eliminates
these differences of signals. The cumulants are the
good statistical function to eliminate the differences of
ECG signals [18]. The normal signal amplitude varies
from 1.15 to 1.36 which is same as the length of 0.39.
The cumulant is a very powerful tool to reduce the error
in ECG signals during the classification process [25].
The second, third and fourth order comulant are as
follows:

cumulant(x,,, x,) = E[xpn, %] (12)
cumulant(x,,, x,,) = E[xp, Xn, X,] (13
cumulant(xg, xp, Xc, Xq) =

E[xm,xn,xo,x,,] — Elx, x,] E[xo,x,,] —

Exm, x,] E[xn,x,,] - E[xm, x,,] E[xy, %] (14)
Where, x,,,x,,x,,%, is the Gaussian noise sequence
independent from the data. Every order of function has
certain feature. Where the second order function is
signal variance, third order function is signal skewness
and the fourth order function is signal kurtosis. These
three functions disclose the HOS of ECG signals. This
function can be used in combine the shows the
classification result more accurately.

In our research, HOS gives the better result as compare
the Gaussian noisy signal in ECG data. It is foreseen
that higher order statistics could likewise eliminate the
impact of other unwanted signals in cardiac arrhythmia
dataset [25].

The length of the sample for feature extraction is the
major problem in utilizing the higher order statistics. In
our research, applied the KPCA model for sustain the
shape of signals that shows the minimum length. So
that by combining the HOS and KPCA to maintaining
the morphology in proposed model.

E. SVR for Classification

After obtaining the feature of proposed model; each
sample of ECG beats are classified individually based
on the K-PCA and SVR. In this case each beat were not
the same as the others, the most of the frequent output
between the three component vectors as recent output.

Support Vector Regression (SVR): SVR is a Novel
technique of learning system. This for solving
supervised classification problems due to its
generalization ability. In essence, SVM classifiers
maximize the margin between training data and the
decision boundary (optimal separating hyper plane),
which can be formulated as a quadratic optimization
problem in a feature space. The subset of patterns
those are closest to the decision boundary are called as
support vectors Regression. SVR uses undefined
benchmarks from the SVM for gathering, with only two
or three minor changes. As issue of first significance,
since yield is a certified number it ends up being
uncommonly difficult to foresee the present information,
which has boundless possible results.
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Because of backslide; an edge of obstruction (epsilon)
is set in estimation to the SVM which would have
adequately requested from the issue. However, other
than this reality, there is in like manner an increasingly
befuddled reason; the estimation is progressively
tangled as such to be taken in thought.
Regardless, the rule thought is reliably the equivalent: to
constrain botch, individualizing the hyper plane which
enlarges the edge, recollecting that bit of the goof is
persevered.
Kernel Function as
For Polynomial
k(xm, xn) = (xm,’xn)d (15)
Where m, n is constant term and d is for degree of
kernel. In equation 5 calculate the dot product of two
vector term by increasing the power of kernel.
For Gaussian RBF

2
K (%) = exp (—nnl) (16)
[, — x| is for Euclidean distance between x,,, and x,,.
To determine the performance of proposed model of
SVR classifier six parameters are used which is
Sensitivity, Specificity, Accuracy, false positive rate,
false negative rate and precision. All the parameters are
calculated as follows.

e . TP

Specificity = TFeEm (17)
e . TN

Sensitivity = TFrTD) (18)

Accuracy = (T_P +T_N)/(T_P +F_P +T_N +F_N)
(19)

FAR = (F_P)/(F.P +T_N) (20)
FRR = (F_N)/(T_.P +F_N) (21)
Precision = (T_P)/(T_P +F_P) (22)

Where, T_P is for the True Positive, T_N is for True
Negative, F_N is for False Negative, F_P is for False
positive, FAR is for false positive rate and FRR is for
false negative rate.

lll. EVALUATION AND RESULT ANALYSIS

The proposed method characterizes the five different
classes

ECG beat annotations:

N - beats starting in the sinus hub

S - Aberrant atrial premature Beats

V - Ventricular Ectopic beats

F - Combination beat

Q - Unclassifiable beats

In this Experimental analysis, the MIT/BIH arrhythmia
database dataset is utilized for validate the proposed
Method. The database contains comment for both
planning data and beat class data checked by free
specialists. A total of 1800 samples from the MIT-BIH
arrhythmia database are equally divided into training
sets. A total of 400 samples of N are derived from
records 100, 101, 103 and 105. Similarly, 400 samples
of APC are derived from records 109, 111, 207 and 214,
and 400 samples of VFN are derived from records 118,
124, 212 and 231. We also derive 400 samples of PVC
from records 106, 119, 200 and 203 and 200 samples of
FPN from records 209 and 222. A total of 1800 samples
are used as ECG data after sampling and pre-
processing the ECG signals. It is suggested that every
ECG beat be ordered into the accompanying five
heartbeats composes: N, S, V, F and Q beats.

