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ABSTRACT
Piroxicam isa Nonsteroidal anti inflammatory, analgesic and doytietic drug. This is widely

used in Musculaskeletal disorder like osteoarthritis. Piroxicam has bitter taste, half life of 30
hrs and poor water solubility. So the present work was focused on mdbkkirbitter taste of
piroxicam. In the present research was to develop thensstked microspheres of bitter drug
piroxicam by spraydrying technique. The bitter taste threshold value of piroxicam was
determined. Three different polymers viz. low molacuChitosan, high molecular Chitosan

and Pluronic F127 were used for piroxicam microsphere formation, and the effect of different
polymers and drugpolymer ratios on the taste masking and release properties of microspheres
was investigated. The microspher were characterized by Fourier transform infrared
spectroscopy, Differential scanning colorimetric, scanning electron microscopy, Drug loading,
in vitro bitter taste evaluation, and drtgjease properties. The taste masking was found absent
in low moleallar chitosan microspheres at 1:1 dmglymer ratios. The high molecular
chitosan microspheres showed taste masking at 1:2 plslygner ratio, whereas with Pluronic
F127 microspheres the taste masking was not achieved at all thiepdiygper ratio. The ig
release was about 53.34% for low molecular chitosan microspheres and 39.57% for high
molecular Chitosan microspheres in 15 min. hence spray dried microspheres can be effective
technique for taste masking of bitter drugs without affecting the drugnpyope

Keywords: microspheres; spray drying;
piroxicam, taste masking.

electrical impulses to the brain. The
perception of taste only occurs when the
substances are dissolved in mouth. The
drug substance first gets solubilized in
saliva & then they interact with the taste
buds and perception oadte occurs [1,2].

INTRODUCTION
The biological definition of taste
(Gustation) is a chemical reaction derived

from sensory responses from the four main
taste perceptions: salt, sour, bitter, and
sweet. Taste sensation is the result of signal
transduction from the receptor organs for
taste, commonly known as taste buds. The
taste buds contain very sensitive nerve
endings which produce and transmit

Taking medicine orally is convenient and
economical. It also requires cooperation
from the patient. Unfortunately, many
drugs have unpleasant taste primarily bitter.
This has led to dilemma for modern
pharmaceutical science as undeseahiste
can hinder the acceptance and usefulness of
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many beneficial, safe, and efficacious
drugs. Thus, elimination or reduction of
bitterness is an important mainstay of
product evaluation in oral pharmaceutical
formulation. Numerous approaches have
beenreported for masking the bitter taste of
the drugs such as [1] use of flavors and
sweeteners, [2] use of polymeric carriers,
[3] drug resin complexes, {4] formation

of inclusion complexes, etc. Taste masking
by polymeric coating involves formation of
a physical barrier between drug particle and
the taste bud, thus, minimizing the
interaction. Polymeric coating retards the
release of the drug in oral cavity, thus,
prevents the interaction of drug with taste
buds. Various hydrophilic and hydrophobic
polymers such as hydroxylpropyl methyl
cellulose, ethyl cellulose,
polymethacrylates, microcrystalline
cellulose, etc. are reported for taste
masking. The method used for taste
masking with polymers includes wet
granulation,  fluidized bed coating,
microencapsulatn, etc. [#14]. Piroxicam

is selected as a suitable candidate for taste
masking due to its bitter taste. Piroxicam is
a Nonsteroidal anti inflammatory,
analgesic and anpiyretic drug which is
widely used in Musculaskeletal disorder
like osteoarthris. Piroxicam has bad taste,
half life of 30 hrs and poor water solubility.
The present investigation is aimed at use of
polymers as a tastmasking agent like low
molecular  Chitosan, high molecular
Chitosan and Pluronic F127 are used to
prepare microsphese Low molecular
weight (150,000) chitosan is 85 percent
deacetylated and has a viscosity ofZflD
cps) / High molecular weight (600,000)
chitosan is a coarsely ground polymer
prepared from crab or shrimp shells with a
viscosity of 8062000 cps) moledar
weight) polycationic polysaccharide
derived from naturally occurring chitin and

is insoluble above pH 6 and it dissolve
readily in diluted solution of several
organic acids including formic, acetic,
tartaric, citric and lactic acid (Rowet al.
2004). Pluronic F127 is a nonionic,
surfactant  polyol (molecular weight
approximately 12,500 daltons) that has
been found to facilitate the solubilization of
waterinsoluble dyes and other materials in
physiological media. Spray drying was
used for the prepaiah of the
microspheres. Spray drying is widely used
in pharmaceutical processing as it requires
only a onestep process and can be easily
controlled and scaled up.

METHODS AND MATERIALS
Piroxicam (PIRX), low molecular weight
chitosan (L.M.C), high moleda weight
chitosan (H.M.C) and pluronic F 127
(PLU-F127) were gifted by IPCA lab,
Mumbai, (India). The other chemicals and
reagents used were of AR grade.

Preparation of Microspheres

The microspheres were prepared by spray
drying technique. The spray dng was
performed by Mini Spray Dryer LSP48;
(Jay instrument & systems Pvt. Ltd.
Mumbai). The different drugolymer
ratios used for various microsphere
formulations were prepared described in
Table 1. The polymer solution was
prepared by adding given antity of
polymer to the solvent. For low and high
molecular weight chitosan 1% glacial
acetic acid and water were used as solvent
mixture, whereas for pluronicF127,
Dichloromethane wasgsed as solvent (15).
The given quantity of piroxicam was added
to the polymer solution and the resulting
mixture was spraylried. The spray drying
parameters are described in Table 2.
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Evaluation of taste masked
Microspheres
Percentage Yield of spray dried

microspheres
The yield of microspheres was determined
by the fornula,

%Yield = Total Weight of Microspheresx 100
Total Weight of Raw Material
Drug loading of spray dried

microspheres

The drg loading was determined by WV
Visible spectrophotometer. The
microspheres were stirred with 100 ml 0.1
N HCI for 2 h. The drug concentration was
determined at 334 nm after suitable
dilution. The readings were taken in
triplicate.

Determination of bitter taste recognition
threshold value of piroxicam

The bitter taste threshold value of
piroxicam was determined based on the
bitter taste recognized by five volunteers
(three males and two females) in the age
group of 18 25 years. Aqueous solutions
of piroxicam with different concentrations
(2, 4, 8, 13, and ¥8g / ml ) wer e
One milliliter of solution was placed on the
center of the tongue of volunteer for 30 s.
The solution was spat out after 30 s, and
the mouth was thoroughly rinsed with
distilled water. The same procedure was
repeated for all solutiorsnd volunteers. A
gap of 1 hr was maintained in between
tasting two different solutions. The same
procedure was repeated for piroxicam
solutions with concentrations 4.5, 5.5, 6.5,
and 7. 5¢qg/ ml The t
selected on the basis of the lowest
concentration that had a bitter taste [4,
15,16, 17].

