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Abstract: - High density polyethylene (HDPE) and polyethylene terephthalate (PETE) mixture to fuel
production process was performed with Ferric Oxide (Fe,O3) and activated carbon. HDPE waste plastic was use
75 gm, PETE was use 25 gm, activated carbon was use 5 gm as a 5% and Ferric Oxide was use 2 gm as a 1%.
PETE and HDPE waste plastics mixture to fuel production process temperature was use 420 °C and reactor was
use Pyrex glass reactor. Total waste plastics sample was 100 gm and 100 gm of waste plastic mixture to fuel
was collected 50.1 gm. PETE and HDPE waste plastic mixture to fuel density is 0.76 gm/ml. Liquid fuel was
analysis by FT-IR, GC/MS and DSC for fuel functional group, compounds structure and enthalpy value
determination. Product fuel is ignited and fuel can use an internal combustion engine.

Keywords: - HDPE, PETE, fuel, thermal, catalyst, hydrocarbon, waste plastics, FT-IR

l. INTRODUCTION

In modern life, the application of polymers is common. This kind of material is present in packaging,
the electrical industry, in toys, etc. High-density polyethylene (HDPE), low-density polyethylene (LDPE),
polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS), and polyethylene terephtalate (PET) are the
most extensively used plastics. The polyethylene plastics (HDPE and LDPE) are the major components of the
total plastic content of municipal solid waste. [1-4] Volume of plastics currently represent 24% of the MSW,
due to their low density. Moreover, medical red-bag (infectious) waste contains a much higher fraction of
plastics, as high as 40 wt %. The current methods for dealing with the environmental problems resulting from
this solid waste include source reduction, reuse, recycling, landfill, and waste-to-energy conversion. Most solid
wastes are disposed through landfilling. However, with the lack of landfill space and with current challenges
both in implementing the recycling of plastics and in finding markets for the recyclables, combustion of these
materials in waste-to-energy (WTE) plants offers an alternative of technological and economic interest.
Combustion of waste plastics provides a number of advantages, such as destruction of hazardous contaminants,
reduction of mass and volume (by more than 90%), and energy recovery, as well as rendering the waste
unrecognizable from its original form (which is often a requirement for medical waste). [5]

Recycling of plastics has a positive environmental impact; in most cases it is not yet economically
attractive. So far, industry has focused efforts in plastics recycling on the recovery and reuse of polymers by
mechanical processing. However, mechanical technologies require relatively clean feedstocks that are expensive
to collect and separate. For this reason, commercial recycling has not had a significant impact with the
collection rate of less than 5% of total annual resin sales.[6] Producing hydrogen from waste plastics could
complement conventional recycling techniques because it could use more complex materials that are not
handled by existing processes, e.g. mixed plastics, polyester-cotton blends, rigid polyurethane foams. The
challenge is to efficiently convert these polymers to hydrogen at a cost similar to that for the existing natural -
gas-based technologies. Plastics have a high calorific value (i.e., polyethylene 43 MJ/ kg, polypropylene 44
MJ/kg, polyvinyl chloride 20 MJ/kg), and their combustion can be an alternative to removing them. [7]This
alternative must, however, be subjected to severe environmental controls in order to fulfill the legal restrictions
concerning the emission of solid particles and gaseous effluents.[7,8,9] Landfills have also been used for plastic
disposal, but these can pose a danger through the environment product degradation and the subsequent pollutant
generation.[8,9] A promising alternative for the reprocessing of waste plastics is feedstock recycling, which
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involves the conversion of plastics residue into raw chemicals, monomers for plastics or hydrocarbon
feedstocks. In this way, thermal degradation has been used to convert different polyolefins into hydrocarbon
mixtures. [10-12]

The thermal decomposition of polyolefins at temperatures of 400 °C or higher produce a mixture of
hydrocarbons that is formed by a gas fraction (C;-C,), a liquid fraction (Cs-Cyg), and a solid residue (C19-C+g).
For each number of C atoms, three main components are produced: the corresponding n-paraffin, a-olefin, and
a, o-diene. The relative proportion of these products is dependent on the thermal degradation operating
conditions, which are determined mainly by the temperature.[13] The thermal degradation of polyolefins
involves complex reactions through a radical mechanism, and their extension is very dependent on temperature,
pressure, reactor geometry, and heat- and mass-transfer rates, as well as mixing intensity. Polymerssand
particularly polyolefins shave high viscosity, which hinders mass- and heat-transfer phenomena.[14,15] The
terminal double bond of a-olefins presents a high reactivity, in regard to a wide variety of chemicals, and,
therefore, they are used to produce any derivative requiring an even-numbered, straight carbon chain. In this
sense, o-olefins are utilized as intermediates in the manufacture of many commercial products, including
plastics (e.g., HDPE and LDPE), synthetic lubricants (e.g., poly-a-olefins, polyol esters), surfactants (e.g., a-
olefin sulfonates, alkyl benzene sulfonates, alkyl dimethyl amines), additives (e.g., alkenyl succinic anhydrides,
and polyvinylchloride lubricants and stabilizers) and specialty chemicals (e.g., epoxides, halogenated a-
olefins).[16]

1. MATERIALS
PETE waste was collected water bottle and HDPE was collected milk container for experimental
purpose. Both waste plastics cut into small pieces and places into glass reactor chamber including activated
carbon and Ferric Oxide. Activated carbon and Ferric Oxide (Fe,Os) was collected from VWR. Com Company.
Ferric Oxide (Fe,O3) was powder type and activated carbon was pellet type.

1. PROCESS DESCRIPTION

PETE and HDPE mixture to fuel production process was performed under the laboratory fume hood
and production process was batch process. Total sample was use for experiment 100 gm of waste plastics
mixture. PETE was 25 gm and HDPE was 75 gm, ferric oxide was 2 gm and activated carbon was 5 gm. 25 gm
of PETE and 75 gm of HDPE waste plastic to fuel production was determine from less percentage of PETE and
high percentage of HDPE waste plastics mixture. Catalyst was use for reaction acceleration and helping to
breakdown polymer bond by using thermal degradation process. For experimental temperature was use starting
180 °C to up to 420 °C and temperature was increase slowly. Experimental setup purpose was use boiling flask
for raw sample melting and fuel collection, heat mental with temperature controller, condensation unit, clamp,
grease, foil paper for cover up the heat loss. Small pieces waste plastics placed into boiling flask inside with
Ferric Oxide and activated carbon. Then boiling flask was placed into heating chamber for waste plastic
melting. Then condensation unit was setup with sample provided boiling neck and fuel collection boiling flask
neck with thermal protect grease. Because during production period gas loss prevention. This experiment main
goal was PETE and HDPE waste plastics to fuel production recover measurement. PETE waste plastic has
carbon chain with hydrogen combination and PETE waste plastic has carbon, hydrogen, benzene with oxygen
combination and PETE waste plastic oxygen percentage more than 30%. Both plastic was heated up at 180 °C to
up to 420 °C. Experimental process was monitor closely inside laboratory fume hood because during fuel
production period was notice that boiling flask inside gas was generated huge amount. Sometimes temperature
profile was increase and sometimes temperature profile was decreased for quality fuel product. Production
process flow chart is showing in figure 1. Production process flow chart is showing waste plastic and Ferric
Oxide was placed into reactor chamber then condensation unit, and alkali solution was use for light gas cleaning
NaOH, NaHCO; and water. Light gas was produce during fuel production period and gas was captured into
Teflon bag by using small pump. Residue was collected after fuel production finished when is reactor was cool
down. In mass balance calculation production result showed liquid fuel was 50.1 gm, light gas was produced
16.5 gm and residue and solid pest was 24.4 gm + 9 gm. During production period PETE waste plastic was
unable to fuel conversion into fuel because PETE waste plastic has Oxygen content more than 30% which was
not convertible. It’s was coming as solid pest wise and it collected from condensation and weight was 9 gm. The
PETE waste plastic to fuel production period its try to block the condensation unit and it coming out with liquid
fuel which is shown in figure 2 and figure 3 and total experiment run time was 4 hour 35 minute. From liquid
fuel to wax part was removing after filtering process and solid wax part keep into separate container. This type
of solid wax portion was coming from PETE waste plastic because PETE has high percentage of Oxygen. Light
gas analysis is under investigation. Liquid and light gas percentage was 66.6%, residue was 9% and solid pest
was 24.4% which was not convertible see figure 2. Some portion of sediment part was come out with liquid fuel
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and shown into figure 3. Fuel sediment was separated by filtering system. Fuel color is light yellow and fuel is

2013

ignite.
Teflon Smmall
Bag Pump
MaOH MaHCO5 Water
FeyOs Light Gas
Catalyst
PETE and - . .
Condensation L Purification
HDPE Waste Reactor Unit Liguid Fuel System
Plastics
Residue Fuel
Sediment Final Fuel

Figure 1: HDPE and PETE mixture to fuel production

Figure 2: Wax type materials in the condensation pipeiside during PETE and HDPE waste plastic mixture to
fuel production period.

I

Figure 3: PETE and HDPE waste plastics mixture to fuel with wax
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V. RESULT AND DISCUSSION
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Figure 4: FT-IR spectrum of PETE and HDPE mixture to fuel

Table 1: FT-IR spectrum functional group list of PETE and HDPE mixture to fuel

Number of Wave Wave Number Compound/Functional Group
1 3617.77 Free OH
2 2941.51 C-CH;
3 2336.45
4 2077.05 C-C=-C-C=-CH
5 2026.88
6 1955.10
7 1925.47
8 1819.38 Non-Conjugated
9 1687.30 Non-Conjugated
10 1605.65 Non-Conjugated
11 1585.47 Conjugated
12 1285.90
13 1202.06
14 1177.68 ~Formates
15 1126.87
16 1096.52
17 1070.54
18 908.87 -CH=CH,-
19 808.22
20 714.99 -CH=CH-(cis)
21 637.79 -CH=CH-(cis)
22 547.92

FTIR analysis of 25% PETE and 75% HDPE with 5% Activated Carbon and 2% Fe,O; to fuel (figure 4 and
table 1) according to their wave number and spectrum band following types of functional groups are appeared in
the analysis. In the spectrum field we noticed that higher wave number are emerged in the initial phase and
middle index of the spectrum in higher wave number small and bulky both functional groups are available and
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in low wave number double bond and single bond functional groups are available such as methane group,trans
and alkene group etc. Hereafter wave number 3617.77 cm™ functional group is Free OH, wave number 2941.51
cm™, functional group is C-CHs, wave number 2077.05 cm™, functional group is C-C= -C-C= -CH. wave
number 2186.56 cm™ functional group is C-C=-C-C=-CH_wave number 1819.38 cm™ , 1687.30 cm™ and
1605.65 cm™ functional group is Non-Conjugated, wave number 1585.47cm™, functional group is Conjugated ,
wave number 1177.68cm™ functional group is ~Formates, wave number 908.87 cm™ functional group is -
CH=CH,- and ultimately wave number 714.99 cm™ and 637.79 cm™ functional group is -CH=CH-(cis) as
well. Energy values are calculated, using formula is E=hv, Where h=Planks Constant, h =6.626x10* J,
v=Frequency in Hertz (sec'l), Where v=c/A, c=Speed of light, where, ¢c=299,792,458 m/s, W=1/A, where X is
wave length and W is wave number in cm™. Therefore the equation E=hv, can substitute by the following
equation, E=hcW. According to their wave number several energy values are calculated such as for wave
number 3671.77 (cm™) calculated energy, E=7.18x10%° J, wave number 2941.51 (cm™) calculated energy,
E=5.84x10% J, wave number 2077.05 (cm™), calculated energy, E=4.12x10%° J, wave number 1819.38 (cm™),
calculated energy, E=3.61x10?° J, wave number 1585.47 (cm™), calculated energy, E=3.14x10% J, wave
number 908.87 (cm™), calculated energy, E=1.80x10° J and ultimately wave number 714.99 (cm™), calculated
energy, E=1.42x10% J respectively .

100
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Figure 5: DSC graph of PETE and HDPE waste plastics mixture to fuel

PETE and HDPE waste plastics mixture to fuel product was analysis (Figure 5) by DSC for fuel
enthalpy value. DSC run temperature was 5 °C to 400 °C and temperature ramping rate was 10 °C. DSC carrier
gas was use Nitrogen and pan was use aluminum. DSC fuel graph showed onset temperature is 7.90 °C, Peak is
153.56 °C and peak height is 41.5794 mW. Graph area is 22367.711 mJ, delta H value or enthalpy value is
22367.7115 J/g and a delta Hf value is 22.3677 kJ/mol.

Irtensity [a. u.]

i [ln,.

Retention Tim = [M

Figure 6: GC/MS Chromatogram of PETE and HDPE waste plastics mixture to fuel
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Table 2: GC/MS Chromatogram compounds list of PETE and HDPE waste plastics mixture to fuel

Peak Retentio Trace Compound Name Compou Molecul  Probabilit  NIST

Numbe n Time Mass nd ar y Library

r (M.) (m/z) Formula weight Percentage Number

1 1.48 41 Propane CaHg 44 58.1 18863

2 1.54 41 Butane, 1-isocyano-  CgHgN 83 28.1 39412

3 1.69 42 Cyclopropane, CsH1o 70 21.9 19072
ethyl-

4 1.71 43 Pentane CgH12 72 83.4 114462

5 1.79 67 1,3-Pentadiene CsHg 68 25.7 291890

6 1.95 42 Butane, 2,3- CgH14 86 13.8 291518
dimethyl-

7 2.08 56 Cyclopropane, 1- CgH12 84 20.9 113658
ethyl-2-methyl-, cis-

8 2.12 57 Hexane CgH14 86 85.5 61280

9 2.16 55 3-Hexene, (2)- CgH12 84 22.9 114381

10 2.22 67 Cyclobutene, 3,3- CgsH10 82 7.91 62288
dimethyl-

11 2.33 56 Cyclopentane, CeH12 84 63.5 114428
methyl-

12 2.41 79 1,3- CgHsg 80 16.1 419
Cyclopentadiene, 5-
methyl-

13 2.50 67 Cyclopentene, 1- CgH10 82 13.8 107747
methyl-

14 2.59 78 Benzene CeH6 78 68.5 291514

15 2.76 67 Cyclohexene CeH10 82 16.9 114431

16 2.85 56 1-Heptene C7H14 98 36.4 107734

17 2.94 43 Heptane C7H16 100 75.9 61276

18 3.02 41 2-Heptene C7H14 98 28.0 113119

19 3.10 81 Cyclopropane, C7H12 96 9.97 63085
trimethylmethylene-

20 3.18 81 Cyclopentane, 1- C7H12 96 12.4 62523
methyl-2-
methylene-

21 3.25 83 Cyclohexane, C7H14 98 62.0 118503
methyl-

22 3.36 69 Cyclopentane, ethyl- C7H14 98 74.2 231044

23 3.47 81 Norbornane C7H12 96 9.92 114371

24 3.57 81 Cyclobutane, (1- C7H12 96 18.9 150272
methylethylidene)-

25 3.62 67 1-Ethylcyclopentene  C7H12 96 42.5 114407

26 3.76 91 Toluene C7Hsg 92 42.5 291301

27 3.82 81 Cyclohexene, 1- C7H12 96 19.2 139432
methyl-

28 3.96 79 3- CgH100 138 15.0 153194
Oxabicyclo[4.3.0lno 2
n-8-en-2-one, cis-

29 4.09 55 1-Octene CgH1g 112 195 227923

30 4.13 55 Cyclopentane, 1- CgH16 112 17.7 150594
ethyl-2-methyl-

31 4.23 43 Octane CgH18 114 42.3 229407

32 4.30 55 2-Octene, (2)- CgH16 112 24.2 113889

33 4.34 95 Bicyclo[3.1.0]hexan CgH14 110 11.7 142175
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e, 1,5-dimethyl-
34 4.62 67 1-Methyl-2- CgH14 110 32.2 113437
methylenecyclohexa
ne
35 4.72 41 Cyclopentane, CgH16 112 13.6 142655
propyl-
36 4.77 83 Cyclohexane, ethyl-  CgH1g 112 65.0 113476
37 4.82 43 2,4-Dimethyl-1- CgH1g 126 60.1 113516
heptene
38 5.15 91 Ethylbenzene CgH10 106 62.6 114918
39 5.29 81 Cyclohexane, CgH14 110 10.7 118885
ethylidene-
40 543 55 Cyclohexane, CoH16 124 21.6 26670
cyclopropyl-
10 5.47 41 1,8-Nonadiene CoH1p 124 27.3 227629
42 5.63 56 1-Nonene CgH1g 126 19.5 107756
43 5.77 43 Nonane CgHog 128 34.9 228006
44 5.85 55 cis-2-Nonene CgH1g 126 15.2 113508
45 5.97 55 trans--4-Nonene CoH18 126 12.9 113512
46 6.06 41 2,4-Undecadien-1-ol C11Hpg 168 10.4 136410
0]
47 6.30 55 Cyclohexane, CoH18 126 30.4 249350
propyl-
48 6.53 67 Cyclopentene, 1- CoH16 124 32.4 113491
butyl-
49 6.79 77 Ber%lzaldehyde C7HeO 106 75.1 291541
50 7.10 55 1,9-Decadiene C1oH1s 138 13.7 155383
51 7.26 41 1-Decene CioH20 140 18.3 107686
52 7.31 55 Cyclopentanol, 1-(1- CgH140 138 14.0 152742
methylene-2-
propenyl)-
53 7.40 43 Decanes CioH22 142 374 114147
54 7.46 55 cis-3-Decene C1oH20 140 14.0 113558
55 7.60 41 9- CgH160 140 10.3 46594
Oxabicyclo[6.1.0]no
nane, 1-methyl-, cis-
56 7.67 55 Cyclopentane, 1- C1oH20 140 11.0 63333
methyl-3-(2-
methylpropyl)-
57 8.46 105 Acetophenone CgHgO 120 13.2 34989
58 8.70 41 1,10-Undecadiene C11Hpo 152 11.0 113574
59 8.85 55 1-Undecene C11Hp2 154 7.08 5022
60 8.91 41 Pentafluoropropioni  C14H27 316 5.12 280071
c acid, 10-undecenyl  F50p
ester
61 8.99 57 Undecane C11H24 156 39.3 114185
62 9.04 55 3-Undecene, (2)- C11H22 154 13.9 142598
63 9.53 105 Benzoyl bromide C7HsBr 184 6.12 226735
O
64 10.23 105 Cyclohexanamine, C13H17 219 23.6 185471
N-(benzoyloxy)- NO2
65 10.38 55 1-Dodecene C12Hp4 168 7.03 107688
66 10.50 57 Dodecane C12H2s 170 31.8 291499
67 10.55 55 3-Dodecene, (E)- C1oH24 168 11.2 113960
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68 10.68 41 6-Dodecene, (2)- C12H24 168 11.9 142611
69 11.68 55 1,12-Tridecadiene Ci13H24 180 14.3 7380
70 11.81 55 1-Tridecene Ci3Hog 182 14.9 107768
71 11.84 41 Z-10-Pentadecen-1- C15H3p 226 6.23 245485
ol 0
72 11.93 57 Tridecane Ci3Hog 184 51.0 114282
73 11.97 55 2-Tridecene, (2)- Ci3Hog 182 9.81 142613
74 12.11 55 5-Tridecene, (E)- Ci3Hog 182 7.90 142619
75 13.05 55 E-10-Pentadecenol Ci5H3p 226 5.13 245484
@)
76 13.11 154 Biphenyl CioH190 154 74.5 114218
77 13.17 55 1-Hexadecene CigH32 224 6.44 118882
78 13.29 57 Tetradecane C14H3p 198 38.5 113925
79 13.32 55 3-Tetradecene, (E)- C14H2g8 196 9.80 139981
80 14.46 55 1-Pentadecene Ci5H3p 210 8.21 69726
81 14.56 57 Pentadecane CisH32 212 40.1 107761
82 14.59 55 Dichloroacetic acid, Ci17H32 338 3.63 280648
3-pentadecyl ester Clo02
83 14.72 55 E-2-Hexadecacen-1- Ci1gH32 240 12.8 131101
ol 0
84 15.67 55 1-Hexadecene C1eH32 224 10.8 118882s
85 15.77 57 Hexadecane CieH34 226 39.5 114191
86 15.80 55 1-Hexadecene CigH32 224 6.50 118882
87 15.93 55 Cyclopentane, CigH32 224 4.54 10583
undecyl-
88 16.73 55 E-2-Octadecadecen- C1gH3g 268 14.0 131102
1-ol 0
89 16.82 55 E-14-Hexadecenal Ci1gH3p 238 9.46 130980
@)
90 16.91 57 Heptadecane C17H3s 240 36.1 107308
91 16.94 55 8-Heptadecene C17H34 238 11.3 113620
92 17.91 55 E-15-Heptadecenal  C17H32 252 19.6 130979
O
93 18.00 57 Octadecane C1gH3g 254 29.9 57273
94 18.03 55 E-7-Octadecene C1gH3s 252 8.53 130920
95 18.96 55 1-Nonadecene C19H3g 266 114 113626
96 19.04 57 Nonadecane C19H40 268 151 114098
97 19.20 55 9-Nonadecene C19H3g 266 15.7 113627
98 19.95 55 1-Nonadecene C19H3g 266 7.73 113626
99 20.02 57 Eicosane CooHg2 282 33.2 290513
100 20.19 55 1-Eicosanol CooHg2 298 7.62 113075
O
101 20.91 43 1-Docosene CooHgq 308 9.91 113878
102 20.97 57 Heneicosane Co1H44 296 30.0 107569
103 21.88 57 Heneicosane Co1Ha4 296 15.8 107569
104 22.06 55 10-Heneicosene (c,t) Co1Hg2 294 10.0 113073
105 22.72 43 1-Docosene CooHgq 308 15.0 113878
106 22.76 57 Heneicosane Co1H44 296 12.6 107569
107 23.62 57 Heneicosane Co1Ha4 296 12.6 107569
108 24.44 57 Heneicosane Co1Ha4 296 7.93 107569
109 25.25 57 Nonadecane CigH40 268 8.83 114098
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110 26.03 57 Eicosane CooHap 282 7.88 149863
111 26.81 43 Heptacosane Co7Hsg 380 7.25 150574

PETE and HDPE waste plastic to fuel production process was thermal with Ferric Oxide catalyst to
accelerated the reaction. Product fuel percentage was 66.6% and rest of percentage was residue and white color
solid pest. Because PETE waste plastic has Oxygen content and it was not convertible. Product fuel was analysis
by GC/MS (Figure 6) and chromatogram was analysis by using NIST library wise. In GC/MS analysis indicate
that product fuel has hydrocarbon compounds including oxygen content, alcoholic group, aromatic group,
nitrogen content and halogenated compounds. Analysis was perform base on retention time (m) and traces mass
(m/z). During GC/MS analysis period fuel compounds, molecular weight, trace mass, probability percentage and
NIST library number was determine showed into table 2. Initial compounds was detected from GC/MS
chromatogram Propane (C3Hg) (t=1.48, m/z=41) molecular weight 44 and probability percentage is 58.1%, and

largest carbon number compounds is Heptacosane (C27Hs5g) (t=26.81, m/z= 43) molecular weight is 380 and
probability percentage is 7.25%. Aromatics group compounds is appeared into GC/MS analysis Toluene (C7Hg)
(t=3.36, m/z=91) molecular weight is 92 and probability percentage is 42.5%, Ethylbenzene (CgH10) (T=5.15,

m/z=91) molecular weight is 106 and probability percentage is 62.6% and so on. Alcoholic compounds was
detected 2,4-Undecadien-1-ol (C11H200) (t=6.06, m/z=41) compound molecular weight is 168 and probability

percentage is 10.4%, 1-(1-methylene-2-propenyl)-Cyclopentanol (CgH140) (t=7.31, m/z=55) molecular
weight is 138 and probability percentage is 14.0% and so on. Oxygen compounds appeared into GC/MS
analysis and showed Benzaldehyde (C7HgO) (t=6.79, m/z=77) molecular weight is 106 and probability

percentage is 75.1% E-14-Hexadecenal (C16H300) (t=16.82, m/z=55) molecular weight is 238 and probability

percentage is 9.46%. Nitrogen and halogen group compounds was appeared form GC/MS analysis such as 1-
isocyano-Butane (CsHgN) (t=1.54, m/z=41) molecular weight is 83 and probability percentage is 28.1%,

Dichloroacetic acid, 3-pentadecyl ester (C17H32CI202) (t=14.59, m/z=55) molecular weight is 338 and
probability percentage is 3.63%. Product fuel has short chain hydrocarbon C3Hg to long chain hydrocarbon
Co7H5g for that reason fuel can use as a diesel or heating fuel.

V. CONCLUSION

PETE and HDPE waste plastic to fuel production process was successfully with Fe,Oz and activated
carbon. Laboratory scale batch process was under laboratory fume hood at temperature 420 °C. Product fuel
density is 0.76 g/ml and conversion rate was liquid and light gas 66.6 % and rest of percentage was wax and
solid black residue. Fuel was analysis by FTIR to identify functional group inside fuel and found that C-CH; C-
C=-C-C=-CH, -CH=CH,-, -CH=CH-(cis), Non-Conjugated and Conjugated. Product fuel has enthalpy value.
GC/MS analysis result indicates that fuel has hydrocarbon chain C; to C,;, aromatic group, alcoholic group,
oxygen content, nitrogen content and halogen content. PETE and HDPE waste plastics mixture to fuel
production period produce fuel and wax mixture can separated by using filtering system. Solid waxy portion can
separate by micron filter process. Then fuel can use as a clean fuel in to internal combustion engine. Residue
and catalyst recovery is under investigation. By using this technology PETE and HDPE to fuel recovery process
can work easy ways at temperature 420 °C. Although PETE has high percentage of Oxygen content (33.3%) and
rest of percentage can convert as liquid fuel. The technology can solve the PETE and HDPE waste plastics
dumping and landfill problem as well as environmental problem.
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Abstract: - Prior to export, processed crude oil is stored in Floating Roof Tanks (FRT) to further allow any
trapped gas within the crude oil to escape, as this stabilises the crude oil. In the oil and gas industry, FRT’s are
vital in the processing of crude oil to the acceptable export specification.

In the tropics and other lightning prone regions, lightning induced floating roof tank fire constitutes a major
threat to crude oil production. Among others, a single lightning incident could result in the loss of life, product
and production time, avoidable incident review time, damaged equipment, wasted repair cost, bad publicity and
loss of income.

This paper therefore, is aimed at providing an effective solution to the menace of lightning induced tank fire by
focussing on the starting process of the lightning induced fire and proposing alternative concepts for breaking
the fire triangle before fire ensues.

Keywords: - crude oil, fire, floating roof tank, lightning protection, sparks

l. INTRODUCTION

Lightning is more prevalent in the tropics than elsewhere in the world ™ and it is a natural
phenomenon with an associated potential hazard. Lightning is a scientific phenomenon and contrary to common
opinion lightning can be studied scientifically and using its empirical properties its occurrence can be predicted,
detected and its impact mitigated.

Preventing static electricity and lightning related hazards such as step / touch voltage, lightning fire,
equipment damage etc. is achieved by installing an effective Lightning Protection System (LPS) on the structure
of concern. The effectiveness of such a Lightning Protection System is dependent on the nature and the
thoroughness of the design of the grounding and bonding system implemented on and around the structure and
how well it is maintained after installation.

In providing an effective solution to lightning issues several studies have been carried out and different
approaches adopted overtime. Some of these approaches have been criticized and said to be based on junk
science I & 791 There is therefore a need for a detailed analysis and definition of what qualifies as an effective
lightning protection system especially as regards oil and gas facilities, which are particularly prone to lightning
induced fire incidents because of the flammable nature of oil and gas products.

Unavoidably, analysis here focuses on accepted principles and guidelines as proposed by competent
authorities on lightning protection.

1. INTERACTION OF LIGHTNING WITH A FLOATING ROOF TANK

“Tank fire statistics shows that 35% of all floating roof tank fires are caused by lightning related issues.
It is presently estimated that 95% of rim seal fires are as a result of lightning strikes and 0.16% of all tanks with
rim seals will experience a ream seal fire in any year ¥

If 95% of all rim seal fires are as a result of lightning, then this raises the question “what is peculiar
about the rim-seal region of a FRT that makes it susceptible to lightning?” By design to ensure ease of
movement of the floating roof within the tank shell, there exist a gap between the tank shell and the edge of the
floating roof. This eliminates friction, guarantees ease of movement but creates issues in the following areas
when lightning strikes.
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Sparking

When lightning strikes the floating roof the lightning current will flow over the roof towards the edge
of the roof, and at the edge there exist a discontinuity because of the tank shell-roof gap this prevents the current
from flowing through the tank shell to the ground. Lightning induced electrostatic field at ground level is in the
order of 5KV/m and because of this high electric field a potential difference will exist between the roof and the
tank shell.

Air Gap
/K’
—'_.'-_‘1‘:.
e Lighining
S e Current
_..f " \ "-1 ) o

g 5 . — * d

. e e VA
I| [ 1 il L;'.. |
\ Il 'rl - ..-I

T Floating Roof
Figure 1: Tank shell-roof air gap

Because of the content of a floating roof tank which is crude oil, the tank contains flammable vapour,
also oxygen is readily available in the environment and at a potential of about 3KV/mm the flammable air
vapour (acting as a di-electric) within the gap will break down and conduct electricity in the form of a spark
(arc). This completes the fire triangle resulting in a lightning induced floating roof tank fire.

According to "' there are two types of spark; thermal and voltage sparks.

Roof Surface Charging

Prior to an eventual lightning strike electric charges will accumulate in the sky, e.g. for a negative
cloud to ground lightning, by induction positive charge will be induced on the surface of the shell and the roof
of the tank. This will ultimately create a difference in potential between the roof and the shell which can result
in transient currents.

Heating due to lightning strike

The flow of high energy lightning current can cause erosion and melting of thin metal sheets and this
can generate incendiary particles even around the shell-roof gap. However tanks with a thickness greater than
5mm cannot be melted by lightning. The continuing current with over 200C of charges will only met a little
over 1mm. Usually FRT tank shells are thicker than 5mm.

2.1 ROOF - SHELL CONNECTION

The discussion above shows that the gap between the roof and the tank shell is a major cause
of lightning voltage spark. In order to mitigate this, standards on lightning protection recommends that a form of
short circuit (direct connection) should be established between the roof and the shell so as to provide a flow path
for the lightning current from the roof to the tank shell rather than through the air gap so as to drastically reduce
the electric field build up within the air gap, and this takes the following forms:

2.1.1 Connection via the roof steers

The stairs that connects the tank shell to the top of the roof, for providing access to the roof so that
technicians can service the instrumentation systems installed on the tank roof is metallic. Hence this can serve as
a flow path for lightning current but this has a limitation in the sense that the stair is not solidly connected to the
roof.
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Figure 2: FRT Roof Access Ladder

The contact between the roof and the stairs is via movable rollers on rails that does not guarantee a
good electrical connection and also there is a tendency for spark generation between the roller and the roof if
gaps exist. Also because of the content of the tank that is crude oil, the roof is sometimes coated with oil and
this further reduces the electrical conductivity between the roof and the roller. Hence this cannot be depended on
for a good roof to shell connection.

2.1.2 Connection via bypass cable

It is also a common practise to connect the roof to the shell with a long length of cable at different
points along the circumference at a maximum separation distance of 30m. The bypass conductor is installed to
conduct the intermediate and the continuing current component of the lightning current. FRT are usually large in
diameter e.g. for a tank with a diameter of 60m and 50m in height the cable must be long enough to connect the
shell to the roof even when the tank is empty and the roof is at the bottom of the tank. For such a tank, if the
cable is connected to the centre of the roof the cable length must be at least 58.3 m and definitely it will be
longer as the cable cannot be taut.

When lightning impulse current with a frequency varying from hundreds of kilohertz to tens of
megahertz flows through such a cable the resistance of the cable is no longer significant, what matters is the
impedance which is highly determined by the frequency dependent inductance (2nFL). If the impedance
becomes so high to the extent that a very high voltage develops across the cable as several kilo amperes flows
through it, a flash over can occur. Flash over is when lightening current jumps through air to a nearby
conducting medium or object when the voltage build up across its initial path is so high as to cause a dielectric
breakdown of the insulating surrounding air.

Another issue with the use of cables is due to the rate of change of the lightning current (di/dt) as high
as 200KA/us. With a high inductance a very high voltage can easily be induced in nearby conductors or in the
cable by faradays law of electromagnetic induction even when the current is not flowing directly through the
cable. Hence the use of connecting cable is also not an optimal option.

2.1.3 Use of shunts

Towards resolving the roof-shell connection issue National Fire Protection Agency in their standard
NFPA 780 and also according to API 545-A [1] which recommended that a thin sheet of metal called a shunt
should be used to connect the roof to the shell at a separation distance of 3m round the circumference of the tank
for conducting the component A and B of the lightning current. The shunt is sometimes used together with the
bypass conductor. The shunt shall be made of austenitic stainless steel with a minimum of 20mm? in cross
sectional area and a minimum width of 51mm or could be of any other material with an equal current rating and
corrosion resistant rating.

The installed shunt, by design is held in contact with the tank shell by tension with a spring like effect such that
as the roof moves up and down the shunt moves with it and maintains contact with the shell.

Unfortunately the shunt also does not provide a perfect solution, the contact between the shunt and the
shell is not a solid contact and as such there is a tendency for arcing. Also the conductivity of the shunt-shell
interface is affected by the internal paint on the shell surface, the level of rusting and also by the insulating
coating deposited by the heavy component of crude oil on the tank surface. API research shows that irrespective
of the location of the shunt, always there is a spark generation at the shell shunt interface when lightning current
flows, the only difference is that the magnitude of the spark is reduced compared to that without the shunt.
Because the contact between the shell and shunt is dependent on the springy tension, on several tanks shunts can
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be seen completely separated from the tank shell due to the lost tension thereby creating the spark gap it was
installed to eliminate.

Figure 3: Shunt Not Maing Contact with the Tank
Copyright: Lightning Eliminators and Consultants, Inc. 2012

Since there will always be sparking at the shunt-shell interface APl recommended that the shunts
should be installed submerged below the crude oil at a minimum depth of 0.3m in a region where flammable
vapour does not exist such that even when sparks are generated the fire triangle will not be completed. Presently
the submersible type of shunt is not available because the feasibility and effectiveness of such a design is not
generally agreed on. This therefore challenges the effectiveness of shunts for current conduction.

2.1.4 Retractable Grounding Array (RGA)

Figure 4: Retractable Grounding Assembly Copyright: Lightning Eliminators and Consultants, Inc. 2012

Recent design came up with a device called a Retractable Grounding Array (RGA) which is basically a
self-retracting conductor. The RGA retracts and extends based on the roof level thereby maintaining the shortest
electrical connection possible and by so prevents the issue associated with the use of long cables. It is made of
multiple weaved strands of low resistance tinned copper wire and is typically installed on the tank shell and
connected to the edge of the roof.

RGA should be more effective due to the shortest electrical connection it provides, although more expensive
compared to ordinary cables but RGA alone is not considered a complete lightning protection against direct
strike.

1. LIGHTNING PROTECTION SYSTEM CONCEPT SELECTION
The approach to solving the lightning induced fire issue is centred on eliminating voltage differential
and majorly breaking the fire triangle and this would take two forms.
a. Eliminating the chances of spark generation at the shunt-shell interface by ensuring that the lightning stroke
does not terminate on the roof but on a preferred conductive part
b. Ensuring the absence of flammable fuel-air vapour in the shunt region by eliminating oxygen or limiting the
volume of hydrocarbon fumes

This paper focuses on the first, and this would be achieved by implementing a conventional LPS on the FRT in a
way that the lightning current would be almost if not completely routed from the tank’s shell-shunt interface.
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Concept 1: Air terminal installation on the tank rim
Description

Research findings clearly show that the shape and dimension of an air terminal determines its
performance. In line with this, since the tank shell itself is not an air terminal though effectively conductive its
ability to emit upward streamers and thereby attract the lightning to itself rather than to the roof could be
impaired by its shape and properties, hence this option.

Based on oil and gas industry practices around the world and as proposed by the OISD [5].

I .
lH
Diameter

Figure 5: Air terminal rods on a FRT

/ Air terminal

V

1. Install blunt tip Franklin rods (preferably dia-19 mm) at every 20 m spacing around the tank rim 56! 2
2. The down conductor in this case shall be the tank shell [Since the tank shell thickness > 4.8mm N4 ]

The major limitation of this approach is that with a 5 m high air terminal only a maximum of 16.58 m distance
on the roof from the edge of the shell is protected.

The key advantage is that this concept prevents direct strike to the shunt region, and if the stroke
terminates somewhere around the centre, the lightning stroke current will be divided among the different shunts
thereby reducing the magnitude of current through individual shunt. The protected zone can be improved by
increasing the height of the air terminal, although a 5m high air terminal seems excessively long already.

With this concept a direct strike to the tank shell will still result in transients current flowing from the shell
across the shunts to the roof, through other shunts, then over the shell again.