N-Beat. Normal ECG sample from MIT/BIH dataset is
shown Fig. 3.

Normal ECG Sample
300 -
200 -
100 -

Amplitude

0 A

-100 -
No. of Sample

Fig. 3. N-beat ECG Sample.

Fig. 3 shows ECG signal to extract Time and Frequency
based features. Those features are classified using
SVR.

Table 1: Performance Analysis of Normal Class.

Parameter Accuracy Level
Accuracy 0.9840
Sensitivity 0.92
Specificity 0.988571429

FAR 0.005747
FRR 0.148148
Precision 0.92

Table 1 shows the Performance Analysis of Normal
Class. For Normal Class Total Accuracy for 100
randomly picked ECG sample of the MIT-BIH is 98.4 %.
Below Figure shows the Accuracy, Sensitivity,
Specificity, False Positive Rate, false Negative Rate and
Precision.

Performance of Normal Class

Accuracy
o
(2]

Fig. 4. Performance Analysis of N-beat Class.

S-Beat. Atrial premature complexes (APCs) are a
common kind of heart arrhythmia characterized by
premature heartbeats originating in the atria. Another
name for atrial premature complexes is premature atrial
contractions. When a premature beat occurs in the
upper chambers of your heart, it's known as an atrial
complex or contraction. Premature beats can also occur
in the lower chambers of your heart. These are known
as ventricular complexes or contractions. Causes and
symptoms of both types of premature beats are similar.
Fig. 5 shows the Aberrant atrial premature signal to
extract the Time and frequency based feature and
classify those feature using SVR.
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Aberrant atrial premature ECG sample
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Fig. 5. Aberrant atrial premature ECG sample.

Table 2: Performance Analysis of Aberrant atrial
premature Class.

Premature Ventricular Contraction ECG
Sample

200 ~
150 -
100 -
50 -

0 -
50 -
-100 -

Amplitude

No. of Sample

Fig. 7. V-beat class ECG Sample.

Table 3: Performance Analysis of Premature
Ventricular Contraction Class.

Parameter Accuracy Level
Accuracy 0.981333
Sensitivity 0.92
Specificity 0.985714

FAR 0.005764
FRR 0.178571
Precision 0.92

Table 2 shows Performance Analysis of Aberrant atrial
premature Class. For Aberrant atrial premature Class
Total Accuracy for 100 randomly picked ECG sample of
the MIT-BIH dataset is 98.1 %.

Fig. 6 shows the performance analysis of S-beat with
different parameter such as Accuracy, Sensitivity,
Specificity, False Positive Rate, false Negative Rate and
Precision.

V-Beat. Premature ventricular complexes/contractions
(PVCs; also referred to a premature ventricular beats,
premature ventricular depolarizations, or ventricular
extra systoles) are triggered from the ventricular
myocardium in a variety of situations. PVCs are
common and occur in a broad spectrum of the
population. Premature Ventricular Contraction ECG
sample from combined dataset is shown Fig. 7.

Table 3 shows the Performance Analysis of Premature
Ventricular  Contraction Class. For Premature
Ventricular Contraction Class Total Accuracy for 100
randomly picked ECG sample of the MIT-BIH data is
98.9 %.

Performance Analysis of Aberrant atrial

premature
1.2
2 of
= 06 I I I
%z 04
< 0.8 =
3 ¢ & &
w \4\(\ F & & ©
NS o>
o’ L O %
K¢ S & &
97 9 AxisTitle

Fig. 6. Performance Analysis of S-Beat Class.

Parameter Accuracy Level
Accuracy 0.989333
Sensitivity 0.88
Specificity 0.997143

FAR 0.008523
FRR 0.043478
Precision 0.88

Performance Analysis of Premature
Ventricular Contraction

—_

Accuracy
.
7
-

S\ ¢ &
O v &
FOE O
&L &
Yo K Q
Parameter

Fig. 8. Performance Analysis of V-beat class.