In vitro bitter
microspheres
Microspheres (equivalent to 8 mg of
piroxicam) were placed in a volumetric

taste evaluation of

flask with 25 ml of phosphate buffer pH
7.4 and stirred for 5 min. The mixtuveas
filtered, and the filtrate was analyzed for
piroxicam concentration at 334 nm by UV
Visible spectrophotometer method (UV
1601 A Shimadzu, Japan) and that was
compared with the threshold value.

Fourier transforms infrared
spectroscopy (FTIR)

The FTIR @ectral measurements were
taken at ambient temperature using a
Shimadzu, Model 8033 (USA). Samples
were dispersed in KBr powder and the
pellets were made by applying 5 ton
pressure. FTIR spectra were obtained by
powder diffuse reflectance on FTIR
spectropbtometer.

Scanning electron microscopy (SEM):
Scanning electron microscopic (Jo&l -
5600, USA, with magnification of 250x)
photographs were obtained to identify and
confirm spherical nature and Surface
topography of the microspheres.
Dissolution studies of microspheres

The dissolution of piroxicam pure sample,
spray dried microspheres formulations
yere, detgr;nige&i py using USP dissolution
apparatus XXI¥Type |l (Electro Lab,
Mumbai). Dissolution medium was 900 mi
7.4 Phosphate buffer. The amount of
dissolved drug was determined using UV
spectrophotometric method (UV 1601 A
Shimadzu, Japan) at 334 nm. The readings
were taken in triplicate.

RESULTS
The glass transition temperature (Tq) is the

nSPOgnEdgr phase ehanog femperajuge at

which a solid glasdgs transformed to a
liquid-like rubber. As the temperature
increases above, Tg various changes, such
as increase of free volume, decrease of
viscosity, increase of specific heat, an
increase of thermal expansion, are noticed.
During spray drying, if the nging
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temperature exceeds the Tg of the polymer, chitosan and high maotelar weight
the powder becomes soft or sticky while  Chitosan  microspheres passed the

still warm. This cause bitterness evaluation test; therefore, they
The Sticking of powder to the side walls of  were selected for drugelease study (Fig.
drying chamber. 3).

Drug Loading and % yield DISCUSSIONS

Table 4, summarizes the results of drug The Tg of Pluronic F127 as provided by
loading and produimn % yield. the manufacturer IS 42°C SO
Determination of Bitter Taste dichloromethane was selected as sdiven
Recognition with boiling point 36°C, i.e., lower than the

All the Five volunteers could not recognize Tg of pluronic F 127, whereas Tg of low
the bitter taste of Piroxicam at 4.5 & and high molecular weight of Chitosan is

6. 5¢qg/ ml . four out 0 betwkean 1522037 (14 mherefere, waterc a n
percept the bitter t aand &% gldcial ®ceticeagd wele,used lase r e a s
all the seven volunteers meped that the solvent for Low and High molecular weight
solutions of 14.5 an dChito8an Sricpépheres (Sehi, eHetbal. t t er .
In Vitro Bitter Taste Evaluation of 2004).

Microspheres The spray dried microspheres formulations

The drug release in pH 7.4 phosphate collected & were fredlowing and white in

buffer was studied to evaluate taste color. The percentage yield of spray dried

masking. The drug release from Low microspheres showed in table 4. Drug
molecular weight chitosan microspheres loading for the spray dried microspheres

(drug polymer ratio 1:1) and High formulaion was showed in Table 4.

molecular weight Chitosan microspheres  The threshold bitterness value lies in

(drug polymer ratio 1:2) was lessthanthe bet ween 4.5 and 9. 5¢gg/ ml
threshol d bitter ness pixodachm slutions af £5, 6.5, 75,.abdsB8&% / ml

The drug release for Pluronic -1R27 e g/ ml concentrations wer e
microspheres was above the threshold the same procedure was repeated. From

value for all the drug polymer ratios Table 3, the bitter taste threshold value of

studied. piroxicam i S 7. 5¢g/embl. ( Khan,
Infrared Spectroscopy studies 2007).

The FTIR spectrum of drug, polymer, drug The microspheres were prepared with
and different drug: polymer ratio different drug to polymer ratios. The Low

microspheres (PIRX: L.M.C, PIRX: molecular weight exhibited excellent taste
H.M.C, PIRX: PLUF-127) are showed in masking at druigpolymer ratio 1:1. Taste
Fig. 1. masking was also achieved at drug
Scanning Electron Microscopy polymer ratio 1:2 and.:2.5. All the other
The SEM microgaphs of pure piroxicam, ratios studied did not show taste masking
low molecular weight chitosan as the drug release at pH 7.4 phosphate

Microspheres, high molecular weight buffer was above the threshold bitterness
Chitosan Microspheres are depicted in Fig.  value. This may be because of incomplete

2. film formation by the Low molecular

In-vitro Drug Release weight which fails to control theelease of

The drug release results are depicted in piroxicam at salivary pH. Chitosan is

Table 4. The Low molecular weight insoluble in alkali solutions at pH above 6.
7 International Journal of Current Research amagvRégerexom
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High molecular weight Chitosan exhibited
taste masking at driigolymer ratio 1:2
and 1:1.5 but taste masking was not
achieved for other ratios (Khan, 8t al.
2007).

The PIRX exhibited characteristic peaks at
showed characteristic peaks in all the
spect r @Rk and TIOK estretching
which ties at 1385 cih) 1635 or 1625 cih
(N-H-CO; stretching vibration), 1525 c¢hn
(secondary-NH, stretching), 1440 cth
(CH; AND Ar-c=c stretching), 1355 cm
(sym.iCH,) and 1155 and 1070 ¢mor
10501070 cnt (-SO,-N-) 770 and 740 or
740 cm' ( Orthodisubstituted phenyl). The
Low molecular weight chitosan
microspheres exhibited both the
characteristic peaks of PIRX at 138Bda
16 3 5% mHigh molecular weight
Chitosan microspheres depicted no shift in
both the characteristic peaks of PIRX. The
results of IR reveal that there was no
chemical interaction between drug and
polymers.

The microspheres prepared by spray drying
were pherical in shape with small diameter
in the range ¥1 1 € m. The
confirmed the uniformity and fine nature of
the microspheres which contributed for
rapid drug release from the microspheres.
The low molecular weight chitosan
microspheres (1:1 driilgolymer ratios)
showed 53.34% release in 15 min, whereas
high molecular weight Chitosan
microspheres (1:2 driigolymer ratio)
depicted 39.57% release in 15 min. This
could be due the spherical and uniform size
of microspheres or increasing the wet
ability of microspheres.

