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Abstract

Solar Drying is one of the important processes required for the preservation of food and agricultural products.
Bacterial growth and moisture are removed in this process. It helps for preserving the food products for more long
time. Solar drying is an effective methed used for drying food products. The device used to preserve food products
using sclar energy is called a solar dryer or solar dehydrator. The solar dryer is classified based on the drying mode,
air circulation, type, and arrangement of a cabinet of solar air collectors. The preserved raisin is a favorite dry fruit in
India. Traditionally the drying of raisins mainly exposes natural sunlight and requires about 21 days. This experiment
used a comparative study between natural sun drying and solar drying using a flat-plated collector dryer from 29th
March 2020 to 19th April 2020. The incident area of solar radiation on the collector was 0.9m2, with a black rough
surface aluminum plated absorber of 1.8m? attached below the covered acrylic glazing used in the collector body. It
was found that the latitude inclination of 19.5° had a2 maximum temperature of 69°C during 01:00 PM - 02.00 PM
hours. The result found that drying raisins naturally takes up to 21 days, and comparatively, it takes 7 days to dry
using the solar dryer. Thus, the drying period is reduced by 14 days.

Key Words: Solar Drying, Raisins, Agriculture Products, Natural Sunlight.
DOI Number: 10.48047 /nq. 2022.20.19.NQ99131 NeuroQuantology 2022; 20(19):1420-1426
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I. INRODUCTION

The drying of grapes to form into raisins usually relies on direct sunlight exposure. This drying method requires more
periods and lower quality of dried products. Drying of grapes is usually conducted under low temperatures, and thus,
the use of solar dryers for dehydrating grapes is one of the best alternatives. Due to energy crises, most of the food
processing and food preservation activities in the industries are depends upon non-renewable energy sources. 1t needs
to check for alternatives for non-renewable and polluting fossil fuels. The use of renewable energy sources like solar
energy is one of the best solutions for reducing the usage of non-renewable sources. The sun produces its energy
through many thermonuclear reactions which create a large amount of heat and electromagnetic radiation which is
easily available throughout the earth, This solar energy is trapped by heat exchanger devices called solar collectors. By
comparing solar drying with traditional drying, solar drying has advantages such as better quality of food products,
reduction in wastage of food products, a better market price can be achieved the product can be protected against flies,
rain, and dust, the product can be left in the dryer overnight during rain, since dryers are waterproof, prevent fuel
dependence and reduces the environmental impact, itis more efficient and cheaper [7].

The chosen raw material was grapes, which is a versatile spring crop. We kept 500 grams of grapes in the tray for the
initial experiment. Grapes required drying temperatures ranging from 20°C to 60G°C. The reason behind the selection of
grapes as a raw material is the prices of dried grapes or raisins is much higher than the prices of fresh grapes available
in the market, also per 100 gram of fresh grapes contains 81% of the water in it and the nutrition value we get is, 18%
carbohydrates, 1% protein, 69Kcal energy and a moderate amount of vitamin K (14% of daily value) which can get from
only 29 gram of split dried raisins (dried grapes), according to USDA (US department of agriculture) [1-3]. The effect of
environmental conditions plays a vital role in the performance of solar dryers. The minimum temperature required to
use the solar dryer system for processing food is 15°C [1]. The performance is affected by the use of material quality
such as Aluminium sheets at the inner side give better results in drying foods. It also acts as a good absorber [2]. The
parameters that decide the results are moisture, solar radiation, wind speed, and humidity. The addition of a
fan/blower to introduce indirect forced convection will help to enhance performance as well as redice heat loss during
the operation [9]. The flow of air at the inner side may be unidirectional or bidirectional which is generally affected by
external air wind speed [8]. While the shape and geometry of collectors are the research area in which work can be
tested by changing parameters. However, the performance of solar dryers varies around 10-15% in terms of efficiency
and the general achieved temperature range is 50+°C with 15-22% of Relative Humidity [11].

Il. EXPERIMENTAL SETUP

The experimental model consists of major components like a flat plate collector and drying chamber which are
connected by the flexible pipe for the transfer of drying high-temperature air from the collector to the drying chamber.
A flat plate collector is designed as per a multi-stage pattern to achieve more heat and it consists of layers of insulator
and absorber in it, which are air securely covered by an acrylic sheet to convey solar radiation to the absorber. The
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drying chamber cabinet is isolated with insulator material and contains two trays of size 600 mm X 600 mm for
carrying the food hub for drying. For measurement purposes Arduino based smart data logging system is used which
contains DHT22 & DHT11 respectively temperature and humidity sensors have a range of Temperature -40°C to 100°C
and humidity 0% to 100% which are further connected with Arduino UNO motherboard and 16 X 2 character
Alphanumerical display for showing the temperature and humidity values of sensors which kept in locations of a setup
like Temperature & humidity at ambient, Temperature & humidity at absorber surface of collector, Temperature &
humidity of air exhaled from the collector, Temperature & humidity inside the drying chamber[1-3]. The RTC (Real-
time clock) device is used to indicate and manipulate the temperature and humidity data concerning time. The SD card
logger is used to store the daily data of temperatures and humidity at different conditions. The model is programmed as
per auto ON & OFF of the system from 10.00 AM to 06.00 PM. This study is conducted to examine the thermal
characteristics of the solar dryer with a flat-plated collector.

1421
A. Flat-plated Solar Air Collector

The flat plate solar air collector consists of components like a layer of insulation material, charcoal black painted
ahsorber plates, airflow passages, acrylic glass, and coating material.

Fig.2 Solar Collector with Absorber Surface

The cabinet body of the flat plate solar collector is made up of wooden plywood of inner sizes of 1500 mm X 600 mm X
120 mm and has a thickness of 12MM.the material for insulation of the collector body is polystyrene foam sheets and
Aluminum foil having lower thermal conductivities of 0.033 W/mK & 0.06 W/mK respectively used to reduce the heat
loss.
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Fig.4 Complete Experimental Assembly of Setup
The absorber element used for absorbing solar radiation is the rough texture of an aluminum sheet of 0.5 mm
thickness in a conical harmonic shape for providing more surface area for absorber plates. These absorber plates are
painted black with charcoal-activated paint. The important material used in the collector body is the acrylic glass sheet
of thickness 3 mm. The solar collector is motunted and supported on a heavy-duty mild steel structure which is durable
and adjustable concerning latitude angle and can be set up into standard angles like 15°, 20°, 35°, 40°, and 45° as per
investigation performance at differentlatitude angles.

B. Drying Chamber

The drying chamber cabinet is constructed from wooden plywood material to reduce heat losses, The dimensions of
the drying chamber are 600 mm X 600 mm X 600 mm with a thickness of 12 mm. The drying chamber is insulated by a
polystyrene foam sheet and aluminum foil from the interior to reduce heat losses. Two trays made up of meshed steel
structures are used inside the drying chamber to contain food products for the drying process. Both trays are placed at
250 mm distinct from each other. The drying chamber is constructed with a chimney at the top for sweeping out humid
air from the drying chamber. The collector and the drying chamber are connected utilizing a flexible pipe of diameter 2
inches.

C. Fans (Air Exhauster)
At the end of each stage, a pair of DC fans are used in selar collectors with a discharge of 35 CFM and a total power
rating of 12V 0.18 W for each fan. The velocity of air can be controiled with the help of a DC regulator,

iil, METHODOLOGY

The performance investigation is carried out in two experimental procedures. In the first experiment, an amount of
500-gram fresh grapes were kept directly in an open atmosphere for drying. This study is based on a daily record of the
amount of weight drop and change in color of the grape converting into perfect raisins. The second experimental
project model of a solar dryer which consists of a flat-plated multi-stage air flowing collector and drying cabinet
chamber is tested by using a measured number of fresh grapes of 500 grams which were kept in the solar dryer for
testing and investigation of weight drop i.e. moisture removal. The experiment is conducted from 10.00 AM to 06.00 PM
for a few couples of days. To achieve a steady-state condition the trial of experimental measurement started one hour
before the actual measurements were taken. At the end of the day, the color appearance and the weight drop were
recorded daily. During the trial of the experiment temperature and humidity at ambient conditions, temperature and
humidity at the absorber plate, temperature, and humidity at collector air discharge, and temperature and humidity at
the dryer chamber are measured and recorded by the smart Arduino system and further saved into an 5D Card.
Temperatures and humidity were measured using DHT22 & DHT11 digital sensors which were further connected to
the data logging system and LCD screen for continuous monitoring of data points. The velocity of the flow of air is
regulated by the fan controller and measured by the anemometer. Also, the pyrometer is used to measure selar
radiation.

IV. RESULTS AND DISCUSSION

Thermal Performance of the Device

Graph No.1 represents the variation of time concerning temperature present in the atmosphere, the temperature inside
the collector body, the temperature at the absorber surface, and the temperature inside the drying chamber on the first
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day of drying. (29 March 2020) which is typically a sunny day. Exactly at 10.00 AM, the drying of grapes started. After 30
minutes, the temperature rise in the drying chamber is observed. The temperature inside the drying chamber is noted
maximum from 03.00 PM to 03.30 PM as 41°C.

MEASURED ON 29 MARCH 2020
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TEMIERATURE C

Graph No.1 variations of temperature present in the atmosphere, temperature inside the collector body, temperature at
the absarber surface, and temperature inside the drying chamber.
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Graph No.2 shows the variation of solar radiation incident on the flat plate collector on 29 march 2020, it is noted that
the peak radiation amount is 673 W/m?from 12.30 PM to 01.00 PM.
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Graph No.3 variations of relative humidity (%) present in the atmosphere and present inside the drying chamber
concerning time.
As shown in Graph No. 3 the relative humidity at the beginning of the drying test was almost the same. The incident solar
radiations during the start were 660W/m?and the recorded atmospheric temperature was 33.3°C. After a time of 2 hours,
solar radiation is raised with 13W/m? which results in a reduction of humidity inside the drying chamber by 4%. After
04.00 PM the humidity in the atmosphere raised by 18% in just two hours, but it does not raise the humidity and moisture
content inside the drying chamber. Due to heat trapped by the collector body and absorber surface, the dehumidification
continued and reached up to 7% relative humidity.

Radiationincident on solar collectors
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Graph No.4 variation of solar radiation incident on flat plate collector daily at 02.00 FM

Graph No 4 shows radiation incidents on solar collectors. As per the Nashik altitude collector set as the angle of 19°
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Which gets maximum solar radiation in collectors, In experimental processes, solar radiation gets increases on a sunny
day.

- _ 1424
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Graph No.5 temperature in the atmosphere and temperature inside the drying chamber of the solar dryer daily at 02.00
PM

Graph No. 5 shows the variation in temperatures in ambient temperature and inside the drying chamber during the
period of grapes drying in the solar dryer. As shown in the graph, on 29th March, 1st April and 4th April, due to cloudy
weather the temperature gradient between the drying cabin and atmospheric temperature was low as 1.8°C, 2.6°C,
2.4°C but during the sunny days like 30th March and 3rd April the temperature difference between the drying cabin
and atmaospheric temperature was 3.8°C to 4.2°C.
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Grapgh No.6 Relative Humidity in the atmosphere and Relative Humidity inside the drying chamber of solar dryer daily
at 02.00 PM.
Graph No. 6 shows relative humidity in the atmosphere and inside the drying chamber. Reading takes at 02.00 PM
every day. On 1st April 2020, humidity is high. Humidity, as compared to the atmosphere, is less in the drying chamber
which increases the moisture removal rate.