Fig. 8 shows the performance analysis of V-beat with
different parameter such as Accuracy, Sensitivity,
Specificity, False Positive Rate, false Negative Rate and
Precision.

F-Beat. Combinational beat occurs when electrical
impulses from different sources act upon the same
region of the heart at the same time. If it acts upon the
ventricular chambers it is called a ventricular
combinational beat, whereas colliding currents in the
atrial chambers produce atrial fusion beats. Ventricular
combinational beats can occur when the heart's natural
rhythm and the impulse from a pacemaker coincide to
activate the same part of a ventricle at the same time,
causing visible variation in configuration and height of
the QRS complex of an electrocardiogram reading of
the heart's activity. Combinational (Fusion) of ventricular
and normal ECG sample from Combined dataset is
shown Fig. 9.
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Combinational of Ventricular and Normal

500 -+
400 A
300 -
200 -
100 -
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Unclassifiable ECG sample
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Fig. 9. Fusion of Ventricular and Normal ECG Sample.

Table 4: Performance Analysis of Fusion of
Ventricular and Normal Class.

No. of Sample

Fig. 11. Unclassifiable ECG sample.

Table 5: Performance Analysis of Unclassifiable

Parameter Accuracy Level
Accuracy 0.986667
Sensitivity 0.88
Specificity 0.994286

FAR 0.008547
FRR 0.083333
Precision 0.88

Table 4 shows the Performance Analysis of Fusion of
ventricular and normal Class. For Fusion of ventricular
and normal Class Total Accuracy for 100 randomly
picked ECG sample of the MIT-BIH data is 98.6 %.

Performance Analysis of Fusion of
Ventricular and Normal

<
©

Accuracy
oooo ~
ONPLHO—-N

) & & &
& & @
SR &
& L &S &
el %Q/ %Q <

Parameter

Fig. 10. Performance Analysis of F-Beat Class.

Fig. 10 shows the Performance Analysis of Fusion of
ventricular and normal ECG beats such as Accuracy,
Sensitivity, Specificity, False Positive Rate, false
Negative Rate and Precision.

Q-Beats. Label that marks a segment of unreadable
data. Unclassifiable ECG sample from combined
dataset is shown in Fig. 11. Table 5 shows the
Performance Analysis of Unclassifiable Class. For
Unclassifiable Class Total Accuracy for 100 randomly
picked ECG sample of the MIT-BIH data is 98.9 %.

Class.

Parameter Accuracy Level
Accuracy 0.989333
Sensitivity 0.88
Specificity 0.997143

FAR 0.008523
FRR 0.043478
Precision 0.88

Performance Analysis of Unclassifiable

1.2
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Fig. 12. Performance Analysis of Q-Beat Class.

Fig. 12 shows the Performance Analysis of Fusion of
Unclassifiable ECG beats such as Accuracy, Sensitivity,
Specificity, False Positive Rate, false Negative Rate and
Precision. From Fig. 13 shows the comparing
performance of several methods [1, 24, 26] with
proposed KPCA-SVR method. It observed that
specificity, sensitivity, positive prediction and false
prediction rate of arrhythmia detection obtained by the
suggested algorithm are better than the previous
methods.
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Table 6: Performance Evaluation of Several Methods and Proposed Methods.

Parameters ANN MD SVM KPCA-
SVR
Sensitivity 0.93 0.98 0.94 0.98
Specificity 0.92 0.93 0.93 0.96
Positive Prediction 0.91 0.91 0.95 0.98
False Prediction 0.2 0.3 0.2 0.04
Comparing Performances of Several Methods with Proposed Methods
1.2
0.98
1 0.980.94 0.96 0.950-98
093 0.92V-950.9 0.910.91
0.8 -
>
g = ANN
‘8‘ 0.6 -
[
< MD
0.4 - SVM
0.2 - m KPCA- SVR
O m
Sensitivity Specificity Positive Prediction False Prediction
Parameters

Fig. 13. Accuracy Comparisons of KPCA-SVR with other methods.