CONCLUSION

Spraydried  microspheres of Low

SEM

molecular weight chitosan did not affect
the drug release whereas high molecular
weight Chitosan exhibited slight delay in

drug release as compared to Low molecular
weight chitosan, but the slight delay can be
outweighed by the virtue benefit achieved
of taste masking and better patient
compliance.
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Table 1 Formulation of Microspheres

Polymer Drugi polymer ratio
L.M.C microspheres 1:0.5 1:1 1:1.5 1:2 1:2.5
H.M.C microspheres 1:0.5 1:1 1:1.5 1:2 1:2.5
PLU-F-127 1:0.5 1:1 1:1.5 1:2 1:2.5
Table 2 Spray-Drying Parameters
Polymer Inlet temperature| Feed pump | Vacuum (mm Wc) Aspirator level
(°C) speed % (kg/cm?2)
L.M.C microspheres 145 15 -70 1.5
H.M.C microspheres 145 15 -70 1.5
PLU-F-127 38 15 -70 1
Table 3Taste Recognition Threshold Detenination
Concentration Volunteer
(eg/ ml 1 2 3 4 5
2 N N N N N
4.5 N N N N N
5.5 N N N N N
6.5 N N N N N
7.5 Y N N Y N
8.5 Y N Y Y Y
9.5 Y N Y Y Y
14.5 Y Y Y Y Y
19.5 Y Y Y Y Y

Table 4 Evaluations of Microspheres

Microspheres Drugi polymerratio | % Yield | % Drug loading | % Drug release
L.M.C microspheres 1:.05 43.56 68.02+0.04 38.32+0.43 in15 min
1:1 58.29 58.26+0.21 53.3440.13 in15 min
1:1.5 40.57 59.47+0.24 47.42+0.11 in15 min
1:2 49.36 77.98:0.52 46.83+0.03 in15 min
1:2.5 57.09 83.27+0.32 44.37+0.24 in15 min
H.M.C microspheres 1:.05 47.83 79.38+0.03 38.49+0.10 in15 min
1:1 45.37 83.83+0.01 36.48+0.03 in15 min
1:1.5 42.32 87.49+0.17 38.65:0.01 in15 min
1:2 58.93 79.54+0.10 39.5740.34 in15 min
1:2.5 61.72 86.37+0.25 38.54+0.13 in15 min
PLU-F-127 1:05 57.64 88.83+0.01 -
1:1 63.59 77.25+0.13 -
1:1.5 58.39 82.6540.21 -
1:2 64.03 78.37+0.02 -
1:2.5 63.53 76.69+0.02 -
10 International Journal of Current Research amghvirgerexsom
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Figure 1- FTIR spectra of drug, polymers, drug polymer physical mixtures and
microspheres

Figure 2- SEM of A -pure piroxicam, B 1 PIRX: L.M.C microspheres, C-PIRX:
H.M.C microspheres
A B

11 International Journal of Current Research amghviRgerexsom
Vol. 03 issue 04 Apr 2011



Fig.3- In vitro drug release from Low molecular weight chitosan microspheres
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Fig.4: In vitro drug release from High molecular weight chitosan microspheres
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ABSTRACT
There are remarkable forward strides in the mactufing process with the tremendous
technological innovations. In order to increase productivity, enhance quality and reduce cost,
machine tool have to work free of any malfunction. Vibration responses are the proven measure
of the malfunction. The mainbgective of this study is dedicated to the experimental vibration
analysis of the spindle bearing assembly with self exited vibration. Experimental Modal analysis
was carried out to obtain the natural frequency and vibration responses are investigated at
various parametric levels and combinationsusing LabVIEW software. The parameters in the
investigation include feed, depth of cut, and cutting speed.Output parametris is surface finish
and vibration level. Experimental data collected are tested with ambysriance(ANOVA
Taguchi design of experiments was used to optimize the process parameter for the responses,
surface roughness and vibration level. Regression model developed serves in prediction for the
responsesOn the completion of the experimensalABIOVA is used to validate the results.

Keywords: Spindle bearing, modal
analysis, Surface roughness profile,
vibration, LabVIEW, ANOVA

1. INTRODUCTION
Surface roughness is a commonly

encountered problem in machined surfaces.
It is defined as the finer irregularities of
surface texture, which results from the
inherent action of the production process.
Consequently, surface roughness has a
great influence on product quality, and the
partfunctional properties such as lubricant
retentivity, void volume, load bearing area,
and frictional properties. Furthermore a
goodquality machined surface
significantly improves fatigue strength,

corrosion resistance, and creep life[1].
Surface roughnesss consisting of a
multitude of apparently random peaks and
valleys. When two rough surfaces are
brought to be in contact, it is occurred in
smaller area, which is called the real area of
contact. This area is not only a function of
the surface topographput also on the
study of interfacial phenomena, such as
friction and wears[2].

Surface finish plays an important role in
affecting friction, wear, and lubrication of
contacting bodies[3]. The effect of surface
roughness on the lubricant film
characteristis under conditions  of
combined normal and sliding motion [4].
Surface roughness is one of the parameters
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that greatly influence the friction under
certain running conditions[5]. Surface
roughness of the contacting surfaces
influences the frictional propees of those
surfaces during the forming processes [6].
It is clear now that surface roughness
geometry strongly influences the manner in
which the contacting surfaces are
interacting. Furthermore, it is well known
that the final geometry of surface
rougmess is influenced by various
machining conditions such as spindle
speed, feed, depth of cut, tool flank wear,
and vibration level (chatter) [7].

One of the most significant factors
affecting the performance of machine tools
is chatter. Chatter not only inlits
productivity of cutting processes but also
causes poor surface finish and reduced
dimensional accuracy, increases the rate of
tool wear, results in a noisy workplace and
reduces the life of a machine tool. Several
studies have been performed since e
1950s regarding regenerative chatter [8,
9,10 &11 ] These studies have led to a
fundamental understanding of regeneration
of waviness, or the overcutting of a
machined surface by a vibrating cutter, as a
feedback mechanism for the growth of self
exdted vibrations (or chatter).