B. Drying behavior of the device

)
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Graph No. 7 Daily variation in moisture content using the solar dryer and without using the solar dryer (Conventional
methad)
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Graph No. 7 shows the daily variation of moisture content of two groups of grapes in which one is kept inside the salar
dryer and the other is dried conventionally. Compared to natural drying solar drying required 7 days for complete
drying. In natural drying quantity and quality is low due to uneven drying processes.
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Graph No.8 variation of temperature and weight of raisins concerning days (Conventional drying)

Graph No. 8 shows that the conventional method of drying grapes takes 21 days to convert into raisins, The initial
moisture content of grapes was 81%. As the meisture content of grapes reduces, the weight is also reduced. The sample
weight of the grape bunch was 500 grams which were reduced to 110 grams. At this stage, it is converted into perfect
raisins since the weight drop was stopped after 110 grams.

Fig.5 shows the weight drop from 500 grams to 110 grams and the physical and aesthetical changes of grapes.

Nomenclaiure:

Ac: Area of the collector (m2)

Hi : Latent heat of vaporization of water (kl/kg)
IR: Solar radiation (w/m?)

Mw: Mass of water removed (kg)

M: Moisture content of the sample at any time (kg/kg)
C: Specific heat of air at constant velume (J/kg"Q
T: Time (hour)

To: Outlet temperature of air (*Q

Ti: Inlet temperature of air (°Q

mg: Initial total mass (kg)

mi: Initial moisture content sample(kg)

mf: Final moisture content in the sample(kg)
AW: difference in weight loss in 1 hour (kg)

AT: difference in time (hour)

Tdryer: Efficiency of the dryer

Te: Thermal efficiency of solar collector

A. Selar Dryer Efficiency:
The Thermal efficiency of a solar dryer system INdryer is the ratio of the heat required to extract the moisture from food
products to the energy required to run the solar dryer

nd=Mwhi / Aclt (1)
Here, the prior measured mass of the grape sample was 500 grams, converted into a final mass of 110 grams, resulting
in 0.390 kg of water being removed from a sample of 0.5 kg. For measuring the unit mass of 1 kg from the sample 0.78
kg of water is remaved. The 9.14% thermal efficiency was found in the drying chamber cabinet.

B. Moisture Removal Rate:
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Mw= (Wi-Wf) /Wi *100 (2)
We measure the sample's moisture removal rate by taking the sample's initial weight of 500 grams, which was
converted into 110 grams. From the above formula, we get the moisture removal rate is 78%.

C. Mass of Water Evaporate from the sample:
W= mao[mi-mf)/100-mf (3)

For measurement mass of water evaporate total mass taken is 1 kg which initial moisture content of about 80% after
drying we get moisture on the sample is 22% is reaming, therefore the mass of water evaporating from the sample is
around 70%.

1426

D. Drying Rate:

DR = AW/ AT (4)

The weight of the sample we get is 1 kg after a 1-day drying process weight loss is up to 226 grams. The drying process
condiicts 6 hours a day which means in 1-hour weight loss of 37.66 grams. Therefore, the drying rate of 37.66
grams/hour.

V.CONCLUSION

A flat-plated indirect-type flat-plate collector solar dehydrator was developed to investigate the performance of drying
grapes. The following conclusions have been drawn from the results: The temperature inside the drying chamber
cabinet remains higher than the ambient temmperature. The result of grapes drying is shown that the mass of 500-gram
grapes converted into 110 grams of perfect raisins. The maximum output temperature of 59°C can be achieved. The
average thermal efficiency of the solar dryer using a flat plate collector is 9.14%.
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Abstract

The present investigation is related to the implementation of Google Studio and Taguchi DOE for parametric
optimization of the turning process of hard AISI M2 grade material. The main aim of the present
investigation was to minimize the resultant vibration during the turning process of AISI M2 on the CNC
Machine. In this study, the whole experimentation has done in dry conditions. The process parameters
selected for the investigation was Cutting Speed, Feed Rate, Depth of Cut, and resultant vibration selected
as quality response characteristic. The material AISI M2 hardness during experimentation was 62-64 HRC.
This hardness is selected for the study because this is the actual hardness of the drill tool. Google Studio is
employed to generate results and data analysis, The MINITAB 21.2 software is used to design the
experiment. The turning process optimization is done using Taguchi Method and Google studio. It is
concluded that the feed rate is the most significant machining parameter which affects the resultant
vibration signal. The optimum level of process parameters is cutting speed= 180 mm/min, feed rate= 0.1
mm/rev, and depth of cut = 0.4 mm.

Key Words: Google Studio, Taguchi DOE, AISI M2, ANOVA, Resultant Vibration.
DOI Number: 10.48047/nq.2022.20.19.NQ99129 NeuroQuantology 2022; 20(19):1405-1410
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1. INTRODUCTION

In today's world, a great deal of attention is placed on investigating vibration signals in various machining
operations, such as drilling, milling, turning, and so on. Studying and optimizing the resultant tool vibration
signals in the machining process is very important. This is because minimizing the resultant vibration signal
allows us to obtain various benefits, such as the minimum possible tool wear, a better surface finish,
increased tool life, and increased productivity due to the minimum setting time for the machine. Because of
these benefits, it is very important to minimize the resultant vibration signal.

Abouelatta, 0. B. et al. [1], “employed an FFT analyzer to measure tool vibration in the radial direction and
feed direction and for measurement of surface roughness the Surtronic 3+ measuring instrument used and
correlation between surface roughness and cutting vibration during turning established. They developed a
mathematical model for the predicted roughness parameter based on the cutting parameter and machine
tool vibration for a better understanding of the relation. Finally, the measured results were analyzed by
commercial software MATLAB, BC++, and SPSS.”

Bhuiyan. M. S. H. et al. [2], “investigated various sensors used to monitor tool conditions using optical,
electrical, and magnetic signals. They studied transient elastic waves generated during machining known as
acoustic emission (AE). They proposed the use of an acoustic emission sensor and tri-axial accelerometer
placed on a shank of the cutting tool holder was capable to monitor tool condition. The acoustic emission
sensor assessed the internal change whereas the vibration sensor asses’ the external information of the tool
state, They illustrated the use of RMS signal and fast Fourier transform as the output of the sensor. They
proved that vibration components, Vx, Vy, and Vz change with feed rate, depth of cut, and cutting speed
respectively. The amplitude of vibration components decreases with the increase of cutting speed and
increases with the increase of feed rate and depth of cut.”

Alonso, F. |, and Salgado, D. R. [3], “developed a reliable tool condition monitoring system (TCMS) for
industrial application. They employed singular spectrum analysis (SSA) and cluster analysis for analysis of
the tool vibration signals. SSA was a non-parametric technique, of time series analysis that decomposes the
acquired tool vibration signals, and Cluster analysis was used to group the SSA decomposition in order to
obtain several independent components in the frequency domain that are applied to feed-forward back-
propagation (FFBP) neural network to determine the tool flank wear.”
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Aliustaogly, C. et al. [4], “studied tool wear condition monitoring using a sensor fusion model based on a
fuzzy inference system. They mainly concentrated on the drilling and milling operation. They used two-
stage fuzzy logic schemes for developing the advanced tool condition monitoring system. They acquired
signals from various sensors and processed them to decide the status of the tool. In the first stage, they
derived statistical parameters from thrust force, machine sound (acquired via a very sensitive
microphone), and vibration signals were used as inputs to the fuzzy process; the crisp output values of this
process were then taken as the input parameters of the second stage. Conclusively, outputs of this stage
were taken into a threshold function, the output of which was used to assess the condition of the tool.”
Bhuiyan, M. S. H. et al. [5], “studied the tool wear, chip formation, and surface roughness of workpieces
under different cutting conditions in machining using acoustic emission (AE) and vibration signature in
turning. The investigation concluded that the acoustic emission and vibration components can effectively
respond to different occurrences in turning including tool wear and surface roughness. The acoustic
emission has shown a very significant response to tool wear progression whereas resultant vibration (V)
represented surface roughness in turning. Vibration components Vx, Vy, and Vz described the chip
formation type and increase with the increase of feed rate, depth of cut, and cutting speed respectively. A
KISTLER 8152B AE-piezoelectric sensor with a sensitivity of 57 dB ref 1 V/(m/s) and a KISTLER 8762A50
tri-axial accelerometer with a sensitivity of 100 + 5% mV/g were used. They captured raw acoustic
emission and vibration sensors analyzed to determine the different occurrences, including the tool wear
and surface roughness of the workpiece. The data from direct measurement of flank wear and surface
roughness, and chip formation occurrences were utilized to justify the signals response, and thus to
investigate the tool condition even more accurately. The output signals from the acoustic emission and
vibration sensors were essentially complex and stochastic in nature. The acoustic emission and vibration
signature performed exceptionally well to investigate the tool state and the different turning occurrences.
The combined application of acoustic emission and vibration sensors described the tool wear, tool
breakage, chip formation, chip breakage, machine tool vibration, machine vibration, and workpiece surface
roughness.”

Kilundu, B. et al. [6], “presented the singular spectrum analysis (SSA) for the analysis of vibration signal
from the tool holder. They explored the use of data mining techniques for tool condition monitoring in
metal cutting. They also performed Pseudo-local singular spectrum analysis (SSA) on vibration signals
measured on the tool holder. Then this is coupled to a band-pass filter to allow the definition and extraction
of features that are sensitive to tool wear. These features are defined in some frequency bands, from sums
of Fourier coefficients of reconstructed and residual signals obtained by SSA. They also studied two
important aspects the strong relevance of information in high-frequency vibration components and the
benefits of the combination of SSA and band-pass filtering to get rid of useless components (noise).”
Abuthakeer, S. S. et al. [7], “used a damping pad made from neoprene to control the cutting tool vibration.
The experiment was carried out in fewer than two cases with the use of a damping pad and without a
damping pad on the CNC LATHE machine. They developed an empirical model using analysis of variance
(ANOVA). They also used a multilayer perception neural network model constructed feed-forward back-
propagation algorithm using the acquired data. On the completion of the experimental test, ANN was used
to validate the results obtained and also to predict the behavior of the system under any cutting condition
within the operating range.”

Krupal Pawar et al, [12] “investigated the effect of insert nose radius and machining parameters including
cutting speed, feed rate, and depth of cut on surface roughness (Ra) and material removal rate (MRR) ina
turning of HSS (M2) using the Taguchi method and ANOVA. A three-level, four-parameters design of
experiment, L9 orthogonal array using Minitab 14 software, the signal-to-noise (S/N) ratio is employed to
study the performance characteristics in the turning of HSS (M2) by taking the nose radius of Tin coated
carbide inserts tool of 0.4, 0.8 and 1.2 mm on CNC turning centre. The analysis of variance (ANOVA) is
applied to study the percentage contribution of each machining parameter while CNC turning of HSS (M2)
material, All experimental trials are conducted in dry machining environment and at a constant spindle
speed of 2800 rpm. The results are verified by taking confirmation experiments. The present investigation
indicates that feed rate and nose radius are the most significant factors in the case of material removal rate
and surface roughness for turning HSS (M2) material.”