IV. RESULT AND DISCUSSION

Arrhythmia detection is an active research area in
biomedical engineering with rapidly analysing the
normalities and abnormalities of heart. The standard
criteria for RR interval or ECG signal have number of
limitations when discriminate the SVT from VT and
alternative techniques have been suggested as the
EGM width criterion which have the some limitation for
QRS detection [10-13] and morphological techniques
such as wavelet transform and Probability Density
Function which do not have effective classification result
[7, 22, 23]. The mechanism of feature extraction is
proposed to extract the effective features for ECG
recognition. The ECG data is sampled from MIT-BIH
arrhythmia dataset and the data is pre-processed with
low pass filter method with the 360 Hz interference. The
various features have been proposed in the literature for
classification of ECG beats. The classification
performance of ECG beats is depends on feature
extraction, feature reduction and classification algorithm.
As the obtained results clearly indicate, ECG beats
classification technique based on the combination of
Kernel-PCA and SVR feature extraction to increase the
accuracy, sensitivity, specificity and precision. This
improvement can be caused by good performance of
SVR classifier with reduced the number of ECG
features.

V. CONCLUSION

In medical practices, computer based diagnosis of heart
diseases or other kinds of heart problem can reduces
the workload of medical practitioner and more
concentrate on treatment rather than diagnosis. In this
paper, an efficient Kernel-PCA and Support Vector

Regression based ECG classification system is
proposed to carry out automatic ECG arrhythmia
detection by classify the patient's ECG into
corresponding five kinds of cardiac arrhythmia condition
such as Normal, Aberrant atrial premature, Ventricular
Ectopic, Combination and Unclassifiable beats. Low
pass filter method is used for pre-processing the ECG
signal and removes the noise interference. The
Proposed model uses the MIT-BIT cardiac arrhythmia
dataset for ECG signal classification. The ECG signals
have been classified into six common parameter are
measure like Accuracy, sensitivity, specificity, False
Positive Rate, false Negative Rate and Precision. The
results show that the proposed algorithm is effective for
prediction of cardiac arrhythmias, with an accuracy of
98%, sensitivity is 98%, Specificity is 96%, Positive
Prediction is 98% and False Prediction is 0.4%. The
proposed model can accomplish the better classification
output so that diagnosis of cardiac arrhythmia
effectively. The detection of arrhythmia by accuracy,
specificity, sensitivity and prediction is superior to
previous research because of the combination of KPCA
and SVR in model. The higher order Statistics of
cumulants are efficiently eliminates the variation in
similar types of ECG signals so that easily classify the
cardiac arrhythmia.

VI. FUTURE SCOPE

In our further research, we intend to focus on following
points: (i) classification is performing on all the ECG
beats of cardiac arrhythmia (ii) Optimal selection of
feature sub-set to reduce the training time
(computational requirements), (i) achieving high
classification accuracy with small sized input feature
vector and limited training dataset.
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ESTD. 10 OCY n'i v)\:«!-\;“_

Pune District Education Association’s

 INSTITUTE OF TECHNOLOGY

2019-20
PDEA, A. M. College Campus, Manjari Road, Hadapsar, Pune -411028.

—— Website — www.pdeaioth.in, Email — iot@pdeapunc.org,
Ph. No. : (020) 26990602/2415.

Outward No. : IOT/ % /2019-20

Date: 04 /10/2019

To,

Prof. S. A. Patil

Professor. Mechanical Dept

PDEAs. College of Engineering Manjari.
Pune.

Subject: Invitation for Guest Lecture on*Carrier Guidance and Job opportunities in Industry”
Dear Sir.

We hope this letter finds you in the best of health. In view of above
mentioned subject PDEA’s Institute Of Technology , Hadapsar , Pune 28. I would like to take little
efforts in enhancing the awareness among students by organizing Lecture on
“Carrier Guidance and Job opportunities in Industry” on 04/10/2019.0n this occasion, we take this
opportunity to invite you in our esteem organizationand share your views and experience with the delegates
by delivering the lecture on “Carrier Guidance and Job opportunities inIndustry” on 4™ October

2019. hoping to meet you on this eve.
Travelling and other expenses will be borne by the organizing institution. Eagerly waiting for your

acceplance.

Thanking you.
Yours sincerely,
Principal

W@%ﬁ"‘t@




/‘ Pune District Education Association’s
/ ~\ INSTITUTE OF TECHNOLOGY

ISTD. 10 OCT, l'::‘ &1*"%1

PDEA A. M. College Campus. Manjari Road. Hadapsar. Punc -41 1028. L & éﬂgx 0, M“[m
Website - waww pdeaioth.ing Email - 1ota pdeapune.org, o - '
Ph. No. : (020) 26990602/2415. 2019-20
Outward No. : [OT/ 2{0 /2019-20 Date: 04/10/2019
To.