The study reveals, the larger the initial
preload applied, the less vibration
amplitudes are generated, and consequently
less variation in the grinding depth of cut.
As the initial preload increases, i.e., the
stiffness of tle bearing increases, the
dominant frequencies of the system shift to
higher values. As the preload increases up
to a certain value, the peak -peak
amplitude decreases. Beyond this value the
reduction in vibration amplitude is
insignificant which indicate that larger
values of preloading will not further reduce
the vibration levels of the machine spindle.
Therefore, this analysis can be used to

calculate the optimum initial axial preload

in order to obtain high accuracy for surface
finish. The vibration évels of grinding
machine  spindle  system increase
significantly for grinding wheel wear rate
percentage greater than 2, and decrease as
the workpiece material hardness decreases
[12]

The tradeoff between preload, stifles and
bearing life is exhibited. Ashe preload is
increased, stiffness increases and the life of
bearing decreases and as the preload
decreases, stiffness is reduced and the
machine tool performance is deteriorated.
Vibration measurement serves as an effective
tool for setting the preload udng the
assembly processes. There is no need to have
a theoretical model as the required
information can be obtain experimentally so
that the method would not depend on the
accuracy of a model. The frequency range
investigated was around 1170 HZ[13] .

The different component defects have their
unique frequency, the amplitude denotes
severity of the defect and the frequency
reflects the source of the defect. Modern
techniques for bearing diagnosis are directly
applicable for machine tool. Gradual
deterigation type of failure is suitable for
machine condition monitoring, bearing
failure is one example of the above
mentioned failure type[14] .

Self exited vibration domain is obtained
through spectra of two accelerometers, one
three axis accelerometer dtettool and the
other accelerometer at the front bearing for
displacement analysis of self exited vibration
in turning. The cutting process of elastic
machining system causes workpiece tool
displacement that causes vibration, so
resulting in modified chiize which reflects
the dynamic instability. [15].

Todayods manufacturing
higher productivity with preserved or even
smaller tolerances. The demand on high
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productivity leads to increased material
removal per unit time and higher spindle
speeds, increased feed rate, and greater
depth of cut. However, at certain
combinations of machining parameters;
process instabilities and vibrations can
occur which result in decreased accuracy,
poorer surface finish, reduced tool life time
and in the worns case spindle failure.
Vibrations in  miling have been
investigated by many researchers using
cutting force sensors, microphones and
accelerometers. Although cutting force
measurements may be addressed as the key
information needed to be monitored,
t o dsa ydvailable force  measuring
platforms, dynamometers, are limited to
relative small workpieces. Microphones are
best suited for setting up thresholds based
on experience or trials. The sound of a
stable cutting process is usually calm and
contains only fregencies originating from
the spindle speed and the cutting teeth.
However, microphones cannot give any
information about deformations and forced
vibrations. Since accelerometers easily be
applied on the spindle bearing and
measured the vibration level.

Deterioration in the operation of a machine
component gives rise to increasing in
vibration level, mixing of vibration signals
does not cause any
frequency information. Vibration signature
taken from appropriate location in machine
tool can reveal the following defects:
imbalance, misalignment, imperfect
foundation, rubs, bearing defects, fault in
belt drive etc. Piezoelectric transducer is
lighter and has better frequency range for
application, so the accelerometers are the
best choice.The measures of the time
based vibration analysis includes rms
measurement, peak level (amount of
impulse and bearing defect detection), crest
factor, shock pulse, kurtosis (statistical

15

movement of the probability density
function of the vibration signalphase.
Trend analysis exhibits the rate of
deterioration of vibration level in machine
tool. The vibration reference standard is
VDI 2056[16].

In this paper, a systematic procedure for
measuring the vibration level of spindle
bearing using LabVIEW softwa and
optimize the machining parameters for
possible improvement in the machining
quality and vibration level. The vibration
level ~was  measured by using
accelerometers and surface roughness
values have been measured with a surface
roughness tester (SE1200 The optimal
values of the various machining parameters
are determined through experimental
investigation. The full factorial
experimental design approach is utilized for
experimental planning and ANOVA is
employed to investigate the influence of
machinng parameters on the surface
roughness and vibration level. The results
obtained from the experimental study are
utilized for analyzing and evaluating the
effects of various input constraints at the
optimal point. The effects of various
constraints on theobjective function are
also analyzed through graphical picture. By
using these graphs, significant effect of

Ivarious input constraints on surfad® s
roughness and vibration level are
highlighted. © The  selected optimal

machining parameters and tits effectivene
are experimentally validated. The results
obtained have shown the effectiveness of
the proposed solution that have been
analyzed and discussed in detail.

2. METHODOLOGY
The objective of the present work is to
investigate the vibration response of the
machine tool spindle at various operating
conditions using Taguchi orthogonal array
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and develop a predicting bases for the The methodology adopted is presented in
responses: surface finish and vibration level. figure 1.

“Wibration Anahysis of Spindle Bearing Sywstemrmn I

oL

Experirmental Modal Analysis

= \\

Freguency Responss Fast Fourier |

Function (FRF) Transform

Experimental Investigation of wWibration
Response at Warious Operating Conditions

Taguchi Desiagn of Experiments

e

Conduct experirments

N

Fredicting “Wibrations level of Spindle Bearing
Swsterrm

Figure 1 Methodology

3. EXPERIMENTATION

Tail stock
CNC control

Cuttina tool Impact hammer

PXI 1042 Q with
monitor

Figure 2. Experimental setup

The experimental setup is shown in figure 2 (Al 6063 aluminum, Diameter 38 mm X

It includes a CNC-Galaxy i MIDAS-0 70mm length) without any cutting fluid.

turning centre, a CCGU9T30FL (Taegu Accelerometer is embedded on spindle

Tec) turning insert, tool holder SCLC bearing ( Bruel & Kjaer 9.88mV/gtype

L2020 K09 T3(Taegu Tec), aork piece 4517). The accelerometer signals are taken
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to NI PXI 10421 Q Data Acquisition Card
system 8ing LabVIEW software. The
vibration data was captured by Data
Acquisition Card system. This system
included hardware selection, circuit design
and implementation, hardware interface,
circuit troubleshooting, filtering, computer
software programming, sysh integration,

and testing in real CNC turning processes.
The following three sections describe the
development of the hardware system,
software system, and integrating and
testing of the data acquisition system along
with the vibration data analyses. rface

roughness was measured using surface

roughness tester as shown in figure 3.

Rotating Knob

Point of Contact

Surf Coder

V-Block

Figure 3. Surface Roulgness Tester

3.1 HARDWARE SYSTEM

Vibration signals are important for
monitoring spindle bearing vibration in
turning process for measuring vibration
amplitude in terms of accelerations
(mm/s2levels). A computer code has beer
developed in LabVIEW for ata
acquisition, data storage and display. Fas
Fourier Transform (FFT) computation
algorithm was included in the computer
program to extract the vibration amplitude
in the time and frequency domain, which
will be explained in software development
section.

Accelerometers: Converts the physical
acceleration into a voltage signal

Signal condioning circuit: Amplifies the
voltage signal and improves the resolution
Personal computer: Runs the program
stores and display at any desired instant ¢
time.

3.2 SOFTWARE SYSTEM

The software in this system consists of the

following components.