By studying various papers, it is concluded that no work is found for optimizing the resultant vibration for
hard (62-64 HRC) AISI M2 using Google studio and Taguchi DOE with help of MINITAB 21.2. This
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investigation demonstrates details of the Taguchi optimization technique to optimize the resultant
vibration signal during hard turning, The main objective of the present study is to find out set machining
parameters which result in minimum resultant vibration signal in Hertz while turning hard AISI M2 on a
CNC machine.

2. EXPERIMENTATION SETUP AND CUTTING CONDITIONS

For the conducting experimental trials, the ACE make CNC model Simple Turn-5075 Siemens 802C is
employed (see Fig.2). First of all, it is very important to select a process with process parameters and their
levels. In the research work, machining parameters such as cutting speed, feed rate, and depth of cut are
selected for optimization of resultant vibration. The three parameters with three levels are fixed with the
help of the insert manual and machining handboaok (see Table.1). In the present research work, we are
going to utilize the Taguchi method for experiment design. The design of the experiment is done with help
of MINITAB 21.2 software and for this condition suited orthogonal array such as L27 is selected from the
series of arrays. The design of experimental trials is shown in Table 2.

Table 1. Control Factors with Levels

Control Parameters
Levels ¢ ting  FeedRate Depthof Cut
Speed (mm/rev) (mm)
(mm/min)
L1 100 0.1 0.4
12 140 0.15 0.5
13 180 0.2 0.6

The AISI M2 material rods with 60 mm diameter and 350 mm length are selected for experimental trials. The
chemical analysis of AISI M2 material C-0.86/0.96, Cr-3.8/4.5, Mo-4.9/5.5, W-6.0/6.75, V-1.7/2.2[10] and
the properties of AISI M2 are density-8.028x10-3g/mm3, melting point-46800, hardness-62-65 HRC,
compressive yield strength-3250 Mpa, Poisson’s ratio-0.27-0.30, elastic modulus-190-210 Gpa [10]. In the
present work, a rectangular shape PCBN CNMG 160408 insert (Kennametal company) is used as a cutting
tool used for turning hard AISI M2 specimens. The clearance angle of the selected insertis zero. The inscribed
circle size is 9.5mm and the thickness is 5mm. A tool holder such as PCLNR 2525M12 is employed to hold
the insert.

After DOE, it is important to conduct all trials as per the design of the experiment. The RT-Pro photon
software is first installed in the laptop to support the FFT analyzer. The vibration signal frequency in three
directions (Vx, Vy, and Vz) are measured using an FFT analyzer with a three-axis accelerometer and after
measuring signals, the resultant vibration signals are calculated and inserted in the already design of
experiment table in MINITAB 21.2 software. After inserting resultant vibration signals in the MINITAB 21.2
software, the signal-to-noise ratios for each trial is calculated by applying the smaller is better condition.

S/N = —10 xlog(Z(Y*)/n)) €8)

Where, S/N-Signal to Noise Ratio, Yi - i* observed value of the response, n - Number of observationsin a
trial, Y - Average of observed responses values.
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Table 2. Experiment Conduction as DOE

Exp. | Cutting | Feed | Depth of Vr (Hz) S/N Ratio
No. Speed Rate Cut (dB)
1 100 0.1 0.4 274452 -69.08
2 100 0.1 0.5 3343.94 -70.74
3 100 0.1 0.6 2666.56 -68.84
4 100 0.15 0.4 332541 -70.69
5 100 015 0.5 3301.44 -70.63
6 100 0.15 0.6 3349.09 -70.75
7 100 0.2 0.4 3308.10 -70.65
8 100 0.2 0.5 3305.21 -70.64
9 100 0.2 0.6 3239.84 -70.47
10 140 0.1 0.4 3335.84 -70.72
11 140 0.1 0.5 3266.57 -70.54
12 140 0.1 0.6 3264.80 -70.54
13 140 0.15 0.4 3329.06 -70.70
14 140 0.15 0.5 3327.28 -70.70
15 140 0.15 0.6 3323.36 -70.69
16 140 0.2 0.4 2766.92 -69.15
17 140 0.2 0.5 3326.14 -70.70
18 140 0.2 0.6 3333.62 -70.72
19 180 0.1 0.4 2547.98 -68.46
20 180 0.1 0.5 3162.74 -70.27
21 180 0.1 0.6 2710.94 -68.98
22 180 0.15 0.4 3439.86 -70.73
23 180 0.15 0.5 2827.03 -69.03
24 180 0.15 0.6 3421.24 -70.68
25 180 0.2 0.4 3450.82 -70.76
26 180 0.2 0.5 3389.91 -70.60
27 180 0.2 0.6 3386.19 -70.59

The calculation of signal-to-noise ratios with help of MINITAB 21.2 software is shown in the following Table

2

3. RESULTS AND DISCUSSION

Figure 3. indicates the evolution of the resultant vibration signal according to the three machining parameters.
Figure 3. shows that the resultant vibration signal is minimum at a cutting speed of 180 mm/min. It shows
that at a cutting speed of 180 mm/min, the resuitant vibration signal is at an optimum level means we will get
a smooth operation with minimum resultant vibration at 180 mm/min. The feed rate is the most influencing
factor for the resultant vibration signal. The resultant vibration at 0.1 mm/rev is at the minimum stage.
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Figure 3. Plots using Google Studio for Resultant Vibration Vs. Machining Parameters
(i.e. Cutting Speed, Depth of Cut, and Feed Rate)

€. CONCLUSION

Itis concluded that for turning the hard AISI M2 tool steel, the feed rate is the more important machining parameter
that affects the resultant vibration signal. The optimum level of process parameters is cutting speed= 180 mm/min,
feed rate= 0.1 mm/rev, and depth of cut = 0.4 mm at which we get the minimum resultant vibration. In this research,
we have implemented Google Studio for data visualization. Google Studio is the best tool for data visualization,
filtering, and clearing data.
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Abstract
The current work is focused on studying and analyzing spring design with the goal of replacing traditional
steel material with composite material such as Kevlar, epoxy glass, and epoxy carbon. Experiments will be
carried out to verify the conventional spring's static deflection and stiffness. These experiments will make
use of the finite element approach, which is implemented inside ANSYS software, By using the finite element
approach in ANSYS, we will determine the static deflections and stiffness of every composite spring. The
stiffness of composite springs and traditional springs will be evaluated, and a recommendation will be made
for the best material overall. The design of the spring will be evaluated with regard to the weight of the bike,
as well as the weight of a single person and of two people riding together. CATIA V5 and ANSYS are the
programs that are used to do the modeling and analysis, respectively. Existing springs and those made of
brand-new material will both be used as points of comparison in this research. In FEA, static analysis is the
process that determines the stresses and deflections caused by helical compression.

Key Words: Composite Material, ANSYS, FEA, Helival Coil Steel Spring. CATIA V5.

DOI Number: 10.14704/ng. 2022.20.19.NQ99130 NeuroQuantology 2022; 20(19):1411-1419

L. INTRODUCTION

The primary purpose of the helical compression spring is to act as a shock absorber, dampen vibrations, and
make the driving experience more comfortable for the operator. In the manufacturing business, springs are
used primarily as members for the purpose of absorbing shock energy and restoring the original position of
a component after it has been displaced for the purpose of commencing a particular function. Compression
springs are helical coil springs that are designed to withstand an axially applied compressive force.
Compression springs may have a variety of different shapes, including cylindrical, conical, tapered, concave,
or convex. The research that is being done in the automative industry right now is mostly focused on the
utilization of unconventional materials in lieu of traditional materials. Compesite materials are an
alternative to traditional materials that are employed in many of the components of cars. A composite
material is one that is made up of a blend of two or more different types of materials, When compared to
traditional materials, components made using composite materials have a lower overall weight while
retaining the same level of mechanical strength as those made with traditional materials. This results in
the solution to the challenge of weight reduction that the automotive manufacturing industry will confront
in a few decades. Typically made from round wire, coil compression springs are twisted in the shape of a
helix. Cyclic loading is applied to the spring on a regular basis for the purpose of the application in question,
and the greatest frequency of use that is anticipated is between 5 and 50 cycles per minute. When
considering the anticipated service life of 10-15 years, the spring should be able to endure cyclic
compression loads for a few million times at the very least. The springs need to have a design that ensures
their dependability. The springs need to be constructed such that they can sustain the cyclic loading that
occurs when the machine is in operation. As a result, it has been suggested that the design and fatigue study
of a compression spring be carried out as part of this research effort in order to achieve superior
performance in terms of long service life,
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II. LITERATURE SURVEY '

For the study point of view, we have selected some research articles which are mentioned as follows:

1 Balaguru, etal. (2016) [1] “suggested the improvement of fuel efficiency of vehicles by reducing the weight
of the vehicle. They examined design and production methods for FRP composite helical springs anddrew
the following conclusions: Carbon fiber springs are lighter than glass and glass/carbon fiber springs. Carbon
fiber coil springs are stiffer than conventional varieties. Glass fiber/carbon fiber springs perform poorly
compared to other varieties. Braided + Unidirectional + Rubber core offers greater mechanical qualities than
Unidirectional, Unidirectional+ Rubber core, and Quter braid + Unidirectional. Composite helical springs may
be substituted in lightweight automobiles with a little size compromise. In ordinary automobiles, combining
composite and conventional springs may overcome the poor rigidity of compositesand optimize spring
weight”, -
D. Abdul Budan et al. (2010) [2] “investigated the feasibility of composite coil springs for Automotive
Applications. They showed that composite coil springs can replace metal ones. Glass fiber, carbon fiber, and
a mixture were used to make springs. The study aims to minimize spring weight. The carbon fiber spring rate
is 34% higher than the glass fiber spring and 45% higher than the glass fiber/carbon fiber spring. Carbon
fiber springs are 18% lighter than glass fiber, 15% lighter than glass fiber/carbon fiber, and 80% lighter than
steel. Composite springs are lighter and stiffer than steel springs. (A steel spring of the same size springs 14
N/mm and weighs 1.078 kg.) These springs’ experimental findings led to the following conclusions. Carbon
fiber springs are lighter than glass and glass/carbon fiber springs. Carbon fiber coil springs are stiffer than
conventional varieties. Glass fiber/carbon fiber roving springs perform poorly compared to other varieties”.
Bok-Lok Choi a., et al. (2015) [3] “investigated numerical and experimental methods for determining the ply
angles and wire diameters of carbon fiber/epoxy composite coil springs to attain a spring rate equal to that
of an equivalent steel component. The inverse connection between twist angle and shear modulus predicted
the composite's equivalent shear modulus. The shear modulus for a composite with a 450 ply angle was
16.8% of that of steel, and the calculated shear modulus was in excellent accord with experimental data. With
an optimal ply angle of 450, a compasite coil spring's wire diameter will be 17.17 mm. FEA and experimental
findings for a composite coil spring with a 450 ply angle agreed well. Applying the proposed analytical and
experimental approaches to a composite coil spring resulted in a 55% weight reduction”.