Concept 2: Use of suspended horizontal air terminal attached to the tank rim
Description

J ]éifnhﬁir (Shield wire)

— I-
ln
Diameter

Figure 6: Shield wire attached to the tank shell

=
—

The focus of this option is to eliminate the weakness of concept 1 in terms of the limit of the protection
radius of the air terminals. It utilizes an array of horizontal air terminals supported by steel rods welded to the
tank rim to ensure a full protection zone cover of the tank roof.

The main flaw of this approach is that even without a lightning bypass to the roof, the flow of current through
the support steel pole to the tank shell will still result in the flow of a portion of the current via the shunts to the
roof, then through other shunts back to the shell and then down to the ground.
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Concept 3: Use of suspended horizontal air terminal using support poles
Description

The protection is achieved using multiple suspended air terminations (overhead shield wires) at an adequate
height above the area to be protected as recommended by BS 6651 [2] and NFPA 780 (#7.3.3) for explosive

materials.
~— Suspended A Terminal
| Separation

Steel i Distance
Pole Earth

s Floating Roof Tank = Electrode

| Y
r S

Figure 7: Pole supported shield wire

“Since lightning currents are difficult to prevent except by roofing over the tank with metal or having a
mesh type catenary system over the entire tank, which is not very practicable”. API 545-A [1] also recognizes
the benefits of a conducting mesh over the tank

The setup is made up of low resistance, separately grounded steel poles used as support for low
resistance catenary ground wire. The minimum separation distance between an overhead ground (horizontal
shield) wire or a lightning mast and the structure being protected must be greater than or equal to the side flash
distance (s) or the bonding distance, so as to prevent side flashes.

The main advantage of this option is that it completely keeps the lightning current from the tank provided there
is no eventual bypass.

3.1 CRITERIADEFINTION
The best option among the three concepts will be selected based on the following criterion.

Table 1: Project Selection Criteria Paired Comparison

A B2 C3 D3 E2 AlFl A: Material Requirement 2% 6
B B2 D2 B2 B2 B1G1 B: Constructability 9 20% 3
C D2 C2 C2 G2 C: Extent of roof protection 7 15% 4
D: Tendency of spark
D3 D3 D1G1 generation 14 30% 1
E2 G2 E: Ease of maintenance 4 9% 5
G2 F: Design flexibility 1 2% 6
G: Tank isolation from
lightning 10 22% 2
46

1 = About the Same
2 = Preferred

Preference Scoring 3 = Stronaly Preferred

Material Requirement: This translates to the installation cost

Constructability: The ease / feasibility of the design installation in terms of material availability, space
limitation, structural arrangement and the effect on production.

Extent of roof protection: The proportion of the FRT roof that is within the protection zone of the LPS.
Tendency of spark generation: The magnitude of lightning current that is likely to flow through the shell-shunt
interface.
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Ease of maintenance: Ease of access for maintenance activities, in terms of location / height challenges and

impact on production activities.
Design flexibility: Design limitation on arrangement / physical setup as a measure of LPS interference with

other equipment / tank component.
Tank isolation from lightning: The probability of a direct strike to the tank as a result of LPS lightning bypass

/ limitation of the zone of protection.

Table 2: Application of the weight of the criteria to each concept

> o P O m m O 1) 1)
25| ¢ |35 |85 |88 | g2 |g8| 3 |38
Sg | 3 | gS | x5 | 23 g |85 |2 |2
= c Q= e 3 @ S, S 3 = i
3 s S =9 | @3 3 = 2 S g | g
o} ® S = 3 < 3 g | < e | 3
= . o = o o X, = = =
= = | & = = &
< =i q
Design Concept 0.0217 |[0.1956 |0.1521 |0.3043 0.0869 0.0217 |0.0217
Alrtermlnal_lnstallatlon 7 4 6 6 7 6 4 450
on the tank rim
Use of  suspended
horizontal air terminal | 9 8 9 7 6 6 5 6.02 | 2
attached to the tank rim
Use of  suspended
horizontal air terminal | 6 8 9 9 5 6 9 6.57 [l
using support poles

In line with preventing tank fire, concept 3 which utilizes horizontal air termination with support poles
which has the highest concept score after comparison as shown in Table land Table 2 is the recommended
concept. The main reasons are that this concept has the best protection zone and the least tendency of spark

generation

3.2 Application of the rolling sphere to a floating roof tank protected using concept 3

Using the rolling sphere approach to air terminal design mathematical analysis were carried out to
determine the relationship between the striking distance, the attractive radius and the penetration depth between
two adjacent lightning shield wires. Using developed mathematical relationships and the recommendations of
competent authorities on lightning protection, an application was developed which simplifies the intricacies of
designing a LPS for a FRT using the recommended concept.

Lightning
Downward Leader

&
i
o
S
Horizontal Air Shield =y
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Floating Roof Tank

f |

M
Figure 8: Striking distance to a point Y on the air terminal
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Figure 9: Space protected by two parallel horizontal air terminals

V. THE APPLICATION
Based on the analysis and models developed around the selected concept a software application was developed

which automates the LPS design.
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Figure 11: Parameter selection form

4.1 Setting up the Lightning Protection System

Setting up the LPS requires making technical decisions to determine the number of parallel lightning
shield wires required, their spacing, the minimum height of the wire above the tank to prevent side flash and so
on. The design process can be carried out in stages, with analysis done separately for the grounding system, the
down conductor and the air terminal, doing this will require the user to make some enlightened decisions. This
could be a little cumbersome for someone with a basic understanding of lightning protection and its
requirements. To address this, a platform was created which only requires the dimension of the tank and the
desired protection level, and the application will automatically compute the installation requirement in terms of
spacing and air terminal height.

Rolling Sphere Radius or Striking Distance
Tank Attributes
-
R I
Tank Height 16 m
- The distance E between
Height of the Tallest the edge of the Tank
n':m ﬂ“Dﬂlt tank " E |  andthe Extreme wire
() Minimum distance Y 1 |
between the Pole e sl ¥ O
and the Tank ’ ~
Pl L Ground Electrode
7 1 Connected to the
Sideflash Parameters ] ! Tank
1 Floating ! ‘I /
[ 1 Cl{]}:]nel:mpe Q| Roof Tank >
]
Height of the Shied wire above the highest object on the Tank \.\\ 7
s,
6 m o ’
T~w ‘__I_;,E \Dislanua X
Parallel ——— between
Lightning Elecrodes
Shield Wire '
~—
Pols,
Distance between the tank and its Grounding electrodes %fm“r’f-
1 m The grounding Electrodes at the hase of each pole should be honded
to the Tank grounding electrodes to eliminate voltage diffrential and
for improved lightning current conduction

Figure 12: Form for computing installation requirements

Although the automatic computation considers necessary factors such as the tendency of a lightning
flash and is thus accurate and sufficient for protection but it may not be the optimum design in terms of material
usage where manually the application user can make decisions based on the physical structure and arrangement
of equipment around and above the tank
The application generates an estimate of the materials (number of electrodes, length of copper tapes) needed.
The position of the distance as given in the report can be determined by comparing it with reference diagram
(tank plan) in the application form.
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AN ESTIMATE OF THE MATERIALS NEEDED TO SETUP THE LIGHTNING PROTECTION SYSTEM

| GENERATED BY RIEBIG FRT LPS+

|yse the Tank diagram in the application as reference

The number of directly connected grounding electrodes to the tank is = 10

The distance (N) between the Tank grounding electordes and the Tank is = 1m

The distance (xX) between each electrode is = 18.85 m

The estimated length of the copper tape needed for bonding all the earth rods is = 214.26 m
The height of the support pole above the ground is = 22 m

The number of poles needed is = 8

The number of parallel shield wire = 4

Each shield wire is supported by 2 poles i
The Length of each shield wire is = 70m

The estimated Total Tlength of the lightning shield (catenary) wire needed is = 308 m

The distance (Y) between the pole and the Tank is = 5m

The separation distance (T) between adjacent poles = 19.33 m

The distance (E) between the edge of the Tank and the extreme shield wire is = 1im

NOTE: The number of Eara'l'le'l shield wire needed can be reduced by increasing the height

of the shield wire above the tank. You can then re-estimate the needed materials to make

sure that the new height gives the desired result

4|

m

Figure 13: A log of installation details

The guidelines and data provided by the application, if duly adhered to will help in setting up an effective
lightning protection system for floating roof tanks.

V. RISK MATRICES
Identify Assess the Plan Implement | _| Monitor and
the risks risks responses responses | 7|  reassess
Improve

Figure 14: Risk analysis and management process

Risk based analysis using EASY RISK MANAGER shows that the associated risk with lightning induced
floating roof tank fire can be effectively reduced from high-high to low-low in terms of the consequence and the
probability of occurrence, by deploying an effective LPS as presented by this paper.

VI. CONCLUSION

This paper has presented the process of how lightning interacts with floating roof tanks. LPS models
were proposed and the very best after a thorough comparison was selected. Using the selected concept this
project mathematically analysed the lightning strike process to a tank and in the course of this formulas and
algorithms were developed, also other relevant formulas were compiled from competent authorities on lightning
protection.
Ultimately, a lightning protection system design software called RIBIG FRT LPS+ was developed which serves
as a platform for fast and accurate design of LPS for floating roof tanks.
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Abstract: - India is looking at renewable alternative fuel sources to reduce its dependence on foreign imports of
oils. As India imports 70% of the oil, the country has been hit hard by increasing cost and uncertainty. Recently
the biomass resources are being used as alternative fuels and effective use of those fuels is gaining prominence
as a substitute way to solve the problem of global warming and the energy crisis. Among all the alternative fuels
existing mahua oil is also one. In this work, conventional laboratory equipment has been used for the
transesterification of mahua oil. Various properties of esterified mahua oil have been tested for comparison with
diesel fuel; further the investigations are carried out on a laboratory based diesel engine to study its
performance.

An attempt has been made in the present work to find out the suitability of transesterified mahua oil as
a fuel in C.I. engine. Experimental work was carried out on 7B.H.P single cylinder four stroke and vertical,
water cooled Kirloskar diesel engine at rated speed of 1500rpm different blends of transesterified mahua oil
with diesel were tested at 200bar injection pressure.

From the performance characteristics of transesterified mahua oil diesel blends the efficiencies
obtained were found to be better with 75% transesterified mahua oil. The thermal efficiencies of transesterified
mahua oil are higher at 25% diesel blends. The cost of transesterified mahua oil is low compared to the cost of
diesel. Hence mahua oil blended with diesel is more economical and this can provide an immediate, though
partial solution to the growing diesel scarcity in developing countries like ours.

INTRODUCTION

When Rudolf diesel first enunciated the concept of diesel engine, about a century back, the
experimental evaluation was demonstrated on peanut oil indicating that the vegetable oils will be the prospective
future fuels in diesel engines. In the context of fast depletion of fossil fuels and ever increasing diesel vehicle
population, use of renewable fuels like vegetable oils has become more pertinent.

The various biomass based resources, which cab be used as an extender, or a complete substitute of
diesel fuel may have very significant role in the development of agriculture, industrial and transport sectors in
the energy crisis situation. The role of diesel fuel in these sectors cannot be denied because of its ever-increasing
use. In fact agricultural and industrial sectors are almost diesel dependent.

Need for shifting towards alternative fuels

Probably in this century, it is believed that crude oil and petroleum products will become very scarce
and costly to find and produce. Although fuel economy of engines is greatly improved, increase in the number
of automobiles alone dictates that there will be a great demand for fuel in the near future. Alternative fuel
technology, availability, and use must and will become more common in the coming decades.

Another reason motivating the development of alternative fuels for the IC-engine is concerned over the
emission problems of gasoline engines. Combined with other air polluting systems, the large number of
automobiles is a major contributor to the air quality problem of the world. A third reason for alternative fuel
development is the fact that a large percentage of crude oil must be imported from other countries which control
the larger oil fields.

Energy consumption as a measure of prosperity

Energy is an important input in all sectors of any countries economy. The standard of living of a given country
can be directly related to the per capita energy consumption.
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Energy crisis is due to the two reasons:
1. The population of the world has increased rapidly.
2. The standard of living of human beings has increased.

Supply and demand of energy

The energy plays an important role in everyday life. Growth of an economy is largely dependent on
adequate supply of energy. Energy available in its original form in nature such as crude oil, natural gas, coal,
solar heat, etc. is called primary energy sources. Many of these sources are not directly usable and can be used
only after processing of or conversion. Crude oil is refined in a petroleum refinery and resulting petroleum
products include petrol are termed as secondary energy sources.

Present demand and supply

World energy future in present trend countries, the world in the next 50 years will be more crowded
than that of today. The world population may reach 10 billions. The conventional sources of energy are
depleting and may be exhausted by the end of the century or at the beginning of the next century.
The various alternative fuel options researched for diesel are mainly bio-gas, producer gas, methanol, ethanol,
and vegetable oils. Out of all these vegetable oils offer an advantage because of its comparable fuel properties
with diesel. The various edible vegetable oils like sunflower, soyabean, peanut, cotton seed etc. have been tested
successfully in diesel engine. Research in this direction with edible oils yielded encouraging results. But as India
still imports huge quantity of edible oils, therefore, the use of non-edible oils of minor oilseeds like mahua
(madhuca indica) oil has been tested as a diesel fuel extender.

The advantages of vegetable oils as diesel fuel are:
Liquid nature-portability

Ready availability

Renewability

High Cetane number

Lower sulfur content

Lower aromatic content

Biodegradability

The disadvantages of vegetable oils as diesel fuel are:
e Higher viscosity

e Lower volatility

e  The reactivity of unsaturated hydrocarbon chains

1. IMPORTANCE OF BIO-DIESEL
What is Bio-diesel?

Bio-diesel is a renewable fuel, biodegradable and non-toxic. It is an ester based oxygenated fuel made
form any vegetable oil (edible or non-edible) or animal fat. Bio-diesel is produced by a simple chemical reaction
between vegetable oil and alcohol in the presence of an acid or base as catalyst. It contains around 10% built-in
oxygen by weight and has no sulphur and has excellent lubricity properties. Built-in-oxygen makes it more
efficient fuel than petro-diesel hence its cetane number is higher than that of petro-diesel. It can be blended with
petro-diesel in any proportion.

Bio-diesel is the name of the clean burning alternative fuel, produced from domestic, renewable
resources. Bio-diesel contains no petroleum, but it can be blended at any level with petroleum diesel to create a
bio-diesel blend. It can be used in compression-ignition (diesel) engines with little or no modifications. Bio-
diesel is simple to use, biodegradable, nontoxic, and essentially free of sulphur and aromatics. It is defined as
mono-alkyl esters of long chain fatty acids derived from vegetable oils or animal fats which confirm to ASTM
D6751 specifications for use in diesel engines. Bio-diesel refers to the pure fuel before blending with diesel fuel.

Statistical report:

The National Bio-diesel Board (NBA) in the US reported that an estimated 5 million gallons of Bio-
diesel were sold in 1999, followed by 2 million gallons in 2000, 5 millions gallons in 2001, 15 million gallons in
2002 and an estimated 25 million gallons in 2003 respectively. It is estimated that during 2004-2005, an
estimated 35 million gallons of bio-diesel is made in the US and it is likely to reach 70 million gallons in the US
in 2006. Bio-diesel operates in conventional engines. Just like petroleum diesel, bio-diesel operates in
compression-ignition engines. Essentially no engine modifications are required, and bio-diesel maintains the
payload capacity and range of diesel.
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Pure bio-diesel is not compatible with natural rubber, sometimes found in pre 1994 vehicles. Because it
is a solvent. It can degrade natural rubber hoses and gaskets. This is not a problem with B20 blends (20 percent
biodiesel/80 percent diesel) and below. Bio-diesel does not require special storage. In fact, in its pure form or in
blends, Bio-diesel can be stored wherever petroleum diesel is stored, except in concrete-lined tanks. It is handled
like diesel and uses the same infrastructure for transport, storage and use. At higher blend levels, bio-diesel may
deteriorate natural rubber or polyurethane foam materials. Bio-diesel exhaust is less offensive. The use of bio-
diesel and bio-diesel blends results in a noticeable, less offensive change in exhaust odour, which can be a real
benefit in confined spaces. In fact, equipment operators have compared it to the smell of French fries. Users also
report having no eye irritation. Since bio-diesel is oxygenated, diesel engines have more complete combustion
with bio-diesel than with petroleum. Bio-diesel is safer to use than petroleum diesel. The flash point (the point at
which fuel ignites) for bio-diesel in its pure form is a minimum of 260 degrees versus about 125 degrees
Fahrenheit for regular No.2 diesel. This makes bio-diesel one of the safest fuels to use, handle and store. Bio-
diesel reduces emissions significantly.

Bio-diesel is the first alternative fuel to have fully completed the health effects testing requirements of
the US Clear Air Act. The use of bio-diesel in a conventional diesel engine results substantial reduction of
unburnt hydrocarbons, carbon monoxide, and particulate matter. Emissions of nitrogen oxides are either slightly
reduced or slightly increased depending on the duty cycle and testing methods. The use of bio-diesel decreases
the solid carbon fraction of particulate matter (since the oxygen in bio-diesel enables more complete combustion
to CO,), eliminates the sulfate fraction (as there is no sulfur in the fuel), while the soluble, or hydrocarbon,
fraction stays the same or is increased. Bio-diesel works well with new technologies such as catalysts,
particulate traps, and exhaust gas recirculation. So bio-diesel reduces carbon dioxide by 78 percent on a life
cycle basis. No engine modifications are required up to 20 percent blend.

Bio-diesel is made from Rapeseed (UK), Soybean (USA, Brazil), Sunflower (Italy and Southern
France), Oil palm (Malaysia), Linseed, Olive (Spain), Cotton seed (Greece) and tree borne, non-edible oilseeds
like Mahua,Jatropha (Ratanjot) and Pongamia (Karanja) in India. Bio-diesel is produced from more than 20
countries in the world. Like USA, Australia, France, Italy, Hungary, Germany and Czechoslovakia. No tax is
being levied on the production of bio-diesel by Germany and Italy. More than 100 bio-diesel plants were
established in the world. Bio-diesel could be made from crude/natural vegetable oils, crude/refined fats, high
acidity oil/fats, recovered fried oils, animal fats and waste oils.

Bio — Diesel Scenario in the World:
Bio-fuel used for school buses in the US

Pollution from school diesel buses has health implications to children. The use of Bio diesel can reduce
such health risks. In view of this, several thousand school buses in the US are using blends of bio-diesel. In
1997, Medford, New Jersey school district used bio-diesel buses for transport of children to school. In August
2002, Olympia, Illinois school district used bio-diesel for 33 schools buses and travels around 4000 miles per
day with 6 lakhs miles per annum. Clark country, Nevada school district used bio-diesel buses in May 2003 for
1200 schools. Similarly, Arlington County, Cirginia school district used bio-diesel buses for 200 schools, and in
July 2004, Arkansas school district used bio-diesel buses for 149 schools respectively.

Bio-diesel passenger Cars & trucks in the US

America’s big 3 Auto makers — general Motors, Ford and Daimler Chrysler each introduced new
generation of vehicles with diesel electric hybrids. Diesel engines are about 30 percent more efficient than
gasoline engines. This means that the diesel engine of the same displacement will produce about 30 percent
more horse power or give 30 percent better fuel economy for 30 percent less carbon dioxide emissions. Today’s
diesel engines are quieter, cleaner burning and more responsive than earlier diesels. In Europe, where the cost of
owning and operative of a passenger vehicle is significantly higher than in the US, stringent laws adopted by
California and four north West States have slowed the introduction of diesel vehicles to the market. However,
increasing fuel prices, the introduction of ultra low sulphur diesel, and new emissions, technology are making
passenger diesel vehicles more attractive to customers leading to diesel option offerings by auto manufacturers.

Bio-diesel further enhances the advantages of diesel by reducing vehicle emissions. B20 reduces
emissions of 12 percent. It reduces sulphur on average by 20 percent. Hundreds of US flights, representing over
25,000 vehicles for commercial, government, utility and transit use, currently run on bio-diesel blends
nationwide. Bio-diesel blends are also used increasingly in the farming, mining and marine industries, as well as
for heating oil and electrical generation applications. Most auto manufacturers approve Upto the use of B 55%
percent bio-diesel for the diesel engines.

Bio-diesel in Indonesia from Castor Oil
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Indonesia’s scientists claimed to have developed bio-diesel from castor oil plant at Bogor Institute of
Agriculture (IPB) and at the Ban dung Institute of Technology. They are currently developing bio-diesel oil
from the castor oil plant in 400 ha of land in Bireun, Aceh. Each 400 ha of Castor oil plants can produce 4000
liters of bio-diesel.

Bio-diesel from Oliplam in Malaysia

Palm oil prices have been showing wide variation over the last 4 years despite rising production of the
oil with in Malaysia, Palm oil (30 million tones) accounts for about 35 percent of global vegetable oil
production (110mt) and close to 60 percent of world trade of (40 mt in vegetable oils. The industry estimates
that up to five lakhs tones of crude palm oil will be used up annually for bio-fuel purposes, a development that
would act as a stabilizing factor for the palm oil market; any quantity in excess of one million tones in stocks
will be diverted for bio-diesel.

Energy Scenario in India

India’s incremental energy demand for the next decade is projected to be among the highest in the

world. With increasing growth rate of GDP, total primary commercial energy consumption has increased from
350 million metric tones of oil equivalent (MMTOE) during 2003-04 to 380 MMTOE at present.
Consumption of petroleum has increased form 3.5 million metric tones (MMT) in 1950-51 to 17.9 MMT in
1970 and 843 MMT in 1997-98 and to more than 120 MMT at present. It is estimated that the demand for
petroleum is 234 MMT in 2019-20. Domestic production of oil in 2004-05 is 33 MMT. Diesel consumption in
2004-05 for import of petroleum products and it is estimated to cost approximately Rs. 1, 75, 000 .00 crores in
2005 respectively.

There is increase in the growth rate of expenditure on import of petroleum to the tine of 46 percent
from 2004-05 and 2005-06. More than 70 percent of India’s total petroleum consumption is imported from
international market, which itself has become more volatile than ever. International crude prices are soaring to
new highs. Petroleum is predominately (46 percent) consumed in transport sector. The fuel-mix in transport
sector shows that about 80 percent consumption in this sector is a High Speed Diesel (HSD). The projected
demand for HSD in the country by 2005-07 is 52 MMT and on present indications, by 2011-12, it could increase
to 67 MMT. Petroleum resources are finite and therefore search for alternative fuels is continuing all over the
world. Bio-diesel is a renewable fuel and it can be made from any edible, non-edible vegetable oil including
waste oil development of Bio-diesel as an alternative and renewable source of energy for transport sector has
become important in the national effort towards self-reliance, an important component of the strategy for energy
security.

Bio-diesel Society of India (BDSI) formed

Keeping in view of the depleting oil reserves, increasing crude prices and rising global temperature, a
group of like minded entrepreneurs, scientists, bureaucrats and social workers have formed a society to promote
the use of bio-diesel. The objective of the society is to promote the consumption of bio-diesel. Due to
availability of high yielding varieties, this may also results in reduction in import of petroleum products.

1. ALTERNATIVE FUELS
The selection of alternative fuels for 1C-engines include the following factors
e Should be available in plenty and derived continuously from renewable sources.
They should have high specific energy content.
Should permit easy transportation and storage.
Should cause less environmental pollution.
Should be safe in handling.

The various alternative fuels for compression ignition engines are as follows.

ALCOHOLS:

Alcohol is an important renewable energy sources that can substitute petroleum products to certain extent. The
two alcohols that are of main interest are

ETHANOL.:

Ethanol is a convenient liquid fuel and can act as a substitute for petrol and diesel. Usually 95%
(hydrous) ethanol can be directly used in modified engines. 100% (anhydrous) ethanol can be mixed with dry
petrol to produce gasohol comprising 10% anhydrous ethanol with 90% petrol. The excellent combustion
properties of ethanol enable an engine to produce up to 20% more power. Mass, density and calorific value of
ethanol are less than that of petrol but on account of its improved combustion properties of ethanol fuel
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consumption from for ethanol, gasohol or petrol is more or less than the same. Ethanol as petrol additive raises
the octane rating of the mixture, as anhydrous ethanol is an octane fuel. Distinctive advantage of ethanol is that
it can be produced by renewable sources unlike nonrenewable fossil fuels.

METHANOL.:

Methanol like ethanol possesses octane enhancing capability when blended with unleaded petrol.
Methanol has high toxicity, which makes it a less desirable fuel than ethanol. Methanol, in blends with petrol,
up to a 10% can be used in existing S.l.engines without any modification. In view of its particular solubility,
characteristics, methanol can not be blended with diesel for use in C.I engines. Methanol has a value of
15.5*%10"6 to 17.7*1076 joules per liter, which about half the heat value of petrol and 75% of ethanol. Apart
from having higher flame speed, methanol possesses superior anti knocking properties that enable us to achieve
a higher output. The concentration of carbon monoxide, unburnt hydrocarbons and oxides of nitrogen in the
engine exhaust is less with methanol and methanol-petrol blends as compared to that of petrol. It is to be noted
that methanol burns cleaner than petrol.

Table 1: important properties of methanol and ethanol

S.no | Property Methanol Ethanol
1 Chemical formula CH;0H C,Hs0OH
2 Composition by weight %
Carbon 37.5 52
Hydrogen 125 13
Oxygen 50 35
3 Specific gravity at 15.5° 0.796 0.794
4 Boiling point 65 78
5 Lower calorific value (K cal/Kg) 4700 6400
6 Self ignition temperature (°C) 478 420
7 Octane numbers
(@) research 114 111
(b) motor 94 94
8 Cetane number 03 08
BIO-MASS:

Biomass is produced in nature through photo synthesis achieved by solar energy conversion. Bio-mass can be

obtained from different sources comprising

1. Organic wastes that accumulate at specific locations such as municipal solid wastes (MSW), timber wastes
and sewage sludge.

2. Bio-mass in non traditional form (converted in to liquid fuels).

3. Fermenting the biomass aerobically to obtain a gaseous fuel called biogas.

Bio-mass is a renewable energy so long as it is grown at a rate at least equal to the rate of its consumption.

BIO-GAS:

Bio-gas can be produced by fermenting organic materials in the absence
of air or oxygen with the help of bacteria (micro organisms) to break down the materials into intermediates like
alcohols and fatty acids and finally to methane, carbon dioxide and water. This process is called anaerobic
fermentation. The appropriate fermentation. The appropriate composition of biogas produced is as follows:
methane 50-60%, CO2 30-40%, hydrogen 5-10%, nitrogen 4-6%, oxygen 1-2% and hydrogen sulfide in traces.
Methane and hydrogen when burnt with oxygen give energy in the form of heat.

1. CH4 + 202 — 2H2 O+ C02 +978.6 KJ

2.2H,+0, — 2H, 0+ 572.6448 KJ
The CO2 in bio-mass does not contribute to the heat energy; indeed it is unfavorable to any

burning process. The amount of heat energy generated is 36476.804 KJ/m? for methane and 11712.428 KJ/m®
for hydrogen. It is impracticable to store large volumes of biogas at low pressure. It is therefore more
economically used as it is produced, for example, to meet space and water heating or cooking needs in forms.

NATURAL GAS:

Natural gas is generally associated with petroleum and coal deposits. It consists of mainly methane
with small percentages of ethane, propane, butane and CO2 and nitrogen. Natural gas is nearly odorless and
colorless. The usual range of consumption is 68% to 96% of methane and 3% to 30% of ethane in natural gas.
The range of calorific value of the natural gas is 37674-46046 KG/m?®. Gaseous fuel has number of advantages
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over solid or liquid fuels as they burn without any smoke and ash. The control of gases relatively easy and main
disadvantage is its storage.

HYDROGEN:

Hydrogen can play an important role as an alternative to conventional fuels provided, its technical
problems of production, storage and transportation can be resolved satisfactorily and cost could be brought to
the acceptable limits. One of the most attractive features of hydrogen as an energy carrier is that it can be
produced from water, which is abundantly available in nature. Hydrogen has the highest energy content per unit
if mass than any chemical fuel and can be substituted for hydrocarbons in a broad range of applications, often
with increased combustion efficiency. Its burning process is non- polluting and it can be used in fuel cells to
produce both electricity and useful heat.

METHANE:

Methane is clear gas with high calorific value. It can be used on site, and into the gas mines. Natural
gas is 955-methane or converted into methanol by treatment with a catalyst at high temperature and pressure. It
can also be compressed and used in limited range vehicles like tractors and forklift trucks. However, to store or
transport the energy equivalent of a single gallon of petrol as compressed requires a large tank. At 115bar
pressure the tank dimensions would need to be 0.45m in diameter and 1.45m in height.

LIQUIFIED PETROLEUM GAS:

During the refining of petroleum, large quantities of butane are liberated from the top of the column
and from the other refining processes. These gases can be compressed and liquefied at atmospheric temperature.
Butane and propane are also present in natural gas and can be separated and removed. Thus large volumes of the
gas can be stored under pressure in steel cylinders. It is an ideal fuel for domestic and mobile use. LPG contains
some fraction of methane and unsaturated hydro carbons in addition to butane and propane.

VEGETABLE OILS:

Vegetable oils can be classified as edible and non-edible oils. In India the consumption of edible oils is
more than the production. Hence, we can depend on non-edible oils for use in CI engines. Edible oils such as
sunflower, coconut, rice bran etc. can be used. Non-edible oils such as mahua, karanji, rapeseed, cottonseed etc.
can be substituted in CI engines.

PROPERTIES OF VEGETABLE OILS:

If fuel shall be used in the existing engines, some required properties of the fuel such as
kinematic-viscosity, the self ignition response, the net heating value, the grass heating value and density must be
considered.

VISCOSITY:

The direction injection in open combustion chamber trough nozzle and pattern of fuel spray decides the
case of combustion and thermal efficiency of the engine. Viscosity plays a vital role in the combustion. Low
viscosity can lead to excessive internal pumping leakage where as high viscosity can increase system pressure to
unacceptable levels and will effect injection during spray atomization. This effect is critical particularly at low
speed or light load condition as pure vegetable oils have high viscosity. The derivatives of vegetable oils are
called monsters and have low kinematics viscosity than that of oils. The monoesters are able to give stable
solutions in wide range of proportions with diesel fuel, vegetable oils and with alcohol too. They can be
solubilizers and can also make it possible to influence the viscosity of blended oils.

SELF-IGNITION RESPONSE:

It is expressed by the cetane number and for a good diesel fuel the value has to be not lower than 45. The cetane
number of vegetable oils is less than the diesel. The cetane number of monoesters, on an average, is above that
of vegetable oils. For example neem and karanji oils with diesel blends of 10% level have cetane number about
40-45 and at 20% level have cetane number about 35-40.

THE ENERGY CONTENT or HEATING VALUE:

The specific heating values of the different vegetable oils are nearly the same.

They range from 30.5-40.5MJ/Kg and for fuels it are approximately 42.4MJ/Kg. if calorific or heating value of
vegetable oils is more, it helps to reduce the quantity handled and to maximize equipment operating range. It is
always desirable for vegetable fuels to have heating value nearer to diesel oil.
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DENSITY:

Density of the vegetable oils is 0.91-0.94gm/cc at 15°C. In comparison to the density of diesel fuel (0.81-
0.86gm/cc)the density of vegetable oils 10% higher, and for ester about 5% higher. For example mahua o0il-0.92,
neem 0il-0.921 & karanji 0il-0.95 while the density of ethyl and methyl ester of rape oil is 0.87 and 0.88gm/cc
respectively.

POUR POINT, CLOUD POINT AND FLASH POINT:

First two properties are important for cold weather operation. For satisfactory working, the values of both are
well below freezing point of oil used. Flash point is important from safety point of view. The temperature
should be practically as high as possible. Typical values of vegetable fuels range between 50 & 110 c addition
of vegetable oil with diesel to form a blend should not decrease the flash point temperature.

SEPERATION OF VEGETABLE OIL FUELS:
Solution to the viscosity problem has approached in at least four ways:

1. by dilution

2. by preparation of methyl esters transesterification
3. by micro emulsification

4. by Pyrolosis(or)thermal cracking

(@)DILUTION:

Dilution or blending of vegetable oil with neat diesel fuel, to improve fuel property of vegetable oil, is
one of the well known methods. Dilution of sunflower oil with diesel fuel (1.3v/v) provides a fuel with a
viscosity of 4.88 at 40 c, which is higher than the specified ASTM value of 4.0 at 40c. The viscosity is
moderately less than that of neat sunflower oil. However Ziejewsks concluded that the blend could not be
recommended for long term use in the direction diesel, engine because of closing of injector nozzle.

(b) METHYL ESTER TRANS ESTERFICATION:

The second method for reducing the viscosity is the conversion of the triglyceride oil to simple esters,
which reduces the molecular weight of the original oil to 1/3 of its former value and so reduces the viscosity.
Transesterification is a chemical reaction that aims at substituting the glycerol of the glycosides with their
molecules of mono alcohols such as methanol and ethanol there by obtaining three molecules of methyl ester of
the vegetable oil. A mixture of anhydrous alcohol and reagent (NaOH) in proper proportions is combined with
moisture free vegetable oil. The materials are maintained at 65 to 75 ¢ and allowed to settle by gravity for 24
hours.

Alkali catalyzed transesterification is known to proceed much fatter than acid catalyzed
transesterification. Fatty acid methyl esters are considered as a possible substitute for a conventional automotive
diesel engine.

Vegetable oil + alcohol -------------- > glycerin + esters

(c)MICRO EMULSIFICATION:

Another method of reducing vegetable oil viscosity has been discovered through the formation micro
emulsion with short chain as methanol (or) ethanol. A micro emulsion is defined as colloidal equilibrium
dispersion of optically isotopic fluid micro
structures, with dimension generally in 1 to 150 square meter range, formed spontaneously from two normally
immiscible liquids and one or more amhophilous.

The preliminary engine tests gave the following results for micro emulsions.

1. Lower exhaust temperature, and reduced emissions. Lower carbon monoxide/nitrogen oxide emissions than
that is observed for diesel fuel.

2. Heat release4 patters indicated that the micro emulsion fuels burned faster than diesel fuel and had higher
levels of pre mixed burning and lower levels of diffusion flame burning.

(d) PYROLYSIS OR THERMAL CRACKING:

Thermal and catalytic decomposition of vegetable oils to produce substitutes for diesel fuel has been
studied by a number of researchers using a variety of methods. The method involves cleavage of chemical bonds
to yield smaller molecules. Essentially two different methods of processing vegetable oils to obtain fuel have
been used.

1. Passing of the oil over a heated catalyst in a tube.
2. Distillation of the oil while in the presence of metallic salts.,
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PROPERTIES OF VEGETABLE OIL ESTER:

The physical characteristics of vegetable oil esters are close to those of diesel oil. A very positive gain by
this process is the cetane number of esters. The fact that the cetane number of esters is in the range of 50 and
above indicates their superiority in this respect. Viscosity is considerably reduced and is brought down to the
level of what is usual for diesel oil. They heating value is slightly lower than that of the parent oil. The cloud
point, though considerably reduced, is still high enough to cause flow problem in certain climates. The carbon
residue of the esters is also low. There is only a marginal improvement in the volatility as a result of
esterification. However this is not sufficient to eliminate starting problems in cold conditions. They mix easily
with diesel oil. The characteristics being so close to those of the diesel oil that the esters become strong
candidates to replace the diesel oil when need arises.

Table 2: vegetable oil properties

Oil Flash | Density | Kinematic | Cetane number Cloud Lower

point gm/cc | Viscosity point heating

(%) At37.8°c (%) Value

Sg.mm/sec MJ/liter
Diesel oil 46 0.832 1.62 45.0 -17.8 35.3
Peanut oil 235 0.921 41.2 415 +3 34.1
Methyl ester peanut oil 176 0.883 4.9 54.0 +5 33.6
Soya bean oil 219 0.923 36.8 38.5 -4 34.0
Babassu oil 150 0.946 30.3 38.0 +20 33.4
Methyl babassu oil 127 0.879 3.6 63.0 +4 31.8
Palm oil 267 0.918 39.6 42.0 +31 35.0
Methyl ester of palm oil 164 0.880 5.7 62.0 +13 33.3
Sunflower oil 232 0.924 37.1 35.5 -5 34.0
Methyl ester of sunflower oil 183 0.880 4.6 49.0 +1 335

VEGETABLE OIL FUEL PERFORMANCE:

The vegetable oil based fuels are renewable biomass derived fuels. Further these fuels can be readily
mixed with standard diesel and can be used in blends at any proportion. As far as the impact engine is
concerned, there has been no evidence of material compatibility, problems using vegetable oil fuel when it is
used in the proportion of 20 to 30% blend with diesel. A test in this regard was carried out by national Soya
diesel.