An NC program that directs the CNC turning

machine to cut the work piece.

Vibration data analysis and Fast Fourier

Transform (FFT) analysis
Main objective of theresearch work is to

monitor the vibration level spindle bearing.

So it is assumed that the condition of the
machine and its components is good in all
other aspects such as foundation of the
machine, rigidity of the machine components

(such as bed, cuttingol , tail stock etc.) and

so on. The simplest vibration analysis is
col
Mean Square
(RMS) value and plotting the vibration data
in time domain and frequency domain. The
Afover al | desests then tathl energyp

conducted through
vibration amplitude Root

content of all vibration sources at all

frequencies.
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3.3 INTEGRATION
TESTING OF THE
ACQUISITION SYSTEM
The Integration and testing of the data
acquisition system is shown in figure 2.

AND
DATA

3.4 - MODAL ANALYSIS

When tested in a machining workpiedss t
sensor was protected to prevent any
interference caused due to machining
condition.

! |
400 500 1000

Figure 4 FRF showi

Any physical system can vibrate, the
frequencies at which vibration naturally
occurs, and th modal shapes which the
vibrating system assumes are properties of
the system, and can be determined using
modal analysis. Modal analysis is
frequently utilized to abstract the modal
parameters of a system, including natural
frequencies, mode shapes andodal
damping ratio. Since these parameters
depend only on the system itself but
dominate the response of the system to
excitations, modal analysis is the
fundamental response analysis and has
therefore gained increasing attentions.

In the modal analysisan impact hammer
(PCB-086C03) was used to excite the
spindle. An accelerometer was mounted ol
the spindle and interfaced with a date
acquisition card and LabVIEW software to
record the response of the spindle. Th

18

! | | n ! " " |
00 1200 1300 1400 1500 1600 1700 1800

first natural frequency

impact pulse indicating the magnitude of
input force was generated by the impact
hammer. The frequency domain response
was obtained by using signal analyzer
available in sound and vibration toolkit of

Lab VIEW as shown in figure 4. From the

figure 4, it is evident that, the fundamental
natural fequency of the spindle is about

600Hz.

3.5 DYNAMIC ANALYSIS

The vibration analysis was done under actual
machining conditions. The accelerometer
mounted in spindle was used to collect the
vibration  signals. The position of
accelerometer is shown in thgdre 5.

The LabVIEW acquires the vibration signals
and stored the signals continuously frame by
frame at every stage of cutting in-lbme.
The dynamic response of accelerometer is
given in table 1.
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PXI042 ~ — e Accelerometerin

DAQ wertical direction

Y Accelerometerin
horizonialdirection

Figure 5 Structure of the spindle and positidintlee accelerometers

Table 1 Input Parameters, surface roughness valug @Rd dynamic response of
accelerometers

Surface
Cutting Feed rate roughness
speed in Depth of cut in value (R) in
Expt.No (m/min) in (mm) (mm/rev) pum Acceleration(mm/<)
1 150 0.5 0.1 2.425 1.202
2 150 0.5 0.2 3.742 1.389
3 150 0.5 0.3 10.583 1.876
4 150 0.75 0.1 3.369 1.462
5 150 0.75 0.2 7.085 1.509
6 150 0.75 0.3 9.847 1.7306
7 150 1 0.1 3.587 1.583
8 150 1 0.2 5.214 1.659
9 150 1 0.3 7.857 1.908
10 200 0.5 0.1 2.999 1.67
11 200 0.5 0.2 4.538 1.8
12 200 0.5 0.3 11.587 1.921
13 200 0.75 0.1 2.489 1.6044
14 200 0.75 0.2 4.394 1.761
15 200 0.75 0.3 7.878 1.908
16 200 1 0.1 2.937 1.745
17 200 1 0.2 5.665 2.115
18 200 1 0.3 9.874 2.704
19 250 0.5 0.1 2.303 1.601
20 250 0.5 0.2 4.548 2.748
21 250 0.5 0.3 8.358 3.236
22 250 0.75 0.1 2.962 1.719
23 250 0.75 0.2 4.248 2.268
24 250 0.75 0.3 9.33 2.705
25 250 1 0.1 2.729 1.685
26 250 1 0.2 4.625 1.911
27 250 1 0.3 8.552 2.093
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4.0EXPERIMENTAL DESIGN

Expeaimental design approach is selected
for the investigations of varying three
controllable parameters at three levels,
since 3k factorial design is efficient to
study the effects of two or more factors.
Without loss of generality three levels of
factor arereferred as Low, Intermediate
and High and levels are designed by digits

0,1 and 2. Each treatment combination in
the 3k design is denoted by k digits where
the first digit indicates a level of factorial A
(cutting speed), B (depth of cut), indicates
the lkevel of factorial second and C (feed)
indicates the level of three. These factors as
well as their levels identified are given in
table 2.

Table 2ldentified control factors and their levels:

Variables or parameter | Parameter designation | Level 1 | Level 2 Level 3
Cutting speed(m/min) A 150 200 250
Depth of cut(mm) B 0.5 0.75 1

Feed(mm/rev) C 0.1 0.2 0.3

5.0RESULTS AND DISCUSSION

The vibration phenomenon for various
cutting parameters has been analyzed using
LabVIEW software. The plan of the
experinent was developed to assess the
effect of cutting speed, feed rate and depth
of the cut on the surface roughness value
and vibration level. Table 1 illustrates the
experimental result of surface roughness
value and vibration level.

One of the objectivesfahis study is to find
the important factors and combination of
factors influencing the vibration level using
the lower the better characteristics. The

experimental results were analyzed using
analysis of variance (ANOVA), which is
used for identifying th factors significantly
affecting the performance measures. The
results are analyzed with MINITAB software.
The result of ANOVA analysis reflect that
feed rate is the most contributing factor for
the responses surface roughness and vibration
level followedby cutting speed and depth of
cut. According to the ANOVA response the
best regression equation (1 & 2) obtained for
surface finish and vibration level. The mean
effect of the design factors on the surface
finish and vibration is shown in table 3

A =-1.26531+0.01483 C+ 1.99244 D.54678 F + 1.344 D2 +0.18333 FD.01719 CxD +

0.02936 CxH 2 . FI D

R-Sq = 80.68 %

89333

,,,,,,,,,,,,,,,,,

eeeeeeceeeeeeeeecece.

(1)

R =1.313+0.021 C+ 4.227 D+ 1.002 +0.961 D2 + 119.711 F2 + 0.005 C%¥M.011 CxF

/////////////

R-Sq =92.11%
Where

///////////

A= Acceleration mm/fs R= Surface roughness Ra (um),
C= Cutting speed (m/min), F= Feed rate (mm/rev)

D= Depth of cut (mm)

The error between the regression model values and experimental values dagedadsufollows:
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----------- X 100 eééeéeecéecéeceéecéeeée.
Ae
E = error between experimental data and regression model data
Ael the experimentally measured acceleration, mm/s2g by using Lab¥tEware
Ar 1 the predicted acceleration, mm/s2, from regression equations.