M. Sudheer, etal. (2015) [8] “studied the Analytical and Numerical Validation of Epoxy/Glass Structural
Composites for Elastic Models. Elastic characteristics like Young's modulus (E1 and E2) and Poisson's ratio
(v12 and v21) are assessed for n various volume fractions along the material's primary directions (FEM).
The solver was ANSYS. These computer conclusions are contrasted with analytical results from the Rule of
a mixture, Halpin-Tsai, Nielsen, and Chamis elastic models. This work compared computational and
analytical data to find the optimal elastic characteristics. The Epoxy/Glass composite is more effective when
loaded along the fiber direction”.

Sujit S Patil, et. al. (2016) [9] “analyzed that the composite helical springs can be effectively used in
automobiles without affecting the performance of the suspension system of the vehicles. They're 50%-70%
lighter than steel springs. E-glass/Epoxy spring costs 20% more than steel but is 50% lighter with the same
performance. Carbon/Epoxy springs are 5 times more expensive than steel but much lighter. Compaosite
spring stiffness is similar to steel. Suspension systems can successfully employ composite springs”.

Sid Ali Kaouaa, et. al. (2011) [4] “presented a 3D geometric modeling of a twin helical spring and its finite
element analysis to study the spring mechanical behavior under tensile axial loading. Using computer-aided
design (CAD) tools, a finite element model is produced to create the graphic design of the spiraling form. As
aresult, the complicated "wired shape" of the spring is discretized using 3D 18-DOF pentameric components,
enabling the measurement of the mechanical reaction of the twin spiraled helical spring under an axial load.
With sinusoidal behavior, the analysis shows a strong correspondence between the evolution of the
theoretical and numerical tensile and compression normal stresses. The internal radial zone at section 1800
has the highest value of the total equivalent stress 1SO values, which grow radially from 00 to 1800. On the
other side, the filament cross-center section's is where the least amount of tension is present”.

Wang, F. (2001) [10] “discussed the active suspension control of vehicle models. It contains two main parts.

First, mechanical network analysis showed the need for active suspension. He used conventional network
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theory to prove that half- and full-car models need active suspension in certain conditions. When a soft
passive suspension is used for road disturbances, a firm passive suspension is used for load disturbances.
In the second phase of the study, he parametrized all stabilizing controllers for a specific plant while fixing
a closed-loop transfer function. He defined left and right normal rank factorizations of a rational matrix to
aid parametrization. Under some situations, the residual transmission pathways’ performance may approach
the original set. The findings are then used to create controller architectures for quarter-, half-, and full-car
models. He outlined the basic assumptions needed to decompose a half-car into two quarter-cars. He uses
symmetry to partition a full-car model into bounce/pitch and roll/warp half-car models. Warp mode reduces
chassis twisting forces. For complicated models, numerical controller structure calculations are described
and applied to double-wishbone models. The trailing-arm model illustrates his work's primary concepts. He
explains anti-squat and anti-dive trailing-arm design. Network analysis suggests an active suspension to
meet performance objectives. This model's active suspension is designed using disturbance response
decoupling. AutoSim was utilized to simulate car models together with theoretical studies during this
endeavor. This research's analysis and synthesis approaches may be used to complicated models”.

Skewis, W. H. (2017) [7] “experimentally examined Very high cycle fatigue (VHCF) properties of a newly
developed clean spring steel under rotating bending and axial loading. This steel has the duplex S-N property
solely for surface-induced failure under rotational bending, but only the single S-N propertyunder axial
stress, This steel's VHCF failure mechanism is a minor grinding defect-induced failure, The surface
morphology of the interior inhomogeneous microstructure with distinct plastic deformation is much rougher
than that of the ambient matrix, which means stress concentration from strain inconsistencybetween the
microstructural inhomogeneity as the soft phase and the ambient matrix as the hard phase causes interior
crack initiation. The threshold stress intensity factor for surface small defect-induced fracture propagation
of this steel is 2.04 MPam1/2, which suggests the short crack effect plays a crucial role in inducing surface
small defect-induced failure in the VHCF regime. Under a certain flaw density, surface and interior failure
probability are similar. If the inner defect size is less than or equal to the surfacedefect size, surface defect-
induced failure will dominate in VHCF, particularly under rotational bending”.

Michalczyk, K. (2013) [5] “presented the analysis of elastomeric coating’s influence on dynamic resonant
stressed values in spring. The appropriate eguations determining the effectiveness of dynamic stress
reduction in resonant conditions as a function of coating parameters were derived. It was proved thatrubber
coating will not perform in a satisfactory manner due to its low modulus of elasticity in shear. It wasalso
demonstrated that about-resonance areas of increased stresses are wider and wider along with the
successive resonances and achieve significant values even at large distances from the resonance frequencies”
Pyttel, B, etal (2014) [6] “conducted Long-term fatigue tests on shot-peened helical compression springs by
means of a special spring fatigue testing machine at 40 Hz. Test springs were made of three different spring
materials - oil-hardened and tempered SiCr- and SiCrV-alloyed valve spring steel and stainless steel. With a
special test strategy in a test run, up to 500 springs with a wire diameter of d = 3.0 mm or 900 springs with
d = 1.6 mm were tested simultaneously at different stress levels. Based on fatigue investigations of springs
with d = 3.0 mm up to a number of cycles N = 109 an analysis was done after the test was continued to N =
1.5 % 109 and their results were compared. The influence of different shot peening conditions was
investigated in springs with d = 1.6 mm. Fractured test springs were examined under an optical microscope,
scanning electron microscope (SEM), and by means of metallographic microsections in order to analyze the
fracture behavior and the failure mechanisms. The paper includes a comparison of the results of the different
spring sizes, materials, number of cycles, and shot peening conditions and outlines further investigations in
the VHCF region”.

The current study demonstrates how composite materials may successfully replace steel springs in helical
compression springs used in vehicles. These springs are used in a compression configuration. In this
experiment, the performance characteristics of composite helical springs are contrasted with those of a steel
spring taken at random from a two-wheeler vehicle.

1413

IIL RESEARCH OBJECTIVE
In the past, ordinary steel was used in suspension systems as a helical coil spring to increase performance.
Although conventional steel is more affordable and durable than alternative materials, its weight poses a
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serious obstacle to its application. The research focuses on the use of composite materials to reduce the
weight of springs. Therefore, we chose a composite material that can provide an average performance while
using little weight. Additionally, it has improved stiffness, elastic strength, and fatigue characteristics.

IV. METHODOLOGY

The suggested technique is divided into three distinct stages.

Phase 1: Analytical calculations are compared to a traditional finite element study of a steel spring.
Phase 2: Experimental investigation to determine static deflection for steel material using a standard
spring.

Phase 3: Composite material Finite Element Analysis (Glass Epoxy, carbon epoxy, and Kevlar).

V. ANALYSIS OF SPRING

Utilizing ANSYS 16.0, a static analysis of the spiral spring design is done to determine the maximum safe
stress for the appropriate payload. Hero Passion Motorcycle helical spring is analyzed as a conventional
spring utilizing the following three loading scenarios:

Table 1: Loading Conditions for Study

Case No Load Loading Conditions

L 735N Wt. of Motorcycle
2. 1176 N Wt of bike + 1Person wt
3. 1618 N Wt of bike + 2 Person wt.

T Parts
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Figure.3 Static Deflection in Steel Spring Figure.4 Stress Plot Load CaselRelated to
Steel Spring
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Figure.5 Stress Plot Load Case 2 Related to Figure.6 Stress Plot Load Case 3 Related to
Steel Spring Steel Spring

Three load cases are defined to simulate three different cases mentioned in the objective. Figure. 4, Figure.5, and
Figure. 6 show the conventional steel spring in three loading conditions.
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Glass Epoxy material
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Figure 9. Stress Plot Load Case 2 Figure10. Stress Plot Lad Case 3
Related to Glass Epoxy material Related to Glass Epoxy material
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Figure 11. Static Deflection in Carbon Epoxy Figure 12. Stress Plot Load Case Related to
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VL.RESULTS AND DISCUSSION
The results of the investigation are summarized as follows:

" Table 2. Static Deflection in Steel Spring

Static Deflection (mm)
Case No. Load Weight Combination  FEA  Analytical Experimental
Value Value Value
1, 735N Wt. of bike 29.40 30.00 29.60
2: 1176 N Wt ofbike+ 1person  47.70  49.00 49.20
3 1618 N Wt of bike + 2 person  68.11 67.00 67.32

Table 3. Bending Stress in Steel Spring

Case No. Load _ Bending Stress (MPa)
FEA Analytical 9% Variation
- Value Value
1. 735N 214 219 2%
2. 1176 N 349 351 0%
3. “1618N 486 483 1%

Table 4. Comparison of Static Deflection in Composits
Case i Static Deflection (min)

No. Load Glass Carbon Kevlar
Steel Epoxy Epoxy Epoxy
Material Material Material Material

i 735N 3131 81385 75027 84101
2z 1176 N 4947 13049 12015  134.87
3 1618N  67.67 180.3 16635  185.869
Weight (kg 0.946 0 0.192 0.158

%% Respect to steel 66% 79% 81%
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Table 5. Comparison of Von Mises Stress in Composites

- Von Mises Stress(MPa)
Case Load Steel Glass Carbon Kevlar
No. Material Epoxy Epoxy Epoxy
Material Material Material
1, 735N 41420  416.00 416.10 416.41
2. 1176 N 663.40 661.30 661.70 660.19
3.  1618N 909.50 89870  894.10 894.16
Tensile 450 3350 3340 3350
Strength(MPa)
Table 6. Comparison of Factors of Safety in Composits
- Factor of Safety
Case No. Load Steel Glass Carbon Kevlar
Epoxy Epoxy Epoxy
i 735N 111 = 831 8.29 8.30
2. 1176 N 0.70 522 . 5.21 5.23
3 1618 N 0.51 384 3.85 3.86
Tensile 450 3350 3340 3350

Strength(MPa)

From Table No. 2 we can observe that there is less difference in static deflection values of FEA, Analytical,
and Experimental results. The static deflection is increasing with an increase in load. From Table No. 3 we
can observe that there is very less difference in bending stress values which are getting by FEA, Analytical,
and Experimental results. The bending stress is increasing as an increase in load with respective time in
conventional steel spring, From Tables No. 4, 5, and 6 we can conclude that compared to utilizing standard
steel, adopting composite material results in a material reduction of between 70 and 80 percent. It has been
discovered that composite materials have a strength that is greater than that of steel. When compared to
other composite materials, Kevlar is regarded as superior since it has the smallest amount of bulk while
maintaining virtually the same level of strength. The tensile strength-to-weight ratio of Kevlar is greater.