According to NSDB(Development board USA) reports 100%esters of Soya bean oil indicated
immersion incompatibility with certain rubbers and plastics, but not with metals. As far is durability is
concerned most studies have shown no appreciable difference between vegetable oil based diesel and petrol.
Vegetable oils based fuel can be substituted for diesel fuel with essential no engine modifications particularly at
lower blending levels. Further, vegetable oil based fuel has a flash point of 64 c. vegetable oil fuel also has the
advantage of not producing explosive fuel air mixtures.

PROBLEMS ASSOCIATING WITH VEGETABLE OIL FUEL:

1. Viscosity of vegetable oils is much higher than that of diesel. It can cause problems in fuel handling,
pumping, atomization and fuel injection, incomplete combustion, poor cold startup, deposit formation and
ring sticking.

2. Slower burning rate: vegetable oil gives rise to exhaust smoke, fuel impingements of oil on cylinder walls

and lubricant oil contamination.

VOLATALITY of vegetable oils is very less which preclude their use in spark ignition engine.

4. FLOW PROPERTIES of the vegetable oils are poor which limit their utilization during cold weather in
moderate temperature climates.

w

MODIFICATIONS:

The problems associated with viscosity can be reduced by heating the oil before entering into the engine.

1. Further the fuel injection problem can be increasing the injection pressure.

2. The problems associated with late/slow burning can be avoided by advancing fuel injection and preheating
the fuel.

3. All the above problems can be eliminated up to certain extent by blending vegetable oils with diesel.

4. Low problems can be eliminated by winterization (popular technique for reducing high melting point by
freezing them over a prescribed time period and drawing the liquid portion off separately)
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POLLUTION ASPECT OF VEGETABLE OILS:

Vegetable oils have high carbon residue. Vegetable oil based fuel contribute less green house gases to
the atmosphere and its use results in reduced air pollution to local levels. The parameters, which improve with
vegetable oil based fuel, include smoke, polyrometric hydrocarbon, unburned hydrocarbon, sulphurdioxide, and
acetaldehyde. One more important thing is that vegetable oil based fuels are biodegradable and non toxic. If
spilled, it is at least 90% biodegradable with in three weeks. Therefore, its spill and leaks in mines and other
sensitive areas will have less impact on disturbed aquifers. These characteristics make it a valuable fuel
particularly in environmentally sensitive areas. Vegetable oil has good ignition qualities than lighter alcohols for
diesel engines, since their cetane number is above 30.

ECONOMICAL ASPECT OF VEGETABLE OIL FUELS:

Vegetable oil based fuel is currently more expensive than petrol & diesel. But by increasing the
production and by providing subsidies, the prices can be lowered down. Further, by using glycerin as bi-product,
the prices can be brought down. While considering about cost factor, we have to think about petroleum sources.
They will become scarce with in next 25-30 years, and by that time we must have some alternative sources to
run out millions of vehicles with out disturbance. The alternative fuels available are LPG, alcohol, and vegetable
oils etc., further these LPG sources are also limited. They may serve 30-40 years. So, next choice is to go for
vegetable oils. These vegetable oil based fuels are promising once. Their use doesn’t requiring major engine,
vehicle or infrastructure modification in existing facilities. Because, these vegetable oils are renewable, the
promising feature of vegetable oil based fuel cannot be over looked.
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V. MAHUA OIL - LITERARY SURVEY
Introduction:

Two species of the genus madhuca indica and madhuca longifolia are found in India. Mahua is known
as Illupai maram in Tamil and Hippi in Kannada, which can be successfully grown in the wastelands and dry
lands. The seeds of the tree, popularly known as “Indian butter tree. The specific gravity of mahua oil was
9.11% higher than that of diesel. The kinematic viscosity of mahua oil was 15.23times more than that of diesel
at temperature of 40c. The kinematic viscosity of mahua oil reduced considerably with increase in temperature
to 80c and by increasing the proportion of diesel in fuel blends.

Mahua oil tree plantations and seeds shown keavespanciflowstsiofmahuaroilires

at the top right corner
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Edible oil:

The seeds contain 30-40 per cent fatty oil called mahua oil, which is edible and is also used in the
manufacture of various products such as soap and glycerin. The oil cake is used as bio fertilizer, organic manure
and as feed for fish and cattle. The leaves are used as fodder and as green manure. The flowers are used for
extracting ethanol, which is used in making country liquor.

Potential income:

The tree is found in abundance in Thanjavur, Tiruchi and Perambalur regions of Tamil- Nadu and
along the Cauvery River basin. About 30-40 percent of the tribal economy in north India such as in Bihar,
Madhya Pradesh and Orissa is dependent on the mahua seeds and flowers. The tree has a potential of enhancing
rural income. Being an evergreen variety, it reaches a height of 45-60 feet, and is well adapted to varied weather
conditions. With its wide spreading branches and circular crown the trees present a visually appealing structure.
Though the tree starts bearing seeds from the seventh year of planting, commercial harvesting of seeds can be
done only from the tenth year. Seed yield ranges from 20-200 kg per tree every year, depending on its growth
and development. Being hardy and pest resistant, the tree requires little attention once it has taken root.

Propagation technique:

Elaborating on the technique for propagating the trees, he said the variety can be propagated through
seeds and transplanted seedlings. Seeds are sown at a depth of 1.5-2.5 cm on raised beds. The seeds germinate in
about ten days. One-month-old seedlings are transplanted in plastic containers of 15 x 25 cm. Six to twelve-
month old-seedlings are used for planting in the main field.

Comparison of mahua oil with diesel oil:

(@) Calorific Value and Carbon Residue: The calorific value of mahua oil was observed as 88.26% of diesel
on weight basis and 96.30% on volume basis. The calorific value of mahua oil was found nearer to diesel
fuel in comparison with other liquid fuel options like ethanol and methanol. The carbon residue of mahua
oil was found higher than that of the limit specified for gradeA diesel and this may increase the chances of
carbon deposition in the combustion chamber. The higher carbon residue may be due to the difference in
chemical composition and molecular structure of mahua oil.

(b) Flash point: the flash point of mahua oil was very high as compared to diesel thus indicating its low
volatile nature. The results of increase in concentration of mahua oil in diesel revealed that the power output
decreases at all compression ratios.

(c) Brake thermal efficiency and a/f ratio: Brake thermal efficiency decreased with the increase of mahua
oil in diesel at all three compression ratio in comparison with pure diesel. Exhaust gas temperature
increased with the increase in concentration of mahua oil in diesel. The air-fuel ratio and volumetric
efficiency decreased with increase in concentration of mahua oil in diesel.

Table 3: characteristics of mahua woil

Properties “Valuoe
Eefractive index 1.452-1462
zaponification valuoe 187-197
Iodine value 55-7T0
Unzapontfiable matter, ¢ 1-3
Palmitic acid, ¢ 245
Stearic acid, %o 227
Oleic acid, %o 370
Linoleic acid %% 143
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Table 4: Comparison of properties of different fuels

Properties Diezel | Jatropha | Karanji Rapeseed Cotton | FRubber | Mahua Tranzesterified
oil oil oil seed oil | seed oil oil mahua oil
Deensity gm/'cc 0.840 0o18 0.927 0o18 0.874 0.920 0918 0344
Calorific valoe 4203 39.774 358 36.89 39648 | 38057 38.863 36914
MIEKWhr
Cetane number 4533 43 40 39 43 40 3 63
Viscosityat 449 ¢ 4359 199 36 55 30 556 68.51 16.34
Flazsh point® ¢ 73 240 230 273 210 242 238 160
Carbon residueg 0.1 044 0.66 031 0.35 046 04213 S
Fire point? e 78 244 253 279 215 246 244 163
V. TRANSESTERIFICATION

Introduction:

Transesterification is the process of using an alcohol (methanol, ethanol, proponol, or butanol) in the
presence of catalyst to chemically break the molecule of the raw renewable oil into methyl or ethyl esters of the
renewable oils with glycerol as by-product.

Transesterification of vegetable oils and fats:
The transesterification reaction proceeds with catalyst or without catalyst by using primary or secondary
monohydric aliphatic alcohols having 1-8 carbon atoms as follows:

Triglycerides + monohydric alcohol < glycerin + mono-alkyl esters

Transesterification means taking a triglyceride molecule or a complex fatty acid, neutralizing the free
fatty acids, removing the glycerin, and creating an alcohol ester. Theoretically, transesterification reaction is an
equilibrium reaction. In this reaction, however more amount of methanol was used to shift the reaction
equilibrium to the right side and produce more methyl esters as the proposed product. A catalyst is usually used
to improve the reaction rate and yield.

Alcohols are primary or secondary monohydric aliphatic alcohols having 1-8 carbon atoms. Among the
alcohols that can be used in the transesterification reactions are Methanol, ethanol, proponol, or butanol or amyl
alcohol. Methanol and ethanol are most frequently used. Ethanol is a preferred alcohol compared to methanol
because it is derived from agricultural products and is biologically less objectionable in the environment.
However methanol is preferable because if it’s low cost and its physical and chemical advantages (polar and
shortest chain alcohol). The transesterification can also be catalyzed by alkalis, acid or enzymes.

In the conventional transesterification of animal fats and vegetable oils for biodiesel production, free fatty acids
and water always produce negative effects, since the presence of free fatty acids and water causes soap
formation, consumes catalyst and reduces catalyst effectiveness, all of which resulting in a low conversion.

The transesterification reaction based on the catalyst usage is divided into two types namely

1. catalytic transesterification method

2. non- catalytic transesterification method

Reaction mechanism of transesterification:

Tranesterification consists of a number of consecutive, reversible reactions. Triglyceride is converted
stepwise to diglyceride, monoglyceride and finally glycerol. The formation of alkyl esters form monoglycerides
is believed as a step which determines the reaction rate, since monoglycerides are the most stable intermediate
compound.

Triglyceride + ROH < diglyceride + RCOOR,
Diglyceride + ROH < glycerol + RCOOR;
Monoglyceride + ROH < glycerol + RCOOR;

Several aspects, including the type of catalyst (alkaline, acid or enzyme), alcohol/vegetable oil molar
ratio, temperature, water content and free fatty acid content have an influence on the course of the
tranesterification. In the tranesterification of vegetable oils and fats for bio-diesel production, free fatty acids
and water always produce negative effects, since the presence of fatty acids and water causes soap formation,
consumes catalyst and reduces catalyst effectiveness, all of which result in a low conversion. When the original
ester is reacted with an alcohol, the transesterification process is called alcoholysis. The transesterification is an
equilibrium reaction and the transformation occurs essentially by mixing the reactants. In the transesterification
of vegetable oils, a triglyceride reacts with an alcohol in the presence of a strong acid or a base, producing a
mixture of fatty acids alkyl esters and glycerol. The stoichiometric reaction requires 1mol of a triglyceride and
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3mol of the alcohol. However an excess alcohol is used to increase the yield of the alkyl esters and to allow its
phase separation from the glycerol formed.

In the below graph various reaction times are plotted against various percentage yields of methyl esters
at two different temperatures.

REACTION TIME vs YIELD OF METHYL
ESTER
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Based on the type of catalyst used the transesterification process is classified as follows:
1. Acid-catalyzed process

2. Alkali- catalyzed process

3. Enzyme- catalyzed process

Acid-catalyzed process:

The transesterification process is catalyzed by acids, preferably by sulphonic and sulphuric acids.
These catalysts give very high yields in alkyl esters, but the reactions are slow. The alcohol/vegetable oil molar
ratio is one of the main factors that influence the transesterification. An excess of alcohol favors the formation
of products. On the other hand, an excessive amount of alcohol makes the recovery of glycerol difficult, so that
the ideal alcohol/oil ratio has to be established empirically considering each individual process.

Alkali-catalyzed process:
The reaction mechanism for alkali-catalyzed transesterification was formulated in a simple manner. This
reaction proceeds faster than that of the former one. The reaction mechanism will be explained in the later part.

Enzyme-catalyzed process:
This process is not yet commercially developed and also the reaction yields as well as the reaction times are still
unfavorable compared to the base-catalyzed systems.

Transesterification procedure:

Table 5:
Sl.no | Chemical Proportions
1 Mahua oil 500ml
2 Catalyst- NAOH 5.2gram
3 Methanol 225ml
4 Acetic acid + water 150ml + 850ml

e The catalyst is dissolved into methanol by vigorous stirring in a flask.

e The oil is transferred into a round bottomed flask and is heated in a water bath at 70c in water the prepared
catalyst and alcohol mixture is added at first by constant stirring.

e The final mixture is stirred vigorously for 2hours at 340K in ambient pressure.

e A successful transesterification produces two liquid phases: ester and crude glycerol. Crude glycerol being
heavier liquid is collected at the bottom of the flask after several hours of settling.

e Phase separation can be observed within 10min and can be completed within 2hours of settling in the
separating funnel. Complete settling can take as long as 20hours.

o Before collecting the oil in the separating funnel it is mixed with acetic acid and water for distillation and
easy phase separation.

e The separating funnel should be shaken well for two to three times while the mixture is allowed for phase
separation.

o Finally, after 20hours, complete settling of oil and glycerol will take place.

VI. TRANSESTERIFICATION PROCESS
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step3: heating sodiumm methozade step<: heated mahua oil in water bath
with 100ml mahua oil and colour change appeared

stepS: preparing dilute acetic acid step&: mixing and shaking heated
solution (approx 130ml) mahuaoil with acetic acid in a
separating funnel

step’: finally obtained layers of step 8: testing glycerol with acidified
biodiesel and glycerol after potassium permanganate
setting solution

Precautions:

The vegetable oil should have an acid value less than one and all materials should be substantially
anhydrous. If acid value is more than one, more NaOH is injected to neutralize the free fatty acids.

Water can cause soap formation and frothing. The resulting soaps can induce an increase in viscosity,
formation of gels and foams, and made the separation of glycerol difficult.

The stochiometric ratio for transesterification reaction requires 3mol of alcohol and 1mol of triglyceride to
yield 3mol of fatty acid ester and 1mol of glycerol.

Higher molar ratios result in greater ester production in a shorter time.

Stirring plays a vital role in transesterification process. Constant stirring should be done for yielding of oil
else it will be solidified.

Test for glycerol:

The glycerol is tested for whether it is unsaturated or saturated fatty acid. For that it is taken in a flask.

Then acidified potassium permanganate solution is added to that glycerol drop wise and observed carefully
In this experiment it is observed that the acidified potassium permanganate solution decolorized the
glycerol taken in the glass flask indication that it is unsaturated fatty acid.

FLOW CHART:
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VII. ACID AND HYDROCARBONS TEST

TEST WITH NaHCO3:
The esterified mahua oil is partially soluble in NaHCO3 and regeneration  with dil.Hcl to this the oil contains

“acidic groups”.

TEST WITH NITRATION:

The esterified mahua oil and Nitration mixture (1:1 ratio of sulphuric acid and nitric acid) is collected in ice for
about 15min and then heated in water bath for 20min and then poured into crushed ice then yellow precipitate is
formed due to this the oil contains “hydrocarbons”.

TEST WITH dil.Hcl:

The oil is insoluble in dil.Hcl due to this property the oil does not contain “basic groups”.

VIII. DISTILLATION
What is distillation?
The process in which a liquid (or) vapour mixture of two (or) more substances is separated into its component
factions of desired purity by the application and removal of heat. Distillation is the most common separation
technique.

Introduction
Distillation Experiment

One of the major tasks of the synthetic organic chemist is the purification of starting materials and the
isolation and purification of products. It is of particular importance to free a compound of impurities when its
structure is to be established or its physical properties are to be precisely determined.

Distillation is a very old technique which is frequently used to purify compounds and to determine their
boiling points. The boiling point is a useful molecular constant for the characterization and identification of pure
compounds. Furthermore, the boiling point range is usually a good indicator of the purity of a liquid.

In this experiment you will perform several distillations. You will compare distillations of a mixture of
methanol and water using the glassware set-up for a simple distillation and one for fractional distillation. You
will also measure the boiling point-range for an unknown compound and use this information as an aid in its
identification

Set Up
Distillation Experiment

The distillation flask, fractionation column and distillation head make up the part of the apparatus
where the liquid components are volatilized and separated. (This unit should be constructed high enough on a
ring stand to permit raising and lowering of the heating unit and assembled using the clamped flask as the
foundation for the apparatus.) The rest of the apparatus serves to condense the hot vapor back to a liquid as it
flows out the side-arm of the distillation head into the water-cooled condenser. (Caution: water should always
flow from bottom to top of the condenser) Liquid flows down the condenser and through the adapter into a
collection vessel. A thermometer is attached to the top of the distillation head by an adapter in order to
determine the temperature of the vapor being collected. The animation shows the step-by-step assembly of a
fractional distillation set-up.
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A simple distillation apparatus is less efficient than a fractional distillation apparatus, but is used to
purify materials containing only small amounts of impurities with much higher or lower boiling points.

IX. DISTILLATION PROCESS

Experiment
Distillation Experiment

The distillation flask is charged with the mixture of liquids and a couple of boiling chips. (Caution:
never heat a liquid without boiling chips and always add new chips to a cooled solution before reheating.) After
reattaching the flask, the liquid is heated to its boiling point to cause distillation. As the liquid travels up the
fractionating column, there is constant contact of the vapor and condensed liquid flowing back down the column
setting up equilibration all along the column. This results in the equivalent of a number of simple distillations,
depending on the particular column being used. As the liquid is removed, the sample is depleted of the lower
boiling component which is highly enriched at the top of the column until most of it is gone. An intermediate
fraction consisting of the two components is usually collected until all of the lower boiling component is
removed, at which point the pure higher boiling component is distilled. The progress of the distillation is
followed by measuring the temperature of the vapor at the top of the column. In a reasonably efficient
distillation, a fraction of each of the pure components will be obtained which boil over a small temperature
range near the boiling points of the components with an intermediate fraction, whose boiling range is broad and
between those of the pure components.

X. GLYCEROL REPRESENTATIONS:

OH

chemical structure of glvcercl glvcersl 310 model

GLYCEROL:

Glycerol, also well known as glycerin and glycerine, and less commonly as propane-1,2,3-triol,
1,2,3-propanetriol, 1,2,3-trihydroxypropane, glyceritol, and glycyl alcohol is a colorless, odorless,
hygroscopic, and sweet-tasting viscous liquid. Glycerol is a sugar alcohol and has three hydrophilic alcoholic
hydroxyl groups (OH) that are responsible for its solubility in water. Glycerol has a wide range of applications.
Glycerol has a prochiral spatial arrangement of atoms.

Glycerol — uses and applications:
Glycerol literally has thousands of uses. However, those uses are in constant flux as new technologies are
adapted. Here is an overview of the most common uses.

Foods and Beverages ¢ Cakes
Glycerol is used to moisten, sweeten and preserve ¢ Casings for meats, cheese and dry pet foods
foods and drinks. As an intermediate, glycerol also is used in
Examples: margarine, salad dressings, frozen desserts and
¢ Soft drinks food coatings.
+ Candies

Drugs



http://en.wikipedia.org/wiki/Hygroscopy
http://en.wikipedia.org/wiki/Viscosity
http://en.wikipedia.org/wiki/Sugar_alcohol
http://en.wikipedia.org/wiki/Hydrophilic
http://en.wikipedia.org/wiki/Alcohol
http://en.wikipedia.org/wiki/Hydroxyl_group
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Prochiral
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Glycerol is one of the most widely used ingredients
in drugs and pharmaceuticals, Uses include:

¢ Capsules

Ear infection remedies

Anesthetics

Cough remedies

Gargles

As a vehicle for antibiotics and antiseptics

* & & o o

Cosmetics and Toiletries

Because glycerol is nontoxic, non-irritating and
odorless, it is used as a moisturizing agent and
emollient (softening agent) for cosmetics and
toiletries, including:

¢ Toothpaste

Glycerol keeps tobacco moist and soft to prevent
breaking and crumbling during processing; it also
adds flavor to chewing and pipe tobaccos. Glycerol
also is used to manufacture cigarette filter tips.
Paper and Printing

Glycerol is used to soften and reduce shrinkage
during paper manufacturing.

Related uses:

¢ Grease-proof paper

+ Food wrappers

¢ To manufacture printing ink

Textiles

Glycerol is used to size and soften yarn and fabric
and to lubricate many kinds of fibers in spinning,
knitting and weaving operations.

Other common uses:

¢ Skin creams and lotions . . .

¢ Pre-shaving lotions ¢ Asalubricant for food processing machinery

+ Deodorants ¢ To manufacture resin coatings

¢ Make up ¢ To add flexibility to rubber and plastic

¢ Lipstick ¢ As a building block in manufacturing flexible
foams

Tobacco ¢ To manufacture dynamite

+ To create a component used in radios and neon
lights
XI. EXPERIMENTAL SETUP AND PROCEDURE

The schematic diagram of the experimental setup to test the performance of the engine with esterified
mahua oil is shown in figure. The engine is rigidly fixed to engine bed by bolts and nuts. A surge tank is fixed to
the stand and air enters into the surge tank through air filter and passes through an orifice plate. The difference
in water column in two legs of U-tube manometer gives the pressure drop across orifice plate. This pressure
drop is used to calculate the mass flow rate of air.

The dynamometer used here is brake dynamometer. It has a brake drum connected to the crankshaft. A
belt runs over the brake drum one end connected to the spring balance and another end to the load carrying
plate. The reading of the spring balance is taken as the net load on the engine.

EXPERIMENTS:

For better homogenization of the blends, they were prepared by mixing the required proportions in the
fuel tank. The compressed air at 2-3 atmospheres from a compressor was bubbled through the mahua oil blend.
This ensures a thorough mixing and homogenization of the blend. The blended fuel was then injected into the
combustion chamber with the standard fuel injection system of the engine. The injection timing was optimized
for the fuel at the rated load and this injection timing is maintained constant through the test.

The experimental setup consists of

1. Setup for investigation of the performance characteristics of C.l.engine using diesel and mahua oil blends.
2. Setup for the investigation of fuel properties.

3. Setup for the transesterification of mahua oil.

4. Setup for changing the pressure of the injector of the engine.
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Kirloskar Single Cylinder 4-Stroke Diesel Engine

Experimental Setup For Investigation Of Performance Characteristics:

The experimental setup consists of single cylinder, 4-stroke, and water cooled KIRLOSKAR diesel
engine. It is provided with accessories for the measurement of the load, fuel consumption, exhaust gas
temperature, volume of air inducted. The experimental setup is shown in the figure.

Specification Of The Engine:

Name of the engine : KIRLOSKAR

General details : 4-stroke C.I, vertical, water cool
Number of cylinders 01

Bore - 80mm

Stroke :110mm

Rated power : 5bhp at 1500rpm
Brake drum diameter :310mm

Belt thickness : 6mm

Arrangement For Measuring Load:

A rope runs over the brake drum one end connected to the spring balance and another end to the load
carrying plate. The reading of the spring balance is taken as the net load on the engine. In the operation of the
rope brake drum dynamometer, the engine is made to run at constant speed. The frictional torque due to the rope
must be equal to the torque transmitted by the engine.

Apparatus For Measurement Of Fuel Consumption:

The fuel tank is attached with a graduated burette. The valve at the bottom of the tank is closed when fuel
consumption rate is to be measured so that fuel is consumed only from the burette. The time taken for “X”
amount of fuel consumption is recorded to measure the fuel consumption rate.

Experimental Set Up For The Investigation Of Fuel Properties:

For determination of properties of esterified mahua oil and diesel blends, the experimental setup consists of
(@) Apparatus to determine emission gases

(b) Apparatus to determine viscosity

(c) Apparatus to determine density

(d) Determination of aniline point and cetane number

Description Of Apparatus For Measuring Emission Gases:
(a) DC-5 GAS ANALYZER:
DC- 5 gas analyzer measures five emission gases, including hydrocarbons (HC), Carbon Monoxide (CO),
Carbon Dioxide (Co2), Oxygen (02) and oxides of Nitrogen (NOX).
It will also provide a read-out for an optional Tachometer that handles up to 30,000 r.p.m.
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DC-5 GAS ANALYZER
(b)SMOKEMETER:
Many stationary sources discharge visible emissions into the atmosphere; these emissions are usually in
the shape of plume. This smoke meter involves to determination of plume opacity.

SMOKE METER

Description Of Apparatus For Measuring Viscosity:

The viscosity of the vegetable oil blends is determined by using redwood viscometer. The description
of apparatus is given below. The redwood viscometer consists of a copper cup, which is used to fill the liquid
whose viscosity, is to be determined. The cylinder cup is surrounded by a water jacket. To maintain a uniform
temperature throughout the volume of a stirrer is provided. A ball valve is provided to control the flow of liquid
through the small hole located at the bottom of copper cup. A collecting flask and stopwatch are required to
collect 50cc of oil and to determine the corresponding time.

Apparatus To Determine Density:

For measuring the density of fuel blends, the apparatus consists of gravity bottle is determined
accurately with the help of physical balance and weight. A 50cc of trans esterified mahua oil is taken in the
bottle and its weight is determined. From the readings obtained, the density of esterified mahua oil is determined

Apparatus For Determing Aniline Point And Cetane Number:

To determine the aniline point of fuel blends the apparatus consists of a water container in which a test
tube with the aniline mixture placed. The setup is heated using the Bunsen burner and the heat is distributed to
the stem by using a stirrer. Thermometer is placed in the mixture to, read the aniline mixture.

Experimental Technique:

The important fuel properties of esterified mahua oil where determined according to standard
procedure. The kirloskar 5bhp, single cylinder, 4stroke, water cooled engine having a bore(80mm) and stroke
(10mm) was used for this stud as shown in the figure 7.1.the experiments were conducted at constant speed of
1500rpm as applicable for stationary engine. The engine was coupled with a belt brake dynamometer. The
standard instrumentation was used to measure the fuel consumption, exhaust temperature, coolant
temperature(fig 1)for the stabilization of measuring parameters at each load setting and at the start of each test,
time period of 10 min and 30min were allowed. Three blends of esterified mahua oil with diesel and pure oil
were tested in the engine. The fuel blends were prepared in the proportion of 80% and 60% volume be volume
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with diesel, respectively. Pure esterified mahua oil (100%) is also used as another blend to run the engine. The
base line test was conducted with diesel only. In the process of testing with esterified mahua oil — diesel fuel
blends, no change was made in the engine. The engine was directly started on the fuel blends with out a change
over from diesel fuel. The engine performance was compared on the basis of parameter, i.e. power output,
specific fuel consumption, brake thermal efficiency, and exhaust gas temperature, air/fuel ratio and volumetric
efficiency.

The values of power output, specific fuel consumption (SFC) and brake thermal efficiency was calculated using
the standard formula and compared with that of diesel.

Experimental Procedure:

The experimental procedure consists of

1. Tests for determination of fuel properties

2. Tests for finding out the performance characteristics

Test To Determine The Properties Of Blends:

A Procedure To Determine The Viscosity:

The apparatus is cleaned thoroughly. The ball valve is placed in position thus closing the orifice. The
sample is poured into the cup up to gauge point. The standard 50 ml flask is kept under the orifice of the cup.
The sample is heated to the required temperature, which is noted from the thermometer immersed in the oil.
After heating to the desired temperature the ball valve is lifted off. The oil drains in to the flask placed beneath.
The time taken to collect the oil up to the mark is measured using stop watch.

The kinematic viscosity of the sample is determined using the formula.
Kinematic viscosity = A*t — B/t in centistokes.
Density (Dt) = Dr-0.000675(T-Tr) in gm/cc.
Where t = Redwood seconds to collect the 50 ml sample.
A and B are constants given below
A=0.26and B=1715.
PROCEDURE TO CALCULATE CETANE NUMBER:
The aniline point is the lowest temperature at which equal parts of volume of freely
distilled aniline and test sample are completely miscible in each other.
It is determined by mixing in jacketed test tube to clear solution and recording the temperature at which
turbidity appears as mixture cools.

Aniline temperature in °C
Cetane number = - -315
1.95

for pure esterified mahua oil, diesel blends that are mixable with aniline at room temperature, the mid boiling
point is determined. From mid boiling point, the cetane number is determined.

The aniline point indicates the possible deterioration of rubber sealing, pacing, etc, in contact with the oil. The
aniline point, the lower the percentage of aromatic hydrocarbons and higher the content of paraffin lower the
aromatic content.

Procedure To Measure Density:

The gravity bottle is thoroughly cleaned and dried. The bottle is placed in the left pan of the balance
and mass of bottle is determined b placing weights from the weight box in the right pan so the weights of the
masses in the pans are balanced. The bottle is filled with the sample up to the mark, it is again placed on the pan
and its mass is also determined. The volume of the sample in the bottle is ‘X ‘cc

Density of the sample = (b —a)/ X glcc
Where
b = mass of fuel + bottle in g.
a = mass of bottle in g.

XII. PROCEDURE TO CHANGE INJECTOR PRESSURE:

Higher fuel-injection pressure increases the degree of atomization. The fineness of atomization reduces
the ignition delay, due to higher surface volume ratio. Smaller droplet size will have low depth of penetration
due to less momentum of the droplet and less velocity relative to air from where it has to find oxygen after
vaporization. Because of this air utilization factor will be reduced due to fuel spray path being shorter. Also with
smaller droplets, the aggregate area of inflammation will increase after ignition, resulting in higher pressure rise
during the second stage of combustion. Thus, lower injection pressure, giving larger droplet size may give lower
pressure rise during the second stage of combustion and probably smoother running.
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Generally mean droplet size decreases with increase in the injection pressure. Also the rate of injection
increases with the increase in injection pressure and there by the load on the injector push rod and cam increases
which may affect the durability of the engine.

Injector to be pressure changed should be placed in the pressure changing setup. The lever is pulled
down such that the nozzle sprays the fuel and the pressure reading is shown in the indicator in bar. Pressure can
be changed by removing the head nut of the nozzle and by adjusting the screw, by operating the lever the
pressure can be changed. The pressures we have used for injector is 200bar. The following steps show the
procedure of pressure changing of the injector.

Step: 1

Step: &

Step: 6

Experimental Procedure For The Determination Of Performance Characteristics

The procedure comprises of determining Brake Horse power, Brake Thermal efficiency, specific
energy consumption, and Exhaust gas temperature. Before the actual tests are carried out the engine is checked
for lubrication and fuel supply. Rotating the flywheel manually and operation the decompression lever start the
engine. If the engine starting is difficult for blends, the engine is run on diesel initially. The nozzle injection
pressure is set at 200 kg/cm?2.

Determination of Brake Power
The equivalent load “W” is recorded from the calibrated circular scale incorporated in the dynamometer setup.
B.P = W*N/1500 KW
Where,
N is speed of engine in rpm,
W is load applied in kg
Determination Of Brake Thermal Efficiency
Brake thermal efficiency = (B.P * 3600)/ (F.C.H * C.V)
Where,
C.V = calorific value of the blend in kJ/kg
F.C.H = fuel consumption in kg/hr
Determation Of Specific Fuel Consumption
. S.F.C=F.C.H/B.P kg / KW-hr
Procedure To Obtain Exhaust Gas Temperature
The Exhaust gas temperature is measured using a Dail thermometer. The indicator on a graduated Dail directly
reads the temperature in °C

Table: 6 Engine performance with 100 % diesel at an injection pressure of 200bar
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Gas Analyser Readings

Smokometer Readings

Co (%) HC(ppm) Nox(ppm) Col (%) 02 (%) Opacity(N) K
0.049 13 4 203 18.12 0.03
0.040 18 331 388 13.26 3 0.03
0.036 22 613 534 13.4 4 0.033
0039 4 840 6.33 6 4 0.08
0.033 12 831 .38 137 g 02
0.033 g 863 7 e 33 0.33
0.086 28 823 6.6 38 6.3 0.33

Load

S.No Ee)

Speed Fuel Consumption Exhaust Gas
(rpm) (mf).Kghr Temp.(*C)

BP
(kw)

EC
(kghr)

FP
(kw)

SF.C BIE LT

E AME
(kg/kw-hr) (24) (24) (24)

Xieo) TiSec)

0 1500 0 87 03 0 0.49 32 32 o 0 87.9 0
2 480 0 4 40 0.99 0.66 32 6.19 0.66 2.38 78.6

2 1480 0 10 73 a7 0.84 32 117 04 19.67 1.6 27.47
4 460 0 7 203 292 0.96 32 812 0 233 0 33.96
5 4 452 30 43 2235 387 06 32 207 027 30.62 70 4247
6 3 440 30 29 240 48 12 32 10 023 b 69.8 43
7 6 416 30 263 3.66 7 32 0.36 024 4.64 66.47 j212

Table: 7 Engine performance with 25% esterified oil and 75% diesel at an injection pressure of 200bar

Load

Speed Fuel Consumption Exhaust Gas

BP

F.C

F.P

LP

SF.C BT.E LTE

ME

Mo | ke | (o) {mf)Ke/br Temp.CC) | (ow) | (ke'hr) (Isw) o) | (elbwbe) | (%) (%) (%)
Xice) T(Sec)

a 500 | 176 110 a 154 4.3 4.3 o | 73.17 ]
2 492 0 141 130 0.99 067 4.3 349 1 68 137 T71.94 18.03
2 1486 | 114 98 0.82 43 548 1 4 21.20 69.39 30.53
4 2 474 0 99 7 294 095 43 745 13 2736 | 65.86 39.59
4 1464 j 140 9 19 2 43 54 .29 10.37 §3.8 1643
] 1451 | 2 21 4.84 27 4.3 934 1 26 48 64.57 1.82
7 & 1427 | a7 23 7 1.46 4.3 02 013 1434 61.40 392

Gaz Analyzer Readings

Smokometer Readings

Co (%) HC(ppm) Nox(ppm) Col (%) 2 (%) Opacity (V) K
0.048 10 169 3.12 5.46 0.4 0.01
0.045 307 72 537 a.7 0.01
0.039 7 618 5.20 3.63 L& 0.02
0.037 19 710 5.68 1.94 i4 0.05
1035 3 597 6543 78 6.5 0.17
0.041 3 953 8.1¢ .5 0.5 0.25
0.069 1492 59.83 7.05 19.5 0.48

Table: 8 Engine performance with 50% esterified oil and 50% diesel at an injection pressure of 200bar
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Load
(Kg)

Spead
(rpm)

Fuel Consumption
(mf),Ke'hr

Exhaust Gaz
Temp.(*C)

LF.C
(kg low-hr)

BTE
(%)

ITE
(%)

ME
(%)

Xiec) T(Sec)

0 500 30 191 20 il ).5 4.1 4.1 = a 398 0
2 1426 30 141 140 0.99 .67 4.1 3.09 .68 333 65.54 243
3 2 1458 0 12 163 28 0.83 4.1 .08 042 21.02 64.54 32.36

5 4 1464 50 39 203 391 5 4.1 8.0 0.29 30.67 6184 45.81
g 5 1431 50 20 230 4.84 32 4.1 534 0.28 33.08 6l 44
7 ] 1434 50 02 163 374 53 4.1 9.54 0.27 1141 57.28 58.33

Gas Analyser Readings

Smokometer Readings

Co (%) HC(ppm) Nox(ppm) Col (%) 01 (%) Opacity(N) K

0.043 0 97 2.61 728 0.8 0.02
0.038 144 417 15.11 2 .03
1.037 2 518 43 14.01 14 .03
0.033 3 778 5591 2.67 2.5 .03
.03 5 002 6.85 37 3.3 0.10
0.028 5 1142 8.09 9.56 9.6 0.25
1.061 23 123 922 724 1.3 0.72

Table: 9 Engine performance with 75% esterified oil and 25% diesel at an injection pressure of 200bar

Load
(Ke)

Speed
(rpm)

Fuel Consumption
(mf), Kz 'hr

Exhaust Gas
Temp.(*C)

B.P
(ko)

F.C
(kz'hr)

FP
(kv

LP
(lew) (

SF.C
kg kow-hr)

BIE
(%)

LTE
(%)

ME
(%)

Xlee) T(Sec)

0 300 30 210 83 0 048 32 2 = ] 639 ]
2 433 30 3 20 99 0654 2 4.2 0.64 1482 62.17 2381
3 2 1434 0 111 33 59 0.8 2 319 04 23.57 6l46 3834
4 3 474 0 104 180 295 0.93 2 6.13 .32 30.06 61.84 4787
5 4 1468 30 141 200 391 3 32 7 0.29 322 58.57 3499
g 3 1432 30 121 123 454 34 32 804 0.28 3422 i6.84 60.19
7 g 434 30 02 250 374 39 32 534 0.27 34.30 53.17 64.2

Gaz Analyzer Readings

Smokometer Readings

Co (%) HC(ppm) Nox(ppm) Col (%) 02 (%) Opacity(N) K
0.041 8 90 2.26 775 04 0.01
0.040 9 270 3.73 1614 0.03
0.038 520 4.54 14.38 3 0.04
g19 6.04 2.3 0.07

0.028 a 983 6.86 L47 3. 0.09
0.02 8 136 7.86 10.61 89 0.23

0.058 19 332 9.39 8.13 16.1 .38
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BRAKE POWER vys BRAKE THERMAL
EFFICIENCY at 200bar

35
30 - A
— =5 / —e— 100%bdiesel
S 20 Ao : —= 259%esterified oil
= oa1s 509%cesterified oil
“ Lo 75%esterified oil
5 -
O - . .
o 2 a 6
BP (KW)
BRAKE POWER vs SPECIFIC FUEL
CONSUMPTION at 200bar
o.8
0.7 - -
= 0.6 A -
= o5 4 —0—100%d|es_e_| )
= oa N~ —=— 25%0pesterified oil
= 0'3 | \”\'\,\ ‘ 50%esterified oil
Q@ ~ 75%esterified oil
o 0.2 H
0.1 o
o . .
o 2 a 6
BP (KW)
BRAKE POWER vs EXHAUST
TEMPERATURE at 200 bar
250
D
5 200 A .
S // —<— 100%diesel
=3 150 1 / —=— 25%esterified oil
% 100 / 50%esterified oil
= 75%esterified oil
= 50 -
D
o ; :
o 2 a 6
BP (KW)
BRAKE POWER vs INDICATED THERMAL
EFFICIENCY at 200bar
100 -
20
80 o
70 4 ——2— o —«— 100%diesel
= gg —= 2596esterified oil
"'|:J a0 502%0esterified oil
30 75%esterified oil
20
10
o - . :
o 2 a 6
BP (KW)
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BRAKE POWER vys MECHANICAL
EFFICIENCY at 200bar
70
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(0] 2 aq4 6
BP (KW)
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LOAD vs CARBON MONOXIDE at 200bar
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LOAD vs HYDROCARBONS at 200bar
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LOAD vs NOx at 200bar
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LOAD vs OPACITY at 200bar
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X1 CONCLUSIONS

800-850ml of esterified mahua oil is extracted from 1000ml of mahua oil during esterification.