The error rate of this model is calculated by approximation. Percentage of contribution of
using equation number 3. The percentage each parameter on surface finish and
error associated with each experiment is vibration level in terms of acceleration is
observed to be lower and is well with the shown in table 4

limit within a reasonable degree of

Table 3: Mean effect of the design factors on the surface finish and vibratieh le
(acceleration)

Surface Roughness Ra (um) Acceleration (mm/s2)
Cutting Depth of Cutting
speed cut Feed Rate speed Depth of | Feed Rate
level (m/min) (mm) (mm/rev) (m/min) cut (mm) | (mm/rev)
1 5.968 5.676 2.867 1.591 1.938 1.586
2 5.818 5.734 4.895 1.914 1.852 1.907
3 5.295 5.671 9.318 2.218 1.934 2.231
Delta 0.673 0.062 6.452 0.627 0.086 0.646
Rank 2 3 1 2 3 1

Table 4: Percentage of contribution of design factor on surface finish and vibration level

(acceleration).

Responsé-actors Cutting Speed % | Depth of Cut % Feed Rate %
Surface roughness (um) 9.36 0.86 89.77
Acceleration (mm/s2) 46.14 6.33 47.53
5.1 MAIN EFFECT, INTERACTION cutting speed and feed rate, where the left
PLOT AND CONTOUR PLOT side is for the cutting speell.indicates that

The main effect plot and the interaction  surface roughness decreases with increase of
plots (between Depth of cut, Cutting speed, cutting speed and starts increasing , with
Feed rate and surface roughness value and increase of feed and has very low influence
vibration level have been shown in figure  on the depth of cut since delta value is found
6to13. to be very low.

Figure 6 shows the main effect plot for

surface finish value for various depth of cut,
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Main Effects Plot for Means
Data Means

Qutting Speed (m/min) Depth of cut (mm)

—

150 200 250 0.50 0.75 1.00
Feed Rate (mm/rev)

pd
-

01 02 03

Surface Roughness

N &8 o ®

Figure 6 Main effect plot between cutting speed, depth of cut, feed rate and surface finish
value

5.2.1 INTERACTION PLOT parallel trends of the lines clearly show very
The interaction chart are plotted to visualize little interaction between the factors and also
the effect of interaction within the factors. reflect that the parallel trends of the lines
The interaction charts are presented imrfig clearly shows very little or no interaction
7 for the responses surface finish. The between the two parameters.

Interaction Plot for Roughness Value in pm
Data Means

Cutting

Speed
(m/min)
6 Cutting Speed (m/min) w —e— 150
= — 200
34 250

/ Lo Depth of
% Cut (mm)
'y y —— 0.50
A)-(\,: Depth of Cut (mm) » F6 | —m— 075
- ,/ 1.00

o Ls

Feed Rate
(mm/rev)

—— 01
6 Feed Rate (mm/rev) - 02

-_—
—— - 03

T T T T T T
150 200 250 0.1 02 03

Figure 7 Interaction plots for surface roughness
relationship between three variable @

5.2.2 CONTOUR PLOTS OF single plot and to view combinations of
SURFACE ROUGHNESS x and y that produce desirable response
Contour plot is shown in figure 8, itis a value of surface roughness value.

graphical technique used to explore the
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Contour Plots of Roughness (pm)

Roughness
(Hm)
<

Hold Values

5 2 B & Cutting Speed (m/min) 150
Depth of Cut (mm) 05
Feed Rate (mm/rev) 01

Figure 8 a.Contour Plots between depth of cut, cutting speed and feed rate for
surfa@ roughness by holding the extra factor at least level

Contour Plots of Roughness (pm)

150 175 200 225 250

Hold Values

Cutting Speed (m/min) 200
Depth of Cut (mm) 075
Feed Rate (mnvrev) 02

150 175 200 25 250

Figure 8 b. Contour Plots between depth of cut, cutting speed and feed rate for
surface roughness by holding the extra factor at middle level

Contour Plots of Roughness (pm)

Hold Values
Cutting Speed (m/min) 250
Depth of Cut (mm) 1
Feed Rate (mm/rev) 03

Fig 8 ¢ Contour Plots between depth of cut, cutting speed and feed rate for surface
roughness by holding the extra factor at highest level

5.2.3 SURFACE PLOTS OF drawing a 3D Plot shown in figure 9. It

SURFACE ROUGHNESS can be observed from the plot that the
The combined effect of depth of cut, effect of depth of cut, cutting speed and
cutting speed and feed eaton surface feed rate on surface roughness is more

roughness value can be assessed by pronounced 3 D plots have been plotted to
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invedigate influence of two factors on the
response. This is plotted for middle value.
Surface finish tends to the minimum values

when depth of cut, cutting speed and feed
rate is minimum.

Surface Plots of

Roughness (pm)

Hold Values
Cutting Speed (m/min) 150
Depth of Cut (mm) 05
Feed Rate (mm/rev) 01

Figure 9 Surface Plotdetween Depth of cut, cutting speed and feed rate for surface roughness

5.3 MAIN EFFECT, INTERACTION

PLOT AND CONTOUR PLOTI
VIBRATION LEVEL

Figure 10 shows the main effect plot for
vibration level for various cutting speed,
depth of cut and feed ratehere the left side

is for the cutting speed. It indicates that
vibration level increases with increase of
cutting speed and starts increasing, with
increase of feed and has very low influence
on the depth of cut since delta value is found
to be very low

Data Means

Main Effects Plot for Means

Cutting Speed (m/min)

Depth of Qut (mm)
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N
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I
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Figure 10 mean effect chart for Vibration level (acceleration)

5.3.1 INTERACTION PLOT

The interaction chart are plotted to
visualize the effect of interaction within the
factors. The irgraction charts are presented
in figure 11 for the responses vibration
level. The parallel trends of the lines

24

clearly show very little interaction between

the factors and also reflect that the parallel
trends of the lines clearly shows very little
or no nteraction between the two

parameters.
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Interaction Plot for Acceleration (mm/ s2)
Data Means
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Figure 11interaction plot for vibration level (acceleration)

5.3.1CONTOUR PLOTS OF

single plot and to view combinations of x
VIBRATION LEVEL and y that produce desirable response value

of vibration level.