Prof. S. A. Patil
Professor, Mechanical Dept
PDEAs, College of Engineering Manjari,

Pune
Sir,
We are very much thankful to you for accepting our invitation and delivering anguest

T h
Lecture “Carrier Guidance and Job opportunities inIndustry” on 04" Ocober

2019, organized by PDEA’s Institute Of Technology , Hadapsar , Pune 28.

Principal
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Pune District Education Association’s By
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INSTITUTE OF TECHNOLOGY -'

A. M. College Campus, Manjari Road, Hadapsar, Pune -411028. 2019-20 -
Website — www.pdeaioth.in, Email — iot@pdeapune.org, E
Ph. No. : (020) 26990602/2415.

Outward No. : IOT/ [ S /2019-20 Date:  10/09/2019

To.

Prof. R. K. Moje

Asst.Professor, E&TC Dept

PDEAs, College of Engineering Manjari,
Pune.

Subject: Invitation for Guest Lecture on “Job opportunities inIndustry after Covid-19

Dear Sir,
In view of above mentioned subject PDEA’s Institute Of Technology, Hadapsar, Pune 28. I would like

to take little efforts in enhancing the awareness among students by organizing Lecture on “Job
opportunities inIndustry after Covid-19” on 11/09/2019.0n this occasion, we take this opportunity to
invite you in our esteem organizationand share your views and experience with the delegates by delivering
the lecture on “Job opportunities inIndustry after Covid-19” on 11" Septmber 2019, hoping to meet
you on this eve.

Eagerly waiting for your acceptance.
Thanking you.

Yours sincerely,
ﬁ ‘ PrinciFal
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Pune District Education Association’s

~~ | INSTITUTE OF TECHNOLOGY

PDEA A M. College Campus. Manjari Road. Hadapsar, Pune -411028.
Website - www . pdeaioth.in. Email - iot@ pdeapunc.org,
Ph. No. : (020) 26990602/2415.
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Outward No. : IOT/ 185 /2019-20

To,
Prof. R. K. Moje
Asst.Professor, E&TC Dept

PDEAs, College of Engineering Manjari,
Pune

Sir,

Date: 11/09/2019

We are very much thankful to you for accepting our invitation and delivering a guest

[ecture *Job opportunitics inlndustry after Covid-19 * on 11" Sept 2019, organized by

PDEA’s Institute Of Technology , Hadapsar , Pune 28.
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Criteria 3.4.4:
Sr.No. Type of Events
01 Plant Sampling Distribution
02 River Cleaning Programme
03 Swachhata Abhiyan in College Campus
04 Patravali Distribution in Wari
05 Sinhgad Fort Cleanning




Criteria 3
Criteria3.4.1;

Name of Event: Plant Sampling Distribution
Name of Event President: Dr. R.V.Patil, Principal, PDEA’s COE, Pune

Name of Coordinator: Prof.K.B.Dumbre
Participants: Teaching, Non-Teaching Staff and Students
Date: 22/06/2019

Event Report:

The plant sampling distribution programme has been organized by NSS Department,
Savitribai Phule Pune University for Gunnies World Record. Our NSS volunteers accepted
the appeal of Savitribai Phule Pune University Vice Chancellor Dr.Nitin Karmalkar and
participated plant sampling distribution programme at Savitribai Phule Pune University
Campus. The NSS volunteers have taken an imitative along with all departments and it has

been successfully conducted. All students gave overwhelming response to this activity.

Prof.K.B.Dumbre
Coordinator, NSS Cell,
PDEA’s COE,

Pune -412307
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Criteria3.4.1:




Criteria 3
Criteria3.4.1:

Name of Event: River Cleaning Programme
Name of Event President: Dr. R.V.Patil, Principal, PDEA’s COE, Pune

Name of Coordinator: Prof.K.B.Dumbre
Participants: Teaching, Non-Teaching Staff and Students
Date: 02/10/2019

Event Report:

The river cleaning programme has been organized by NSS Department; Savitribai
Phule Pune University. Our NSS volunteers accepted the appeal of Savitribai Phule Pune
University Vice Chancellor Dr.Nitin Karmalkar and participated river cleaning programme at
Mundhva Bridge, Pune on the occasion birth anniversary of Mahatma Gandhi i.e. October 02,
2019. The NSS volunteers have taken an imitative along with all departments and it has been
successfully conducted. Under Swachha Bharat Abhiyan the NSS volunteers cleaned all the
river area and collected the garbage at one location. The collected garbage was handed over

to the corporation garbage vehicle. All students gave overwhelming response to this activity.