Percentage increase in esterified mahua oil increases the viscosity of diesel.

Increase in percentage of mahua oil increases the cetane number of the blend.

Smooth running of engine is observed with esterified mahua oil compared with that of diesel.

Slight increase in brake thermal efficiency and decrease in specific fuel consumption is observed in the case
of esterified mahua oil (all blends especially 75% mahua oil) compared to that of diesel.

Particulate matter is some what less in the case of esterified mahua oil than that of diesel which is observed
by keeping a tissue paper at the outlet of the exhaust pipe.

Among the injection pressures tested 200bar is the optimum pressure for esterified mahua oil.

Observing the particulate matter esterified mahua oil is an eco-friendly fuel.

SCOPE FOR FUTURE WORK:

7
0‘0

7
0‘0
7
0‘0

[1]
[2]
(3]
[4]

[5]

Attempts are to be made to extract more pure esterified oil during esterification.
Attempts are to be made to extract pure bio diesel of esterified mahua oil by using distillation process.
Increase in production of mahua oil reduces the cost of fuel.
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Abstract: - The increase interference of human beings with Environmental processes has created environmental
crisis. To check and make aware to this problem and to develop environmentally responsible behavior,
environmental education is made compulsory subject. The present scenario is quite unsatisfactory as
environment is deteriorating further. An effort is made to know the role of emotional and spiritual intelligence
on eco-friendly behavior of undergraduate student. The co relational research design was used to conduct study.
Random sampling technique was used to select 300 student of 1% year of graduation from 3 degree college of
Agra city, 150 male and 150 female. The result indicated that educational and spiritual intelligence are powerful
predictor of eco-friendly behavior of undergraduates and both variables accounted for 55% variance in their eco-
friendly behavior.

l. INTRODUCTION

Nature is so fascinating and embodies the spirit of its creator. The nature has very intelligently evolved
the human species on earth to provide protection to the entire spectrum of the existing natural resources. The
great protector of the earth has today became potential predator of the entire natural environment and a prime
decimator of the wild life resources. Rapid industrialization, voracious appetite, men’s greed and unlimited
exploitation has left us with polluted rivers, contaminated soil, depleted forest and wild life and exhausted
natural resources.

One fact we must bear in mind is that the survival of man depend upon how judiciously has he manage
the earth and maintains the quality of overall environment. In 1972, the leader of the international community
met at Stockholm and expressed grave concern over the readily deteriorating environment. A number of well
international declarations were made. Various institutions both at the national and international levels were set
up. Since Stockholm to Copenhagen number of conference, summit & meets have been held all over the world
and millions of dollars spent. From 1975 every nation is imparting environmental education and in India from
academic session 2004-05 it has been made a compulsory subject at each level of education.

From the above facts, pertinent and fundamental question arise, why in spite of such efforts Stockholm
(1972) to world summit of Copenhagen (2009), the world environment has deteriorated further and ecological
imbalance intensified. This may be because thinking and actions of contemporary societies are being shaped by
mechanical view of nature and thus little realization and sensitization that life and nature are inseparable parts of
a cosmic web. So the need of today is to channelize the thought system of individuals, making him sensitive
toward the nature and transforming their behavior consumerism to environment friendly. Some degree of
emotional self awareness and empathy is an important foundation for successfully start our spiritual growth.
Emotional intelligence makes us sensitive towards a thing or human being and to deal with own emotions and
others effectively and appropriately. While spiritual intelligence leads to that state of mind in which we think the
“Welfare of all”. Thus an effort is made to know whether these two intelligence have any role in making our
behavior eco-friendly.

1. OBJECTIVES
To study emotional intelligence of undergraduate students.
To study spiritual intelligence of undergraduate students.
To study eco friendly behavior of undergraduate students.
To ascertains the Zero order relationship between criterion and dependent variable.

NS S
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5. To study the relative contributory role of criterion variable in determining the eco friendly behavior.

Hypothesis
1. There is no significant difference between the emotional intelligence of male & female undergraduate
students.

Male and female undergraduate student do not differ in their spiritual intelligence.

No significant difference exists among eco friendly behavior of male and female undergraduate students.
No significant relationship exists among criterion and predictive variable.
Criterion variables do not play any role in determining the eco friendly behavior of students.

abrwn

Variable
Independent variable — emotional & spiritual intelligence
Dependent variable — Eco friendly behavior

Method
The study involves correlation method.

Sample

Study is conducted on 300 students of undergraduates (Studying in 1% year of graduation) of both the
sex (150 male and 150 female) from 3 colleges of Agra city affiliated with B.R. Ambedkar university by
random sampling method.

Tools — The following tools are used for the collection of data.

1. Mangal emotional intelligence inventory by Mangal & Mangal.
2. Spiritual intelligence scale — self constructed.
3. Environmental friendly behavior measure — self constructed.

Statistical Techniques —

To analyses the data according to objective of study. Mean, S.D. C.R., product moment correlation and
regression analyses are used.
Result & discussions — Objective | - Study of Emotional intelligence of undergraduates

Table 1 Statistical Preview of emotional intelligence scores of undergraduates

Sex Male Female Total
Statistics
Mean 58.17 59.82 58.99
S.D. 38.57 38.72 38.62
C.R. 1.369

The mean value (58.99) for total group indicates that undergraduate students have average level of
emotional intelligence showing less ability of youth to cope with their emotions. The male and female
undergraduates do not differ in their emotional intelligence as confirmed by statistically insignificant value of
C.R. even at .05 level thus Null hypotheses is accepted.

Objective Il - Study of spiritual intelligence of undergraduate students

Table — 2 Mean, S.D., C.R. of spiritual intelligence score of undergraduates
Sex Male Female | Total N- 300
Statistics N(150) | N (150)
Mean 116.75 | 120.42 | 118.58
S.D. 2412 | 26.74 25.06
C.R. 917

The perusal of above table reveals that undergraduate students have average level of spiritual
intelligence as shown by mean (118.58), to some extent satisfactory as today’s materialistic world our youth still
have spiritual nature. Great variation is observed in spiritual intelligence score as shown by high value of
standard deviation. The Male and female students do not differ in their spiritual intelligence inferred by value of
C.R. 917 which is not significant even at .05 levels of confidence, thus for this objective also Null hypothesis is
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accepted. This is quite surprising that boys also have faith in some supreme power and neglecting the common
concept that females are more spiritualities than males.

Objective 111 - Study of eco friendly behavior of undergraduates
Table — 3 Statistical preview of eco friendly behavior score of undergraduates
tatistics | Mean | S.D. | C.R

Sex
Male 54.17 | 36.41 | .466
Female 56.98 | 37.19

Total group | 55.57 | 36.12

The perusal of mean values shown in table indicates that undergraduate students do not have favorable
behavior towards environment as the obtained mean score of eco friendly is quite lower in comparison to the
maximum scores of eco friendly behavior scale i.e. 120. This picture is quite unsatisfactory and compelled us to
find the answer, why in spite of imparting compulsory environmental education in school and colleges, we are
fail to develop eco friendly behavior among our students. The same results were found by study conducted by
Japan science and technology agency in university of Tokyo on topic ‘change, in environmental consciousness
and behavior led by information concluded that environmental consciousness has been increasing in Japan,
where as environmental friendly behavior has not. This may be the reason that our environmental education is
imparting environmental awareness and knowledge among students but not channelizing our behavior toward
beneficiary to environment.

The value of C.R. (.466) which is lower than the calculated table value even at .05 level of significance
is revealing the fact that male and female undergraduate students do not differ in their eco friendly behavior and
thus null hypothesis framed for this objective is accepted.

Objective IV- Zero order Correlation among predictive & criterion variable
Table — 4 Showing inter correlation among variable

Variable (coefficient of correlation (r)
X1 X2 X3

X1 (eco friendly behavior) | - .55 .68

X2 Emotional intelligence | .55 - 41

X3 Spiritual intelligence .68 41 -

The values of coefficient of correlation shown in table between eco friendly behavior (X1) and scores
of emotional intelligence (X2) and spiritual intelligence (X3) are .55 and .68 respectively which are positive and
significant, thus indicating the high and positive relationship between criterion and predictive variable.

Objective V - Relative Contributory Role Of Predictive Variable On Criterion Variable

To determine the relative contributory role of each predictive variable in determination of eco friendly
behavior of undergraduate students, multiple regression analysis is carried out. With the help of Zero order
correlation matrix, value of Beta coefficient (B) regression coefficients (b), coefficient of multiple correlation
(R), coefficient of multiple determination are computed.

Table — 5 Showing multiple correlation, Regression coefficient & common variable
Variable r R R2 B BXr | (b)
Emotional intelligence & Eco friendly behavior (X2) | .55 5314 .372 | .2156 | .366
Spiritual Intelligence and eco friendly behavior (X3) | .68 | .729 | Variance 53.14% | .465 | .3162 | .670
Regression equation — X1 = .366 X2+ .670 X3 + K

The values of positive regression weights shown in table confirming the effect of both predictive
variables on eco friendly behavior of undergraduates. The value of R2 .5314 is the indicative of the fact that
53.14% variance in eco friendly behavior of undergraduates could be accounted by the cognitive predictive
variables i.e. emotional and spiritual intelligence. The separate variance of emotional intelligence and spiritual
intelligence for eco friendly behavior is 21.56% and 31.62% respectively and thus indicating, spiritual
intelligence as more powerful predictor for development of eco friendly behavior that emotional intelligence.
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1. CONCLUSION

On the basis of above analysis and discussion it can be inferred that Emotional and spiritual intelligence are
powerful predicator of eco friendly behavior and accounted for 53.14% variance in eco friendly behavior of
students, if we want to save our planet earth than we have to reconstruct our present environmental education
curriculum and some activities should be added to utilize and enhance both the intelligence. Human beings are
rational creatures who have an innate need to rationalize all their actions and thoughts. Spirituality provides the
rationale and make them sensitive towards other beings and nature, make able to realize that man is not the
owner but the steward or trustee of God’s creation, and thus by the use of both intelligence we can develop
sensitiveness towards nature and morality can be sprouted in student and by that we can save our planet earth.
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Abstract: - The aim of this paper is to present a services based architecture for medical image processing in
assisted diagnosis. Service oriented architecture (SOA) improves the reusability and maintainability of
distributed systems. In service oriented architectures, the most important element is the service, a resource
provided to remote clients via a service contract. We propose a generic model for a service, based on a loosely
coupled, message-based communication model. Our service model takes into account the possibility to integrate
legacy applications. Specialized image processing services can be dynamically discovered and integrated into
client applications or other services. Complex systems can be created with the help of some SOA concepts like
Enterprise Service Bus (ESB). DIPE is a distributed environment that provides image processing services over
integrated teleradiology services networks. DIPE integrates existing and new image processing software and
employs sophisticated execution scheduling mechanisms for the efficient management of computational
resources within a distributed environment. It can also be extended to provide various added-value services,
such as management and retrieval of image processing software modules, as well as advanced charging
procedures based on quality of service. DIPE can be viewed as the natural evolution of the legacy field of
medical image processing towards a service over the emergent health care telematics networks.

Keywords: - service oriented architecture, image processing, web service.

l. INTRODUCTION

In service oriented systems, operational entities are distributed across the network in order to improve
availability, performance and scalability. These entities are called services. The service provides access to its
functionality. The whole system is viewed as a set of interactions among these services. SOA promotes the reuse
of services. The system evolves through the addition of new services. SOA is not tied to a specific technology. It
can be implemented using a large variety of technologies, programming languages and communication
protocols. Interactions between services and clients in SOA are based on a very dynamic model [1]. A service
can be discovered at runtime, can be replaced if has become unavailable or can be used to create a new service
(and a new functionality). With these characteristics, SOA offers a powerful support for adaptability. The
adaptability can take many forms, depending on the terminal capabilities, the network connection, etc. Microsoft
has proposed a SOA based platform for healthcare [2]. Healthcare is an extremely fluid industry. Each change
requires an adaptation of systems. Point-topoint integration becomes costly and complex to maintain for
healthcare providers and consumers. The benefit of SOA to the healthcare industry is that it enables systems to
communicate using a common framework, integration of new elements becomes less complex and the system
can be adapted more rapidly. In recent years, advances in information technology and telecommunications have
acted as catalysts for significant developments in the sector of health care. These technological advances have
had a particularly strong impact in the field of medical imaging, where film radiographic techniques are
gradually being replaced by digital imaging techniques, and this has provided an impetus to the development of
integrated hospital information systems and integrated teleradiology services networks which support the digital
transmission, storage, retrieval, analysis, and interpretation of distributed multimedia patient records [1]. One of
the many added-value services that can be provided over an integrated teleradiology services network is access
to high-performance computing facilities in order to execute computationally intensive image analysis and
visualisation tasks [2]. In general, currently available products in the field of image processing (IP) meet only
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specific needs of different end user groups. They either aim to provide a comprehensive pool of ready to use
software within a user-friendly and application specific interface for those users that use IP software, or aim for
the specialised IP researcher and developer, offering programmer* s libraries and visual language tools.
However, we currently lack the common framework that will integrate all prior efforts and developments in the
field and at the same time provide added-value features that support and in essence realise what we call a
Lservice . In the case of image processing, these features include: computational resource management and
intelligent execution scheduling; intelligent and customisable mechanisms for the description, management, and
retrieval of image processing software modules; mechanisms for the “plug-and-play” integration of already
existing heterogeneous software modules; easy access and user transparency in terms of software, hardware, and
network technologies; sophisticated charging mechanisms based on quality of service; and, methods for the
integration with other services available within an integrated health telematics network. In this paper we present
the architecture of DIPE, a novel distributed environment for image processing services. DIPE is based on a
distributed, autonomous, co-operating agent architecture [3]. It is designed so that it is modular, scaleable and
extensible, and it can be readily implemented on different hardware and software platforms, and over
heterogeneous networks. DIPE consists of a functional core which supports the persistent distributed execution
of IP algorithms, and can be extended to support other added-value services such as macros, resource
management, algorithm retrieval, charging, etc. Here we describe the functional core of the system and discuss
the mechanisms and notions employed to allow integration of third party IP algorithms and the development of
new IP software. Finally, we describe the functional extensions of the core that support macro execution and
resource management. DIPE has been developed to support distributed medical imaging processing, an added-
value teleradiology service within the integrated regional health telematics network, currently under
development by the Institute of Computer Science (ICS), Foundation for Research and Technology - Hellas
(FORTH), on the island of Crete [4].

1. SOA BACKGROUND

The term Service Oriented Architecture, SOA for short, contains some important notions. We have the
following definitions for these notions [3]: An Architecture is a formal description of a system, defining its
purpose, functions, externally visible properties, and interfaces. It also includes the description of the system’s
internal components and their relationships, along with the principles governing its design, operation, and
evolution. A service is a software component that can be accessed via a network to provide functionality to a
service requester.The term service-oriented architecture refers to a style of building reliable distributed
systems that deliver functionality as services, with the additional emphasis on loose coupling between
interacting services.

1.Service

The service is the core element in SOA. A service is defined as “a mechanism to enable access to one
or more capabilities, where the access is provided using a prescribed interface and is exercised consistent with
constraints and policies as specified by the service description” [4]. A service can have the following
characteristics: A service provides a contract defined by one or more interfaces (just like a software component).
This allows the change of the service implementation without reconstructing the client as long as the contract is
not changed. Implementation details (programming languages, operating systems, etc) of the service are not the
concern of the service requestor. A service can be used as stand-alone piece of functionality or it may be
integrated in a higher-level service (composition). This promotes reusability. Legacy applications can be
transformed in services by using some wrapper techniques. Services communicate with their clients by
exchanging messages. Typically, the request/ response message pattern is used. From the client point of view, a
synchronous or asynchronous communication mechanism can be implemented. In SOA model is not fixed a
specific communication protocol. Many protocols can be used: HTTP, RMI, DCOM, CORBA, etc. Services can
participate in a workflow (the term is service choreography in SOA terminology). A workflow is “the
movement of information and/or tasks through a work process” [5] and it’s based on a workflow engine.
Services need to be discovered at design time and run time by clients. This mechanism is provided by a service
directory (service registry). A service provider can publish (register) his service. Services communicate with
other services and clients using standard, dependency-reducing, decoupled message-based methods such as
XML document exchanges. This characteristic is called loose coupling This term implies that the interacting
software components minimize their knowledge of each other: more information is achieved at the time is
needed. For instance, after discovering a service, a client can retrieve its capabilities, its policies, its location,
etc. The characteristics of loose coupling are [6] Flexibility: A service can be located on any server and
relocated as necessary (with the condition to update its registry information) and clients will be able to find it.
Scalability: Services can be added and removed depending on the needs. Replaceability: With the condition that
the original interfaces are preserved, a new implementation of a service can be introduced, and outdated
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implementations can be retired, without affecting the service clients. Fault tolerance: If a server, a software
component, or a network segment fails, or the service becomes unavailable for any other reason, clients can
query the registry for alternate services that offer the required functionality, and continue to work in the same
way.

2. SOA Interaction cycle

In figure 1 is depicted the basic case of using a service with three components: a service provider, a
service requester and a service directory (service registry). Some simple, bi-directional interactions
(synchronous request/response pattern) are represented as an interaction cycle [7]. A real-world implementation
can be more complex. A SOA architecture has three important elements:
2.1 Service directory
It acts as an intermediary between providers and requesters. Usually, services are grouped by categories.
2.2 Service provider
The Service Provider defines a service description and publishes it to the service directory.
2.3 Service requester
The service requester can use the search capabilities offered by the service directory to find service
descriptions and their respective providers.

service directory
Publish \ Discover
Service provider Service requester
Dhrvoke

Fig 1. SOA interaction cycle

The service provider has to publish the service description in order to allow the requester to find it.
Where it is published depends on the architecture. In the discovery the service requester retrieves a service
description directly or queries the service registry for the type of service required. In this step the service
requester invokes or initiates an interaction with the service at runtime using the binding details in the service
description to locate, contact and invoke the service.

3. Enterprise Service Bus

The Enterprise Service Bus (ESB) is sometimes described as a distributed infrastructure [8] and it’s a
logical architectural component that provides an integration infrastructure consistent with the principles of SOA.
Two different issues are being addressed: the centralization of control, and the distribution of infrastructure [9].
ESB and centralize control of configuration, such as the routing of service interactions, the naming of services,
and so forth. ESB might deploy in a simple centralized infrastructure, or in a more sophisticated, distributed
manner. ESB does not implement a service-oriented architecture (SOA) but provides the features with which
one may be implemented. ESB is not mandatory in SOA but is usually used in large (enterprise) systems with
many services. The ESB might be implemented as a distributed, heterogeneous infrastructure. Minimum ESB
capabilities considered in IMB view [8, 9]:

3.1 Communications

Routing and addressing capabilities providing location transparency, administrations capabilities to control
service addressing and at least one form of messaging (request/response, publish/subscribe, etc), support for at
least one communication protocol (preferable a widely available protocols such HTTP).

3.2 Integration

Support for multiple means of integration to service providers, such as Java 2 Connectors, Web services,
asynchronous messaging, adaptors, and so forth.




American Journal of Engineering Research (AJER) 2013

3.3 Service interactions
An open and implementation independent service messaging that should isolate application code from the
specifics of routing services and transport protocols, and allow service implementations to be substituted.

1. MODEL FOR SOA-BASED IMAGE PROCESSING SYSTEMS
In this section we propose a model for implementing SOA-based system oriented to medical image
processing. The model is generic enough to be used in other areas. The model contains a programming model, a
service model and a messaging model.

1. Programming Model
The programming model, depicted in figure 2, is composed by four layers: the service layer, the component
layer, the object layer and the technology layer.

Service Layer

Service Service
Technology Component
Layer Layer
O 0
COM EJB Comp Comp
NET CCM
C++ Ohbject
java Layer Ohbject Ohject
C#
VB.NET
Ohject

Fig 2. Programming model

Typically, a service is created using one or more components and a component is created using one or
more objects. The service layer contains business services. A service is created with the help of the component
oriented programming (COP). The component layer relies on software component technologies like: COM
(component object model), EJB (Enterprise Java Beans), CCM (CORBA Component Model), OSGi (Open
Services Gateway Initiative) or .NET Component Model. The software components can be of two types:
functional components (business components) and non-functional components (like data access components,
communication components or any other components). A component is implemented using object oriented
techniques (the object layer). This layer is based on object oriented technologies (programming languages) like:
C++, java, C# Our model addresses the problem of integrating legacy applications (existent applications that
are not servicebased). In order to integrate these applications, a wrapper pattern (adapter pattern) can be used.
The wrapper can be applied in every layer. For instance, if the legacy application is object oriented but is not
based on components, the wrapper should be applied in the component layer. If the legacy application is
implemented in C, the wrapper should be applied in the object layer. This respect the proposed model:
functionality is encapsulated in components, and components are created using objects.

2. Service Model
The service model is depicted in figure 3. It’s composed from 3 layers: the interface layer, the business layer and
the resource layer.
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Fig 3. Service model

The Service Interface Layer contains the service contract (service interface) and it’s detailed in the next
section. The Business Layer contains a business facade and business components (sometimes called functional
components). A business component performs (implements) operations described in the service contract. The
business facade (facade pattern) is optional and it may be used in a complex architecture, with many business
components. The resource layer contains different components (nonfunctional components) with the roll of
interacting with external resources. In the figure are represented three of the most common types of resource
access: a data access component for accessing database systems, a service gateway for accessing other services
(in SOA a service can be a consumer for another service) and a wrapper (adapter) component for accessing
legacy systems. The resource layer is not mandatory if the service does not use external resources. Accessing a
legacy application was treated in section 3.1 from a programming point of view. The service model is
extensible, new facilities like security, transactions or QoS capabilities can be introduced.

3. Messaging Model

Usually, a service communicates with its clients by sending and receiving well-defined messages. A
proposed messaging model is presented in figure 4. A service interface is similar with an interface in object
oriented programming. The service interface has the role to describe the service operations and the types of
messages needed by those operations.

Service Interface

/4 Ch

Operations tessage Types

contains

Data Types

Fig 4. Messaging model
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A message type contains one or many data types that can be translated in build-in or custom data types
from a programming language. In many cases, marshalling techniques may be used to provide compatibility
between server data types and client data types. Typically, this is the case when the client and the server are
implemented using different technologies. For instance, an image processing service interface can describe a
user defined data type (a class in object oriented programming) containing the image name, the image type, the
image data (as a specific format), etc. If the service is implemented as a web service, the data types are
encapsulated (serialized) in XML documents and send over network using SOAP. Messaging exchange patterns
(MEP) can be used for accessing a service. The most common access pattern used is the request/response (also
known as request/reply) pattern. In this case, the service consumer sends a request to the service and receives a
response. This access pattern is used in the web services applications. The client can use a synchronous or
asynchronous communication mechanism. The asynchronous mechanism is preferred when communication
costs are high or the network is unpredictable. Another pattern that can be used is publish/subscribe. This pattern
is based on the message queue paradigm. For instance, an image capture service allows to other services or
clients to subscribe to it. When a new image is captured all subscribers receives the new image. The
publish/subscribe pattern is typically used with an asynchronous communication mechanism.

V. ARCHITECTURE AND IMPLEMENTATION

The core of the system consists of several communicating components: user applications, execution
agents, pools of IP algorithms, and management agents. [20] The management agent is the central element. Its
main purpose is to realise the network of individual modules (applications and execution agents) and initialise
the communication among them. However, the main body of messages is communicated directly among the
individual modules. The local cluster can be further expanded through a network of management agents, within
the same or even different organisations. Thus, the management agent ensures the scaleability of the
environment, a basic requirement of an integrated teleradiology services network [21]. Additionally, the
management agent authenticates users and provides unique image ids by using standard digital signature
technology.

management
agent

temp
storage

2 ecution

execution
execution

algorithms

user response & data
application

remote system
local system g

Fig 5. Communication within a DIPE cluster

The execution agent is responsible for the execution of a specific algorithm. It receives requests for
execution through the management agent and creates a communication link with the requesting application in
order to receive further information and input data required for the execution (Figure 5). After this point, this
agent can proceed autonomously to the execution of the algorithm. It stores input data into a local cache area
and executes the requested algorithm. Output generated through the execution of the algorithm is sent back to
the agent. The execution agent is responsible to forward this output to the requesting application. In case there is
a network failure or the requesting application is not running any longer, the agent keeps the results of the
execution in temporary storage for delivery upon request. This ensures persistent algorithm execution and
enhances the robustness of the system. The user application is the front end of the system and consists primarily
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of a customisable graphical user interface. A virtual temporary storage management module ensures that the
application can handle synchronously a considerable number of large data sets. An important feature of the user
application is that it incorporates certain image processing algorithms that require real-time response, and thus it
is not sensible to redirect their execution to an agent or over the network. These include routines necessary for
image visualisation (e.g., zoom, focus, resize, contrast adjustment, etc.), as well as certain algorithms for local,
real-time image processing. Finally, the graphical user interface provides toolkits that support the various
functionalities of the environment (algorithm insertion, monitoring of the system™ s status, resource
management, macro composition and execution, etc.). A typical screen of the application is shown in Figure 6 .
The basic requirement that DIPE is readily implemented on various operating systems and over heterogeneous
networks poses certain implementation constraints. Thus, inter-process communication is based on the TCP/IP
network protocol, while operating system transparency is ensured by using ACE, an object-oriented network
programming toolkit for developing communication software [5]. DIPE is now implemented on UNIX and
Windows NT/95 workstations.
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Fig 6. A typical screen of DIPE

1. The Algorithm Repository

The functional core of DIPE is the set of available image processing algorithms, private or public, local
or network wide. An important feature of DIPE is that it allows easy integration of third party algorithms, i.e.
software modules where only an executable is available and the only information known is the command line
syntax, as well as the input and output data formats. The integration is achieved through the algorithm wrapper,
a single generic process. The wrapper converts input data from the application format to the format that a
specific IP algorithm requires, executes the algorithm and finally converts the output data of the algorithm to the
format of the user application. While the algorithm is being executed, the wrapper is responsible to handle
requests from the user application. Such requests include the termination or pause of the execution, or the
resumption of a previously paused execution. Additionally, DIPE provides a library of ready-to-use routines for
the development of new IP algorithms, which consists of basic routines related to the starting and ending phases
of the algorithm, as well as of routines that support a more sophisticated mode of user-algorithm communication
during execution. In routine medical image processing, a common situation involves processing images using
the same set of algorithms often with a standard set of parameter values. DIPE provides the mechanisms to
simplify the complicated process of executing individual algorithms sequentially, by grouping them together
and thus creating a macro-algorithm (macro). In general, the DIPE macro is a set of individual algorithms that
may be performed independently on the same or different data sets, or may be performed sequentially. There is
no constraint on the complexity of algorithm combinations and the inter-relationships of their input and output
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data. The execution of a macro is the responsibility of a special macro agent. The macro agent acts as a mediator
for macro executions. It consists of three main functional parts: the interface with the application, the interface
with the rest of the system (management and execution agents), and the module which is responsible for the
management of the macro execution. The macro agent models macros as a directed acyclic graph, thus enabling
macro decomposition and individual scheduling of its components.

2. Resource Management

Quality of service in DIPE is guaranteed by a sophisticated resource management and execution
scheduling mechanism. The scheduling of a requested algorithm execution to the most appropriate processing
element (PE) is a distributed decision making process based on the market metaphor, and is realised through the
co-operation of the execution agents [16, 19]. Upon request for an algorithm execution, the management agent
initialises an ,,auction" . The request is forwarded to the appropriate ,,bidders" , that is those execution agents
that are able to perform the request. Each execution agent evaluates the request by taking into consideration the
load of the local PE, the possible existence of the required input data in its local cache vs. the cost for
transferring the data through the network, and the execution characteristics of the particular algorithm. Then,
each execution agent makes a bid to the management agent by returning the estimated ,,cost* of the execution.
The management agent evaluates all the bids it receives and assigns the execution to a particular execution
agent. It is important to note that the execution characteristics of each algorithm are drawn from its execution
profile, which includes information on size of input/output data, PE memory needed at runtime (relative to input
data) and time needed for execution (normalised to input data and PE). A good approximation about the
memory requirements and the execution time of an algorithm is derived from a statistical analysis based on
previous execution profiles of the algorithm.

V. EXPERIMENTAL RESULTS
In this section we present two service implementation using web services standard and OSGi (Open
services Gateway Initiative). OSGi [13] is a java-based service platform that implements a dynamic component
model (from our point of view, OSGi is a component model).

1. Web service example

The first example is a service implementation according to our model. The service receives an image
and returns a grayscale copy of that image. The service interface is named GrayscaleFilter (figure 7) and has a
single operation, transformimage(). The business layer (functional layer) contains 2 components:
GrayscaleComponent implementing the filter and BitmapUtilsComponent used to convert an image to byte array
and vice versa. Non-functional aspects of the service like handling incoming connections are treated by the web
service used to run our service. Also, on the client side, some tools (like Visual Studio .NET) greatly simplify
the work with web services by generating the necessary code to access the service.

«interface»
GreyscaleService

+iransformimage()

|
-
|
wle

% GreyscaleComponent

I
|
|
L

% BitmapUtilsComponent

Fig 7. Web service component diagram

The class diagram is represented in figure 8. Every component is implemented by a single class.
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«interface»
GrayscaleService
+applyFilter()
L «interface»

«interface» BitmapUtils
GrayscaleFilier +getBitmapFromBytes()
+applyFilter() +getBytesFromBitmap()

‘Enc L|>
£nd4 I
BitmapUtilsImpl

GrayecaleFilterImpl

+getBitmapFromBytes()
+applyFilter() +oetBytesFromBitmap()

Fig 8. Web service class diagram

Note that in this simple example the business facade from our service model is not used and the resource layer is
missing since no external resources are needed.

2. OSGi service example

In order to show that SOA is not based only on web services, the second example is an implementation
of an image processing service using OSGi. We are using the Knopflerfish framework [14] as support for
developing our service. In OSGi a deployment unit is called bundle. The framework manages the bundle
lifecycle. A bundle functionality is contained typically in a jar file (java archive file). After the bundle is created
it needs to be registered in the framework and other bundle can use the published service. Our OSGi service is
more complex than the web service because it needs communication facilities (offered by a communication
component) because OSGi does not specify a communication protocol like a web service. The component
diagram for our service is depicted in figure 9

winterface s
ObjectDetectionService
+gefObjectsFromimagef)

1

i ObjectDaetectionBundle

- — — s o —— —— —

CommunicationBundle ServiceGatewayBundle

Fig 9.0SGi service component diagram

The service interface is called ObjectDetectionService  and exposes a single operation,
getObjectsFromImage. The input parameters (an image) and the return values (a collection of image objects) are
not represented on this diagram. The ObjectDetectionBundle represent the functional part of the service
(business layer). This component uses a communication component and a gateway component. In figure 11 is
depicted the class diagram for the communication bundle.
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winterfacen
CommunicationComponent
tsendPackel()
+packetReceivedy)

sinterfacen
BundleActivator

‘[ — i | T
. ' CommunicationComponentimpl
Activalor

tsendPacket()
+packeiReceived()
T

+start()
tstopl) |

1
ServerSocketListener

tsendPacket()

+packetReceived()
T

SocketHandler

+handleSocket()
tsendPacket()
Fig 10. Communication component, class diagram

The component interface is called CommunicationComponent and provides two operations, one for
sending a packet and the second for receiving a packet. A packet is a unit of information exchanged by the
service. In our case the packet contains the image as a byte array. The Activator class implements
BundleActivator interface and is necessary in order to allow the Knopflerfish framework to manage the bundle
(start and stop the bundle). To be used, a bundle must be started. The bundle interface has an implementation
provided by CommunicationComponentimpl. The communication is based on standard sockets (with the help of
ServerSocketListener and SocketHandler). For this service, the resource layer contains a component
(ServiceGatewayBundle) for accessing other services. The object detection algorithm implemented needs to use
a grayscale image in order to provide good results. This component contains the logic to access our grayscale
web service presented in section previous.

VI. CONCLUSIONS

In this paper, we have proposed a model for implementing SOA-based image processing systems. The
model contains a programming model, a service model and a messaging model. We have focused on the concept
of service. The service is represented as a layered architecture with a service interface layer, a business layer and
an optional resource layer. The service interface layer contains the service contract (service interface). The
business layer contains the service functionality, contained in business components. The resource layer contains
non-functional components, used to access external resources like database systems, other services or legacy
applications. Service Oriented Systems are very flexible. A service can be discovered at runtime, can be
replaced if is unavailable or can be incorporated in a new service (a powerful support for adaptability). Our
future goals are to create a SOA based platform for adaptation with applicability in medical domains. This
platform may be based on ESB in order to provide full SOA facilities. DIPE has been designed and developed
to offer image processing services over integrated health care services networks, and to act as an integration
platform for diverse image processing software. It exhibits a modular, extensible and scaleable architecture that
ensures system robustness and execution persistence. A sophisticated resource management and execution
scheduling mechanism allows the medical expert to take full advantage of geographically distributed
computational resources. Future research will address the development of intelligent and customisable
mechanisms for the description, management, and retrieval of image processing software modules, as well as
charging mechanisms based on quality of service. DIPE is currently being extended through its functional
integration with other medical information systems that have been developed in our laboratory. Important
examples include CoMed [17], a desktop conferencing application which allows interactive real-time co-
operation among several medical experts, as well as TelePACS [16], an information system for medical image
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management and communication. DIPE is one of the diverse telematics applications incorporated in the regional
health telematics network, which is currently being developed by ICS-FORTH on the island of Crete.
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Abstract: - Unsolicited emails, known as spam, are one of the fast growing and costly problems associated with
the Internet today. Electronic mail is used daily by millions of people to communicate around the globe and is a
mission-critical application for many businesses. Over the last decade, unsolicited bulk email has become a
major problem for email users. An overwhelming amount of spam is flowing into user’s mailboxes daily. Not
only is spam frustrating for most email users, it strains the IT infrastructure of organizations and costs
businesses billions of dollars in lost productivity. The necessity of effective spam filters increases. In this paper,
we presented an efficient spam filter techniques to spam email based on Naive Bayes Classifier. Bayesian
filtering works by evaluating the probability of different words appearing in legitimate and spam mails and then
classifying them based on those probabilities.

Keywords: - Spam, Filters, Bayesian, Content based spam filter and Email

l. INTRODUCTION

The Internet is gradually becoming an integral part of everyday life. Internet usage is expected to
continue growing and e-mail has become a powerful tool intended for idea and information exchange, as well as
for users’ commercial and social lives. Along with the growth of the Internet and e-mail, there has been a
dramatic growth in spam in recent years. The majority of spam solutions deal with the flood of spam. However,
it is amazing that despite the increasing development of anti-spam services and technologies, the number of
spam messages continues to increase rapidly. The increasing volume of spam has become a serious threat not
only to the Internet, but also to society. For the business and educational environment, spam has become a
security issue. Spam has gone from just being annoying to being expensive and risky. The enigma is that spam
is difficult to define. What is spam to one person is not necessarily spam to another. Fortunately or
unfortunately, spam is here to stay and destinedto increase its impact around the world. It has become an issue
that can no longer be ignored; an issue that needs to be addressed in a multi-layered approach: at the source, on
the network, and with the end-user [1].