V.CONCLUSION

When compared to utilizing standard steel, adopting composite material results in a material reduction of
between 70 and 80 percent. It has been discovered that composite materials have a strength that is greater
than that of steel. When compared to other composite materials, Kevlar is regarded as superior since it has
the smallest amount of bulk while maintaining virtually the same level of strength. A very strong connection
was found between the static deflection of a steel spring and the results of an analytical computation. (2-3
percent variation) The static deflection of a steel spring and the experimental deflection have been shown to
have a very strong correlation (with a difference of just two to three percent). The tensile strength-to-weight
ratio of Kevlar is greater.
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Perametric Optimization of Electrachemical Machining
Process for Hard Hssm2 Matevial (62-64 Hyc) Using
Minitah Tool
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PARAMETRIC OPTIMIZATION OF
ELECTROCHEMICAL MACHINING PROCESS FOR

HARD HSSM2 MATERIAL (62-64 HRC) USING
E MINITAB TOOL
Dr. Krupal Prabhakar Pawar'*, Dr. Vishwajit Bhagwat®
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" Article History: Received: 05.05.2023 Revised: 24.06.2023 Accepted: 20.07.2023

Abstract

Electrochemical machining, often known as ECM, is a non-conventional machining method
that is typically used for the machining of materials that are notoriously tough to work with,
including super alloys, Ti-alloys, stainless steel, alloy steel, and many more. The fact that the
work piece must have a nature that is electrically conductive is the most important criterion of
the procedure. Both the material removal rate (MRR) and surface roughness (SR) of the
components generated by ECM are influenced by a vast variety of different factors. In most
cases, tool manufacturers will consult machine manuals and apply thumb rules in order to
determine which parameters of the process should be optimised. In this work, Taguchi
Methodology is used to investigate the influence that four significant factors have on MRR and
SR for HSS M2 Hard Material (62-64 HRC). These parameters arc the current, the voltage, the
flow rate of electrolyte, and the inter-electrode gap. MINITAB tool is used to implement
Taguchi Methodology. Tt is concluded that MRR and SR both values for ECM machining of
HSS M2 hard (i.e. 62-64 HRC) material highly influenced by Current and Voltage parameters
of ECM machine. The study is also shows that shows that Current: 280A, Voltage:36V, Flow
rate: 5 m*/min, IEG: 0.1 mm is optimum set of ECM parameters at which we get the optimum
MRR i.e. 3.06 mg/min and Current: 200A, Voltage:20V, Flow rate: 9 m>/min, IEG: 0.5 mm is
optimum set of ECM parameters at which we get the optimum SR i.e. 1.93 mg/min.

Keywords: ECM, MRR, SR, HSSM2, 62-64 HRC, MINITAB, Taguchi Methodology.
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Parametvic Optimization of Electrochemical Machining

Process for Hard Hssm?2 Material (62-64 Hic) Using
Miuital Tool

1. Imntroduction

Electrochemical machining (ECM) is a
method of removing metal by an
electrochemical process. It is normally used
for mass production and is used for working
extremely hard materials or materials that
are difficult to machine using conventional
methods. [1] Its use is limited to electrically
conductive materials. ECM can cut small or
odd-shaped angles, intricate contours or
cavities in hard and exotic metals, such as
titanium aluminides, Inconel, Waspaloy.
and high nickel, cobalt, and rhenium alloys.
[2] Both external and internal geometries
can be machined ECM is often
characterized as "reverse electroplating”, in
that it removes material instead of adding
it.[2] It is similar in concept to electrical
discharge machining (EDM) in that a high
current is passed between an electrode and
the part, through an electrolytic material
removal process having a negatively
charged electrode (cathode), a2 conductive
fluid (electrolyte), and a conductive
workpiece (anode); however, in ECM there
is no tool wear.[1] The ECM cutting tool is
guided along the desired path close to the
work but without touching the piece. Unlike
EDM, however, no sparks are created. High
metal removal rates are possible with ECM,
with no thermal or mechanical stresses
being transferred to the part, and mirror
surface finishes can be achieved.

In the ECM process, a cathode (tool) is
advanced into an anode (workpiece). The
pressurized electrolyte is injected at a set
temperature to the area being cut. The feed
rate is the same as the rate of "liquefication”
of the material. The gap between the tool
and the workpicce varies within 80800
micrometers  (0.003-0.030 in.) [1] As
electrons cross the gap, material from the
workpiece is dissolved, as the tool forms

)

arge
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the desired shape in the workpiece. The
electrolytic fluid carries away the metal
hydroxide formed in the process. [2]
Electrochemical machining, as a
technological method, originated from the
process of electrolytic polishing offered
already in 1911 by a Russian Chemist E.
Shpitalsky. [3] As far back as 1929, an
experimental ECM process was developed
by W.Gussef, although it was 1959 before a
commercial process was established by the
Anocut Engineering Company. B.R. and
J.I. Lazarenko are also credited with
proposing the use of electrolysis for metal
removal. [2] Much rescarch was done in the
1960s and 1970s, particularly in the gas
turbine industry. The rise of EDM in the
same period slowed ECM research in the
west, although work continued behind the
Iron Curtain. The original problems of poor
dimensional accuracy and environmentally
polluting waste have largely been
overcome, although the process remains a
niche technique. The ECM process is most
widely used to produce complicated shapes
such as turbine blades with good surface
finish in difficult to machine materials. It is
also widely and effectively used as a
deburring process. [2] In deburring, ECM
removes metal projections left from the
machining process, and so dulls sharp
edges. This process is fast and often more
convenient than the conventional methods
of deburring by hand or non-traditional
machining processes. [1]

According to Faraday 's law of
electrolysis, if an electrode and work
piece are placed in an electrolyte bath and
a potential difference is applied, metal
molecules from anode ionize to lose
electrons and break free of the work
piece, and travel through the electrolyte
to cathode.
Mathematically, m = Ite/ F

1

(Eq.1)

where, m = weight (g) of a material
[ = current (A)
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t =time (sec)

e = gram equivalent weight of material

F = Faraday's constant of proportionality (=96500 coulomb)
Practically. ECM parts are subjected to defense  industries, offshore petroleum
less amount of thermal stress (as the industries and medical engineering.
operating  temperature is  low) or
mechanical stress (as ideally no contact 1. Experimental Procedure
occurs between tool and work piece during A. Experimental Setup
machining) but in real practice sparks The experimental trails are conducted on
occur which is to be avoided to minimize the ECM Machine supplied by the
the tool wear. ECM process is primarily Metatech Industry. The set up consists of
used for manufacturing components of three major sub systems:

complex shapeused in aerospace and

1. Machining Cell
il

Figure 1. ECM Unit. Figure 2. ECM Vice with Workpice.
This electromechanical assembly consists properly coated or plated, and the
of a sturdy structure that is associated with appropriate material has been chosen. [4]
precision machined components, servo Technical Specification:
motorised vertical up / down movement of e Tool area - 30 mm?2.
tool, an electrolyte dispensing arrangement, e Cross head stroke - 150 mm.
illuminated machining chamber with see o Job holder - 100 mm opening X
through window, job fixing vice, job table 50 mm depth X 100 mm width.
lifting mechanism, and sturdy stand. In e Tool Feed motor - DC Servo
order to prevent corrosion, each and every type.

exposed component and part has been
2. Control Panel

o ] _!-- -
1 el |

Figure 3. ECM Control Panel.
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The power supply is an excellent example
of the seamless integration of high-current
electrical, power electronics, and precision
programmable microcontroller-based
technologies. Because of the very low
voltage at which the machine functions,
there is absolutely no risk of receiving an
electric shock while it is in use. [4]

Technical Specification:

e Electrical Out Put Rating - 0-300
Amps. DC at any voltage from 0~
20V.

e Efficiency - Better than 80% at

3. Electrolyte Circulation

Sectiom A-Research paper

partial & full load condition.

e Power Factor - Better than 85.

e Protections - Over load, Short
circuit, Single phasing,.

e Operation Modes - Manual /
Automatic.

e  Timer- 0 -99.9 min,

e Tool Feed - 0.2 to 2 mm / min.

e 7 Axis Control - Forward, reverse,
auto forward / reverse, through
micro controller.

e Supply - 415 v +/- 10%, 3 phase
AC, 50 Hz.

Figure 4. Electrolyte Circulation.

The electrolyte is pumped from a tank that
has a ceating that prevents corrosion with
the assistance of a pump that is resistant to
corrosion, and it is then supplied to the job.
Electrolyte that has been used up will be
poured back into the tank. The hydroxide
sludge that forms will eventually fall to the
bottom of the tank, where it may be drained
away with little effort. The flow centrol
valve will be responsible for controlling the
electrolyte supply. The tank receives any
additional electrolyte flow that is by-
passed. The rcservoir has distinct
compartments for settling and syphoning
processes. Every fitting is made of a
material that is resistant to corrosion or, if
required, stainless steel. [4]

B. Selection of workpiece, tool material,
and electrolyte

&.@.&n{y}. 2023, 12 (S3), 6358 — 6365
IQAC / )
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Cylindrical blank of 30 mm diameter and
50 mm height made of HSS M2 material
with high degree of hardness 62-64 HRC is
selected as work piece. Tool is made of
copper. 10 % NaCl along with 0.2% H202
is chosen as electrolyte such that no
deposition occurs on the cathode.
Unwanted machining due to stray current
can be avoided on application of epoxy
powder resin coating on the tool except the
base of the tool.

C. Selection of machining parameters and
their levels
In this experiment, four process parameters
such as current, applied voltage, flow rate,
inter-electrode gap (IEG) are considered as
input parameters. The gap between the two
electrodes (tool and workpiece) is called
IEG. As the IEG decreases, current density
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increases and vice versa. The actual values
of parameters are given in Table 1.

Section A-Reseach paper

Table 1. Electrochemical Machining Parameters with their Levels.

Process Parameter(Unit) Symbol Ievels
Current(A) A 200 240 280
Voltage(V) B 20 28 36

Flow Rate(m®/min) C 5 7 9
IEG(mm) D 0.1 0.3 0.5

D. Taguchi Methodology

Taguchi methodology is the oldest and
accepted industrial method of optimization.
It is a powerful tool for design high quality
system. It follows systematic, simple and
efficient appreach to optimize designs for
performance, quality and cost. Taguchi
method is effective method for designing
process that operates reliably and optimally
over a variety of conditions. To determine

the best design, it requires the use of a
designed experiment. Taguchi converts the
objective function values to Signal-to-
Noise ratio (S/N ratio) to measure the
performance characteristics of the levels of
control factors. In the present work
experiment is designed using Taguchi
technique, which uses an orthogonal matrix
to study the entire parametric space with a
limited number of experiments. [5]

1. Smaller is better: Condition for SR
SIN = 10 xigglZ(F*)n)) (Eq.2.)

2. Larger is better: Condition for MRR
SIN = -10 kg (50! Fiin) (Eq. 3.)

Table 2. Design of Experiments using ECM parameters and respective response signals.

N

Current Voltage Flow Rate IEG MRR SR
(A) (V) (mm’/min) (mm) (mg/min) (um)
200 20 3 0.1 2.57 2.00
200 20 5 0.1 2.56 2.10
200 20 8 0.1 2.58 2.00
200 28 7 0.3 2.55 2.10
200 28 7 0.3 2.53 2.11
200 28 7 0.3 2.55 215
200 36 9 0.5 2.58 2.00
200 36 9 0.5 2.59 2.10
200 36 9 0.5 2.58 2.00
240 20 7 0.5 2.52 2.00
240 20 7 0.5 2.51 2.10
240 20 7 0.5 2.50 2.12
240 28 9 0.1 2.65 2.10
240 28 9 0.1 2.62 2.00
240 28 9 0.1 2.61 2.18
240 36 5 _ 0.3 2.71 2.20
240 36 5 _+—_ 03 2.72 2.10

Bull. 2073, 12 (S3), 6358 — 6365
If-charge
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240 36 5 0.3 2.71 2.21
280 20 9 0.3 2.92 2.31
280 20 9 03 2.91 2.32
280 20 9 0.3 2.90 2.33
280 28 5 0.5 2.87 2.32
280 28 5 0.5 2.86 2.30
280 28 5 0.5 2.87 2.31
280 36 7 0.1 3.05 2.50
280 36 7 0.1 3.06 2.52
280 36 7 0.1 3.04 2.51

2. Results and Discussions
2.1 Results and Discussion for MRR

Main Effects Plot ( data meam) for Means

Moo of Mo

Main Effects Plot (data mezns ) for SN ratias

Aan ol SNeathm

Graph No. 1 Main Effect Plot for Means of ~ Graph No. 2 Main Effect Plot for SN ratios

MRR.