Prof.K.B.Dumbre
Coordinator, NSS Cell,
PDEA’s COE,

Pune -412307
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Criteria3.4.1:
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Criteria3.4.1:




Criteria 3
Criteria3.4.1;

Name of Event: Swachha Bharat Abhiyan
Name of Event President: Dr. R.V.Patil, Principal, PDEA’s COE, Pune
Name of Guests: HOD, All Department

Name of Coordinator: Prof.K.B.Dumbre
Participants: Teaching, Non-Teaching Staff and Students
Date: 03/10/2019

Event Report:

The Swachha bharat abhiyan has been announced by Hon. Prime Minister Shri.
Narendra Modi. Our NSS volunteers accepted the appeal of our Prime Minister and
conducted Swachha Bharat Abhiyan in and outside of our campus on the occasion birth
anniversary of Mahatma Gandhi i.e. October 02, 2018. The NSS volunteers have taken an
imitative along with all departments and it has been successfully conducted. Under Swachha
Bharat Abhiyan the NSS volunteers cleaned all the campus and collected the garbage at one
location. The collected garbage was handed over to the corporation garbage vehicle. All
students gave overwhelming response to this drive. All teaching and non teaching staff and

students from SE, TE and BE have participated in the cleaning mission.

Prof.K.B.Dumbre
Coordinator, NSS Cell,
PDEA’s COE,

Pune -412307
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Criteria3.4.1.
Photographs:
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Criteria 3

Criteria3.4.1;




Criteria 3
Criteria3.4.1:

Name of Event: Patravali Distribution in Wari

Name of Event President: Dr. R.V.Patil, Principal, PDEA’s COE, Pune
Name of Coordinator: Prof.K.B.Dumbre

Participants: NSS Students

Date: 27/06/2019

Event Report

The Patravali distribution programme has been organized by NSS Department;
Savitribai Phule Pune University. Our NSS volunteers accepted the appeal of Savitribai Phule
Pune University Vice Chancellor Dr.Nitin Karmalkar and participated Patravali distribution
programme at Hadapsar, Pune. The 'Swachha Bharat Abhiyan' is a massive mass movement
that seeks to create a Clean India. Now the time has come to devote ourselves towards
'Swachchhata' (cleanliness) of our motherland. The ‘Swachh wari- Swasth Wari- Nirmal Wari
—Harit wari’ campaign is important for maintaining the balance of the nature. The Patravali

distribution programme is environment friendly activity.

Prof.K.B.Dumbre
Coordinator, NSS Cell,
PDEA’s COE,

Pune -412307
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Criteria3.4.1.
Photographs:




Criteria 3

Criteria3.4.1;
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Criteria3.4.1:




Criteria 3
Criteria3.4.1:

Name of Event: Sinhgad Fort Cleaning

Name of Event President: Dr. R.V.Patil, Principal, PDEA’s COE, Pune
Name of Coordinator: Prof.K.B.Dumbre

Participants: Teaching, Non-Teaching Staff and Students

Date: 23/02/2020

Event Report

The Sinhgad fort cleaning programme has been organized by NSS
Department; Savitribai Phule Pune University. Our NSS volunteers accepted the
appeal of Savitribai Phule Pune University Vice Chancellor Dr.Nitin Karmalkar and
participated Sinhgad fort cleaning programme at Sinhgad Fort, Pune. The 'Swachha
Bharat Abhiyan' is a massive mass movement that seeks to create a Clean India. The
magnificent forts around Maharashtra have been a matter of pride for the state for
centuries. Under Sinhgad Fort Cleaning Abhiyan the NSS volunteers cleaned all the
fort area and collected the garbage at one location. The collected garbage was handed
over to the corporation garbage vehicle. All students gave overwhelming response to

this activity.

Prof.K.B.Dumbre
Coordinator, NSS
Cell, PDEA’s COE,
Pune -412307



Criteria 3




Criteria 3

Criteria3.4.1;



Criteria 3

Criteria3.4.1:




	Page 1