Contour plot is shown in figure 12, it is a
graphical technique used to expmothe
relationship between three variable on a

Contour Plots of Acceleration (mm/ s2)

Acceleratio
(mm/s2)

15

Hold Values

Cutting Speed (m/min) 150
Depth of Cut (mm) 05
Feed Rate (mm/rev) 01

Figure 12 a. Contour Plots between depth of cut, cutting speetifeed rate for

vibration level by holding the extra factorleast level

Contour Plots of Acceleration (mm/ s2)

Acceleration
(mm/s2)

] < 150
B 1507 175
1757 200
2007 225
W 2si 250
> 250

Hold Values

Cutting Speed (m/min) 200
Depth of Cut (mm) 075
Feed Rate (mm/rev) 02

Figure 12b. Contour Plots between depth of cut, cutting speed and feed rate for

vibration level by holding the extra factorraiddle level
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0.50
150 175 200 225 250

Contour Plots of Acceleration (mm/ s2)

150 175 200 225 250
Hold Values

Cutting Speed (m/min) 250
Depth of Cut (mm) 1
Feed Rate (nm/rev) 03

Figure 12 C Contour Plots between depth of cut, cutting speed and feed rate for
vibration level by holding the extra factor at highest level

5.3.2 SURFACE
VIBRATION LEVEL

PLOTS  OF

The combined effect of cling speed,
depth of cut and feed rate on vibration can
be assessed by drawing @3Plot shown
in figurel3. It can be observed from the
plot that the effect of cutting speed, depth

of cut and feed rate on vibration level is
more pronounced 3 D plots havmeen
plotted to investigate influence of two
factors on the response. This is plotted for
middle value. Vibration level tends to the
minimum values when Depth of cut,
cutting speed and feed rate is minimum.

Surface Plots of Acceleration (mm/ s2)

Hold Values
Cutting Speed (m/min) 200
Depth of Cut (mm) 075
Feed Rate (mm/rev) 02

Figure 13 Surface Plots between Depth of cut, cutting speed and feed rate for vibration level

6. 0 CONCLUSIONS

In this course of study, Experiments were
conducted on CNC lathe using CCGT
0930FL carbide turning insert, machining
variables ach as surface finish value and
spindle bearing vibration in were measured
in CNC machining processes based on the
vibration signal collected through a
LabVIEW data acquisition system. The
effect of cutting parameters such as cutting
speed, depth of cut dnfeed rate on

26

machining variables is evaluated. Based on

the current study, the following conclusions

can be drawn:

- From the modal analysis the signals
peaks exhibit response in a particular
natural frequency range is 600 Hz

- It is observed that the natl frequency
shifts away from the operating frequency
thereby avoiding the resonance condition
of spindle.
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The Fast Fourier Transform(FFT)
function and its graphic display were
integrated into  the software
program developed by LabVIEW.
Data were isualized in reatime.

The method presented effectively
measure surface finish and vibration of
spindle bearing. The goal of this
research is successfully met.

A multiple regression model has been
developed and validated with
experimental results.

An analysis of variance (ANOVA) was
made and it was found that the feed
rate (89.77) , Cutting speed (9.36%)
depth of cut (0.86% contribution), has
greater influence on surface finish
value. From the experimental results
demonstrate that the feed rate and
cuting speed are the main parameters
among the three controllable factors
(depth of cut, cutting speed and feed
rate) that influence the surface finish
value of component.

It was found that the feed rate
(47.53%) , Cutting speed (46.14%)
depth of cut (6.33%) has greater
influence on vibration level . From the
experimental results demonstrate that
the feed rate and cutting speed are the
main parameters among the three
controllable factors (depth of cut,
cutting speed and feed rate) that
influence the vibratio level .

Contour plot shows the relationship
between three variables on a single
plot. It also helps in viewing
combinations of x and y that produce
desirable response values of surface
finish and vibration level.

Hence, this study helps to promote the
operational use of ANOVA for land
cover classification

. Mahrenholtz et al.,
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ABSTRACT
During routine dissections in the lab, the position of external carotid artery [ECA] and internal carotid
artery [ICA] were found to be mutually displaced. ECA was formed and coursed-ktézedly while
ICA formed andcoursed postermedially, in one cadaver on the right side out of 50 cadavers dissected.

Though rare, such variations must be given utmost importance before planning for any neck surgeries to

avoid post operative complications.

Key words:
position

External ceotid artery, variation,

INTRODUCTION

Common carotid artery [CCA], internal
carotid artery [ICA] and external carotid
artery [ECA] provide the major source of
blood to the head and neck. Normally right
common carotid arteryis a branch of
brachiocephalic trunk formed at the level of
sterne clavicular joint. The artery courses
vertically upwards in the carotid sheath to the
level of the upper border of the thyroid
cartilage of the larynx which also corresponds
to C3, C4 inter vertebral disc. The CCA
terminates into external and internal carotid
arteries.

At their origin in carotid triangle ECA & ICA
are normally situated anteromedially and
posterolaterally respectively. External carotid
artery extenddrom the level of upper border

of the lamina of thyroid cartilage, ascends
slightly forwards and inclines posteriorly and
laterally, to pass midway between tip of mastoid
process and angle of mandible. In the substance
of parotid gland, behinthe neck of mandible, it
divides into its terminal branches, the superficial
temporal and maxillary arteries. In the carotid
triangle, the ECA gives five branches namely
superior thyroid artery, lingual artery, facial
artery, occipital adry and ascending
pharyngeal artery.

ICA ascends vertically upwards without giving
any branch to enter into the lower opening of
carotid canal at the base of the skull. The
variations of CCA bifurcation and position of its
terminal branches, ECA and ICAave been
described by few anatomists though it is of
utmost importance to know this rare position of
ECA, to avoid unnecessary complications during
carotid enearterectomy.
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METHODOLOGY
The present study was conducted in the
department of anatomy at Chada Anandrao
Institute of Medical Sciences. The study period
was one year from *1January 2010 to 31
December 2010. Fifty cadavers who were
dissected in the department during routine
dissection process were included in the study.
The dissection was ad&d out as per
Cunninghambébs manual
carried out for the placement of ECA and ICA &
the findings were noted down.

RESULTS
Anterolateral position of ECA on right side was
found in one cadaver out of 50 cadavers
dissected [2%].
The route of same variant artery found in an
approximately 50 year male cadaver is given
below:
[a] Normal bifurcation of right CCA at the level
of upper border of lamina of thyroid cartilage
where it terminated into external carotid and
internal carotid deries.
[b] The formation and initial course of right
ECA and right ICA differed from the normal
pattern i.e. ECA was situated anterolateraly and
ICA was situated posteromedially
[Figure-1].
[c] The anterior branches of ECA, the superior
thyroid artery,lingual artery and facial artery
crossed ICA to reach their destination and this is
the cause for their increased length and course
[Figure-1].
[d] The ICA on the right side was postero medial
and normal in its course.