Graph 1 shows that material removal rate
(MRR) for ECM machining for HSS M2
hard material is increased with increase in
current(A) values and also MRR is
increased with increase in voltage (V)
values, MRR is slightly decreased with
increased in flow rate of electrolyte and
slightly increases with decreases in flow
rate of electrolyte. MRR is decreased with

of MRR.

increase in Inter-electrode gap(IEG). Graph
2 shows that Current: 280A, Voltage:36V,
Flow rate: 5 m’/min, IEG: 0.1 mm is
optimum set of ECM parameters at which
we get the optimum MRR which is 3.06
mg/min. The response tables 3 and 4 shows
that MRR is more influenced by current
(Rank:1) and then voltage(Rank:2).

Table 3. Response Table for 8/N ratios
(Larger is better)

Table 4. Response Table for Means of MRR

Izwvel Tarzsat{al TValzageivy Elow Rate

i,l.'l [ VU T
il

{7} Iiow Hasef(e3/xis} ZEG{=)

19 2.74%

Lawel Curzeac(d] Telite

+€

[ -'1.1

4 =f

IR

“.v
P

&a s =822

53 0.373 811

Wby L
VOB b by

i
(I TN B PR 3

(88

“Bal. 2023, 12 (83), 6358 — 6365
1QAX In-charge

- Gandhi Collzge of Engineering
F=ruls Harya, Tal. Pamer

Atmedinogar-414304




Parametric Optimization of Electrochemical Machining
Process for Hard Hesm2 Material (62-64 Hic) Using

Minitah Tool

2.2 Results and Discussion for SR

Main Effects Plot (data means) for Means

Maan of Maans
Wb v v
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Majn Effects Plot (data means) for SN ratios \
|

Mugn of SNiatics
4
)

e o e

Graph No. 3 Main Effect Plot for Means of ~ Graph No. 4 Main Effect Plot for SN ratios

SR

Graph 1 shows that surface roughness (SR)
for ECM machining for HSS M2 hard
material is increased with increase in
current(A) values and also SR is increased
with increase in voltage (V) values. SR is
increased up to 7 m*/min in flow rate of
electrolyte and then decrcased. SR is
decreased with increase in Inter-electrode

of SR

gap(IEG). Graph 2 shows that Current:
200A, Voltage:20V, Flow rate: 9 m’/min,
IEG: 0.5 mm is optimum set of ECM
paraimeters at which we get the optimum SR
which is 1.93 mg/min. The response tables
5 and 6 shows that SR is more influenced
by current  (Rank:1) and  then
voltage(Rank:2).

Table 5. Response Table for S/N ratios
(Smaller is better)

Table 6. Response Table for Means of SR

lmd Barsfmi/miz) ZES{Em)

3. Conclusion

From above investigation, it is concluded
that MRR and SR both values for ECM
machining of HSS M2 hard (i.e. 62-64
HRC) material highly influenced by
Current and Voltage parameters of ECM
machine. The study is also shows that
shows that Current: 280A, Voltage:36V,
Flow rate: 5 m’/min, IEG: 0.1 mm is
optimum set of ECM parameters at which
we get the optimum MRR i.e. 3.06 mg/min
and Current: 2004, Voltage:20V, Flow rate:

e

Eur.

5023, 12 (S3), 6358 — 6365 /L0

9 m’*/min, IEG: 0.5 mm is optimum set of
ECM parameters at which we get the
optimum SR i.e. 1.93 mg/min. In order to
validate the results obtained, there are three
confirmation experiments conducted for
each of the response characteristics (MRR,
Ra) at optimal levels of the process
variables and at initial levels of process
variables. The average values of the
optimum characteristics at initial levels,
predicted value levels and experimental
value levels are obtained.
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Abstract

In the current paper, the Taguchi Method is applied to improve the surface finish of the Aluminum Alloy
5083. The three machining parameters such as spindle speed, feed, and depth of cut are selected for the
study. L9 orthogonal array is selected for the design of experiment. Surface finish is chosen as quality
characteristic or response parameter. All trials are done in the dry environment. After conducting the
experiment, we have found the optimum set of machining parameters at which we get minimum surface
roughness means we get the best surface finish. The optimum level of parameters is A3, B3, and C1. (i.e. 650
rev/min, 0.035 mm/rev,0.08mm). The optimum value of surface roughness predicted by MINITAB 21.1

software at optimum levels of machining parameters is 0.67 um.
KeyWords:Taguchi Method, Surface Finish, Aluminium Alloy 5083, Burnishing Process.
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1. INTRODUCTION

The surface quality of the component is an
important factor in determining how long it will
last. After machining, a compenent will have
machining marks if the procedure was a turning,
milling, or drilling operation. Because they lower
the component's strength, machining marks are
almost never something that should be desired,
regardless of the purpose, they are being used
for. There are many other procedures for
improving the surface, such as honing, lapping,
grinding, and so on. The surface finishing of the
component is significantly improved as a result of
all of these operations. However, just improving a
component's surface polish will not make it last
longer. [t is necessary to enhance the "Surface
Integrity” in order to prolong the useful life of the

component. Surface finishing processes, such as
shot peening, low plasticity burnishing,
burnishing, and other similar processes, are
examples of cold working-surface treatment
processes. During these processes, plastic
deformation of surface irregularities occurs as a
result of applying pressure to a surface in order
to generate a unmiform and work-hardened
surface, which improves Surface Integrity (SI). In
this particular piece of study, the flank face of the
turning tool is used within the context of a
finishing tool. Because of its widespread use in
the aerospace and shipbuilding industries,
Aluminium Alloy 5083 was chosen for this
investigation. It has a low density and high
thermal conductivity which are characteristics
shared by all aluminium alloys.

l}_otati.on Ratation
direction irection
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Figurel. Schematic of a burnishing method utilizing flank face of tool nose
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2. LITERATURE SURVEY

Lv Jinlong et al. [1] “studied the effect of
burnishing on grain texture and oxidative
behavior of 2024 aluminum alloy. They used the
material 2024-T3. The length & the radius of the
workpiece samples were 200 mm and 46 mm,
respectively. The burnishing process was
performed with the help of a cylindrical-ended
PCD (Polycrystalline diamond) tool; with roll
diameter and length of the PCD tool were 2 mm
and 3 mm, respectively. The tool's rotating spead
was 3000 rpm. The burnishing depth was 20 um
and 30 pm, respectively. The electron
backscattered diffraction (EBSD] scans were
conducted for an Electrochemical measure of
surface quality after burnishing. They got results
as improved corrosion property was due to
positive grain modification of the burnished
surface.”

El-Tayeb et al.[2] “found the influence of roller
burnishing contact width and burnishing
orientation on surface quality and tribological
behavior of Aluminum 6061. In this study,
Aluminum 6061 was used as workpiece material,
and carbon chromium rollers with different roller
contact widths (such as 1, 1.5, and Zmm) were
used in a burnishing tool with an exchangeable
adapter for ball and roller for the purpose of the
experimental tests. They found best possible
ranges for burnishing speed & forces are to be
250-420 rpm for 1mm roller contact thickness.
They found burnishing with smaller roller
contact width (1mm) is capable of improving the
surface roughness by up to 40%. They also found
that the burnishing force above 220N is capable
of decreasing the surface roughness by 35%. The
authors have found that the coefficient of friction
of burnished surfaces is dependent on the surface
roughness. A low friction coefficient corresponds
to low surface roughness. In this study the SEM
examination of the damaged surface reveals that
interposing lubricant during Tribo-test acts as a
cooler and polishing agent, resulting in a
smoother surface compared to the burnished
surface. Under dry contact conditions, a
burnished surface using smaller roller contact
width produces the lowest friction coefficient. An
increasing burnishing force beyond a particular
limit has a harmful impact on the wear resistance
of burnished Aluminum 6061 surfaces.”

U.M. Shirsat et al. [3] “studied the parametric

analysis of the combined turning and ball
burnishing process on al alloy. They had selected
the Al-alloy as their working material. In this
experiment, twelve tests were carried out at
these levels. For each block, the model equations
for surface roughness and surface hardness are
obtained by using the analysis of variance
technique, F-test, and regression coefficient. The
authors also worked on the parametric analysis
of the combined turning and ball burnishing
process. After the results, they concluded that
the micro-hardness increased with force up to a
certain extent only.”

P N. Patel et al. [4] “optimized burnishing process
parameters for improving the surface hardness of
Aluminum Alloy 6061. They selected their
workpiece and tool material as Al-alloy 6061 and
high chromium high carbon with 8 mm diameter.
They got the optimum parameters for hardness
as burnishing speed as 250 RPM, feed as 0.06
mm/rev, force as 8 Kgf, and no. of passes as 5.
The authors used the Taguchi method for their
analysis purpose. They found that as speed
increases the surface hardness increases and if
there is a further increase in speed then hardness
decreases. They also concluded that when the
feed rate was low the distance between
successive traces was small.”

Fathi Gharbi et al. [5] “studied ductility
enhancement of aluminum 1050A rolled sheet
with a newly designed ball burnishing tool
device. They received workpiece material in a
form of cold-rolled plates with a thiclmess of 3
mm, Selected material has huge scope in the
manufacturing industry. They observed that an
increase in the burnishing speed, the feed, or the
force causes a decrease in mean roughness down
to a minimum value. After crossing this minimum
value, the mean roughness starts to increase with
the increase of each of the burnishing
parameters. The optimal feed rate and burnishing
force for aluminum 1050A plates are 0.1 mm/rev
and 100 N, resp. They also got the lowest values
of surface roughness at a feed rate ranging from
0.1 to 0.15 mm/rev.”

Amit Patel et al. [6] “studied the effect evaluation
of the roller burnishing process on the surface
roughness of 6061 T6 al alloy using response
surface  methodology.  Response  surface
methodelogy was employed to analyze the effect
of parameters to ensure a minimum surface
roughness. The authors used the ANOVA model
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for the analysis of their study. The usefulness of
roller burnishing decreases with an increase in
feed rate. Surface roughness is increased with an
increase in no. of passes, best results were
obtained with lower feed 0.06 mm/rev. They
suggested that for better results prefer the force
of 15-20 kg with the four number of passes.”