In this digital age, which is the era of electronics & computers, one of the efficient & power mode of

communication is the email. Undesired, unsolicited email is a nuisance for its recipients; however, it also often
presents a security threat. For ex., it may contain a link to a phony website intending to capture the user’s login
credentials (identity theft, phishing), or a link to a website that installs malicious software (malware) on the
user’s computer. Installed malware can be used to capture user information, send spam, host malware, host
phish, or conduct denial of service attacks as part of a “bot” net. While prevention of spam transmission would
be ideal, detection allows users & email providers to address the problem today [2].
Spam filtering has become a very important issue in the last few years as unsolicited bulk e-mail imposes large
problems in terms of both the amount of time spent on and the resources needed to automatically filter those
messages. Email communication has come up as the most effective and popular way of communication today.
People are sending and receiving many messages per day, communicating with partners and friends, exchanging
files and information. E-mail data’s are now becoming the dominant form of inter and intra-organizational
written communication for many companies and government departments. Emails are the essential part of life
now just likes mobile phones & i-pods [3].

Emails can be of spam type or non-spam type. Spam mail is also called as junk mail or unwanted mail
whereas non-spam mails are genuine in nature and meant for a specific person and purpose. Information
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retrieval offers the tools and algorithms to handle text documents in their data vector form. The Statistics of
spam are increasing in number. At the end of 2002, as much as 40 % of all email traffic consisted of spam. In
2003, the percentage was estimated to be about 50 % of all emails. In 2006, BBC news reported 96 % of all
emails to be spam.

Spam can be defined as unsolicited (unwanted, junk) email for a recipient or any email that the user do
not wanted to have in his inbox. It is also defined as “Internet Spam is one or more unsolicited messages, sent or
posted as a part of larger collection of messages, all having substantially identical content.” There are severe
problems from the spam mails, viz., wastage of network resources (bandwidth), wastage of time, damage to the
PC’s & laptops due to viruses & the ethical issues such as the spam emails advertising pornographic sites which
are harmful to the young generations[4].

Email is the most widely used medium for communication worldwide because it’s Cheap, Reliable, Fast and
easily accessible. Email is also prone to spam emails because of its wide usage, cheapness & with a single click
you can communicate with anyone anywhere around the globe. It hardly cost spammers to send out 1 million
emails than to send 10 emails. Hence, Email Spam is one of the major problems of the today’s internet, bringing
financial damage to companies and annoying individual users.

e Rule based

Handmade rules for detection of spam made by experts (needs domain experts & constant updating of rules).

e Customer Revolt

Forcing companies not to publicize personal email ids given to them (hard to implement).

e Domain filters

Allowing mails from specific domains only (hard job of keeping track of domains that are valid for a user).

o Blacklisting

Blacklist filters use databases of known abusers, and also filter unknown addresses (constant updating of the
data bases would be required).

e  White list Filters

Mailer programs learn all contacts of a user and let mail from those contacts through directly (every one should
first be needed to communicate his email-id to the user and only then he can send email).

e Hiding address

Hiding ones original address from the spammers by allowing all emails to be received at temporary email-id
which is then forwarded to the original email if found valid by the user (hard job of maintaining couple of
email-ids).

e Checks on number of recipients by the email agent programs.

e Government actions

Laws implemented by government against spammers (hard to implement laws).

e Automated recognition of Spam

Uses machine learning algorithms by first learning from the past data available (seems to be the best at
current). Here, follows a brief overview of e-mail spam filtering. Among the approaches developed to stop
spam, filtering is an important and popular one. It can be defined as automatic classification of messages into
spam and legitimate mail. It is possible to apply the spam filtering algorithms on different phases of email
transmission at routers, at destination mail server or in the destination mailbox[5]. Filtering on the destination
port solves the problems caused by spam only partially, i.e., prevents end users from wasting their time on junk
messages, but it does not prevent resources misuse, because all the messages are delivered nevertheless. In
general, a spam filter is an application which implements a function:

f(m, L) = { cspam, if the decision is “spam” cleg, otherwise }

Where ‘m’ is a message or Email to be classified, L is a vector of parameters, and cspam and cleg are
labels assigned to the messages. Most of the spam filters are based on a machine learning classification
techniques. In a learning-based technique the vector of parameters L is the result of training the classifier on a
pre collected dataset:

L =R(M),
M = {(ml, yl),...... (mn, yn)}, yie { cspam, cleg}

Where m1, m2...mn are previously collected messages, y1, y2...yn are the corresponding labels, and R
is the training function. In order to classify new message, a spam filter can analyze them either separately (by
just checking the presence of certain words) or in groups (consider the arrival of dozen of messages with same
content in five minutes than arrival of one message with the same content). In addition, learning-based filter
analyzes a collection of labeled training data (pre-collected messages with reliable judgment).

This paper explores statistical learning algorithms such as Bayesian techniques for classifying spam. This spam
probability and non spam probability for every word occurred in incoming message by using training sets of
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words. Every word contains two frequencies one is spam frequency and other is non-spam frequency. Using this
frequency calculate spam and non-spam probability [6]. If spam probability greater than non-spam probability
then incoming message is considered as spam email message. After that all words have been updated in
trainings set. All time training sets will be updated.

1. GENERAL CHARACTERISTICS OF SPAM

Spam is not only offensive and annoying; it causes loss of productivity, decreases bandwidth and costs
companies a lot of money. Therefore, every smart company that uses email must take measures in order to block
spam from entering their email systems. Although it might not be possible to block out all spam, just blocking a
large proportion of it will greatly reduce its harmful effects. In order to effectively filter out spam and junk mail,
the proposed system is able to distinguish spam from legitimate messages and to do this it needs to identify
typical spam characteristics & practices. Once these practices are known, suitable measures can be put into
place to block these messages. Of course, spammers are continually improving their spam tactics, so it is
important to keep up to date on new spam practices from time to time to ensure spam is still being blocked
effectively.
Spam characteristics appear in two parts of a message; email headers and message content:

2.1 Email Header

Email headers show the route an email has taken in order to arrive at its destination. They also contain
other information about the email, such as the sender and recipient, the message ID, date and time of
transmission, subject and several other email characteristics. Most spammers try to hide their identity by forging
email headers or by relaying mail to hide the real source of the message. Since they need to send mails to a large
number of recipients, spammers use certain methods for mass mailing that can be classified as pure spam
practices and can therefore be identified in the email headers. Although newsletters and legitimate mailings are
also sent to a large number of recipients, these will generally not display the same characteristics since the
message source does not need to be concealed.
Typical email header characteristics in spam messages:
Recipient’s email address is not in the To: or Cc: fields
Empty To: field
To: field contains invalid email address
Missing To: field
From:
Missing From: field
Missing or malformed Message 1D
More than 10 recipients in To: and/or Cc: fields
X-mailer field contains name of popular spam ware
Bcc: header exists
X-Distribution = bulk
X-UIDL header exists
Code and space sequence exists
lllegal HTML exists

Table 1. Statistics of spam based on spam characteristics

Spam Characteristics % of Searched mails
Recipient address not in To: or Cc: field 64%
To: field missing 34%
To: field contains invalid email address 20%
No message ID 20%
Suspect message 1D 20%
Cc: filed contains more than 15 recipients 17%
From: is same as the To: field 6%
Cc: field contains more between 5-15 recipients 3%
To: field contains more between 5-15 recipients 2%
Cc: field contains more than 5-15 recipients 1%
Bcc: field exists 0%
To: field is empty 0%
From: is blank or missing 0%
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2.2 Message contents

Apart from headers, spammers tend to use certain language in their emails that companies can use to distinguish
spam messages from others. Typical words are free, limited offer, click here, act now, risk free, lose weight, and
earn money, get rich, and (over) use of exclamation marks and capitals in the text. Spam canbe blocked by
checking for words in the email body and subject, but it is important that you filter words accurately since
otherwise you might be blocking legitimate mails as well.

1. DEVELOPMENT OF THE PROPOSED SYSTEM
3.1 Overview of Design Methodology
The proposed system using naive bayes classifier to classify an email is spam or not. Proposed system
should be good rate for false positive and false negative. While false positive means a good email can be
identified as spam email. False negative means a spam emails identified by a good email.

3.1.1 Bayes Theorem
The probability of an event may depend on the occurrence or non-occurrence of another event. This dependency
is written in terms of conditional probability:
P(A|B) = P(ANB) / P(B)
P(BJA) = P(ANB) / P(A)
P(ANB) =P(BJA) P(A) = P(A|B) P(B)

An event A is INDEPENDENT from event B if the conditional probability is the same as the marginal
probability.

P(B|A) = P(B)

P(A|B) = P(A)

From the formulas the Bayes Theorem States the Prior probability: Unconditional probabilities of our
hypothesis before we get any data or any NEW evidence. Simply speaking, it is the state of our knowledge
before the data is observed. Also stated is the posterior probability: A conditional probability about our
hypothesis (our state of knowledge) after we revised based on the new data.

Likelihood is the conditional probability based on our observation data given that our hypothesis holds.
P(AIB) = P(B|A) P(A)/ P(B)
P(B|A) = P(B|A) P(B)/ P(A)

Where P (A|B) is the posterior probability, P(B|A) is the likelihood and P(A) prior probability.

Thomas Bayes (c. 1702 — 17 April 1761) was a British mathematician and Presbyterian minister, known for
having formulated a specific case of the theorem that bears his name: Bayes' theorem, which was published
posthumously.

The following are the mathematical formalisms, and the example on a spam filter, but keep in mind the basic
idea.

The Bayesian classifier uses the Bayes theorem, which says:
P(cj | d) = P(d |cj) P(cj) / P(d)

Considering each attribute and class label as a random variable and given a record with attributes (A1,A2,...,
An), the goal is to predict class C. Specifically, we want to find the value of C that maximizes P(C|
Al,A2,...An).
The approach taken is to compute the posterior probability P(C| A1,A2,...An) for all values of C using the
Bayes theorem.

P(C| A1 A2..An)= P(A1 A2 ...An|C) P(C)/P(A1 A2 ...An)
So you choose the value of C that maximizes P(C| A1,A2,...An). This is equivalent to choosing the value of C
that maximizes P(A1,A2,...An | C) P(C).

3.2 Evaluation Process
Naive Bayesian prediction requires each conditional probability be non zero. Otherwise, the predicted
probability will be zero.

n
P(X |C;) = II PCxz |l C3)
k=1

In order to overcome this, we use probability estimation from one of the following:
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m - estimate : 24, | C) =
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In order to classify and predict a spam email from a non spam one, the following techniques and assumptions
are used:

Sorting according to language (spam or non spam), then words, and then count.

If a word does not exist, consider to approximate P(word|class) using Laplacian.

A learning dataset for analysis.

The Learning Datasetcontains each word that content filtering uses to determine if a message is spam.
Beside each word, there are two numbers. The first number is the number of times that the word has
occurred in non-spam e-mail messages. The second number is the number of times that the word has
occurred in spam e-mail messages.

N S

Table 2.Example of learning dataset containing words

Word Occurred in Non Spam Occurred in Spam
Specializing 391 4022
Graciously 2095 380

Bringing 2772 11854

Mbps 425 823

Tantra 96 52

3.3 Algorithm of the Proposed System
Input: keyword list, stop word list, ignore list, email message
Stepl:- Let m be an email message. Take two variables Nonspam percent and
Spam percent initialized to 1. Convert all words to lower case.
Step2:- Find out all special character from m and remove all special character
from m.
Step 3:- For each word w; inm
If w; found in stopword list
Then w is removed from m.
End If.
End For.
Step 4:-For each word w; in m
If w; found in learning keyword dataset

Take spam value and calculate the probability using spam value divided by total spam value and multiply this
probability with Spam percent

Else Take spam value as 1(using Laplace) and calculate the

Probability using 1 divided by total spam value and
Multiply this probability with Spam percent. And addto keyword dataset.
End For.
Step 4:-For each word wy in m
If wy found in learning keyword dataset

Take non spam value and calculate the probability using non spam value divided by total non spam value and
multiply this probability with NonSpam percent

Else take non spam value as 1(using Laplace) and calculate

the Probability using 1 divided by total non spam
value and Multiply this probability with NonSpam  percent. And addto keyword dataset.
End For.

Step 5:- Find out spam and non spam probability from learning dataset and multiply spam probability with
Spam percent to get all word spampercent and similarly multiply non spam probability with non spam
percent to get all word non spam percent
Step 6:- If Spam percent >Nonspam percent

Then m will be identified as Spam Email.
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Else m will be legitimate Email.

3.4 Explanation of Algorithm

Input of the above algorithm is ignoring list, stop word list, and keyword list. Ignore list contains set of
special character like (~,!,@,#,%$,%,",&,*,<,>,.,? etc)
First to remove from email content this ignores character. Then remove stop word from email content. Stop
word list like (am, is, are etc). Rest of the word contains in email is termed as keyword. To maintain a huge
learning data set using this keyword. Learning datasets contain lots of word. And each word has two properties.
One spam count and another is non spam count [7]. Where spam count is no of spam email contains this word.
Non spam count is the no of non spam email that contains this word.
First find out probability of mail type from the training dataset. Probability of spam email will be
P (SpamMailType) = (Total spam count from learning set/ Total count)
Similarly probability for non spam email will be
P (NonSpamMailType) = (Total spam count from learning set/ Total count)
Then take two variable example spampercent and nonspampercent and initialized to 1. Then look for percent of
word in non spam. Similarly look for percent of word in spam. Final probability by multiplying each word to the
total probability. Compare spampercent with nonspampercent. If spam percent greater than nonspampercent,
then email is considered as spam email.

V. IMPLEMENTATION

To implement a system, there are some software and hardware required. Some softwares as well as
hardwaresare used to implement the above proposed system.
Hardware Used: 1. Windows 7
Software Used: 1.Visual studio 2010

2. Sql Server 2008

3.11IS7.0
Some of this system snhapshot is given below.
Login page of this email system

Home AboutUs Admin Login

[ &l S = .
Already Registered User
User Name S !animesh @testmail.com
Password :I ------ Sign In

Forgot Your Password ?

Register Now ! Click Here

Developed by Animesh Patra Under Prof. S. Roy

Fig 4.1 Login page
After login successful page
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Home Options » Logout

Welcome, Animesh Patra Email: animesh@testmail.com

Qlﬂl_‘-

« Inbox (0)Unread

m Drafts

w Trash

] Sent

b= Saved Ttem

L Spam

User Home

Welcome To Your Page

Compose mail

oped by Animesh Patra Under Prof. S. Roy
Fig 4.2. Home page

Home Options » Logout

Welcome, Animesh Patra Email: animesh@testmail.com

B

+ Inbox (0)Unread

@ Drafts

w Trash

] Sent

i Saved Item

] Spam

Send Save Draft  Cancel
Separate each address with a comma

From: animesh@testmail.com

To: subha@testmail.com

Subject: test spam1

Add Attachment Save Copy To Sent Folder
Hi

100best buy is giving away an iPad 2 ewveryday, and we want you to
win one!

Simply Pay Rs 399 and get chance to win Apple Ipad or get 100% cash
back

Be=st of Luck,
100bestbuy

Send Save Draft  Cancel

Fig 4.3 Compose mail page

WWW.ajer.org

Page 69
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After sending mail

Home

Options » Logout

Welcome, Animesh Patra Email: animesh@testmail.com

L-_j ! ﬂ l — add :“:;m Rt Ta TRt
Your Message has been sent to the following receipient|
i Inbox e ["] Add Contact subha@testmail.com
@ Drafts
w Trash
Sent

lf Saved Item

Spam

After login successful page

Developed by Animesh Patra Under Prof. 5. Roy

Home

Fig.4.4 After email sending Page

Options k Logout

Welcome, Subhadip Das Email: subha@testmail.com

=

+ Inbox (0)Unread
m Drafts
w Trash
Sent
= Saved Item

Spam

User Home

Welcome To Your Page

Developed by Ani

mesh Patra Under Prof. S. Roy

Fig. 4.5 After login to another account page

See spam folder contain the incoming email
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Home Options » Logout

Welcome, Subhadip Das Email: subha@testmail.com

=ine o s - L =
["] Select All

¢ Inbox (0)Unread 0 bie Date
m Drafts [ animesh@testmail.com test maill  25-05-2012 12:08:46
w Trash

] Sent

PL: Saved Item

®Spam |

Fig. 4.6 Spam folder page '

Login to another account
Home AboutUs Admin Login

Already Registered User
User Name : subha @testmail.com
Password T{eessene

Forgot Your Password ?

Register Now ! Click Here

Developed by Animesh Patra Under Prof. S. Roy
Fig.4.5 Another login page
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Spam email content

Home Options k Logout

Welcome, Subhadip Das Email: subha@testmail.com

s I (o : — Return Tao Inbox
Hi
« Inbox (0)Unread 100best buy is giving away an iPad 2 everyday, and we want you to win one!
@m Drafts Simply Pay Rs 399 and get chance to win Apple Ipad or get 100% cash back

w Trash
Sent
|4~ Saved Item

Best of Luck,
100bestbuy

Spam

Download Attachment No Attachment

Developed by Animesh Patra Under Prof. 5. Roy

r/frmUserSpam.aspx

Fig. 4.7 Content of Spam Mail.

V. EXPERIMENTAL RESULT AND ANALYSIS
Estimating classifier accuracy is important in that it allows one to evaluate how accurately a given classifier will
label the test data. It can be calculated using the formula discussed below. A classifier is trained to classify e-
mails as non-spam and spam mails. An accuracy of 85 % may make the classifier accurate, but what if only 10-
15 % of the training samples are actually “spam”? Clearly an accuracy of 85 % may not be acceptable-the
classifier could be correctly labeling only the “non-spam” samples. Instead, we would like to be able to access
how well the classifier can recognize “spam” samples (referred to as positive samples) how well it can recognize
“non-spam” samples (referred to as negative samples)[8].The sensitivity (recall) and specificity measures can be
used, respectively for this purpose.
The use precision to access the percentage of samples labeled as “spam” that actually are “spam” samples. The
evaluation measures which are used in approach for testing process in our research work could be defined as
follows:
True Positive (TP): This states the no. of spam documents correctly classified
as spam
True Negative (TN): This states the number of non-spam documents correctly
classified as non spam.
False Positive (FP): This states the number spam documents classified as non

spam.
False Negative (FN): This states the number of non-spam document classified
as spam.
Table.3: Measurement, Formula, and Meaning of TP, TN, FP and FN
Measurement Formula Meaning
Precision TP /(TP + FP) The percentage of positive predictions that is correct.
Recall / Sensitivity TP/ (TP + FN) | The percentage of positive labeled instances that ispredicted as
positive.
Specificity TN/(TN+FP) | The percentage of negative labeled instances that is predicted
as negative.
Accuracy (TP+TN)/ (TP The percentage of predictions that is correct.
+ TN + FP + FN)

500 spam document and 100 non spam document are tested. From the experimental result, out of 500 spam to
identify 468 as a spam and from 100 non spam document to identify 86 documents as nonspam.
True Positive (TP) =477




American Journal of Engineering Research (AJER) 2013

True Negative (TN) = 88

False Positive (FP) = 23

False Negative (FN) = 12

Precision=TP/(TP+FP) = 0.95

Recall / Sensitivity = TP/ (TP + FN) = 0.97

Specificity = TN/ (TN + FP) =0.79

Accuracy = ((TP+TN)/(TP+ TN+ FN+ FP))*100= 94.16%

VI. CONCLUSION
In this Dissertation, the email client system that has capability to send email and receive email and

project mainly concerned about an efficient email spam filtering techniques for an email account. For this
system, we collected statistical data by which we create a training set. This dataset is updated time by time. The
filtering techniques based on Naive bayes Theorem, which is a good one machine learning algorithm. The
projectis concentrated only on text word not any other content. But the system is very much effective to identify
spam from email for text based.

[1]
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[5]
[6]
[7]
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l. INTRODUCTION

After the introduction of fuzzy sets by Zadeh [15] in 1965 and fuzzy topology by chang [4] in 1967.
Several researches were conducted on the generalizations of the notions of fuzzy sets and fuzzy topology. The
concept of fuzzy sets was introduced by Atanassov [1] as a generalization of fuzzy sets . In the last 20 years
various concepts of fuzzy mathematics have been extended for fuzzy sets. In 1997 Coker [5] introduced the
concept of fuzzy topological spaces. Recently many fuzzy topological concepts such as fuzzy compactness [8],
fuzzy connectedness [14], fuzzy multi functions [9] fuzzy g -super closed set [11] and fuzzy g -super continuity
[12] have been generalized for fuzzy topological spaces. Topological space. In the present paper we introduce
and study the concept of fuzzy gc-super irresolute mappings in fuzzy topological space.

1. PRELIMINARIES
Definition 2.1[8,9,12]: A fuzzy set A of a fuzzy topological space (X,3) is called a
(@) fuzzy generalized super closed ( fuzzy g -super closed) if cl(A) <O
Whenever A<Oand Ois fuzzy super open.
(b) Fuzzy generalized super open if its complement is fuzzy generalized super closed.

Remark 2.1 [8,9,12]: Every fuzzy super closed set is fuzzy g -super closed set but its converse may not be true.

Definition 2.2[9]: Let (X,3) and (Y,®) be two fuzzy topological spaces and let f: X—Y be a function. Then

(@) fissaidtobe fuzzy super continuous if the pre image of each fuzzy open set in Y isan fuzzy super open
set in X.[8]

(b) fissaidtobe fuzzy g -super continuous if the inverse image of every fuzzy super closed set of Y is fuzzy
g -super closed set in X.[13]

Definition 2.3[8,9,13]: An fuzzy topological space X is called fuzzy g -super connected if there is no proper
fuzzy set of X which is both fuzzy g -super open and fuzzy g -super closed.

Definition 2.4[8,9,13]: An fuzzy set B of a fuzzy topological space (X,3) is said to be fuzzy GO- super
compact relative to X, if for every collection {A;: ien} of fuzzy g —super open sets of X such that B < U{A;:
ien}. There exists a finite subset Aq Of A such that B < U{A;: ienc}.

Definition 2.5[8,9,13] : A crisp subset Y of an fuzzy topological space (X,3) is said to be fuzzy GO- super
compact if Y is fuzzy GO- super compact as a fuzzy subspace of X.




American Journal of Engineering Research (AJER) 2013

Definition 2.6.[8,9,13]: Let (X, 3J) be an fuzzy topological space. The generalized closure of a fuzzy set A of
X denoted by gcl(A) is the intersection of all fuzzy g -super closed sets of X which contains A.

1. FUZZY GC-SUPER IRRESOLUTE MAPPINGS
Definition 3.1: A mapping f from an fuzzy topological space (X,3) to another fuzzy topological space (Y,c) is
said to be fuzzy gc-super irresolute if the inverse image of every fuzzy g -super closed set of Y is fuzzy g -
super closed in X.
Theorem 3.1: A mapping f: (X,3)—(Y,o0) is fuzzy gc-super irresolute if and only if the inverse image of
every fuzzy g —super open set in Y is fuzzy g -super open in X.
Proof: It is obvious because f (U°) = (f (U))¢, for every fuzzy set U of Y.
Remark 3.1: Since every fuzzy closed set is fuzzy g -super closed it is clear that every fuzzy gc-super irresolute
mapping is fuzzy g -super continuous but the converse may not be true.
Remark 3.2: Example (3.1) and example (3.2) asserts that the concepts of fuzzy gc-super irresolute and fuzzy
super continuous mappings are independent.
Theorem 3.2: If a mapping f: (X,3)—(Y,o) is fuzzy gc-super irresolute then
(a) f(gcl(A)) <gcl(f(A)
(b) gel(f *(B)) < f “(gcl(B)).
Proof: Obvious.
Theorem 3.3: Let f: (X,3)—(Y,o) is bijective fuzzy super open and fuzzy g -super continuous then fis fuzzy
gc- super irresolute.
Proof: Let A be a fuzzy g -super closed set in Y and let f “(A) < G where G is fuzzy open set in X. Then A <
f(G). Since f(G) is fuzzy super open and A is fuzzy g -super closed in Y, cl(A) < f(G) and f *(cl(A)) <G. Since
f is fuzzy g -super continuous and cl(A) is fuzzy super closed in Y, cl(f *(cl(A))) < G. And so cl(f (A)) < G.
Therefore f *(A) is fuzzy g -super closed in X. Hence f is fuzzy gc- super irresolute.
Theorem 3.4: Let f: (X,3)—(Y,0) and g: (Y,6)—(Z,n) be two fuzzy gc-super irresolute mappings, then gof :
(X,3)—>(Z, ) is fuzzy gc- super irresolute.
Proof : Obvious.
Theorem 3.5: Let f: (X,3) = (Y,0) is fuzzy gc-super irresolute and g: (Y,o0)—>(Zn) is fuzzy g -super
continuous then the gof : (X,3)—(Z, n) is fuzzy g -super continuous.
Proof: Obvious.
Theorem 3.6: Let f: (X,3)—>(Y,o0) is fuzzy gc-super irresolute mappings, then gof : (X,3)—>(Z, n) is fuzzy
gc-super irresolute and if B is fuzzy GO- super compact relative to X, then the image f(B) is fuzzy GO-
super compact relative to Y.
Proof : Let {Ai: iea}be any collection of fuzzy g-super open set of Y such that f(B) < U{Ai: iea}. Then B <
U{f (Ai): ien}. By using the assumption, there exists a finite subset Ao of A such that B < U{f (Ai): ieao}.
Therefore, f(B) <{Ai: ieng}. Which shows that f(B) is fuzzy GO- super compact relative to Y.
Corollary 3. 1: A fuzzy gc-super irresolute image of a fuzzy GO- super compact space is fuzzy GO- super
compact.
Theorem 3.8: Let (XXY, 3xo) be the fuzzy product space of non-empty fuzzy topological spaces (X,3) and
(Y,o). Then the projection mapping p: XxY—X is fuzzy gc- super irresolute.
Proof: Let F be any fuzzy g-superclosed set of X. Then fxi(= p™(F)) is fuzzy g -super closed and
hence p is fuzzy gc- super irresolute.
Theorem 3.9: If the product space (XXY, 3xc) of two non empty fuzzy topological spaces (X,3) and (Y,o) is
fuzzy GO-super compact, then each factor space is fuzzy GO- super compact.
Proof: Obvious.
Theorem: 3.10: Let f: (X,3)—(Y,c) isan fuzzy gc-super irresolute surjection and (X,3) is fuzzy GO- super
connected, then (Y,o) is fuzzy GO- super connected.
Proof: Suppose Y is not fuzzy GO- super connected then there exists a proper fuzzy set G of Y which is both
fuzzy g -super open and Fuzzy g -super closed, therefore f *(G) is a proper fuzzy set of X, which is both fuzzy g
-super open and fuzzy g -super closed, because f is fuzzy g -super continuous surjection. Therefore X is not
fuzzy GO- super connected, which is a contradiction. Hence Y is fuzzy GO- super connected.
Theorem 3.11: If the product space (XxY ,3xo) of two non-empty fuzzy topological spaces (X,3) and (Y,oc)
is fuzzy GO- super connected, then each factor fuzzy space is fuzzy GO- super connected.
Proof: Obvious.
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Abstract: - This work is aimed at grading the particle sizes of powders and granular distribution of particle
sizes of a local agricultural product, GARRI. To be able to do this, an electromagnetic sieving machine which
transforms electromagnetic energy to mechanical energy was designed and constructed. The Choice of
Electromagnetic Sieving Machine was to increase the amplitude of oscillation and thereby reducing the time
of sieving. With the aid of the machine, sieving was carried out three times at different voltage settings. The
tests conducted show that with increase in voltage, the amplitude of oscillation also increased, thereby reducing
the sieving time. Optimal output (from 1kg of Garri) was obtained in 120 seconds at a voltage setting of 255
volts which generated 5mm amplitude. The different particle sizes were evaluated by the use of an electronic
microscope. The efficiency of the machine was evaluated to be 98%.

Key words: - Particle size, Vibration, Sieve, Energy, magnetic flux

l. INTRODUCTION

The particle-size distribution (PSD) of a powder, or granular material, or particles dispersed in fluid,

is a list of values or a mathematical function that defines the relative amount, typically by mass, of particles
present according to size.[1] PSD is also known as grain size distribution.[2]
The PSD of a material can be important in understanding its physical and chemical properties. It affects the
strength and load-bearing properties of rocks and soils. It affects the reactivity of solids participating in chemical
reactions, and needs to be tightly controlled in many industrial products such as the manufacture of printer toner
and cosmetics.

The way PSD is usually defined is by the method by which it is determined. The most easily
understood method of determination is sieve analysis, where powder is separated on sieves of different sizes.
Thus, the PSD is defined in terms of discrete size ranges: e.g. "% of sample between 45 um and 53 pm", when
sieves of these sizes are used. The PSD is usually determined over a list of size ranges that covers nearly all the
sizes present in the sample. Some methods of determination allow much narrower size ranges to be defined than
can be obtained by use of sieves, and are applicable to particle sizes outside the range available in sieves.
However, the idea of the notional "sieve", that "retains" particles above a certain size, and “passes"” particles
below that size, is universally used in presenting PSD data of all kinds.

One of the most important types of analytical work associated with producing resources and wares with
desired properties, is particle size, shape, and distribution analysis. [3]

Sieving, microscopy, computerized image analysis, laser diffraction, sedimentation, and centrifugation, are
some of the particle size analysis methods by which a samples particle characterization may be established.

The method one employs, has to do with the nature of the sample, ie...liquid or solid, the size range of the
particles to be analyzed, the relevance of the results to the finished product properties, and cost. For some
applications, like certain pharmaceuticals, particle shape characteristics may also have a bearing on the outcome
of the finished good.

The use of sieves with different sized mesh is one of the oldest, most reliable, and most commonly used
methods for providing an analysis of particle size distribution.
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Although sieve shakers have limitations based on the assumption that all particles are spherical, they work well
for a wide variety of applications, and because it is relatively inexpensive, is generally the first method
employed by companies when a particle size distribution analysis program is initiated. [3]

A sieve analysis consists of using a single or set of screens (typically woven wire mesh), decreasing in
opening size, to separate or classify a sample. Several mechanisms are used to disperse the sample and transport
it through the screens (i.e. vibration, air entrainment or flowing liquid). While considered relatively low
resolution, sieving’s practical application lends itself well to quality control specifications. ASTM E-11
establishes acceptance criteria for the woven wire mesh opening tolerances of standard sieve sizes. For optimal
quality control, PTL verifies its in-house sieves with an external vendor for compliance with the ASTM E-11.

[4]

While sieving may appear rudimentary compared to more modern instrumental particle
characterization techniques, it still requires several important considerations to obtain the best repeatable and
precise results. Several factors must be considered when developing a robust sieving method or performing a
routine quality analysis. Sample size, sieving duration, controlled agitation parameters and end point
determination are all critical method variables which need to be addressed.

The vibrating sieve shaker applies the principle of electromagnetic induction. When the particles are
characterized, the products are useful as a raw material or consumption purposes. Many dependent variables are
considered in this work and the effectiveness of each of them contributes to the overall efficiency. Such
dependent variables are the amplitude of vibration, voltage variation which is a function of magnetic flux
density, the mass of product collected and the resident time for the sieving. The effectiveness of the designed
sieve will help in particle separation in local industries, especially cassava (garri) processing industries.

The test sieve shakers electromagnetic design offers many equipment — feature benefit compared with
manual motor driven units. The electromagnetic shaker combines sharp, vertical motion with rotary motion at
3,600 vibrations per minutes for optimum performance. This high speed straight to line vibratory actions
minimizes particle detention, provide faster particle separation with improved accuracy and assure uniform
particle size distribution. Electromagnetic drives also assure outstanding durability with virtually no
maintenance or part replacement. There are no motor for overheat or burn out, no belt, gears, pulley or other
moving components to wear and lubrication is not required. Operation is simple. The operator places the nested
sieve on the top sieve and pushes the handle down to lock the sieve in position. The unit preset timer is actuated
to test the material sample. The time control devices guarantees uniformly — timed sample analysis. A rheostat
control can be set to a fixed voltage value to assure a consistence analysis of the design and operation noise
level conform with standard. Test sieve shakers are compact, light weight. Each sieve shakers hold about six -
eight — inch diameter standard screen full height testing sieves and a bottom pan, or twelve half height sieves
and bottom pan Units operates at 230 volts, 50Hz single phase ac.

1.2 Mathematical models

Probability distributions

e The log-normal distribution is often used to approximate the particle size distribution of aerosols, aquatic
particles and pulverized material.

e The Weibull distribution or Rosin Rammler distribution is a useful distribution for representing particle
size distributions generated by grinding, milling and crushing operations.

e The log-hyperbolic distribution was proposed by Bagnold and Barndorff-Nielsen[5] to model the particle-
size distribution of naturally occurring sediments. This model suffers from having non-unique solutions for
a range of probability coefficients.

e The skew log-Laplace model was proposed by Fieller, Gilbertson and Olbricht [6] as a simpler alternative
to the log-hyperbolic distribution.

Rosin-Rammler distribution

The Weibull distribution, now named for Waloddi Weibull was first identified by Fréchet (1927) and
first applied by Rosin & Rammler (1933) to describe particle size distributions. It is still widely used in mineral
processing to describe particle size distributions in comminution processes.

_omo2)(£)"

o Pomy = [ 1= a2
0 x < 0,

where

&' Particle size
P, 20: 80" percentile of the particle size distribution



http://en.wikipedia.org/wiki/Log-normal_distribution
http://en.wikipedia.org/wiki/Aerosol
http://en.wikipedia.org/wiki/Weibull_distribution
http://en.wikipedia.org/wiki/Mill_%28grinding%29
http://en.wikipedia.org/wiki/Crusher
http://en.wikipedia.org/wiki/Particle-size_distribution#cite_note-8
http://en.wikipedia.org/wiki/Particle-size_distribution#cite_note-9
http://en.wikipedia.org/wiki/Weibull_distribution
http://en.wikipedia.org/wiki/Waloddi_Weibull
http://en.wikipedia.org/wiki/Particle-size_distribution#CITEREFFr.C3.A9chet1927
http://en.wikipedia.org/wiki/Particle-size_distribution#CITEREFRosinRammler1933
http://en.wikipedia.org/wiki/Mineral_processing
http://en.wikipedia.org/wiki/Mineral_processing
http://en.wikipedia.org/wiki/Mineral_processing
http://en.wikipedia.org/wiki/Comminution

American Journal of Engineering Research (AJER) 2013

T11: Parameter describing the spread of the distribution
The inverse distribution is given by:

m [in(1—F)
f(F; Pag,m) = Pso \/J F >0,
! F <0,
where
F’: Mass fraction

Parameter estimation
The parameters of the Rosin-Rammler distribution can be determined by refactoring the distribution function to

the form[7]
In (—In (1 - F))) =mn(z) + In %

Hence the slope of the line in a plot of
In (_ In (1 _ F)))versus In (I)

yields the parameter #71and Pﬂﬂis determined by substitution into

1
. —In(0.2)\ ™
80 gintercept
99 .99
Sample Identification
Qgggg Coal-Fired Fiyash
oo.8
o9 Particle Censity_
_g o8 P, = 2.35 glem™
w
- 95
D
< S0 Statistical Analysis
o Pg : 2
5 A Mass LMedian Diameter
= 80 S D, = 21.04 um
= 1
% 70 Gecmetric Std. Dewv.
= o 60 s, =383
= S0 5
% 40 ﬂ/ Rela!g-o 751d. Cew.
L5 «=0.1
sy 30
%
= Cocff. of Regression
:D =0 P R° = 0.998
=
ﬁ 1 Cumulative %¢ Less Than
= 9 25 um = 55.235
g 2 e 10 um = 28.14
= > Z 25um= 489
2um = 337
= 1 [ /I 1Tum= 0389
0.5 y
1
0.2
0.1
0.05
0.01 =
0.1 i 10 100

Equivalent Particle Diameter (um)
Fig.1 Log-Normal Distribution results graph-Cumulative percent less than indicated size as a function of
particle size. [8]

1. MATERIALS AND METHODS
2.1 Sample Collection:

Cassava tubers are harvested wet, pealed and ground in the grinding machine. It is partially dried using
the screw jack. The product “garri” is then fried in the frying pan and ready for consumption. But sometimes, it
becomes difficult for consumption or other useful purposes due to sizes of the grain. The designed sieves
however, solved a problem of difficulty posed by large sizes of the particles. The grading process using the
electromagnetic sieve provides better particle sizes of the product that are exportable to other countries of the
world.
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2.2 — Equipment/Material used for Experiment

1. One Kilogram (1000g) of fried “garri” sample

2. A stop watch

3. A locally fabricated electromagnetic sieving machine.
4. Sieves

5. Voltage regulator (digital meter)

6. Springs

2.3: Experimental Procedures

1 kg (1000g) sample of “garri” was weighed using the weighing balance. The designed electromagnetic
sieve was connected to the electric mains and voltage was adjusted with the regulator to read 235 volts. The
sieve agitated as the voltage is varied and a stop watch is set to measure the time for a complete sieving.
Different aggregate of “garri” particle sizes were collected on each sieve and weighed. The procedure was
repeated with the voltage varied at 245, 255 and 265 volts. The corresponding time (seconds) for each
experiment was noted. The particles sizes were also recorded and evaluated using the electronic microscope.