DISCUSSION
We observed this rare gbenal variation only
on right side, where ECA was anterolateral and
ICA was posteromedial.
As per the available literaturélanda et al[1]
mentioned that the first description of the lateral
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position of the ECA was reported by an
anatomist Hyrtl in 1841.He described that

medial or lateral ECA migration during

embryogenesis may be responsible for this
anatomical variation, Handa et al explained that,
this variation may be age related, secondary to
elongation and tortuosity of atherosclerotic
carotid artees.

Prendes et al [2] observed an anatomic

O bvareant oa tthe o positiora role E@#a iatn lthg

carotid bifurcation in 5.3% of patients
investigated by Doppler ultrasound and
contrast angiography. In his study, ECA was
posterolateral to the ICA.

Ueda S et al[3], reported an unusual case of
peripheral hypoglossal nerve palsy caused by
lateral position of the ECA and with an
abnormally high position of bifurcation of CCA.
The patient improved after cutting and ligation
of ECA at its origin, whib is due to
compensatory dilatation of anastomotic arteries.
Bergman et al[4] explained that{a] The ECA
may be absent unilaterally or bilaterally. [b]
When unilaterally absent, the branches, usually
derived from it, arose from the CCA or from the
contrdateral vessel through anastomosis. [c] The
artery may be located superficially and run
lateral to the stylohyoid muscle or between the
posterior belly of digstric muscle and the
stylohyoid.

J.P. Trigaux et al[5] performed intravenous
digital subtractiorangiography to determine the
positional variations of the common carotid
bifurcation and course of ECA & ICA in 100
consecutive patients with clinically suspected
arteriosclerotic diseases. They observed [a] the
position [97/200; 46.5%] of the ECA was
anteomedial to the ICA. [b] Position of the
ECA anterolateral to ICA was noted in 20/200
[13%)]. [c] But the anatomical variant was more
common on the right [21/100 than on the left
[5/100].
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According to Bussaka et al [6], lateral
position of ECA isseen in 17 cases [4.3%)] of
which 13 cases were on the right side and 4
cases on the left. They expressed that it is
necessary know this rare position of ECA, to
avoid unnecessary complications during carotid
endarterectomy. They emphasized that it is very
important to ensure that the artery being ligated
is ECA rather than ICA, as ligation of the latter
causeods high risk of
MC Rusu et al[7] observed during dissections,
a rare anatomical unilateral variant in the right
carotid triangle of a @ult male. They observed
that the CCA on right side bifurcated slightly
above the normal level, but the ECA was
posterolateral to the ICA and its anterior
branches initially crossed anterior to the ICA
before continuing with a normal anatomical
course.

M.A Bailey et al[8] observed that. [a] In 2
cadavers [ aged 82 and 83] Right ECA was
lateral. [b] The superior thyroid, lingual and
facial arteries coursed medially, and partially
obscured the ICA thus potentially limiting
surgical access to the vessel. Ttley stated that
when this anomaly is encountered during carotid
endarterectomy initial recognition is crucial in
order to preserve the hypoglossal and internal
laryngeal nerves during ICA exposure. They
expressed that this problem can be facilitated by
circumferential ECA dissection and medial
mobilization to reveal the lateral surface of the
ICA. [d] They stressed that, the vagus nerve,
located deep to the ECA, must also be identified
and preserved while performing any neck
surgery.

Jasmin Delic et al [9] investigated the
mutual relation of the initial parts of the ICA and
ECA, as well as the height of crossing these
blood vessels. They evaluated 50 patients by
using magnetic resonance imaging of the neck
and observed that [a] ECA is placed medially
and coursed anterior to the ICA in 90% of cases.

[b]ln 7% of cases the right ECA was placed
lateral to the ICA. [c] The ICA and ECA crossed
approximately 3.04 cm above the bifurcation (at
right 3.05 cm and at left 3.12 cm) and the height
of the crossing vaes from 1.3cm to 4.2cm (at

right 1.3cim to 4.2cm, and the left 1.5cm to
4.1cm). [d] The height of crossing is symmetric
in 18% of cases. They explained that the
inversed disposition of the ICA and ECA must

h e Ioei held rire sninds while performing arterial

ligatures in the carotid triangle, to avoid damage
to the ICA and haemorrhagic accidents.

CONCLUSION

Our observation of anterolateral position was in
one cadaver out of 50 present on right side [2%].
Though rare, positional variation of ECA and its

branches mst be observed by every surgeon
while performing any surgery in neck. Prior

angiographic and USG observation will be

helpful for a proper planning of surgery and for
better prognosis.
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Mandible

Figure-1 : Photogtaph of>ri'ght sided neck région showing right CCA
and position of ECA and ICA

|CCA : Common Carotid Artery, ECA : External Carotid Artery,
ICA : Internal Carotid Artery , STA : Superior Thyroid Artery,
LA : Lingual Artery. |
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ABSTRACT
The need of reliable communication, wheredata loss, no duplication and no out of order delivery
occurs becomes a vital necessity of most application programs in all networks. Transmission control
protocol provides error free reliable communication for wired networks. The decision of deploying
transmission control protocol in ad hoc network becomes difficult due to the availability of its
different variants with Mobile Ad hoc Network routing protocols especially when mobility is an
issue. This paper analyzes the advanced and sophisticatedissaosncontrol protocol Variants
with Ad hoc Ondemand Distance Vector routing protocol to measure different parameters required
for reliable communication such as the finest performance of packets delivery rate, averiige end
end delay, and packet droppi Finally from various differentiable results, an enhanced combination
of transmission control protocol variant Vegas and Ad hoed@nand Distance Vector routing
protocol will be chosen and refined to achieve desirable output. The refinement proeesh®o b
better solution of deployable protocols of Transmission Control Protocol in Mobile Ad hoc Network

with decidedly mobile environment.

KEYWORDS: Mobile Ad hoc Networks;
Transmission Control Protocol Variants;
Proactive and Reactive Protocols; Network
Simulator, Reliability.

1. INTRODUCTION

The glory of communication seems new but

actually surrounded by different evolution eras.

There were different transformations and trends
evolved for the optimization and enhancements
of communication styles. Enormous approaches
were adopted and became obsolete from time to
time as the new technological revolutions had

set the communication parameters-tojolate.
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The whole phenomenon of comnication
process signifies the importance of reliable and
unfailing transportation of data and information
from source (sender) to destination (receiver). In
this concern of intact data transportation much
development of protocols and their
improvementsyield very progressive results.
These results proved the efficient transmission
and the reception of intact and undamaged data.

Todayodés I nformation
to provide ease and simplicity of procedures
intended for the consumers in comnuation

arena. The mobile phone technology is
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