El-Axir, Othmanet al. [7] “considered the
improvements in beyond-roundness and micro-
hardness of inner surfaces by the internal ball
burnishing process. They used Al-alloy 2014
workpiece and carbon-chromium steel balls as a
tool. They concluded that if there is an increase in
burnishing speed then it will lead to a
considerable reduction in beyond-roundness;
though, it has no significant effect on surface
microhardness. The suggested burnishing feed
that results in high surface microhardness and a
considerable reduction in beyond-roundness is in
the range of 0.2 to 0.35 mm/rev. In the same
study, they got the best results for surface
microhardness at depth of penetration in the
range from 0.025 to 0.045mm, whereas the
beyond-roundness is obtained when applying a
high depth of penetration. A simple and adequate
experimental design, response surface
methodology (RSM), with the Box and Hunter
method was used to investigate the effect of the
burnishing process parameters.”

J. A. Travieso, et al[8] “studied improving the
surface finish of concave and convex surface
using a ball burnishing process. They used the
workpiece with the concave and convex surface
of the two different materials as aluminium
A92017 and steel G10380. Both workpiece
materials are composed of three areas in which
there are three curves of 50, 100, and 50 mm of
diameter resp. Al A92017 with a convex surface
with a radius between 50 and 100mm, the
burnishing process helps to improve the surface
roughness. Steel G10380 with a convex surface
with a radius between 50 and 100mm, the
burnishing process will again help to improve the
surface roughness. There is a specific prediction
for Al A92017; better results can be achieved
with a smaller radius in convex surfaces and with
a higher radius in concave surfaces.”

M. R. Stalin John et al. [9] “investigated the effect
of the roller burnishing process on Al 63400
material, Their burnishing tool was with
interchangeable springs, designed and fabricated
for experimentation. An interchangeable spring
was designed to give a load up to 1430 N. The

authors used response surface methodology for
their analysis. The optimization is carried out on
the surface which already hasa surface roughness
of 0.145um and a surface hardness of 43 HRB.
The optimized surface characteristics are studied
for the parameters burnishing force 1200 N, feed
200 mm/min, step over 3 mm, and no. of passes
2. The analysis of Al 63400 was done on a
computer numerical control vertical machining
center. The surface characteristics obtained were
surface roughness 0.141pum and surface hardness
44 HRB."

P. Saritha [10] “states that the roller burnishing
process is used to get a good surface finish for
material such as aluminium & mild steel. The
contact analysis proves about a 10-15% variation
in results. Their results obtained for contact
stresses in a roller burnishing process were
found using different theories and numerical
methods, The best approach is to adopt multi-
scale FEM methods.”

Shailesh Dadmal et al. [11] “studied finite
element analysis of the burnishing process.
Surface finish has a long-drawn-out effect on
almost every material. They evaluated the
consequences of burnishing parameters along
with the surface integrity before the actual
functioning. They presented the process of
developing the 2D model using ftransient
structural analysis of the roller burnishing
process. The material of the roller in the roller
tool was tool steel and high carbon high
chromium steel. They found that the results of
the FEA are coinciding with the experimental
results with less than 10% error.”

D. M. Mate et al. [12] “formulated a mathematical
model for Al-2014 with a spherical surface
burnishing tool. The authors are dealing with the
effect of the burnishing process on the aluminium
alloy 2014. The authors say that it is essential to
correlate quantitatively various independent and
dependent terms involved in this very intricate
phenomenon. This correlation is nothing but a
mathematical model as a design tool for such a
situation. The author’s objective behind this was
to minimize processing torque; energy and time
with the constraints involved were bound values
of m terms. The author’s formulated LPP on the
basis of the computed results, The computed
result on the basis of dimensional analysis
provides effective guidelines to manufacturing
engineering so that they can minimize E, Ra, and t
for higher performances.”

Kunal R. Patel et al [13] “studied the
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investigation of roller burnishing process
parameters on the surface roughness of Al-Alloy
6351 T6 by the response surface methodology.
Response Surface Methodology is a collection of
mathematical and statistical techniques that are
useful for modeling and analysis of process
parameters and optimization of response. They
got the results as follows: the minimumnt surface
roughness value 0.080um was obtained at values
of 450 rpm speed, feed rate 0.064 mm/rev, no. of
tool passes 4, interference 2 mm. In this
investigation, the experimental design was
established on the basis of 2k factorial, where kis
the number of variables, with central
compositle-second-order rotatable design to
improve the reliability of results and to reduce
the size of experimentation without loss of
accuracy.”

Manabu Iwai et al. [14] "studied the development
of a new burnishing method utilizing a flank face
of a turning tool and its burnishing performance.
The authors had introduced, a new method using
a flank face situated in a few millimeters lower
part of the nose cutting edge of a tool. The
workpiece material used was carban steel (§45C)
of ¢p30mm and the turning insert was used as the
face of the tool nose.”

By studying various papers, it is concluded that
no work is found for optimizing the burnishing
process by Taguchi Method for Aluminum Alloy
5083. In the present work, we are focusing on the
optimization of burnishing process parameters

for optimum surface finish.

2. EXPERIMENTATION SETUF AND
CUTTING CONDITIONS

For the conducting experimental trials, the ACE
make CNC model Simple Turn-5075 Siemens
802C is employed (see Figure.1). First of all, it is
very important to select a process with process
parameters and their levels. In the research work,
machining parameters such as spindle speed,
feed, and depth of cut are selected for
optimization of surface finish.The surface finish is
measured with a Mitutoyo surface roughness
tester. In the present research work, we are going
to utilize the Taguchi method for experiment
design.The design of the experiment is done with
help of MINITAB 21.1 software and for this
condition suited orthogonal array such as L9 is
selected from the series of arrays.The design of
experimental trials is shown in Table
2.Aluminium Alloy 5083 material rods with 50
mm diameter and 300 mm length are selected for

experimental trials. In the present work, a

rectangular shape TNMG 160408 insertis used as
a cutting tool used for Aluminium Alloy 5083
materialspecimens. The clearance angle of the
selected insert is zero. The inscribed circle size is
9.5mm and the thickness is 5mm. A tool holder
such as PCLNR 2525M12 is employed to hold the
insert.

Figure 1. Experimental Unit
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Figure 2. Surface Roughness Tester

Table 1. Control Factors with Levels

Control Parameters
Levels —¢ indle  FeedRate Depth of Cut
Speed (mm/rev) (mm)
(Rev/min) S
11 850 0.045 0.08
L2 750 0.040 0.06
L3 650 0035 0.04

After DOE, it is important to conduct all trials as per the design of the experiment.After inserting surface
roughness values in the MINITAB 21.2 software, the signal-to-noise ratios for each trial are calculated by
applying the smaller is better condition.

S/N = —10 xlog(Z(Y*)/n)) Eq. (1)
Where, S/N-Signal to Noise Ratio, Yi — i observed value of the response, n - Number of observationsina
trial, Y - Average of observed responses values.

Table 2. Experiment Conductionas DOE

Spindle Feed Depth of Surface
Speed (e frev) Cut Roughness | S/N Ratio

Rev/min (mm) (Ra) in pm
850 0.045 0.08 1.20 -1.58362
850 0.040 0.06 0.76 2.38373
850 0.035 0.04 0.53 5.51448
750 0.045 0.06 0.91 0.81917
750 0.040 0.04 0.72 2.85335
750 0.035 0.08 0.67 3.47850
650 0.045 0.04 1.10 -0.82785
650 0.040 0.08 0.71 2.97483
650 0.035 0.06 0.62 415217
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Table 3. Response Table for Signal-to-Noise Ratios Table 4. Response Table for Mearns
(Smaller is better) Denth of
Depth of epth o
Level |Speed| Feed gut Level | Speed | Feed Cut
1 [2.0997] 43817 | 2.5133 1 10.8100) 0.6067 | 0.7833
2 23837 2.7373 | 2.4517 2 10.7667 | 0.7300 | 0.7633
3 [2.1049] -0.5308 | 1.6232 3 108300 1.0700 | 0.8600
Delta [0.2840] 4.9125 | 0.8901 Delta | 0.0633 | 0.4633 | 0.0967
Rank | 3 1 2 Rank | 3 L 2

The calculation of signal-to-noise ratios with help of MINITAB 21.1 software is shown in the following
Table 2. From Table 4 we can conclude that feed rate is the most influencing factor for the surface finish
which shows rank first in the response table of means.

3. RESULTS AND DISCUSSION

The graphs are plotted using MINITAB 21.1 software. The main effect plots for means and S/N ratio are
shown in Figures 3 and 4 respectively.
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Figure 4 indicates that the optimum level of 4. VALIDATION OF RESULT

parameters is A3, B3, and C1. (ie. 650 rev/min, After conducting the experiment, we have found
0.035 mm/rev,0.0Smm). Using these parameters the optimum set of machining parameters at
in the burnishing process we get the maximum which we get minimum surface roughness means
surface finish. Figure 3 indicates that the surface we get the best surface finish, The optimum level
finish first decreases with an increase in spindle of parameters is A3, B3, and C1. (i.e. 650 rev/min,
speed and then increases with an increase 0.035 mm/rev,0.08mm). The optimum value of
inspindle speed. Surface finish increases with an surface roughness predicted by MINITAB 21.1
increase in feed rate. The surface finish decreases software at opﬁmum levels of machining
with an increase in the depth of cut and then parameters is 0.67 um. In this stage of validation,
increases with an increase in the depth of cut. we have to check the repeatability of our result.

Table 5. Validation of Result 5585
Error =@Eace

) Roughness
Trials Conducted Predicted by

Surface at the Optimum The average MINITAB 21.1

; Roughness Level of
Optimum Level of ) value of Ravalues Software) - (The
Predictediisy Pargmiters 1o collected after average value of

Parameters
MINITAB 211 fd th.e conducting Trials Ra values
Software corresponding Ra
collected after

value conducting
L - - . Trials)
A3,B3,andCl.  0.67 um ~ 0.65pm 0.65 um 0.02
(i.e. 650 rev/min, 0.62 um
0.035 mm/rev, 0.67 ym
0.08mm) ‘ 0.68 um
0.65 um

We have conducted the trials to find surface

roughness values at optimum levels. we have

conducted 5 validation trials as shownin Table 5. 5, CONCLUSION

From Table 5, we can conclude that the error It is concluded that the optimum set of machining
value is 0.02 which is within the acceptable limit. parameters at which we get minimum surface
In this way conducted the validation. roughness means we get the bestsurface finish.
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The optimum level of parameters is A3, B3, and
C1. (ie. 650 rev/min, 0.035 mm/rev,0.08mm).
The optimum value of surface roughness
predicted by MINITAB 21.1 software at optimum
levels of machining parameters is 0.67 um and
the actual surface finish after trials is 0.65 pm
which is the average of all surface finish
measured values. The difference is 0.02 pm which
is minimum so the optimum parameters set is
correct.
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Abstraci— The record of answer books and attendance
(RABA) in any examination system is an unexplained but
necessary component of educational institutions to register the
presence and trace the unique number of answer sheets of a
certain applicant. Manually writing in the RABA of pupils
traditionally is time-consuming, difficult to manage, and prone
to human mistakes, To address these issues, an Al-based system
with facial recognition and a fingerprint-based biometric system
of digital RABA Is prescuted. In this work, an antomated system
for face recognition and fingerprint identification using
biometrics is proposed, and the answer sheet barcode is
subsequently scanned for RABA input using a camera module.
Finally, all of these records are stored in a database and may be
retricved at any moment by the institution of the university. This
approach provides a fuster and more precise means of avoiding
proxy attendance.