1. RESULTS

The result shows that the designed sieve is capable of grading the product “garri” at different
aggregates. The mass of “garri” on each sieve was noted at different voltage variation in a particular time
intervals. The results are tabulated below.

Table 1 Voltage Varied at 235 Volts: Time for sieving — 230 seconds

Mesh Nos  Weight of Mesh Weight of Mesh + Weight of Particle Size
(Kg) Weight of Garri(Kg) Garri(Kg)- (0
Product

1 0.380 0.440 0.120 >18um

2 0.480 0.770 0.290 18um

3 0.480 0.720 0.240 24pm

4 0.680 1.020 0.340 30pm

0.4

0.35 /‘
0.3 \ /
0.25 S 7

0.2

Mass (kg)

0.15 @ Columnl

0.1

0.05

0 T T T T T T 1
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Particle size (um)

Fig 2: Graph of mass Vs Particle size for 235volts
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.Table 2 Voltage varied at 245Volts. Time of sieving — 180seconds
Mesh Weight of Mesh Weight of Mesh + Weight of Particle
Nos (Kg) Weight of Garri(Kg) Garri(Kg)- Size (W)
Product Y
1 0.380 0.420 0.040 >18um
2 0.480 0.780 0.300 18um
3 0.480 0.640 0.260 24pm
4 0.680 1.060 0.380 30pm
Y-Values
0.4
L 2
0.35 /
0.3 4
+P.25 L 2 /
v 0.2 NS 7
1]
20.15 @ Y-Values
0.1
0.05
0 T T T T T T 1
0 5 10 15 20 25 30 35
Particle size (um)
Fig 3: Graph of mass Vs Particle size for 245 volts
Table 3.Voltage varied at 255Volts. Time of sieving — 120 seconds
Mesh Weight of Mesh Weight of Mesh + Weight of Particle
Nos (Kg) Weight of Garri(Kg) Garri(Kg)- Size (W)
Product Y
1 0.380 0.390 0.010 >18um
2 0.480 0.780 0.300 18um
3 0.480 0.760 0.280 24pm
4 0.680 1.080 0.400 30um
Y-Values
0.45
0.4 2
0.35 //
— 03 4
o g
=< 025 \//
& 02
2 015 EAY,
. -Values
0.1
0.05
0 T T T T T T 1
5 10 15 20 25 30 35
Particle Size (um)
Fig 4 Graph of mass Vs Particle size for 255 volts




American Journal of Engineering Research (AJER) 2013
Table 4: Variation of voltage with time.
Voltage (Volts) Time (Seconds)
235 230
245 180
255 120
265 90
Y-Values
270
265 L 4
_ 260
£ 255 \0\
2
o 250
<
§ 245 ¢ @ Y-Values
240
235 4
230 T T T T 1
0 50 100 150 200 250
Time (seconds)
Fig 5: Graph of Voltage Vs time.
Table 5 Variation of average mass collected with time
Voltage (Volts) Average mass(Kg) Time (Seconds)
235 0.290 230
245 0.313 180
255 0.326 120
Y-Values
0.33
0.325 /A
0.32
_ 0.315 ° /
£ o031 //
ﬁ 0.305
2 0.3 / @ Y-Values
0.295 /
0.29 74
0.289” ; ; ; ; ; .
230 235 240 245 250 255 260
Volts
Fig 6 Graph of average mass Vs voltage
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Y-Values
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0.325 \e

0.32
0.315 \
. \ Y
0.31
0.305 \
0.3 \ # Y-Values
0.295 \
0.29 \ 4
0.285 T T T T \

Mass (kg)

Time

Fig 7: Graph of average mass Vs time at 255 volts.

V. DISCUSSIONS

The designed electromagnetic sieve was operated with a combined action of electricity and magnetism.
The shaking principle was also achieved with the help of spring (amplitude) displacement due to the increased
magnetic flux existing between the air gap.

Fig. 2 indicates that there is an increase in mass collected at the sieves as the particle size decreases except in the
second set of sieve when the voltage was varied at 235Volts. The decrease in mass at the second sieve can be
attributed to the uneven distribution of the agitation.

Fig.3 indicates that there is an increase in mass collected at the sieves as the particle size decreases
except in the second set of sieve as the voltage was varied at 245Volts. The decrease in mass at the second sieve
may also be attributed to poor agitation at the middle sieve. There was also an increase in mass collected at the
bottom due to the direct flux.

Fig.4 indicates that there is an increase in mass collected at the sieves as the particle size decreases
except in the second set of sieve as usual. Here the voltage is varied at 255Volts and highest separation was
achieved. This is known as the peak voltage. The decrease in mass at the second sieve may also be attributed to
poor agitation.

Fig.5 indicates that as the voltage increases, the time of sieving decreases proportionally. This is as a
result of increase in amplitude.

Fig.6 shows that mass collected from the sieves increases as the voltage increases.

The result shows that the designed sieve is capable of grading the product “garri” into different aggregates. The
mass of “garri” on each sieve is noted at different voltage variation in a particular time intervals. It was observed
that with increase in voltage sieving time was reduced.

V. CONCLUSION

Many natural and manufactured materials occur in a diverse form, which means that they consist of
differently shaped and sized particles. The particle size distribution is responsible for important physical and
chemical properties such as: Mechanical bulk behavior, Surface reaction, Taste, Miscibility, Filtration
properties, Conductivity.

If the particle distribution changes during the manufacturing process then the quality of the finished product will
also change. Only a continuous monitoring of the particle size distribution can guarantee a constant product
quality.

The designed “Throw action” type utilizes the electromagnetic induction at varied voltages. The
vertical oscillation is used to determine the amplitude of the vibration and hence maximum sample collected per
sieve. The sieve is capable of handling up to one kilogramme (1000g) of garri sample at a batch. The three
grades of particle sizes collected (30pum, 24um and 18um) are exportable to other countries of the world if
labeled accordingly.
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The result show that increased voltage gives a maximum collection of finest particle at a smallest
resident time. The amplitude of the vibration and mass of the sieved samples, also increases as the voltage
increases. But as the voltage increase arbitrarily, the mass of the finest particle decreases because the
electromagnetic energy are not all converted to electromechanical energy. Therefore, several losses are
encountered. The particle sizes collected at the different sieves was evaluated using an electronic microscope.
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l. INTRODUCTION

It is well known that the Banach contraction principle is a fundamental result in fixed point theory,
which has been used and extended in many different directions. Hicks [2] established some common fixed point
theorems in symmetric spaces and proved that very general probabilistic structures admit a compatible
symmetric or semi-metric. Recall that a symmetric on a set X is a nonnegative real valued function d on X x X
such that (i) d(x, y) = 0 if, and only if, x =y, and (ii) d(x, y) = d(y, X). Let d be a symmetric on a set X and
forr>0andany x € X, let B(x, r) ={y € X: d(X, y) < r}. A topology t (d) on X is given by U € t (d) if, and only
if, for each x € U, B(x, r) < U for some r > 0. A symmetric d is a semi-metric if for each x € X and each r > 0,
B(x, r) is a neighbourhood of x in the topology t(d). Note that lim,, 5.. d(x,,x) = 0 if and only if x,— x in the

topology t (d).

1. PRELIMINARIES
Before proving our results, we need the following definitions and known results in this sequel.

Definition 2.1([3]) let (X, d) be a symmetric space. (W.3) Given {X,}, x and y in X, lim, 5. d(x,,x) = 0 and
lim, 5. d(x,,y) =0imply x =y. (W.4) Given {X,}, {yn} and x in X lim,, 5., d(x,,x) =0 and

lim,, 5. d(x,,y,) = 0 imply that lim,, 5. d(y,,,x) = 0.

Definition 2.2([4]) Two self mappings A and B of a metric space (X, d) are said to be weakly commuting if d
(ABy,BA,) = d (Ay,B,), Yx € X.

Definition 2.3([5]) Let A and B be two self mappings of a metric space (X, d). A and B are said to be
compatible if lim, 5., d(ABx,, BAx, )= 0, whenever (X,) is a sequence in X such that

lim,, 5., Ax, =lim, s.. Bx,=t for some t € X.

Remark 2.4. Two weakly commuting mappings are compatibles but the converse is not true as is shown in [5].
Definition 2.5 ([5]) Two self mapping T and S of a metric space X are said to be weakly compatible if they
commute at there coincidence points, i.e., if T, = S, for some u € X, then TS, = ST,.

Note 2.6. Two compatible maps are weakly compatible. M. Aamri [6] introduced the concept property (E.A) in
the following way.

Definition 2.7 ([6]). Let S and T be two self mappings of a metric space (X, d). We say that T and S satisfy the
property (E.A) if there exists a sequence {x,} such that lim, 5., Tx,=lim,, .. Sx,=t for some t € X.

Definition 2.8 ([6]). Two self mappings S and T of a metric space (X, d)

will be non-compatible if there exists at least one sequence {x,} in X such that if lim, 5. d(STx,,TSx,) is
either nonzero or non-existent.

Remark 2.9. Two noncompatible self mappings of a metric space (X, d) satisfy the property (E.A).

In the sequel, we need a function @: IR* = IR" satisfying the condition 0 < ¢ (t) < t for each t > 0.
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Definition 2.10. Let A and B be two self mappings of a symmetric space (X, d).A and B are said to be
compatible iflim, 5. d(ABx,,BAx,) = 0 whenever (X,) is a sequence in X such thatlim, 5. d(4x,,t)
=lim, 5. d(Bx,,t) = 0 for somet € X.

Definition 2.11. Two self mappings A and B of a symmetric space (X, d) are said to be weakly compatible if
they commute at their coincidence points.

Definition 2.12. Let A and B be two self mappings of a symmetric space (X, d). We say that A and B satisfy the
property (E.A) if there exists a sequence (X,) such that lim,, 5., d (Ax,,, t) =lim, 5. d(Bx,,t) =0 for some t € X.
Remark 2.13. It is clear from the above Definition 2.10, that two self mappings S and T of a symmetric space
(X, d) will be noncompatible if there exists at least one sequence (X,) in X such that lim,s. d(Sx,,t)
=lim, 5. d(Tx,,t) = 0 for some t € X. but lim, . d(STx,,TSx,) is either non-zero or does not exist.
Therefore, two noncompatible self mappings of a symmetric space (X, d) satisfy the property (E.A).

Definition 2.14. Let (X, d) be a symmetric space. We say that (X, d) satisfies the property (Hg) if given {x,},
{yn} and x in X, and lim,, .. d(x,,x) = 0 and lim, 5. d(y,,x) =0 imply lim, 5. d(y,,x,) =0

Note that (X,d) is not a metric space.

Aamri [1] prove the following theorems.

Theorem 2.15 (Aamri [1]). Let d be a symmetric for X that satisfies (W.3) and (Hg). Let A and B be two
weakly compatible self mappings of (X, d) such that (1) d(AAy) < @(max{d(By,By), d(BxAy), d(A,,B,)}) for all
(x, y) € X% (2) A and B satisfy the property (E.A), and (3) AX c BX. If the range of A or B is a complete
subspace of X, then A and B have a unique common fixed point.

Theorem 2.16 (Aamri [1]). Let d be a symmetric for X that satisfies (W.3), (W.4) and (Hg). Let A, B, Tand S
be self mappings of (X, d) such that (1) d(A,,B,) < @(max{d(S, T,), d(Sx.B,), d(T,,B,)}) for all (x, y) € X?,

(2) (A, T) and (B,S) are weakly compatibles, (3) (A, S) or (B, T) satisfies the property (E.A), and

(4) AX € TX and BX c SX. If the range of the one of the mappings A, B, T or S is a complete subspace of X,
then A, B, T and S have a unique common fixed point.

1. MAIN RESULTS
In this section we prove common fixed point theorem for sequence of mappings that generalizes Theorem 2.16.
Theorem 3.1. Let d be a symmetric for X that satisfies (W.3) (W.4) and (Hg). Let {Ai}, {Aj}, Sand T be self
maps of a metric space (X, d) such that
(1) d(AX,AY) < max{d(S,T,), d(AX.S,), d(AY.Ty), d(AX.T,), d(Ay, S)} for all (xy) € X*(i#),
(2) (A,S) or (A, T) are weakly compatibles. (3) (A;, S) or (AT) ,(i#)) satisfies the property(E.A) and
(4) AiXc TX and AjX c SX for (i#)
If the range of the one of the mappings {Ai}, {A}, S or T is a complete subspace of X,
then (1) A; and S have a common fixed point, Vi (1) A;,(i#) and T have a common fixed point provided that
(A, T) for some k > 1 is weakly compatible. (I1I) AjA; S (i#) and T have a unique common fixed point
provided that (1) and (1) are true.
Proof. Suppose that (A;,T) (i#j) satisfies the property (E.A.).
=>There exists a sequence {x,} in X such that lim, . d(A,xn,t) = lim, . d(Tx,,t) =0 for (i#) and for
some te X. Since AjX c SX (i#j), there exists a sequence {y,} in X such that AjX, = Syh.
Hence, lim, 5. d(Sy,,t) = 0 (since,lim,, . d(A]-xn,t) =0)
Let us prove that lim, 5., d(4;y,,t) =0
It is enough to prove that Aiy, = Ajx,, (i) and for sufficiently large n.
Suppose not, then using (1)
d(AiYn:Aan) < max{d(SYn,TXn): d(Aiyn ,Syn), d(AanvTXn): d(Aiyn ,TXn), d(Aan rSyn)} for all (va) € Xza (#j)
d(AiYn:Aan) < max{d(Aan:TXn): d(AiynvAan)v d(Aan ,TXn), d(Aiyn :Txn)} for all (va) € Xza(#j)a
For sufficiently large n, { since, Ajx,=Syn}
d(AiYn:Aan) < max{ d(AiYn:Aan): d(Aiyn ,ijn)}< d(Aiyn ,Aan) {Since, AXn= Tx, as n>«}(By He)
=><= Aiyn?é Aan for (l#j)
lim,, 5..d (Aiyn,AX,)=0 By(W.2),we deduce that lim, 5..d( A;y, ,t)=0.
Suppose SX is a complete subspace of X.Then t = Su for some ue X.
Therefore, lim,, 5.d(Aiys ,Sy)= lim,, 5. d(AX, ,S))= lim,,5.0d(Txn,S,)
= limnéwd(s)’nnsu)zo (#j)
Using (1),it follows d(Aiu,Ajxn) < max{d(S,,Tx,), d(Aiu,S,), d(AjXn, TXn), d(Aiu, TX,), d(AX,,Sy)} for
sufficiently large n, (i#))
d(Au,Sy) < max{d(Au,Sy), d(Aiu,S,)}Hi#),
<d(Au,S,) Vi =><=when Au#S, Vi
Therefore, Au=S, V i
This means that A; and S have coincidence point. But (A;, S) V i is weakly compatible.
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SAU = AiS, Y i and then AiAU = AS, = SAu = SS,. Vi
Suppose AX c TX Vi
=>There exists ve X such that Aju=T, Vi
=> Au=S,=T, Vi
To prove that T,= Ay, (i#)
Suppose T, # Ajv,then
(1)=> d(AUAY) < max{d(S, T.), d(Au, Sy), d(AV,T,), d(AUT,), d(AV.S,)}
= max{d(TV ,Tv)x d(SUl SU)1 d(AleTV)l d(TVITV)l d(AJV'TV)} (I;éj)
= max{d(Ayv,T,), d(Av, T)} (i#)
= d(Av,T)) = d(Av,AL), (i#)
Therefore (Aiu,Ajv)<d(Ajv,Aiu) (i#))
=><= Therefore Au=Ay (i#)
=>Av=Au=T, Therefore, Ajv=T, for i#
:>AiU:Su:TV:AjV, |¢J
But (A, T) is weakly compatible for some k>1
AT ~=TA for some k>1 and TT,=TAV=AT,=AAv, for some k>1
We shall prove that Aju is a common fixed point of A;and SV i
Suppose AlUuZAAU Y i
d(Aiu,AiAU) =d(Av,AiAL) (since, Ajv=Au) (i#)
d(AiAiU,AjV) < maX{d(SAiU,TV), d(AiAiU, SAiU), d(AjV,TV), d(AiAiU,TV), d(AjV,SAiU)} (l?éj)
= Mmax {d(AiAiU,AjV), 0,0, d(AiAiU,AjV), d(AjV,AiAiU)} (I?éj)
=d (AjAU,Ay) Therefore, d(Ajv,AiAu)< d(AAU Av)
=>><=
Therefore, AiAiu =Av (i7))
=> AjAiu =Au=SAU (since, AjAiu =SAU)
=> Au is a common fixed point of A;and S. Vi This proves (1).
To prove that Av = Aju for some k>1 is a common fixed point of A;(i#j) and T
Suppose Av£AjALY, then
d(AkV,AjAkV)z d(AiU,AjAkV)
< max{d(S,, TAw), d(Aiu,Sy), d(AAY , TAYV), d(Au, TAWV), d(AJAV,S)}
= max{d(Aiu,AjAV),0, d(AAV,AAY), d(Au, AAY), d(AJAV Au)} (since, Av=T,)
= max{d(Aiu,A,-Akv),0,0, d(AiU, AjAkV), d(AjAkV ,AiU)}
Therefore, d(Av,AjAV)< d(Aiu,AAY).
=><= (since,Aju=Awv)
Therefore, Au=AAV ie., AW=AAV=TAV (since,Av=T,)
=>Ayv is the common fixed point of A; and T. This proves (I1)
Now,Au is a common fixed point of A;and S. Vi
A=A is the common fixed point of Ajand T for i#j
Therefore, Au is the common fixed point of A, Tand S for all j (i#])
The proof is similar when TX is assumed to be complete subspace of X.
The cases in which AiX or A;X (i #) is a complete subspace of X are similar to
the cases in which SX or TX respectively is a complete space because A;X cTX and AjXc SX (i#j).
Uniqueness. Suppose u, v are two fixed points of A;, A; (i#), TandS.
Then Au=S,=Au=T,=u, (i#) and Av=Ayv=T,=S,=v, (i#).Then
d(u,v) = d(Au,Av) (i#)
< maX{d(Su,Tv),d(AiU,Su), d(AjV'TV)l d(AiuvTV)v d(AjV' Su)}
= max{d(u,v),0,0,d(u,v), d(u,v)}
=d(u,v).
Therefore, d (u,v)=d(u,v)
==><== when u#v.
Therefore, u=v.
ie., A, A;, T and S have unique common fixed point for all i and j.
The following result due to Aamri [1] is a special case of the previous theorem 3.1.
Corollary 3.1.Let d be a symmetric for X that satisfies (W.3) (W.4) and (Hg).Let A;, Az, S and T be self
mappings of a metric space (X,d) such that
(i) d(Asx,Azy) < max{d(Sx,Ty), d(Asx, Sy),d(Ax,T,),d(A2,Ty), d(Azy,S,)} for all (x,y) € X°,
(i) (Ay, S) and (A, T) are weakly compatibles.
(iii)(Ay, S) or (A, T) satisfies the property (E.A.) and




American Journal of Engineering Research (AJER) 2013

(iv) AiX cTX and A, Xc SX. If the range of one of the mappings A;, A;, S or T is a complete subspace of X,
then Ay, Ay, S and T have a unique common fixed point.

Proof. The proof of Corollary 3.1 follows from Theorem 3.1 by putting i = 1 and j=2.

Corollary 3.2. Let d be a symmetric for X that satisfies (W. 3), (W.4) of Wilson and (Hg).

Let A, B and T be self mappings of a metric space (X,d) such that

(HAX,BX c TX.

(if) (A, T) is weakly compatible,

(iii) (A, T) or (B,T) satisfies the property (E.A.),

(iv) d(Ax,By) < max {d(Tx, Ty),d(A Tx),d(By,Ty), d(AxTy),d(By, T}

If the range of one of the mappings A, B or T is a complete subspace of X, then

() Aand T have a common fixed point,

(I1) B and T have a common fixed point provided that (B, T) is weakly compatible.

(1 A, B, Sand T have a unique common fixed point provided that (1) and (I1) are true.

Corollary 3.3. .Let d be a symmetric for X that satisfies (W.3),(W.4)and(Hg).Let G, T be self mappings of a
metric space (X,d) such that (i) d(Ty,Ty) <¢ (max{d(Gy,Gy),

d(Gyx, Ty),d(Gy,T,),1/2[d(G,, Ty)+ d(Gy,Ty)} for all (x,y) € X,

(ii)G and T are weakly compatibles, (iii)T and G satisfy the property (E.A), and

(iv)TX cGX .If the range of one of the mappings G or T is a complete subspace of X,

then G and T have a unique common fixed point.

Corollary 3.4. Let d be a symmetric for X that satisfies (W.1) of Wilson and (Hg).

Let Sand T be two weakly compatible self mappings of a metric space (X,d) such that

(i) d(TxTy) <@ (max{d(S,S,),d(SxT,),d(Sy,T,), 1/2[ d(Sx,T,)+d(Sy, T,)]} for all (x,y) € X,

(ii) Sand T satisfy the property (E.A.) and

(iii) SX < TX. If the range of S or T is a complete subspace of X, then S and T have a unique common fixed
point.

Theorem 3.2. Let d be a symmetric for X that satisfies (W.3),(W.4) and (Hg). Let A, B, T and S be self
mappings of a metric space (X,d) such that (i) d(Ax,By) <ad(B,, T){[1 + d(A,,S)]/1+d(S, ,T,)}+
BlA(By, T,)+ d(A,S)1+ V[A(By,S,)+ d(A,, T,)]+8 d(S,,T,) for all (x,y) xe X*with a, B, y, 820 and a + B+ 2y + &
<1 (ii) (A,S) and (B, T) are weakly compatibles. (iii) (A, S) or (B, T) satisfies the property (E.A.) (iv) AXcTX
and BXcSX. If the range of one of the mappings A, B, S or T is a complete subspace of X, then A, B, Sand T
have a unique common fixed point.

Proof. Suppose (B, T) satisfies the property (E.A). Then there exists a sequence {X,} in X such that
lim, 5. d(Bx,,t) = lim,5. d(Tx,,t) =0 for some t € X. Since BX cSX, there exists in X a sequence (y)
in X such that Bx, = Sy,. Hence lim, ., d(Sy,,t) = 0.

Let us show that lim,, 5. d(Ay,,t) =0

It is enough to prove that Ay, = Bx,. Suppose not, by (1), we get

d(Ayn,BXn) <a d(BanTXn){ [ 1+ d(AYn ) SYn)]/l + d(Syn JTxn)}-I-B[d(anTxn)-l-

d (Ay,, Sy )1+V[d(Bx,, Sy, )+ d(Ayy, Tx,)]+0 d(Syy Txy),

<ad(Bx,,Tx,) {[ 1+ d(Ay,, Bx,)]/1 + d(Bx, , Tx,)}+Bld(Bx,, Tx,)+d(Ay, Bx,)]+VId(Bx, Sy, ) +d(Ay,, Tx,)
1+ 0d(Bx,,Tx,)

For sufficiently large n,

d(Ayn,BXn)<0+ B[0+d(Ayn,BXn)]+ Y[0+d(AYs, TXn) < Bd(AYn,BXn)+ YA(AYn, TXn)

= (B+y) d(Ay,,Bx,) (since, lim, .. d(Bx,,t) = lim, 5. d(Tx,,t) = 0)

This is a contradiction, lim,, 5. d(Ay,,Bx,) =0

By (W.3), we deduce that lim,, 5., d(4y,,t) =0

Suppose that SX is a complete subspace of X. Then t = Su for some ue X

Subsequently, we have lim,, 5. d(4y,,S,) =lim,_,.. d(Bx,,S,)=lim,_,. d(Tx,,S,)=lim,_,.. d(Sy, ,S,) =0
Using (1),

d(Au,Bxn) < ad(Bxn, Tx){ [ 1+ d(A,,S)]/1 +d(S, , Tx, ) HBlA(Bx,, Tx, ) +(d(A,S,)]+VId(Bx,,.S, )+
d(A4,.Tx,)]+0d(S,,Tx,)

Letting n — ~, we havelim, .. d(4,, Bx,,) < Bd (A,Sy) +Yd(Au,Sy)

d(Au,Su)< (B+ V)d(Au,Su)-

This is a contradiction for A, # S,.

The weakly compatibility of A and S implies that

AS, =SAand then AA,= AS,= SA, = SS..

Since AX cTX, there exists ve X such that A, = T,. Therefore A,=S,=T..

We claim that T, = B,. If not condition (1) gives
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d(A,B) < ad(B,T) {[ 1 + d(A,,S)I/1 +d(S, ,T,)}+ BlA(B,.T,) + d(AuS)I+V[d(BySu)+ d(AL T+
5d(S,Ty) < ad(BuAy) {[1 + 01/(1 + 0)}+B[d(B,.T,)+0]+y[d(By.A,)+ 0]+5 (0)

d(Au,B.) < ad(B,Ay)+Bd(B, 4, )+vd(B,A,).

d(Au,By) < (a+B+y)d(Bu,Ay).

This is a contradiction for A, # B..

Therefore A, = Byand then B, = A, =T,.

This implies that A, =S, =T, = B,.

But (B, T) is weakly compatible implies BT, = TB,and TT,= TB, = BT, = BB,.

We shall prove that A, is a common fixed point of A and S.

Suppose that AA, #A,.

d(AuAA,) = d(AA,B))

<ad(B,Ty) {[1+ d(AA,,SA)]/1+d(SA, ,T,)}+B[d(B,.T,)+ d(AA,SA)]+Y[d(B,,SA)+ d(AA,T,)]+

0 d(SA,Ty)

=y[d(B,,AA)+ d(AA,,B,)]+d d(AA,,B.)

= (2y+ 9)d(AA,BY)

This is a contradiction for AA# B..

Therefore AA, = B, and then AA, = A= SA, (since AA, = SA))

Therefore A, is a common fixed point of A and S.

To prove that B, = A, is a common fixed point of B and T.

Suppose B, # BB,.

d(B.,BB,) = d(A, BB,)

<ad(BB,,TB){[1 + d(A,,S,)]/1+d(S, ,TB,)}+B[d(BB,,TB,) + d(A,Su)]+Y[d(BB,,Su)+ d(A,, TB,)]+
0d(S,, TB,)

= y[d(BB\,AJ)+ d(A,,BB)]+5 d(Ay,BB,)

= (2y+ 9)d(A,,BB,)= (2 v+ 9)d(B,,BB.)

which is a contradiction for B, # BB,.

Therefore B, = A,= BB,= TB..

This means that B, is a common fixed point of B and T.

Therefore, A, is the common fixed point of A and S.

B, = A, is the common fixed point of Band T.

Therefore, A, is the common fixed point of A, B, T and S.

The proof is similar when TX is assumed to be a complete subspace of X.

The cases in which AX or BX is a complete subspace of X are similar to the

cases in which SX or TX respectively is a complete space because AX cTX and

BXcSX.

Uniqueness. Suppose u, v are two fixed points of A, B, T and S.

Then A,=S,=B,=T,=u.

and A,=B, =T, =S,=V. Then for u# v, and then (1) gives d(u,v)=d(A.,B\)

<adB,T){[1+ dA,,S)I/1+d(S, ,T,)HBAB,.T,)+( d(Au,S)I+V[A(BY.Sy)+ d(ALTY]+d d(SuTy) =
Y[d(Bv.Au)+ d(Ay,B))]+5 d(A,,B,)

=(2 y+ O)d(Ay,By)= (2 v+ §)d(u,v).

This is a contradiction for u# v.Therefore u = v.

This means that A, B, T and S have unique common fixed point.

For three maps, we have the following result by altering the condition (i) in theorem 3.2.

Corollary 3.3. Let d be a symmetric for X that satisfies (W.3), (W.4) of Wilson and (Hg). Let A, B and S be self
mappings of a metric space (X,d) such that

(i) AX, BXcSX,

(ii) (A, S) is weakly compatible.,

(iii)(A, S) or (B, S) satisfies the property (E.A.),

(iv) d(ABy) < ad(B,S) ([ 1 + d(A,,S,)I/1+d(S, ,S,)}+BA(BY.S,) + d(ASIT+V(By.S)+ d(A,S,)]+5
d(Sx,Sy) for all (x,y) xe X?with a, B, y, 820 and a+ B+ y + &< 1. If the range of one of the mappings A, B or S
is a complete subspace of X, then A, B and S have a unique common fixed point.

For two maps, we have the following result by altering the condition (i) in theorem of Aamri [1].

Theorem 3.3. . Let d be a symmetric for X that satisfies (W.3) of Wilson and (Hg).

Let S and T be weakly compatible self mappings of a metric space (X,d) such that

(i) d(TyTy) < af d(T, S,)/1 + d(S,, T, }) +Bd(Tx,S)+Y[d(Ty,Sx)+ d(Ty T,)]+8 d(S,, T,) for all (x,y) x € X* with
a, By, 020 and a+ B+ 2y +d<1 (ii)T and S satisfy the property (E.A.), (iii) TXcSX, If SX or TX is a
complete subspace of X, then T and S have a unique common fixed-point.
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Proof. Since T and S satisfy the property (E.A). Then there exists a sequence (X, in X such that
lim,, 5. d(Sx,,,t) = lim,s. d(Tx,,t) = 0 for some te X.

Therefore, by (Hg), we have lim,, 5.. d(Tx,,Sx,,)) =0

Suppose that SX is a complete subspace of X.

Then t=S, for some ue X.

We claim that T,=S,

By (1) we have d(Tx,Ty) < a{d(Tx,,Sx,)/1+ d(Sx,,T,)} +B( d(TXn,SXn)]+Y[d(Ty,SXn)+ d(TXn, Ty)]+
O d(Sxn, Ty). Letting n->, we have

lim,, .. d(Tx,, T,,))<lim, . {y[ d(T,, Sx,) +d(TX,, Ty)]+0 d(Sxn, T)}

d(Sy, Tu)<2 yd(Sy, Tu)+ &d(Su, Tu)=(2y +9) d(Su, Tu)

This is a contradiction S, #T,. Therefore, S, =T,.

Since S and T are weakly compatible, ST, =TS, and therefore TT,=TS, = ST, = SS,.

Let us prove that T, is a common fixed point of T and S. Suppose T, #T Ty,

Then d(Ty TTu) <a{ d(T,,S,)/1 + d(S,, TT,)} +B( d(Tu,Su)l+V[d(TTy,Su)+ d(Tu, TT)]+6 d(S, TT)
<2y +0)d(T,,TTy)

This is a contradiction for T #TT,.

Therefore, T,=TT, and ST,=TT,=T..

The proof is similar when TX is assumed to be a complete subspace of X since TX c SX.
Uniqueness. Suppose T, T, are two fixed points of T and S withT #T,. Then

d(Ty,T\) <a{d(T,,S,)/1 +d(S,, T,)} +B( d(Tu,Su)I+YId(Ty,Su)+ d(Ty, TY]+S d(Ty, Ty)
Therefore d(T,, T\)<(2y +0)d(T,, T).

This is a contradiction for T, #T,

Therefore, T,=T, and hence, T and S have unique common fixed point.

REFERENCES

[1] M. Aamri and D. El. Moutawakil, common fixed point theorems under contractive conditions in
symmetric spaces Appl.Math, 3 (2003) 156-162.

[2] T. L. Hicks, Fixed point theory in symmetric spaces with applications to probabilistic spaces, Nonlinear
Analysis, 36(1999), 331—344.

[3] W. A. Wilson, on semi-metric spaces, Amer. J. Math., 53(1931), 361—373.

[4] S. Sessa, on a weak commutativity condition of mappings in fixed point considerations, Publ. Inst. Math.
(Beograd), 32(46) (1982), 149—153.

[5] G. Jungck, Compatible mappings and common fixed points, Intl. J. Math. Sci., 9 (1986), 771-779.

[6] M. Aamri and D. El. Moutawakil, Some new common fixed point theorems under strict contractive
conditions, J. Math. Theory and App., 270 (2002) 181-188.




American Journal of Engineering Research (AJER) 2013

American Journal of Engineering Research (AJER)
e-ISSN : 2320-0847 p-ISSN : 2320-0936

Volume-02, Issue-10, pp-92-99

WWW.ajer.org

Research Paper Open Access

Internet of Car: Accident Sensing, Indication and Safety with
Alert system

Md. Maminul Islam, Md. Rabiul Hasan, Imran Chowdhury,

Md. Towhid Chowdhury
'(EEE, AIUB, Bangladesh) ?(EEE, AIUB, Bangladesh) *(EEE, AIUB, Bangladesh) *(EEE, AIUB, Bangladesh)

Abstract: - Detecting an accident before occurring it can save human life. To do this, advance accurate human
detection and accident detection capability is needed. Several researches are going on regarding pre-crash
detection & avoidance system from obstacle. To implement this system, priorities crash is essential for human
or animal compared to obstacle. How the system will operate when it faces a situation to between human and
obstacle? Differentiating human or animals and obstacles is more important by detecting them. If the system is
unable to detect human then there will be a possibility to hit human rather than obstacle. Driver when drive a car
in high speed may bypass humans, animals, or any obstacle for a few inches and the measurement is done by his
own eyes which may occur an accident. Moreover, risk increases in foggy weather to see further that any
animals, human or any obstacle is present in front of the car or any car is coming from opposite direction.
Giving the priorities to human or animal, this paper work is done. By this system, a car will try to avoid obstacle
after avoiding human or animal if there is any. Driver will also be notified with red lights indicating that
obstacles are in front. However, if the system would not be able to avoid accident then our system will
automatically generate a tweet in tweeter. For further safety, this system also contains relay and buzzer where
relay will protect the car from battery ignition and buzzer will make noise to inform people surrounded.

Keywords: - Accident Avoidance, Accident detection, Obstacles detection, Wi-Fi, vehicle tracking.

l. INTRODUCTION

According To The Who 2013 Global Status Report On Road Safety [1], Road Traffic Deaths Would
Become The Fifth Leading Cause Of Death. The Report Showed That There Had Been No Overall Reduction In
The Number Of People Killed On The World's Roads: About 1.24 Million Deaths Occur Annually. Among
Them Cyclist, Motorcyclists, Car Occupants & Unspecified Road Users Are High. Number Of Animals Die In
Road Accident Is Also Quite Good. Even In Several Countries The Number Is Pretty High. In Order To Reduce
The Number Of Car Crash Charles Birdsong, Ph.D., Peter Schuster, Ph.D., John Carlin, Daniel Kawano,
William Thompson Has Designed Pre-Crash Detection System Using Ultrasonic, Laser Range Finder And
Radar Sensors [2]. Accident Avoidance And Detection On Highways Is Designed By S.P. Bhumkar, V.V.
Deotare, R.V.Babar [3]. These Systems Have The Ability To Detect Obstacles But The Most Important To
Detect Human Being Or Animals And Avoid Them Are Missing. This Sensing Technology Can Reduce A
Large Number Of Bikers, Cyclist And Passerby Death. There Are Also Lots Of Research Work Is Available On
Accident Avoidance, Crash Detection And Alarm System. Megalingam, Rajesh Kannan & Their Group Mate
Have Developed “Wireless Vehicular Accident Detection And Reporting System” [4]. Automatic Accident
Detection Via Embedded Gsm Message Interface With Sensor Technology Is Developed By C.Vidya Lakshmi,
J.R.Balakrishnan [5]. These Methods Uses Break System, Windows Close, Seat Belt Stiffen To Save Life From
The Accident But If The Obstacle Is Human Or Animal Then Our System Uses Avoidance System Also. It Also
Indicates The Driver That Obstacles Are Ahead. So The Driver Can Turn Left Or Right According To The
Indication. If Avoidance Is Not Possible And Accident Happens Then This System Detects The Accident.
Beside That It Will Also Generate A Tweet To Tweeter Through Wi-Fi System. It Is Also Possible To
Coordinate Location Through Gps System Which Is Not The Main Concern Of Our Project.
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5 Meter

Fig. 1:- Human and obstacle detection before 5m distance

1. MAIN TECHNOLOGY USED

1.1 Obstacle detection & indication sensor

This is one of the photoelectric sensors which is a set of transmitter and receiver. Detection distance
can be adjusted as it is required. The sensor can detect distance by visible light interference which is small,
cheap, and easy to assemble, easy to use, and other characteristics are given bellow:-
1, output current DC / SCR / Relay Control output: 200mA/5V powered
2, DC current consumption < 25mA
3, response time < 2ms
4, point angle: 15 °, effective distance 3-50CM adjustable
5, detection of objects: transparent or opaque body
6, working environment temperature: 25 °C ~ 55 °C
7, standard sensing object: sunlight 10000LX The following incandescent 3000LX

Fig. 2:- Obstacle detection and Indication

In both side of the car two IR obstacles sensors are placed. Anyone coming from the left side of the car
or any obstacle found at the left side can be detected by left sensor and right sensor also work in same manner.
The presence of an obstacle or human is indicated through red light when it detects human or obstacle. When
human detection sensor detects human at the right side of the car and obstacle sensor detects an obstacle at the
left side of the car then car will be moved toward left side to save human. As obstacles in both side of the car are
detected thus both indication lights will be turned on.
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PINS 1 -2 ON A HORIZONTAL PLANE

FRESNEL LENS

DETECTING AREA

Top View Side View

y
Y

Fig. 3:- Fresnel lens, increase sensitivity and range of PIR sensor

1.2 Passive Infra Red sensor

The key of this project is Human sensing technology. In this project passive infra red sensor has been
used to detect human. Infrared radiation exists in the electromagnetic spectrum at a wavelength which is longer
than visible light. It can be detected though it cannot be seen. Objects that generate heat also generate infrared
radiation and those objects include animals and the human body whose radiation is strongest at a wavelength of
9.4um [5]. PIR sensor is able to detect the change of radiation of this infra red radiation. A picture of working
principle of PIR sensor is given below.