Keywords: Face Recognition, Fingerprint Recognifion,
Barcade, RABA, RFID, Artificial Intelligence, and fixed-point
pictures.

[. INTRODUCTION

Manual examination of understudies’ quality in the
asscssment corridor amid their separate closalest hours has
recenily cavsed aggravation because of close-to-home emors,
The traditional techmique for participation consumes time,
necessitates physical labor, and is primarily concerned with
how participation may be conirolled. Likewise, there is a
possibility that understudies who did not respond at the
involvement call may guarantee their participation later on. It
is also quite tircsome for the delegate to walk armund the
grounds inspecting each homeroom at asscssment time. As a
result, there is a demand for a competent and uncomplicated
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approach for truly assessing during the evil conputer-based
mtelligence mnovation can auswer this issue by uwse of
biometrics-based participation checking [1][2].

Biometrics can be physiological or social [3]. The
physinlogical properties are contained in the real bodily part
(like fingerprints, hand-shaped impressions, iris, face, DNA,
hand calculation, retina, and so forth) Individuals' conduct
qualities include behaviors such as dialogue acknowledgment,
key output, and signature verificaiion. Any biomelic
framework consists of two stages: the envollment stage and the
discovery stage. The recogunition of an individual through his
body, and the subsequent identification of this bady with a
"personality” created from the outside. creates a wvalid
apparatus for character asscssment. Thus, biometrics isn't
simply an intriguing subject in model recognition research;
when vsed correctly, it might potentially make our general
population  move  safe.  less  decepiive, and more
understandsble. Varions biometric validation frameworks
have been used, but each has its own sel of advantages and
disadvantages depending on the quality, recording device,
data set, and associated propertics [4][5]. A hiometric
framework develops a person’s personality by following a
development. There is an interest in developing a powerful
single-made  framework  to secure  profection  afier
investigating the problems of the cwrrent identification
framework. Another wuay for capturing invelvement by
perceiving face, as well as distinctive mark design, can be
vsed to sccomplish this, These two advancements are
computer-based. There are scveral web programs available for
the biometric participation framewark that may be vsed with
a mobile phone. Phones are normally not authorized to be
communicited during assessment; so, biometrics (fingerprint
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and face recognition) may be used in Raspberry Pi with
different modules conduciing facial recognition and
binmetrics can be connected. As a result, the architecture is
compact and secure. As a result, our frumewoirk is limited
since cach of the extremely important units gefs prepared
inside a convenient handheld box.

Dhanalakshimi et al. [6] used an infrrmation base created
by the organization as well as the Asdhasr Ceniral
Identification Repository (CIDR). Remote unique mark
terminals are aware of capturing and storing participation
records in the gadget data set and renewing them in the server
data set.

Mahamed et al. [7] illusirated a model of the Class
Attendance Management System (CAMS) develaped with an
NFEC (or RFID) tag/card. The software on the NFC-enabled
phone reads an understudy ID by just touching it agninst an
NEC stu-gouge ID card. The program ulilizes FC-enabled
Android gadgets to read the understudy grounds card and
focus his ID number to be used as an understudy identify in
CAMS,

Rathod et al. [8] used Viola-Tones and HOG in addition to
the SVM classifier. Scaling, illumination, obstacles, and
posture should all be evaluated constantly. PSNR esteeins are
used to complete the quantitative examination.

Masrurch et al, [9] reviewed the related efforts in the fields
of perticipation ‘management, NFC, facial recognition,
miciocomputers, and distributed storage. They proposed a
frumework that reduces the amount of paper used and
eliminates the time and effort used in assessing participation
using a mobile-based participation paradigm.

1. PrOPOSED METHODOLOGY
The following components are essential to the system:

e Raspberry Pi 4th Gen + 16GB SD Card

e Heat Sink and Fan

e Fingerprint Scanner, R307

o 7-inch touch display

e 20000 mAh Lithiwmn batteries

e Pi8 MP camera Face recoguition and barcode scanning

are possible with the camera module.

The eitire system was written in Python and interacted
with the database using Open CV modules, The attendance
may be accessed straight from the database using a web-based
application. To register and confinn binmetric data
fingerprint detection and facial recogaition algorithims are
used.

The real assets or equipment prevequisites are the typical
arrangenients of necessities specified by every working
fiamework or programming application, as shown in Fig. 1.
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Fig. 1. Propesed Syetem Hardwure Descipiion

Biometric participation frameworks that are generally
accessible are statically located and require an individual to go
toward the gadget to stamp their involvement. Pechaps the
most significant negative is that the framework is huge, and
because of its static area, most clents mnst wait their time. In
this manner, an application is offered that incorporates
biometric aspects (facial and finger) for the involvement of
picked understudies alongside a normal tag scanner for their
RABA transit in the asscssment lobby. The suggested
framework is small and compact.[10]

The suggested architecture has been designed with three
esseatial procedures in mind.

1. Student and invigilator/faculty registration in  the

examination hall.

A comparison of the data entered during registration
with the parameters. When a match is detected, the
response sheet number is retrieved using a camera and
saved as attendance, along with the date and time.

The student biometric infommation, along with the
specific barcode of the scanned copy, is saved in the
database and wansferred to the server database.

!\J

The registiation phase consists following steps-

STEP 1. Enter the user's (faculty or studcnt)
information.

STEP 2. Scan Your Fingerprint.

STEP3.  Take a facial image.

STEP 4.  Extracting features from facial images and

fingerprints and suving them to the dalabase
for further verification.

Face feature extraction: For face feature extraction, 2-D
facial landmarks are considered. The feature distance in the
face represents several extracted characteristics from the face.

The Head position characteristics did not reflect temporal
information, that is, they did not transmit changes in time. As
a resalt, the horizontal and vertical mation of particular face
points, namely points 2. 4, 14, and 16, was used to assess Head
Motion. The mean, median, and maode of displacement in the
horizontal and vertical directions were then computed. Facial
temporal mformation may transmit mformation about a
person’s affective state, and so there may be a comelation
between them. This was implemented as face characteristics
derived from the eyes, lips, bicws, and head.

Fingerprint feature extraction: A fingerprint template is

a collection of fingerprint featires kept in a user's fingerprint
database. During the enrollment process, it is saved to reflect

~,
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the true cwner of the fingerprint. In a fingerprint recognition
system, the matching algorithm  is  coritical.  Matching
algorithins are used to compare previously stored fingerprint
templates to candidate fingerprints for authentication. Pattern-
based (or image-based) algorithms and Minutia Featare
extraction-based algorithins are two commonly usc
algorithms. The fundamental fingerprint patterns (arch, whorl,
and loop) of a previously stored template and a candidate
fingerprint are compared wsing pattern-based algorithms.
Other algorithms take advantage of minufe details on the
finger.

In this vesearch, the Minutia Feature extraction-based
teclnique was employed to match the fingerprint templates.
The steps in the Recognition Phase are as follows:
1. Recognize the invigilator's fingerprint and face and
record their atiendance.

2. Recognition of a student's fingerprint aud face to
record attendance.

Scan the answer sheel's barcode,

Lad

1. RESULT

The suggested system was developed. and tfesting was
carried out in Python. Figures 4-8 show screenshots of the
implemented model.

S S = S R = s
Digitasl FEAFRA

Fig.2. Huomc page
GUI of the home page as shown in Fig. 4
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Fig. 3. Institute Login

The institute's login page is scen in Fig. 5. An authorized
user can register hoth students and instructors after matching
credentials, Biometrics (fingerprints and faces) are recorded
and kept in a databaze.

Figure 6 depicts the biametric recognition page. There isa
link on this page for both faculty and students. When "Student
binmetrics” is selected, the face and fingerprint are collected
and compared fo all traits in the database. If any of the
characteristics (fingerprint or face) match (fig. 7). the
scanning of the response sheet barcode will be redirected (fig.
e scained answer sheet munber, together with the date
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and time, is saved in the database. This would keep track of
the-student's attendance. Otherwise, the message "Biometric
Mismatch” will appear. If the biometrics match was
unsuccessful for whatever reason, or if the student's
information is not in the database, manual input is an
alternative. When "Faculty biometrics" is selected, the user is
sent to the faculty biometric recognition page (fig. 9).

Digiral RAB M

Fig, 4. Bimmectric Recognition
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Fig. 6. Shudent Answer Sheet Barcode Scanning
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Fig. 7. Taculty Bivwactric Recognifion

The faculty binmetric recognitinn page is seen in Figure 9,
On this scieen, the teacher must fivst pick a rooim nuiiber, and
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then only biometric recognition is enahled; olherwise, the
message "Enter Room Number" will be displayed. Following
the selection of a room number, biometrics are matched, and
the date and time, as well as the room number, are kept in the
database. If the biometrics match was onsuccessful for
whatever reason, or if the student's information is not in the
database, manual input is an aliernative. This will be useful in
calculating total invigilation duty days in the futwe.

The time assessment of the proposed system o estimate
the time delay during face recoguition, fingerprint scanning,
and barcode scaniing is shown in Table T below.

TARLEL PER ORMANCE EVALUATION OF PROSFCSED ALGORITHEM
Testing Facial Time Fingerpriut Barcode Time
(in a sec) Time (in a sec) (in a sec)
Test-1  6fs 432 213
Test:2 712 3.76 =y
Test-3 675 4.0 3
Test-4 738 458 282
TABLEIL PEnrowntaicE EVATVATION OF PROPUSED ALGHRITHM
, ; ; Buoth
sting acin S
Testing Facial  Fingeiprint Biometrics
Test-1 | Stkoess  Success Suggess
Test-2 Success Sucess Sugcess
Test-3 Buwcess | Failure Suucess
Test-4 Failure Failure Failiice

Tahle T shows the failure and success assessment of the
suggested system to estimate the system's accuracy during
facial recognition, fingerprint scauning., and harcode
scanning. In this table, it can be chserved that two out of ten
face recognition attemipts failed, resulting in an efficiency of
8090, Similarly, for fingerprint recognition, 4/10 failed
attempts were reported, resulting in a 60 percent efficiency.
When both are combined, just 1/10 of the unsuccessful
allempts are detected. and the accuracy observed is thercfore
90%. As a result, hybrid hiometric recognition s
recomunended as an accuiade atlendance auwthentication
technique.

IV, CONCLUSION

The suggesied model is an application used to track the
aliendance of students taking exams. The program will have
two main modules: finger-print/facial biometrics and the
response sheel's barcode. For student atlendance, binmetrics
are employed, and barcodes are used to record answer hoaks
and altendance (RABA) input. The entire system is partable
and was built using the Raspberry Pi module. The system
yields the following conclusions:

e This frumewaork ensures a quick, painless, and paperless
framewaork that is affordable to the asscssiment lobby.
e The manual updating and estimating of participation has

BOW been replaced by a superior framework that
i robotized cycle of participation coordinated

e Reduced demand on resources to keep up with physical
involvement.

e A simpler and faster inquiry.

o An extremely sccue dutabase with no possibility of
altcration.

The suggested model would recominend this framework
as a replacement for the present approach in schools and
colleges. The suggested framework precision and reactinn
time will be enhanced in future studies.
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