FRESNEL LENS

\ ny
o

IR FILTER AMPLIFIER COMPARATOR
THERMAL ENERGY — |1 OUTPUT
2
I Ey{ ' B
—_—
i 5i 3
PIR ¢
-+

Fig. 4:- Typical configuration of PIR

PIR sensor generates +5v and -5v sine signal when any human or animal passes in front of the sensor
or any movement is detected of human or animal in front of this. A breakout board is used to detect this signal
and convert it into a longer digital signal. The output of PIR sensor can be adjusted. For max it can create an
output signal for approximately 1.2 seconds [6]. This is more than enough to detect the signal.

2.3 Fresnel lenses

FL65 Fresnel lens is made of an infra red transmitting material that has an IR transmission range of 8 to
14um which is most sensitive to human body radiation. It is designed to have its grooves facing the IR sensing
element so that a smooth surface is presented to the subject side of the lens which is usually the outside of an
enclosure that houses the sensor. The lens element is round with a diameter of 1 inch and has a flange that is 1.5
inches square. This flange is used for mounting the lens in a suitable frame or enclosure. Mounting can best and
most easily be done with strips of Scotch tape.
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Fig: 5 héduced width of PIR sensor

2013

Detection area of a PIR sensor is 3m in width, 5m in length & 3m in height. But on average the width of any car
is around 1.5m. We have to detect humans or animals within this width. So, we have covered the lens area to
reduce the width to 1.5m. Here is a picture below:-

A\

I

I
|

)

Fig. '6':—'R‘educed width of PIR sensor

SIDE VIEN

In order to identify the position of the human being we need two sensors. Their detection area will
overlap each other at the center. If both the sensor detect human means human is at the center. If left PIR only
detect means the person is at the left side of the car and same for the right side. With the help of distance sensor
this system [2] is also able to find out the distance of the human. Here is a figure describing the covered area.

S — >
\ Indicator —>@ IR sensorl :
Y. ‘ e 3 0.5 meter
. / \
Front side . PIR
+ Sensorl
of acar WLkl
!/ PIR
' Sensor2
i sy e A e 0.5 meter
i Indicator ——>»@ IR sensor2 :
P AR R 1 = > 2 AW

S meter

-

0.5 meter

A

1.5 meter

v

Fig. 7:- Area covered by PIR & IR sensors, human position detection & indication
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2.4 Accident avoidance system

An advance pre-crash system is also capable to avoid accident by sensing human and their distance
from vehicle. For example an automated braking force can be executed in this system. Moreover, the system can
handle the steering by determining the position of human or obstacle. If driver forgets to press horn then the
system can also generate an auto horn to indicate the person in front of the car.

2.5 Accident Detection

Most of the accident detection system uses complex 3 axis accelerometer, gravity sensor or costly
android mobile phones with complex circuitry. In this system the accident detection method is also cheap and
simple. We have used a tilt sensor to detect accident. Whenever any major accidents happens car jump or even
flip over. We are detecting the amount of angle it rotated from ground. Tilt sensor can measure a rotation of
minimum +15degree or -15 degree [7].

Fig. 8:- Accident Detection using tilt sensor

2.6 Wi-Fi shield

The RN-171 module has been used here as Wi-Fi shield which is a complete TCP/IP wireless
networking module. This module is perfect for mobile wireless applications for mobile wireless applications for
its small form factor and low power consumption. It incorporates a 2.4 GHz radio, 32-bit SPARC processor,
TCP/IP stack, real time clock, crypto accelerator, power management and analog sensor interfaces. It also
contains 8 Mbit flash memory and 128 KB RAM, UART and SPI slave hardware interfaces, 10 general purpose
digital I/0O and 8 analog inputs (14 bit,400mv). It accepts 3.3v regulated power supply or 3v battery.

Fig. 9:- Wi-Fi Shield top and side view

2.7 Arduino

The Brain of this project is Arduino uno which is a microcontroller board based on the Atmega328. It
has14 digital input/output pins, 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack,
an ICSP header, and a reset button. It contains everything needed to support the microcontroller. To get started it
is just needed to connect it to a computer with a USB or power it with an AC to DC adapter. The board can
operate on an external supply 6 to 20v. The recommended voltage is 7-12v, otherwise 5v pin may supply less
than 5v if supply is less than 7v and the voltage regulator may overheat and damage the board for supplying
more than 12v.
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Fig. 10:- Arduino uno board

2.8 Relay and Buzzer

In this project 12A/220vAC relay has been used to protect the car from battery ignition when an accident occurs.
If any accident occurs then the relay will trip its coil to avoid battery sparking. Buzzer has been used to make
noise thus it can inform peoples surrounded when any accident occurs.

Fig. 11:- Relay and Buzzer
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Fig. 12:- Schematic diagram
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The controller used in this project is Arduino Uno. Two PIR sensors are connected to 103 & 104 bit.
One tilt sensor is connected to sens0 bit. All these sensors give digital input that’s why all these 3 pins are pulled
down by 10K resistors. Here all the VCC are +5v. IR sensors also consume +5v and both sensors are connected
to 100, 101 bit. Wi-Fi module communicates with microcontroller through serial communication. Other pins are
used to control the Wi-Fi modem. Relay is connected to Sensl no pin. And Buzzer is connected with sens2 no
pin. Here LM317T IC is used to generate 3.3v which powers the Wi-Fi module. Power of Arduino comes from
USB.

Circuit operation is simple. First step is to detect human. There are three possibilities, human is at left
side of the car, at the middle of the car or at right side of the car. If human is at left side only PIR1 will generate
a high signal, if human is at the center both the PIR will generate high signal & if the person is at right side only
PIR2 will generate a signal. According to the PIR a signal will be sent to turn the staring to avoid the human. If
avoidance of obstacle is not possible then the tilt sensor will be get shorted and a +5v will go through sens2 pin.
When microcontroller gets this signal it initiates an alarm and sends a tweet to internet through Wi-Fi module.
We did not included GPS module for location tracking as there are several Wi-Fi modules are available in
market to know the pin point location of car. Relay is used to disconnect the battery of the car while accident
occurs. Lots of time spark from batteries ignite fire and cause severe damage. To avoid spark from battery relay
is used to disconnect the positive terminal of battery. And buzzer also continuously indicates that accident has
occurred and need emergency help. Tilt sensor measure any angle rotation around +15degre of -15degree which
confirms the indication of accident.

This module tweets to owners account. Owners tweet account is previously saved in Arduino and Also
connecting IP of Wi-Fi module. There are others alert systems can be also implemented like mailing to GMAIL,
post in facebook, etc. Bellow showing the output of tweet once accident occurred.

B i Twitter is better with friends!

Import your contacts from anjan786@live.com to find your friends on Twitter.

3 8 7

Tweets

Who to follow - Refresh
Internet of Car

’ Baw & v Accident Occurred 1111
W Follow Promoted Need Emergency Help

HubSpot &2

Fig. 13:- Tweet from car indication of accident

Fig. 14: - Front view of the hardware
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Fig. 15: - Top view of the hardware

V. FURTHER APPLICATION
Avoiding Helicopter or Air plane collision with birds.
Robots will be able to identify humans & animals.
In NASA robot to detect presence of life using sensor.
Earthquake survival finding inside buildings.
Fire survival finding inside buildings.

abrwnE

V. CONCLUSION
Passive Infra red sensor is a reliable solution for detecting human or animals and this technique certainly can
save lots of life. Human lives are most valuable. Pre-crash detection system must be equipped with combination
of different sensors. Detecting humans or animals including obstacles will certainly give us a better solution to
reduce the death of humans in road crash.
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Abstract: - The reliability of a power system network depends greatly on the performance of the protection
system. Improving the reliability of the protection scheme of the transmission lines will enhance the overall
reliability of the power system network. The focus of this paper is the improvement of the reliability of a power
system transmission line using fault tree analysis (FTA). The paper considers the development of fault tree
diagrams for the protection scheme of the 150km-long 132-kV transmission line in Northern Nigeria. The
existing protection scheme is analyzed and compared with a proposed scheme equipped with a redundancy
arrangement. And the result shows that the new scheme offers significant improvement (about 51%) in the
availability of the line.

Keywords: - failure rate, fault tree analysis, mean time before failure, power system reliability, component
unavailability

l. INTRODUCTION

The ability of an electric power system to supply electricity constantly and reliability has a direct effect
on the social, economic and industrial development of any nation. The power system is vulnerable to system
abnormalities such as control failures, protection and / or communication system failure, and disturbances which
include lightning, human operational errors, etc. Therefore, maintaining a reliable power system is an important
issue for power system design, operation and maintenance. Reliability study helps system operators in making
engineering decisions in planning, designing and operating the entire system, and it is the probability that an
item or system will perform a required function without failure under stated conditions for a stated period of
time [1]. It is always desirable that an electric power system satisfies the system load requirement with a
reasonable assurance of continuity and quality. This concept of power system reliability is extremely broad and
covers all aspects of the ability of the system to satisfy consumer requirements. The IEEE Power Engineering
Task Force on Bulk Power System Reliability describes a proper level of electric utility system reliability as that
which meets customer load demands and energy at the lowest possible cost while maintaining acceptable levels
of service quality [2]. In addition, power system reliability has to do with system adequacy and system security.
Adequacy relates to the existence of sufficient facilities within the system to satisfy the consumer’s load
demand, while system security relates to the ability of the system to respond to disturbances arising within the
power system [3]. Vitally important to power system reliability are protection systems. And it can be said that a
power system is as reliable as its protection systems, which are collections of devices that detect defective
power system elements or conditions of an abnormal or dangerous nature, initiate the appropriate control action,
and isolate the appropriate power system components [4]. Meanwhile, a fault is any condition that causes
abnormal operation of the power system or equipment serving the power system. This fault includes but is not
limited to short or low impedance circuits, open circuits, power swings, over voltages, elevated temperatures
and off-normal system frequency. Although the function of the protection system (which uses electronics or
electromechanical relays) is not to prevent faults, it must be able to take immediate action upon fault
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recognition, which is to protect equipment and limit injury caused by electrical failure. This function suggests
that the system must have an appreciably high level of reliability. Therefore, the aim of this work is to employ a
graphical approach to assess the reliability of a protection scheme of the 150km-long 132-kV transmission line
in Northern Nigeria with a view to improving it.

. FAULT TREE ANALYSIS (FTA): AREVIEW AND PROCEDURE

Fault tree analysis (FTA) was developed in 1962 for the US Air Force by A. H. Watson of the Bell
Telephone Laboratories for use with the Minuteman control system, was later adopted and extensively applied
by the Boeing Company. FTA is one of many symbolic logic analytical techniques found in the operations
research discipline [1]. Following the Aerospace Industry, the nuclear power industry discovered the virtues and
benefits of deploying it for nuclear power plants. Many key individuals in the nuclear power industry
contributed to advancing fault tree theory and fault tree software. This method used and refined over the years is
attractive because it is a practical tool any engineer can learn to use while computer programs are available to
assist in developing and analyzing complex fault tree [2]. Fault Tree analysis is a model that graphically and
logically represents the major faults or critical failures associated with a product or system, the causes for the
faults, and potential countermeasures [6]. In this respect, FTA is a systematic deductive technique, which allows
the development of the causal relations leading to a given undesired event. It is deductive in the sense that it
starts from a defined system failure event and unfolds backward its causes, down to the primary (basic)
independent faults. The method focuses on single failure mode and can provide quantitative information on how
a particular event can occur, to what consequences it leads, while at the same time allowing the identification of
those components, which play a major role in determining the defined system failure. Moreover, it can be solved
in quantitative terms to provide the probability of events of interest starting from knowledge of the probability
of occurrence of the basic events, which cause them [7]. In fault tree analysis, a desirable event (which generally
represents a system failure mode or hazard for which predicted reliability data are required) is called a top event.
And the lower events in each branch of a fault tree are called basic events. These basic events are linked via
logic gates symbols to one or more undesirable top events [8], and represent hardware, software, and human
failures for which the probability of failure is given based on historical data. Most FTA can be carried out using
four basic components: 1) the rectangular boxes used for top and intermediate events. The top event is the
foreseeable, undesired event towards which all fault tree logic flows, while the intermediate event describes a
system state that is generated by antecedent events, 2) the ‘OR’ gate, which produces an output if any of its
inputs exists, 3) the ‘AND’ gate, which produces an output if all its inputs co-exist, and 4) the circular boxes
used to represent the basic events, which are events initiating fault/failure. The basic events mark the limit of
resolution of the analysis. Normally, when analyzing a protection scheme using the FTA method, the scheme
failure of concern is designated as the top event, and the probability that the scheme fails for the top event is a
combination of the failure probabilities of the components in the scheme. Whereas for an OR gate, in which any
input can contribute to scheme failure, the total probability is the sum of the input events, for an AND gate, in
which all inputs to that gate must fail together to cause scheme failure, the upper level probability for scheme
failure is the product of input probabilities.

To quantify the probability of the top event in a fault tree, the probability of each basic event must be
provided. These basic event probabilities are then propagated upward to the top event using the Boolean
relationships for the fault tree. The input data that must be supplied for a basic event is usually a component
failure probability in some time interval, event occurrence probability in some time interval, pure event
probability, or component unavailability [4]. The component unavailability is used for the assessment in this
paper and is provided for the basic event to be able to generate the overall unavailability of the top event. This
information is provided for a component that is repairable or checkable, i.e., a component which is out of
service and unavailable if called upon to operate [7]. And this is exactly the situation with protective schemes.
To estimate the failure probability for each device in the scheme, the device failure rate can be used. One
industry practice is to provide failure rates as Mean Time Between Failures (MTBF), which could be based on
field failure data or on assumptions about complexity and exposure of equipment. To use this information to
estimate probability, the fraction of time that a device cannot perform is assumed [10]. Equation (1) gives the
unavailability, g, in terms of MTBF [9]

q=AT=T/MTBF 1)
where A is the failure rate, and T the average down time per failure. Because each failure causes down time T,
then the system is unavailable for time T, and the fraction of time the system is not available is depicted in eqgn.

).
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. THE CASE STUDY': 132-KV KANO - KANKIA POWER
TRANSMISSION LINE

The case study, 132-kV Kano — Kankia transmission line is supplied via two parallel 132-kV bus bars.
This is to allow for operational flexibility and redundancy of the system. These buses are with their associated
isolators and circuit breakers to allow for operational flexibility. Thel32-kV Kano — Kankia transmission line is
a very important line as it supplies the Katsina Steel Rolling Mill and other consumers. More importantly, it is
an inter-country transmission line, as it also takes power to Gazaoua at Niger Republic. It is a radial
transmission line and its length is about 180km with a load of about 30MVA, including the Gazaoua load in
Niger Republic.

The protection scheme used on the 132-kV transmission line is the non-pilot three-zone distance

protection scheme. The distance protection zones offer backup protection and take care of phase to phase, phase
to phase to ground, and phase to ground faults, operating independently of each other. This scheme uses the
Siemens’ type electromechanical relay and has a reach setting that is up to 80% of the protected line for
instantaneous zone 1 protection (based on the line impedance). Zone 2 setting covers the remaining 20% of the
line impedance. The minimum setting of the protected line is 120%. Zone 3 setting is delayed beyond all other
protection within its reach and is determined for maximum fault in-feed. Its reach is set to at least 1.2 times the
impedance presented to the relay for a fault at the remote end of the second line section. Additionally, breaker
failure protection provides backup protection for the primary circuit breaker if it fails to clear a system fault.
The data used in this work are the Kumbotso 330/132/33-kV transmission station single-line diagram and the
single-line schematic of the principle of protection and measuring diagram. This information was made
available by Power Holding Company Nig. Plc., Kano transmission station, Kano. The data (MTBF) required
for the reliability assessment of the protective scheme were obtained from field experience as given in [10]. The
protection components on this line are as listed below:

e Distance protection relay 1 piece

e Over Load Relay 2 pieces

e  Current transformer 12 pieces
e \oltage transformer 3 pieces

e  Circuit Breaker 7 pieces

e Bus differential Relay 2 pieces

e  Breaker failure relay 1 piece

e DC battery bank (110V) 1 piece

V. CONSTRUCTION AND ASSESSMENT OF THE FAULT TREE

FT for the protection scheme used on the 132-kV Kano — Kankia transmission line is now developed
from the system schematic diagram. The scope of this assessment is limited to the Kaduna downstream of the
line. The resolution is the level or extent to which the failure causes for the top event will be developed. Here
the top event is given as general protection failure (Main and Back-up). And the immediate faults and or failures
that could lead to the top events are:

e 132-kV protection failure (Main & back up)

e 110-V battery bank failure

e  Kumbotso 330-kV backup failure

e  Kaduna 330-kV circuit breaker failure.

These four events can lead to the occurrence of the top event. They are linked to the top event via an ‘OR’ gate
showing that any of them that occur can cause the top event. These events are broken down until the basic event
is finally reached. In addition, the gates relating one level of events to another were duly selected based on the
relationship between the events.

Now the unavailability of the basic event components is calculated for the protective relays, instrument
transformers, DC power supply and circuit breakers as highlighted below.

e Protective relays:

The distance protection, bus differential, and the overload relays used for this protective scheme are the
electromechanical type. Based on field experience, they require routine testing for proper operation, so their
reliability is dependent on their regular testing and maintenance. Failure of these relays could go unnoticed until
the next maintenance period or until their operation is required. Failure could occur the day following a
maintenance test or a day before the next period, which is an average time of six months. T is always large
because of lack of automatic supervision. Therefore, from field experience an MTBF of this relay is assumed as
200 years. Hence, unavailability g = (6 x 30) / (200 x 365) = 0.002465. = 2465 x 10°.
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e Instrument Transformers:

These include both Current Transformer (CT) and Capacitor Voltage Transformer (CVT). Based on
field experience, an MTBF of 500 years and an average protection down time of 2 days are assumed. Therefore,
unavailability g = 2 / (500 x 365) = 1.095890411 x 10° =~ 10 x 10°°.

e DC Power Supply:

The dc power bank is 110V and it consists of battery, charger and distribution circuit. The loss of dc alarm is
monitored and responded to promptly in less than a day, say 0.5 day. MTBF is 27 years. Hence, unavailability g
= 0.5/ (27 x 365) = 5.073566717 x 10°~ 50 x 10°.

e Circuit Breaker:
The circuit breaker used is the oil type circuit breaker. The unavailability of 300 x 10® is assumed.

V. PRESENTATION OF RESULTS
The unavailability of the basic events and component unavailability are tabulated as in Table 1 below to allow
for quick inspection.
Table 1: Unavailability of the Several Protection Components.

S/no Component MTBF T Unavailability 10°

1 Over Load Relay 200 6months 2465
2 Current transformer 500 2days 10

3 Voltage transformer 500 2days 10

4 Circuit Breaker - - 300
5 Bus differential Relay 200 6months 2465
6 Distance protection relay 200 6months 2465
7 Breaker failure relay 200 6months 2465
8 Wiring - - 1000
9 DC battery bank (110) 27 0.5day 50

The fault tree (shown in Appendix 2) illustrates the unavailability of the basic events inserted and
propagated upward. Using the rare event approximation, the unavailability associated with each event expressed
with the OR gates is summed up and the ones associated with AND gates are multiplied. The unavailability of
this protection system, i.e., general protection failure on the 132kV Kano-Kankia transmission line is 5085.023
x 10°. From the assessment, it could be seen that the relays are the most vulnerable components in this
protective scheme because they lack automatic supervision. And this implies that the principal weakness of this
scheme is its dependency on several electromechanical relays.

This protection scheme, however, can be improved upon by adding redundant relays to the existing
system. The relays could be added as shown in Figure A3 in Appendix 3. The unavailability of the top event
(general protection failure) with this redundancy arrangement is 2616 x10°° as against the unavailability of 5085
x10°® of the protection scheme without redundancy. Therefore, the percentage improvement is 51.45%.

VI. CONCLUSION

The fault tree approach to reliability assessment of the 132-kV Kano-Kankia transmission line
protective scheme has been successfully carried out. The reliability index used for this assessment is the
unavailability. The unavailability of the existing protection scheme of the 132-kV Kano-Kankia has been found
to be 5085 x10°. With a redundancy arrangement of relays, a percentage improvement of 51.45% has been
realized. The FTA is a very useful tool for design and operation of complex systems. It helps to identify critical
components and enhance system understanding. As a diagnostic tool, it can be used to predict the most likely
causes of system failure in the event of break down. As design tool, it helps in eliminating costly design changes
and retrofits. In order to improve the reliability of the system, however, electro-mechanical relays should be
replaced with modern digital self-test relays and pilot distance protection should be adopted as pilot
communications between relays have an added advantage of discrimination and isolation of fault in good and
reasonable time.
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Abstract: - The problem of robot selection plays an important key role concern to various fields of different
applications since three decades. This problem has become more difficult in recent years due to increasing
complexity of applications of the environment, features and specifications, and facilities offered by various
manufactures. The primary objective of this paper is to select the suitable type of robot based on various factors
such as type of application, payload, working environment, accuracy, lifespan, weight, purchasing cost etc. The
selection procedure is developed for selection of particular type of robot based evaluating the various alternative
selection factors using AHP technique and systems of equations of the matrices i.e. Eigen values and Eigen
vectors. The ranking evolution will provide a good guidance for the robot selection to the end user. The concept of
this work is an attempt has been made to create exhaustive database for identifying maximum possible number of
attributes.

Keywords: - AHP, Robotics, Payload, Cost, System of Equations of matrices

l. INTRODUCTION
A Robot selection is one of the critical issues, while designing of work cells in the fields of manufacturing
environment related to various types of products. Robot selection for a particular type of application is generally
described based on experience, manufacturing institution and kinematic considerations like workspace,
manipulability, etc. Therefore selection problem has become more difficult in recent years due to increasing
complexity, available features, and facilities offered by different robotic manufactures. Systematic procedures
were developed for selection of robot manipulator based on their different attributes.

1. METHODOLOGY
The objectives of this work is to develop AHP method for robot selection. The methodology of this work has
been adopted from Yahya and Kingsman (1999), Tam and Tummala (2001) and Yu and Jing (2004). In order to
comply with collecting quantitative and qualitative data for AHP robot selection model that could be applied by a
six steps approach was performed to insure successful implementation

2.1 Robot Selection Criteria

Robots are being used increasingly in industrial workstations to enhance firm’s performance. Robots are
employed to perform repetitive production jobs, hazardous jobs, multi-shift operations etc., so that it helps to
reduce the delivery time, improve the work environment, lower the production cost and even increase the product
range to suit market demand from time to time. When a choice must be made among several robots for a given
application, it is necessary to compare their performance characteristics in a proper fashion. Some of the main
performance criteria of an industrial robot are drive systems, geometrical dexterity, path measuring systems,
material of robot, load-carrying capacity, velocity, weight of the robot, programming flexibility, size of the robot
and accuracy of the robot. The importance of these criteria is commonly known and thus not elaborated.

2.2 AHP Method

Analytical Hierarchy Process (AHP) is one of Multi Criteria decision making method that was originally
developed by Prof. Thomas L. Saaty. In short, it is a method to derive ratio scales from paired comparisons. The
input can be obtained from actual measurement such as Weight, Payload, Precision, Cost, Life of robot, Process
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etc., or from subjective opinion such as satisfaction feelings and preference. AHP allow some small inconsistency
in judgement because human is not always consistent. The ratio scales are derived from the principal Eigen
vectors and the consistency index is derived from the principal Eigen value.

2.3 System of Equation of Matrices

The eigenvalue problem is a problem of considerable theoretical interest and wide-ranging application.
For example, this problem is crucial in solving systems of differential equations, analyzing population growth
models, and calculating powers of matrices (in order to define the exponential matrix). Other areas such as
physics, sociology, biology, economics and statistics have focused considerable attention on "eigenvalues” and
""eigenvectors"-their applications and their computations. Before we give the formal definition, let us introduce
these concepts

1. FIGURES AND TABLES

l Goal
1 1 1 1 1
. - cartesian I
Spherical Cylindrical l Scara coordinate joint arm
| | | | |
Process Working l Accuracy Life Span Weight
environment
| | | | |
M - . . .
Prodjzfion Liquid l High High High
’ ‘Fig 1: selection critéria ’ ’
Table 2: pair wise comparison in AHP preference [8]
Verbal judgment preference Numerical rating
Extremely preferred 9
Very strongly preferred 7
Strongly preferred 5
Moderate preferred 3
Equally preferred 1
Table 3: Pair-wise comparison matrix
Factors Spherical | Cylindrical Sacra Cartesian coordinate Joint arm
Spherical 1 7 3 1 1
Cylindrical 1/7 1 0.14 0.2 0.2
Sacra 1/3 1/0.14 1 1 1
Cartesian coordinate 1 1/0.2 1 1 1
Joint arm 1 1/0.2 1 1 1
Table 4: Criterion weights obtained in AHP
Factors Spherical | Cylindrical | Sacra | Cartesian coordinate | Jointarm | Average
Spherical 0.29 0.28 0.48 | 0.23 0.23 0.31
Cylindrical 0.041 0.04 0.02 | 0.04 0.04 0.04
Sacra 0.09 0.1 0.16 | 0.23 0.23 0.20
Cartesian coordinate | 0.29 0.2 0.16 0.23 0.23 0.23
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Table 5: random inconsistency indices (RI) for N=10[8]

Sample Size(N) 1 |2 3 4 5 6 7 8 9
Random Index(RI) [0 | O 0.58 0.9 1.12 1.24 1.32 1.41 1.45

3.2. Equations

Step 1: An overall summation of the product of sum of each vector column for both the decision matrix
and pair wise  comparison matrices with the PV values of each row is carried out to obtain the principal Eigen
value Ay i€,

K
Apay = Z C; PV,
Li=1
Where C; is the sum of each column vector
Step 2: Comparison of Eigen values and Eigen vectors
Eigen Value

A-x=0
Eigen Vector

(A-x=0
Step 3: The level of inconsistency in both decision and pair wise compression matrix is checked using the

following equation.
A—N

Where 1.1 is the inconsistency index, N is the number of element of each of matrix.

Step 4: Prof. saaty proved that for consistent reciprocal matrix, the largest Eigen value is equal to the number of
comparisons, or A2 =n. then he gave a measure of consistency, called consistency index as deviation or degree
of consistency using the following formula

l‘ﬂllit_ﬂ
Cl=—"7—

n —
Step 5: Random inconsistency indices (R.1) are then determined for each of the square matrices equation

1.98(N — 2}
Rl=—"—
Step 6: consistency ratio (C.I) which is a comparison between consistency index and random consistency index,
or in formula
C.I

C.R= E
V. RESULTS
AHP Technique
A mer= (3.48%0.31) + (25*0.04) + (6.14*0.20) + (4.20*0.23) + (4.20*0.23)

(E. nm_r:5.23

Having a comparison matrix, now compute priority vector, which is the normalized Eigen vector of the matrix. To
know what are Eigen vector, Eigen values and how to compute manually. The following method will give a
detailed explanation of getting an approximation of Eigen vector (and Eigen value) of reciprocal matrix. This
approximation is actually worked well for small matrix and there is no guarantee that the rank will not reverse
because of the approximation error. Nevertheless it is easy to compute because all we need to do is just to
normalize each column of matrix.
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System of Equation of Matrices
Eigen value

A=[5.17,0.93, 0.93, 0.07, 0]
Eigen Vector

0.6433 | 0.8065 | 0.8065 | 0.5556 | 0.0000
0.0793 | 0.0487 | 0.0487 | 0.1608 | 0.0000
0.4057 | 0.4417 | 0.4417 | 0.2010 | 0.0000
0.4557 | 0.2758 | 0.2758 | 0.5590 | 0.7071
0.4557 | 0.2758 | 0.2758 | 0.5590 | 0.7071

The largest Eigen value is called the principal Eigen value, that is 45+ =5.17
Which is very close to our approximation 4, =5.23. The principal Eigen vector is the Eigen vector that
corresponds to the highest Eigen value.

Thus in the previous example, we have &2, =5.23 for five comparisons, or n=5, thus the consistency index is
1 3.23-35
T o5-1
C.1=0.05

Knowing the consistency index, prof. saaty, T. (1980) proposed that consistency index by comparing it with the
appropriate one. The appropriate consistency index is called Random Consistency Index (R.1)

Then, proposed what is called consistency ratio, which is a comparison between consistency index and random
consistency index, or in formula

- 0.057
T 112

C.R=0.5

If the value of consistency ratio is smaller or equal to 10%, the inconsistency is acceptable. If the consistency ratio
is greater than 10%, we need to revise the subjective judgment.
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V. CONCLUSION
The priorities obtained from the group decision makers’ judgments are depicted. It shows that reliability of robot.
the best robot selection criterion, followed by quality of product, life time of the robot, process, work
environment, accuracy, life span, weight and cost of product. Thus, suggesting that the decision makers in the case
of manufacturing firms should integrate the preceding criteria into robot selection decision. The inconsistency
referred as Consistency Ratio is 0.5 < 10 reported by the Mat lab Software. This implies that the group decision
maker’s evaluation is consistent.
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A Study on Physico-Chemical Characteristics of Groundwater in
the Industrial Zone of Visakhapatnam, Andhra Pradesh.

Dr. Yerramsetty Abbulu, Dr. G.V.R.Srinivasa Rao

Abstract: - An attempt is made in the present study to assess the groundwater quality in the industrial zone of
Visakhapatnam, a port city. Groundwater samples collected from 114 sampling locations covering uniformly the
entire industrial zone of the city are analysed for various physico-chemical characteristics to assess the
groundwater quality. From the analysis, it is observed that the port area is found to have high concentrations of
hardness, sulphates and calcium. The groundwater in Duvvada, a region surrounded by special economic zone
and steel plant is found have more fluoride concentrations. Since, the study is conducted only for one year
period, it is suggested to extend the study for more number of years continuously, with due consideration to
various hydrological features, so that an authentic conclusion on the quality of groundwater can be made.

Key words: - Groundwater quality, Physico-chemical characteristics, Hydrological features.

l. INTRODUCTION

Water is an essential element of nature for the sustenance of life on the planet earth. It is available in
the forms as surface water and sub-surface water or groundwater. Surface water is predominantly used for
public water supply systems. However, the rapid growth of population and the resultant increased demand of
water, necessitated for the usage of groundwater to augment the existing water supply systems, in most of the
cities in the country. Secondly, the growing urbanization and industrialization and the consequent pollution of
surface water sources, also increased the necessity of using groundwater for various domestic and industrial
puUrposes.

Since, groundwater is occupying a major portion of water supply for both domestic and industrial
purposes nowadays, it is highly essential that, its quality should match the domestic water standards. But in most
of the industrial cities, the indiscriminate disposal of industrial wastes on to the land is resulting in the
deterioration of groundwater quality due to the leachates from these wastes[1] [2][3][5]. However, due to the
paucity of sufficient surface waters, invariably the people are thriving upon the groundwater sources to meet
their water requirements. Hence, if groundwater sources are to be suggested for various uses, its quality should
be assessed [6][4].

Visakhapatnam, the fastest developing industrial city of Andhra Pradesh, is no exception w.r.t. to the
increased usage of groundwater for domestic and industrial purposes as well as the degradation of its quality due
to the improper disposal of industrial wastes. Hence, an attempt is made in the present work to assess the
groundwater quality in the industrial zone of Visakhapatnam city, keeping in view of the increased usage of
groundwater in the recent times.

1. METHODOLOGY

A reconnaissance survey is conducted in the industrial area of the Visakhapatnam city with the help of
a layout plan of the region, obtained from Greater Visakhapatnam Municipal Corporation (GVMC) in order to
fix up the study area. The study area comprised of different parts of Visakhapatnam city spreading from ward
numbers 40 to 72, where almost all large and small scale industries are located. The sampling points are located
in such a way that, they are uniformly distributed in all the wards of the study area. 114 sampling locations are
fixed up for sampling. Mostly, bore wells are considered for sampling. At certain places a few open wells and
hand pumps are also considered for the sampling. Water samples are collected from each sampling point and are
analysed for the parameters Viz., pH, Conductivity, Turbidity, Alkalinity, Hardness, Chlorides, Fluorides, TDS,
Dissolved Oxygen, Iron, Sulphates, Calcium and Nitrogen as per the standard procedures.
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1. RESULTS AND DISCUSSIONS
The results of the study are presented in the following table no.1. The following observations are made from the
results.

The pH of the samples is found to be varying from a minimum value of 6.2 to a maximum value of 9.2. The
maximum values are found in ward nos. 67, 68 and 70.

Conductivity is found to be more in the wards 45, 49, and 58 indicating high TDS concentration in
groundwater of these areas. Conductivity varied from a minimum of 260 micro-seimans to a maximum of
2200 micio-seimans.

Turbidity is found to vary from 0.5. NTU to 0.79 NTU with an average value of 0.62 NTU.

Alkalinity is found to be more in the wards 67, 68 and 70 and varying from a minimum of 352 mg/l to a
maximum of 892 mg/I.

Hardness is found to be more in the ward 25 which covers port areas. The maximum and minimum values
are found to be 1398mg/I and 92mg/l.

Chloride concentration is varied from a minimum of 11mg/I to a maximum of 332mg/I.

Fluoride concentration is varied from a minimum of 1.02mg/l to a maximum of 1.65mg/l and it is found to
be more in ward no. 57 and 58 covering Duvvada and Steel plant regions.

TDS is found to vary from 600mg/l to 1920mg/l with maximum values appearing in wards 45, 49 and 58.
D.O levels are found to be in the permissible limits and they varied from a minimum of 4.02mg/I to
maximum of 8.2mg/l.

Iron is found to vary from a minimum of 0.31mg/l to a maximum of 0.76mg/l.

Sulphates are found to be more in the port area. They varied from a minimum of 12mg/l to a maximum of
144mg/l.

Calcium is also found to be more in port area and steel plant. It varied from 4.9mg/I to 164mg/I.

Nitrates, the analysis of which is done keeping in view of large scale industries dealing with organics, are
found to vary from a minimum of 10mg/l to a maximum of 68.5mg/I.

V. CONCLUSIONS AND SUGGESTIONS
pH, Conductivity, Alkalinity and Turbidity are found to be within the permissible limits, over the entire
study area.
Chlorides and Iron are also found to be in acceptable limits.
Hardness, Calcium and Sulphates are found to be more than the permissible limits in the wards covering the
entire port area.
Nitrates are found to be in permissible limits except in ward no. 45.
Fluoride is found to be exceeding the permissible limit of 1.5 mg/l in the region surrounding steel plant.
Since the study is conducted for a period of one year only, it is suggested to extend the study for more
number of years and covering all seasons, in order to make more authentic conclusions.
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Abstract: - The success of the transportation system can be measured based on four things, namely the
efficiency of time, energy and fuel efficiency, environmental impact, and safety. Efficiency of energy and fuel is
often stated as part of vehicle operating costs (VOC). So need to know the amount of the percentage of the fuel
cost component of vehicle operating costs. The purpose of this study was to determine the percentage of the fuel
cost component of the total cost of transportation. Research object is a dump truck or on the SCS transport
system that serves the city of Malang. Stages of research begins with getting the data needed to analyze the cost
of transporting waste. Furthermore, the analysis performed to determine the percentage of each component of
transport costs. Results of the analysis showed that the greatest percentage of the cost of each component of the
cost of transporting waste is a component of the fuel, while the smallest percentage of the cost of the mechanical
components. For the percentage of fuel costs by 28.90% of the variable cost per kilometer, while the percentage
of fuel costs by 27.45% of the total cost of transporting waste on his m? each.

Keywords: - Fuel Qil, Vehicle Operating Costs, Costs of transporting waste, percentage, Stationery Container
System (SCS)

l. INTRODUCTION

Calculation of vehicle operating cost (VOC) involves several components, such as fuel, oil, spare parts,
tires, mechanic and driver wages. Components are calculated using a specific formula obtained from previous
studies. Analysis conducted by descriptive approach, based on quantitative data as a result of calculation of the
cost of operating the vehicle. The entire cost of the data collected from the survey activities, will be converted
into rupiah per 1000 km mileage (Bina Marga, 1995).

The success of the transportation system can be measured based on four things, namely the efficiency
of time, the efficiency of energy and fuel, environmental impact, and safety. The efficiency of energy and fuel
are often poured as part of the vehicle operation cost (VOC) (Sugiyanto, 2012). So need to know the amount of
the percentage of the fuel cost component of vehicle operating costs.

Rise in world oil prices also affected in Indonesia. As a result, vehicle operating costs also increased.
But the effect of fuel price increase on vehicle operating costs (VOC) are yet to be in percentage, due to
unknown percentage of the cost components of fuel oil to the vehicle operating costs. So that the necessary
analysis of the percentage of the cost components of fuel oil to the vehicle operating costs.

Waste transport vehicle operating costs assessed by the volume of waste transported. In the calculation
of the transport vehicle operating costs also need to consider the cost of waste fuel used for transporting the
waste. Calculation of percentage of fuel cost function of the cost of transporting waste to determine the amount
of the percentage of the cost of fuel needed in the services, waste transportation.

1. LITERATURE
2.1 Garbage Collection Pattern
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According to SNI 19-2454-2002 (Indonesia Standart) pattern of garbage collection in Indonesia
consists of: individual patterns of direct, indirect individual pattern, the pattern of communal direct, indirect
communal pattern, and the pattern of street sweeping. Determination of the pattern of collection of each area is
determined by the condition of each region.
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Figure 1. Garbage Collection Pattern

2. 2 Waste Transportation System
Based on the mode of operation and equipment used, known 2 system is the system of transporting waste
container lift / hauled container system (HCS) and container system fixed / stationary container system (SCS).

R

Disposal <:> Landfill

 — Waste Transportation
|::> Back to disposal for next ritation
Figurel. Circulation Waste Transportation System

2. 3 Hauled Container System (HCS)
Hauled Container System (HCS) is a system of waste collection by way of container with its contents

transported to the landfill, emptied and then returned to its original location (garage) or to a location of the next
waste collection (SNI T-13-1990-F).
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HCS is suitable for transferring waste from a source with a high level of waste containers used for
relatively large size. The use of large containers reduce the handling time so that no unsightly and unhealthy
conditions associated with the use of a number of small containers can be prevented. Another advantage of the
HCS is their flexibility: containers with different sizes and shapes can be provided for the collection of all types
of waste.

Disposal 1
— N

— TEER
«C_J J' Ql_j b

Disposal 2

T i)

Figure 3. Hauled Container System

Caption:

a. Empty containers taken from the garage to the disposal 1.

b. Containers that have been filled from Disposal 1, was taken to the landfill to be emptied.
c. Containers that have been brought in to replace the empty container in TPS 2.

d. Filled containers of Disposal 2, was taken to the landfill to be emptied, and so on.

e. Truck back to the garage.

2. 4 Stationary Container System (SCS)

Stationery Container System is the waste collection system in a way, the container is left at the point of decision
(a). Waste that is transferred into the trucks manually or assisted by mechanical equipment on the trucks (b), and
then transported to the landfill.

Waste Transportation Landdill
b

Figure 4. Stationary Container System (SCS)

Collection system at SCS has two main types:
a) Where compaction charging system (self-toading compactor) is used.
b) Where the vehicle charging system manual (manually loaded) is used

2.5 Vehicle Operation Cost (VOC)

Vehicle operating cost is defined as the cost of all the factors associated with the operation of the
vehicle under normal conditions for a particular purpose. Based on economic considerations, the necessary
compatibility between the tariff (revenue) (Rahman, 2012). Several methods were attempted to calculate the
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VOC component is Transport and Research Laboratory (TRRL) based on research in Kenya, for the calculation
of VOC in the road outside the city (rural road) countries - Developing countries, Method Road User Cost
Manual, (1992) (RUCM), Methods the Highway Design and Maintenance Standards Model - Vehicle Speeds
and Operating Costs, (1987) (HDM-I11 VOC), Pacific Consultants Internasiona method (PCI) (1990), a method
developed by LAPI-ITB (1997) and many more.

Calculation of vehicle operation cost (VOC) are costs that occur with the economical operation of a
vehicle under normal conditions for a specific purpose (G Hamidi, 2013). In Indonesia there are two ways
commonly used in the calculation of vehicle operating cost (VOC) that are PCI and LAPI-ITB. In the
calculation of vehicle operating cost (VOC) is a factor that affects the speed of the vehicle (Levinsion, 2005).
VOC component consists of fixed costs, variable costs and other expenses. Fixed costs include: depreciation
expenses, administrative expenses and allowances bus crew salaries, capital interest, vehicle insurance, vehicle
crews and employees than management. Variable costs include: the cost of fuel, engine oil costs, tire costs,
maintenance costs and the cost of mechanics. VOC component calculation method of PCI is still in units per
1000 km so as to obtain the unit value per km required distance from the road traversed, for speed (running
speed) in km / h (Burhamtoro, 2013).

Model PCI (Musashi, 1990), which is used to calculate the VOC is a regression equation with speed as
the independent variable. The equation is as follow:

Table 1. Calculation Vehicle Operation Cost (truck)

Parameter

No. Cost Equations Informations
2 Fuel Cost

1 Fuel Cost (0,06427Vv<- 7,0613V + 318,3326) x Fuel cost (liter/1000km)
2 Oil cost (0,00048V2 - 0,05608V + 3,07383) x Oil Cost Oil Cost

’ ' ’ (liter/1000km)
Tire Cost

3 Tire cost (0,0011553V - 0,0059333) x Tire cost x n Tire (1 Tire/1000km)

Spare part cost
(Spare part/1000km)

Service Cost
(Mechanic/1000km)

Depreciation cost

4 Spare part cost (0,0000191V + 0,00154) x Vehicle price

5 Service cost  (0,01511V + 1,212) x Mechanic wages per hour

6 Depreciation (1/(6,129V + 245)) x Vehicle price (Depreciation/1000km)

7 Interest rate ((0,12 x 1000)/(1750V)) x Vehicle price (inte:::'[e ::: /rfgg()km)

8 Insurance ((0,06x1000x0,5)/(1750V)) x Vehicle price Insurance (Insurance/1000km)
9 Drive wages (1000/V) x Driver wages Driver Wages (Wage/1000km)
10 Overhead Total Cost x 10%

Information: V = Speed (km/hour)
Source: Yanagiya, 1990

1. RESEARCH METHODOLOGY

Stages of research begins with getting the data needed for the analysis of vehicle operating cost (VOC),
including fuel prices, oil prices, tire prices, the price of the vehicle as well as the costs required. The data was
obtained through field surveys or primary data. Prices are used as the data is generally accepted price in 2012 in
the city of Malang.

The study was conducted on waste transport serving the transport in the city of Malang, in this
peneletian research object in dump trucks or vehicles transporting the SCS system. SCS Transportation systems
serve 16 temporary shelters (disposal) and spread over 4 districts. The type of vehicle used consisted of four
types of brands, that is Cold Diesel, Toyota Dyna By 43 Long, "Toyota Dyna BU 343R" and Toyota New WU
342 R.
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Once the data has been obtained, the next step is to conduct an analysis to determine the vehicle
operating cost and transportation cost of each vehicle. Next calculate the percentage of each component of the

variable costs and freight costs.
Start

- Vehicle Price
. . - Fuel Price
dl »
Type of Vehicles Data Collection - Oil Price
- etc.
vy
Calculation Waste volumes are
VOC "l transported
vy
Calculation |
Transportation |

4

Percentage of
each component

Figure 5. Flow Chart of Research

V. ANALYSIS AND DISCUSSION
4.1 Dump Truck vehicle transporting waste
Transporting waste type "Stationery Container System (SCS) in Malang, served 15 fleet serving four
districts, that is Lowokwaru, Blimbing, Klojen and Sukun. District Kedungkandang services using system
hauled Container System (HCS) with Arm Roll Truck. Initial analysis performed on the movement of the fleet
to get the speed of each vehicle. Velocity data obtained by the data in the distance and the travel time for the
vehicles transporting. Data distance, time and speed can be seen in Table 2.
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Table 2. Distance, travel time and speed of Dump Treck
Distance Time Speed
No | Temporary Disposal Vehicle (km} (minuee) (km.h)
1 2 3 4 5 &
1 Cianjur (TME) Dump Truck Cold Diezel 1992 40,63 07,73 2404
2 Sumberzarn Dump Truck Cold Diezel 1992 35,57 24,03 25 40
3 Aszsahan 1 Dump Truck Cold Diezel 1992 50,79 131,84 23,11
4 Stacdin Blimbing Dump Truck Cold Diezel 1992 3B 309 104,59 2202
3 Fampal Celaket Dump Truck Cold Diezel 1992 24 B8 71,11 20,99
6 Manvar Dump Truck Cold Diezel 1992 2541 7962 1215
7 Seram Dump Truck T. New WU 342 R TEMQ ADS 2007 28 87 0403 18,25
g Muhatto Dump Truck T. New WU 342 R TEMQ ADS 2007 3433 3.33 2207
g Fava Langzep Dump Truck T. New WU 342 R TEMQ AD3S 2007 34,33 00 43 20,72
10 ! Borobudur TovotaDwvna BU 343 2006 5246 174,88 18,00
11 | suifat TovotaDwvna BU 343R 2006 39,62 141,72 16,77
12 | Kartini Toyota Dyna BU 343R 2003 19,53 42,82 17,37
13 Tawangmatigu TovotaDryna BY 43 Long/490061 2002 43 84 130,23 21,12
14 | Bentoel TovotaDryna BY 43 Long/490061 2002 20,79 G233 1820
13 | Asahan?2 TovotaDvna BY 43 Long/ 490061 2002 46,61 147,71 18,93
16 | Oro-oro Dowo ToyotaDyna BY 43 Long/490061 2002 2187 71,01 18,48

Once known the type and brand of vehicle used, the next is to find the price of fuel, engine oil, tires, vehicle,
mechanic wages, salaries and fixed costs of vehicles. Price and cost are used based on the market price in the
city of Malang, and the data taken in 2012.

Table 3. List price and the cost of each type of vehicle

No | Type of Vehicle i Price(IDR)
Fuel ol Tire Mechanic | Driver
1 | Dump Truck Cold Diesel 4.300 22,500 1.335.000 18.730 10.800
2 | TovotaDvna BY 43 Long 45001 223500 ! 1.355.000 18.730 | 10.900
3 | TovotaDwna BU 343K 4.300 22500 1.335.000 18,730 10.800
4 | Dump Truck Tovota New WU 342 E TEMO AD3 4.300 22.500 1.335.000 18.730 10.800
Continuation...
No Type of Vehicle Price (IDR) Fixed Cost (IDR)
Vehicle STNK SWIDKLLT KIR
1 | Dump Trock Cold Diesel 03.400.000 002200 163.000 200.000
2 | ToyotaDwna BY 43 Long 03.600.000 073400 163.000 200.000
3 | ToyotaDwna BU 343R 110200000 + 1.132300 | 163.000 200.000
4 | Dump Truck Toyota New WU 342 R TEMQ AD3 | 1129000000 ¢ 1174200 | 163.000 200.000
4. 2 Calculation VOC
The next analysis is to calculate vehicle operating costs (VOC).
Calculation of vehicle operating cost (VOC) can be seen in the following table:
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Table 4. Vehicle Operating Cost Caleulations (VOO
Temporary Volume Fuel il Tire Spare Part
Disposal (m¥) | (IDR/1000Km) | (IDR/1000Km) | (IDR/1000Km) | (IDR/1000Km)
Cianjor (TMP) 17,30 630226 44 406,77 126.0408.13 182 367
Sumberzari 16,32 623434 44 080 A1 19031325 193193
Azahan | 11,27 GOE00T 45763 37 16226013 120034
Stadion Blirabing 14 82 T32 688 4661045 158618 08 187.046
Eampal Celaket 11,13 763458 4743264 14893150 183166
MManvar 2361 2824033 48060 00 13161137 181 806
Seram 2180 832708 4973370 123.141.33 213211
MMuharto 821 731.204 46.373,77 138.036,71 221438
EavaLangzep 702 774241 47.636.90 146.333 .30 218337
Borobudur 16,91 260366 4004804 12081854 208723
Sulfat 16,73 200479 5103424 10031638 206.131
Kartini 2437 362.863 42.717.71 JOEE15 83 228350
Tawangmangn 2128 T61.308 4733233 150.090 00 181 803
Bentoel 12.71 854278 497763 122.677.33 176.676
Azahan 2 2419 230269 40142 44 120506 25 177.893
Oro-oro Dowo 11,13 245270 4033142 12333732 177.182
Continuation...
Temporary Mechanic Depreciation Interest Rate Insurance Wage
Disposal (IDR/1000Km) | (IDR/1000Km) | (IDR/1000Km) | (IDR/1000Km) | (IDR/1000Km)
Cianjur (TMP) 20791 89 230.770.45 262 158 13 63.364 33 436082 34
Sumberzari 200210.57 238.104 34 237 368 00 6430202 42016763
Aszghan | 2027368 246.722.01 283.011.00 T0.732.73 47136139
Stadion Blimbing 28064 48 23106331 207 036,06 7425002 404 930,37
Farmpal Celaket 2867230 235331234 31162802 7790723 510245 43
Manvar 1814087 263.275 48 34163936 8340020 36923003
Seram 27.804 38 316.306,31 424101 87 106.072,97 507384 66
Muharto 2807771 206.806,63 330,779,098 27.695.00 403 883,10
Fava Langzep 28,503 00 303.322 44 373.714.22 03428 55 32617331
Borobudur 2782431 31183375 42212103 10533026 603502 36
Sulfat 2747737 318.363,02 432083778 113234 43 649 803 37
Kartini 30.478,61 26845206 277.616,11 69.404.03 398279712
Tawangmangu 28,707,351 249085 44 30394033 73987 34 51618892
Bentoel 27.880.38 262.531,84 352.715,08 88.178.77 599006 42
Azahan? 28.089.10 259.248 60 338.9909% 84.747.74 575.699.16
Oro-oro Dowa 27.960,62 261.25091 347300 83 26.82746 58082684
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Continuation...
Overhead VOC (PCT) Variable
Temporary Disposal ' pyp1000Km) | (IDR/1000Km) | (IDR/Km) Cost
Cianjur (TMP) 209707 66 230678423 230678 03724 64
Sumbersar 207.218.71 2.279.416.81 227942 2107886
Azghan | 22029970 2433720673 242330 12307924
Stadion Blimbing 22712169 249833862 249834 0501122
Rarmpal Celaket 23307348 2.373.730.23 2.373.73 64.034 41
hlanvar 24741333 272157103 272157 6013317
Seram 271083353 208101833 2081017 26.082,00
Lluharto 24163241 263B176312 163813 01313320
BavaLangsep 23122028 2.763423.10 276341 0486831
Borobudur 271.296,03 208473651 2198426 136.5334,10
sulfat 28279790 311077688 3.110.78 123242 04
Kartini 20871786 2193396 41 229390 44838 86
Tawangmanm 13136331 234721839 23547122 116.764 49
Bentoel 23337198 2.787.001.81 2.787.00 3704364
Aszghan 24743761 272181368 272181 126.863,74
Oro-oro Dowo 23103142 2.761.363,61 2.761,57 60.393 44
Continuation ...
STNK SWIDKLLJ KIR Fixed Transportation Cost
Temporary Dizsposal Cost IDR/day IDR/m?
Cianjur (TME) 002200 163.000 200.000 4.706 08.430.20 368061
Sumberzart 002.200 163.000 200.000 4.706 2378441 319328
Aszghan 1 002200 163.000 200.000 4706 1 127.784 80 1133547
Stadion Blimbing 002200 163.000 200.000 47067 10061677 6.700.78
Eampal Celaket 002.200 163.000 200.000 4.706 62,739 .96 6.167.79
Manvar 002200 163.000 200.000 4706 73.860 .68 312814
Seram 1.174.200 163.000 200.000 3338 0142330 4.193 83
Muharto 1.174.200 163.000 200.000 3338 0530270 1048781
EavaLangzep 1.174.200 163.000 200.000 3338 10020321 12,652 25
Borobudur 1.152.300 163.000 200.000 3261 ¢ 16181333 0.569 22
Sulfat 1.152.300 163.000 200.000 3261 12831044 TEE1 44
Karting 1.132.300 163.000 200.000 5.261 30.100 32 203610
Tawangmangu 873,400 163.000 200.000 46400 12140477 370311
Bentoel 073400 163.000 200.000 4.640 62.383 02 402300
Asahan 2 873400 163.000 200.000 4640 131.30401 343630
Oro-oro Dowa 073.400 163.000 200.000 4.640 65033572 5.83280
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Results of calculation vehicle operating costs, can be described as follows;

% Variable Cost

= Fuel

mOil

E Tire

m Spare Part

B Mechanic
1,79% H Depreciation

3.18% 5 E1% m Interest rate

M Insurance

'Wage
m Overhead

1,08%

Figure 6. Percentage of the variable cost component of VOC

VOC component percentage is calculated based on the value of the variable cost component of each 1000 km
are used as cost per km multiplied by the distance traveled. So as to know the percentage of each component of
the variable cost incurred from each vehicle.

On Figure 6, it can be seen that the percentage of fuel (BBM) has the greatest percentage of 28.90% while the
smallest percentage was 1.08% for mechanical components. The order of the percentage of each component can
be seen as follows;

Component Percentage
Fuel 28.00%
Wage 18 08%
Interest rate 12.73%
Depreciation 10.24%
Orwverhead 0.09%
Spare part 7. 40%
Tire 3.61%
Insurance 3.18%
Ol 1.79%:
Mechanic 1.08%

100,00%
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% Transportation Cost /3

1,70%

1,03%

H Fuel moOil m Tire W Spare Part
m Mechanic m Depreciation Interestrate Insurance
1 'Wage m Overhead

Figure 7. Percentage of the cost of transporting the components VOC

Percentage component of the cost of transporting waste VOC is calculated based on the value of each
component of 1000 km which is used as the cost per km to the distance traveled multiplied and divided by the
volume of waste transported. So as to know the percentage of each component of the cost of transporting waste.
In the calculation of the percentage of components VOC biay waste transportation, it can be seen that the
percentage of the cost of fuel oil (BBM) is also the largest that is 27.45%, while the smallest percentage of the
mechanical componentsthat is 1.03%. The order of the percentage of each component can be seen as follows;

Component Percentages
Fuel 27.45%
Wage 1297%%
Interezt rate 12.09%;
Depreciation 0.72%
Orverhead 2.63%
Spare Part 7.03%
Tire 3.33%
Inzurance 3.02%
Ol 1.70%
DMechanic 1.03%
Total 04.07%
Fixed cost 5.03%

100.00%

Based on the analysis of the two can be seen that the fuel component has the largest percentage. Percentage of
fuel oil to the calculation of transport costs approximately 27% - 29% of the total cost of transportation.

V. CONCLUSION
Based on the research conducted, it found several conclusions that can be drawn, among others:
1. Percentage of the cost of each component of the cost of transporting waste is the largest component of the
fuel, while the smallest percentage of the cost of mechanical components
2. Percentage of the cost of fuel for 28.90% of the variable costs per kilometer.
3. Percentage of the cost of fuel for 27.45% of the total cost of transporting waste on his m* each.
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Abstract: - The study area is one of the sub-river basin of Krishna river, covering an area of 3035 km? and lies
in west part of Maharashtra state bounded by Latitude 16° 55° to 17° 28” N and Longitude 74° 20” to 74° 40’ E.
Poor soil cover, sparse vegetation, erratic rainfall and lack of soil moisture characterize the study area for most
part of the year. Due to unavailability/poor managed of surface water storage structures, more than 50% area
depends upon groundwater for their daily needs. Recurring drought coupled with increase in ground water
exploitation results in decline in the ground water level. So the entire study area has been further divided into 9
sub-watersheds named SWS1 to SWS9, ranging in geographical area from 76 km2 to 492 km2 and has been
taken up for prioritization based on morphometric analysis using Geographical information system (GIS) and
remote sensing techniques. The drainage density of sub-watersheds varies between 2.07 to 3.26 km/kmz and low
drainage density values of sub-watershed SWS5 indicates that it has highly resistant, impermeable subsoil
material with dense vegetative cover and low relief. The elongation ratio varies from 0.2 to 0.35 which indicates
low relief and gentle ground slope. The high value of circularity ratio for SWS 8 sub-watershed 0.6 indicates the
late maturity stage of topography. This anomaly is due to diversity of slope, relief and structural conditions
prevailing in this sub-watershed. The compound parameter values are calculated and the sub-watershed with the
lowest compound parameter is given the highest priority. The sub-watershed SWS3 has a minimum compound
parameter value of 1.68 and SWS 8 has a maximum compound parameter 3.08. Hence it should be provided
with immediate soil conservation measures because sedimentation is the major problem for surface water
storage structures.

Keywords: - Morphometric analysis, GIS, prioritization, remote sensing, sub-watersheds, soil conservation,
compound parameters

l. INTRODUCTION

The available surface and ground water resources are inadequate to meet the growing water demands
due to rapid urbanization and increasing population. The demand for water has increased over the years, due to
which the assessment of quantity and quality of water for its optimal utilization has become essential.

Identification and outlining of various ground features such as geological structures, geomorphic
features and their hydraulic characteristics may serve as direct or indirect indicators of the presence of ground
and surface water. The geomorphic conditions are essential pre-requisites in understanding the water bearing
characteristics of hard rocks. The role of rocks types and geologic structure in the development of stream
networks can be better understood by studying the nature and type of drainage pattern and by a quantitative
morphometric analysis. The morphometric parameters of a watershed are reflective of its hydrological response
to a considerable extent and can be helpful in synthesizing its hydrological behaviour. A quantitative
morphometric characterization of a drainage basin is considered to be the most satisfactory method for the
proper planning of watershed management because it enables us to understand the relationship among different
aspects of the drainage pattern of the basin, and also to make a comparative evaluation of different drainage
basins developed in various geologic and climatic regimes.
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Krishna basin is located at 73° E to 78° E and 15° N to 19° N of Maharashtra covering total area about 90,000
sg km. In Maharashtra it covers an area of 15116sq km in the district of Satara, Sangli, Kolhapur. It is the fourth
largest river basin in India. It has an average rainfalls ranging between 600 mm to 1900 mm per annum. The
origin of the river is located at Mahabaleshwar having the height of 4500 ft above MSL. The Krishna basin
running across Maharashtra, Karnataka, Andhra Pradesh and has an area of 2, 58,948 sq km i.e.7.9 % of India’s
surface area. The length of the Krishna River within Maharashtra is 304 kms. The term morphometry is the
measurement and mathematical analysis of configuration of earth’s surface, shape and dimension of its landform
(Clark 1966). In the present study, Geographic Information System technique has been used to assessing various
terrain and morphometric parameter of drainage basins and watershed. Linear, relief and aerial morphometric
parameters are evaluated for development planning of sub watershed in Krishna Basin. Linear parameter
analyzed includes stream order (u), stream length (L), mean stream length (Lsy,) and bifurcation ratio (Ry).

Relief parameter analyzed includes Basin Relief (B;) and Ruggedness number (R,). Relief aspect of
watersheds plays an important role for computing, surface and subsurface water flow, permeability, landform
development, Drainage density (Dgy), stream frequency (Fs), Texture ratio(T), Form factor (Ry), circulatory
ratio(R;) and Constant Channel Maintenance (C) which helps for drainage development. Drainage density is
one of the important indicators of the landform element. It provides a numerical measurement of landscape
dissection and runoff potential. The drainage pattern differs a lot in linear, relief and areal morphometric
parameters due to difference in geological structure, land form configuration, slope, vegetation and rainfall
distribution.

1. STUDY AREA

The study area lies in west part of Maharashtra state bounded by Latitude 16° 55’ to 17° 28’ N and
Longitude 74°20° to 74° 40’ E. falling in part survey of India topographical sheet no 47 K-5, 6, 7, 8, 10, 11, 12
and 47 L - 9 on the scale 1:50,000 it covers total area of 3035 km? includes two districts (Satara and Sangli) in
Maharashtra.

The average annual rainfall increases from 1200 mm in the western side to 300 mm in the east side.
Geology of the area is dominantly covered by basaltic rock. The area has suffered a lot by tectonic movement in
the past as evidenced by varying fold, fault and lineament association with hills located in the western side of
study area (Figure 1).
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Fig. 1 Index map of Yerala river basin

1. METHODOLOGY
In the present study, the parameters considered for prioritization of sub-watersheds are from the natural
resources thematic data, including drainage density, groundwater prospects, irrigated area, forest cover and
wastelands derived from satellite imagery and socioeconomic data. The thematic maps are derived from SOI
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topographic maps on 1:50000 scale. For better accuracy of the thematic map, ground truth check is done for
verification and necessary modifications are made in thematic maps during post interpretation.

The digitization of sub-dendritic drainage pattern was carried out in GIS environment (Figure 2). The
stream ordering is carried out using Horton’s law. The fundamental parameters namely: stream length, area,
perimeter, number of streams and basin length are derived from the drainage layer. The morphometric
parameters for the delineated watershed area are calculated based on the formula suggested by (Horton, 1945),
(Strahler, 1964), (Schumm, 1956), (Nookaratnam et al., 2005) and (Miller, 1953) given in table 1.
Morphometric parameters like stream order, stream length, bifurcation ratio, drainage density, drainage
frequency, relief ratio, elongation ratio, circularity ratio and compactness constant are calculated. Prioritization
rating of all the nine sub-watersheds of Yerala watershed is carried out by calculating the compound parameter
values. The sub-watershed with the lowest compound parameter value is given the highest priority.

1o s Ipo= raIpo= rascas Ta-sous
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Figure 2 Driange network of Yerala river basin

V. RESULTS AND DISCUSSION
Drainage pattern is characterized by irregular branching of tributaries in many directions with an angle less than
90°. The watershed is divided into nine sub-watersheds with codes SWS1 to SWS9.

4.1. Linear Aspect

The linear aspects of the channel system are stream order (U), stream length (Lu) and stream frequency (Fs).
Stream order (U): The Yerala River is a 7" order stream covering an area of 3035 km2. The sub-watershed
SWS9 (Sonhira Odha) is having 4™ order streams covering an area of 99 kmz2. The sub-watersheds SWS1,
SWS3, SWS4, SWS5 and SWS8 (Dargoba Odha, Darjai Odha, Kapur Nala, Krishnabai Odha and Ner Doha) is
having 5" order streams covering an area of 175 km?, 76 kmz, 242 km?, 86 km2 and 157 km? respectively. The
variation in order and size of the sub-watersheds is largely due to physiographic and structural conditions of the
region.
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Table - 1 Formulae adopted for computation of morphometric parameters

SN

Morphometric

Formula

Reference

Stream order (u)

Hierarchical rank

Strahler (1964)

Stream length (Lu)

Length of the stream

Horton (1945)

Mean stream length (L)

Lsm = L,/ Ny Where,
Lsm = Mean stream length
L, = Total stream length of order 'u’

N, = Total no. of stream segments of  order 'u'

Strahler (1964)

Stream length ratio (R.)

R.=L,/L,—1 Where,

R, = Stream length ratio

L, = Total stream length of the order 'u'

L, —1 = Total stream length of next lower order

Horton (1945)

Bifurcation ratio (Ry)

R, = Ny / Ny + 1 Where,

R, = Bifurcation ratio

N, = Total no. of stream segments of order 'u'
Ny+1 = No. of segments of the next higher order

Schumn (1956)

Mean bifurcation ratio

Rum = Average of bifurcation ratios of all orders

Strahler (1957)

Relief ratio (Rp)

R.=H/ L, Where,

R, = Relief ratio

H = Total relief (Relative relief) of the basin
(km)

L, = Basin length

Schumm (1956)

Drainage density (Dg)

Dy =L,/ A Where,

Dq = Drainage density

L, = Total stream length of all orders
A = Area of the basin (km2)

Horton (1932)

Stream frequency (Fs)

F,= N,/ A Where,

Fs = Stream frequency

N, = Total no. of streams of all orders
A = Area of the basin (km2)

Horton (1932)

Ri=N,/P Where,
R, = Drainage texture

10 | Drainage texture (Ry) N, = Total no. of streams of all orders Horton (1945)
P = Perimeter (km)
Rf= A/ Ly Where,

11 | Form factor (Ry) R; = Form factor Horton (1932)

A = Area of the basin (km2)
L. = Square of basin length

R.=4*Pi*A/P2 Where,
R, = Circularity ratio

(L)

12 | Circularity ratio (R¢) Pi="Pi'valuei.e., 3.14 Miller (1953)
A = Area of the basin (km2)
P2 = Square of the perimeter (km)
R.=2/L, Where,
Re = Elongation ratio
13 | Elongation ratio (Re) A = Area of the basin (km2) Schumn (1956)
Pi ='Pi'valuei.e., 3.14
L, = Basin length
Ly=1/D*2 Where,
14 Length of overland flow Lz = Length of overland flow Horton (1945)

D = Drainage density

Stream length (Lu): The stream length was computed on the basis of the law proposed by (Horton, 1945), for
all the 9 sub-watersheds. Generally, the total length of stream segments decrease as the stream order increase. In
9 sub-watersheds the stream length followed Horton’s law (Table 2).
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Table 2 Stream Analysis

Sub Watershed Stream numbers Stream Length Length ratio

1 2 3 4 |56 1 2 3 4 5 ] 21 | 32| 43| 54| a8
SWS | Chand
1 Nadi 30T |10 jae )7 |1 - 242084730 3438 | 200121115 | - 030 | 0.73) 0.53| 0.03 ] 0.00
SWS | Dargoba
2 Odha 300 |70 [26 |8 [3([1 | 17642([ 48534 | 2813|1215 | 1382403027 | 057043113029
SWE | Darjai
3 Odha 114 | 33 14 3 1 [- [ 9167 [31.19 | 2363 |69 g8 - 034 | 082026127 0.00
SWE | Kapur
4 Nala 343 | 145 [ 37 111 - | 36215 [ 11718 | 6630 | 217719584 | - 032|056 032|043 0.00
SWS | Erizshna
5 Cdha 144 | 48 11 |3 1 [- [ 1022213678 | 215601004 |34 - 035 | 069 ) 038|034 0.00
SWS | Mahader
6 Odha 464 | 136 [ 31 |10 |2 [1 | 26748 [ 10334 | 4691 | 2016 | 995 [ 703 (038 | 045|042 | 049|079
SW3 | Nani
7 Nadi 826 | 226 [ 71 |19 |4 [1 | 39336 [ 23406 | 1133 | 6311 | 1012919 [ 039 | 049 034 | 016 | 0.90
SWS | Ner
8 Cdha 490 | 179 [ 36 |21 |3 [1 | 2000011432 | 5181 | 2834|933 [ 823 (038|045 053|032 0.88
SWS | Sonhira
9 Cdha 226 | 62 22 12 |0 f- [ 1477 [TI08 [ 280458 - - 048 | 038) 020 0.00 | 0.00

Stream Length ratio (RI): Horton’s law of stream length states that mean stream length segments of each of the
successive orders of a basin tends to approximate a direct geometric series with stream length increasing
towards higher order of streams. The stream length ratio between different sub-watersheds showed an increasing
and decreasing trend in the length ratio from lower order to higher order and in the sub-watersheds SWS1, 2, 3,
4, 5, 7, 9 there was a change from one order to another order indicating the late youth stage of geomorphic
development of streams in the inter basin area.

Stream frequency (Fs): The stream frequencies of all the sub-watersheds are mentioned in Table 3. Generally if
the sub watersheds having large area under dense forest have low drainage frequency and the area having more
agricultural land have high drainage frequency. High value of drainage frequency in SWS 8 and SWS 2
produces more runoff in comparison to others.

4.2. Dimensionless factors
Form factor (Rf):

The form factor for all sub-watersheds varies from 0.10 — 0.31 (Table3). This observation shows that
the sub-watersheds are more or less elongated. The elongated watershed with low value of Rf indicates that the
basin will have a flatter peak flow for longer duration. Flood flows of such elongated basins are easier to
manage than from the circular basin.

Elongation Ratio (Re):
The elongation ratio for all sub-watersheds varies from 0.2 — 0.35 which indicates normal relief and gentle
ground slope (Table3). The sub-watersheds SWS 2 and SWS 5 has ratio 0.2 and 0.35 respectively.

Circularity Ratio (Rc):

It is influenced by the length and frequency of streams, geological structures, land use/ land cover,
climate, relief and slope of the watershed. In the present study (Table 3), the Rc value for all sub-watersheds
varies from 0.35 to 0.60 which shows that the sub-watersheds are almost elongated. The high value of
circularity ratio for SWS 8 indicates the late maturity stage of topography. This anomaly is due to diversity of
slope, relief and structural conditions prevailing in this sub-watershed.

4.3. Measurement of intensity of dissection
Drainage density (Dd):

(Horton, 1932) has introduced drainage density (Dd) as an expression to indicate the closeness of
spacing of channels. Drainage density in all the sub-watersheds varies from 2.07 to 3.26 respectively (Table 4).
In general it has been observed over a wide range of geologic and climatic types, that low drainage density is
more likely to occur in regions of highly permeable subsoil material under dense vegetative cover, and where
relief is low. In contrast, high Dd is favored in regions of weak or impermeable subsurface materials, sparse
vegetation and mountainous relief (Nag, 1998). Hence in this study in order to find out the correlation of Dd
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with land use/cover, spatial distribution of land use/cover was studied. Low Dd value for sub-watershed SWS 5
indicates that it has highly resistant, impermeable subsoil material with dense vegetative cover and low relief.

2013

Table 3 Morphometric Parameters of Yerala River

) Sub _-"L_rea F.-'-trealii Irf:queucj.' li?::‘;l Form Eluug?.ltiuu Circulz.ttur}'
Watershed (Km?) (Em/Km?) = Factor ratio ratio
(Km)
SWS 1 172.00 311 26.87 0.24 0.30 b48
SWS 2 0g.00 126 30.64 0.1 0.20 0.44
SWS 3 T76.00 219 13.23 0.22 030 0.56
SWS 4 242.00 3.03 47.53 0.1 0.20 0.33
SWS 3 26.00 243 16.6 0.31 0.33 0.33
SWE 6 183.00 351 33.48 0.16 0.23 0.57
SWs 7 492.00 233 4447 0.24 0.31 0.53
SWS 8 157.00 179 24.07 027 0.33 0.6
SW3 9 88.00 3.15 22.04 0.2 0.28 0.56

Table 4 Values of drainage density, texture and bifurcation ratios for Yerala River Sub- watershed

Suh Drainase | Drainase Bifurcation ration Bb Mean
Watershed | T crimeter Deusit;' texinre TEETEET Bifurcation
ratio
WS 1 & 2330 7.849 393 | 348 414 | 700 [ 0.00 371
WS 2 33 1.E90 7.87 141 | 169 323 167 | 300 320
SWE 3 11 2.160 4.07 326 | 250 467 | 300 [ 000 168
WS 4 az 2380 203 374 382 33 367 | 0.00 204
SWE 3 43 2070 4.64 300 43 220 | 500 ( 0.00 191
SWE B 63 2490 10.22 341 453 310 300 ([ 2.00 338
SWE T 106 2080 10.82 363 [ 318 3741 475 400 3E6
WS R 37 3.260 13.21 274 3.20 267 | 700 075 3.27
FWE 8 47 2.5360 G.63 363 | 282 [ 1100 0.00 ) 0.00 349

The compound parameter values of all nine sub-watersheds of Yerala watershed are calculated and
prioritization rating is shown in Table 5. The sub-watershed SWS 3 with a compound parameter value of 1.68
receives the highest priority followed by SWS 5 and SWS 4. Highest priority indicates the greater degree of
erosion in the particular micro-watershed and it becomes potential candidate for applying soil conservation
measures. Thus soil conservation measures can first be applied to sub-watershed SWS3 and then to the other
sub-watersheds depending upon their priority. The final prioritized map of the study area and prioritization
ranks of sub-watersheds is shown in Figure 3.

Table 5 Prioritization Results of Morphometric Analysis

Sub Watershed | Dd Fs T Rf Rc C Rb Rt Compound Final
parameter | Priority
SWE 1 233 | 311|303 (024 [ 048 | 043371 798 21.69 7
SWS 2 180 ] 4.2 383 | 010 | 044 ([ 035 5320 ) 7.87 297 g
SWS 3 216 | 219|278 [ 022 (036 | 046 | 2.68 | 4.07 1.68 1
SWE 4 23 3031123010 (035 041|203 | 803 2.03 3
SWS 35 207 2432533 (031 [ 053|048 291 | 464 1.77 2
SWS 6 249 3531 [ 180 [ 016 [ O57 [ 040 3538 | 10.22 2.53 G
SWE 7 2028 233|107 (024 (053|047 386 | 10.82 238 5
SWS 8 326 | 479|200 (027 (060 | 050 327 ) 1521 3.08 o
SWS 9 2.36] 3151242020 | 036) 030|340 | 6.63 2.16 4




American Journal of Engineering Research (AJER)

2013

74100 74200
1 1 1

74300 747400
1

17°500°N—]

17°400"N—]

17°200°N—]

Sub-watersheds - Yerala River Basin

17°50'0

17°300

17°200)

Legend

Sub-watersheds
e Priority
1
I -
B -
. -
I s
1700 6
.
I - 7
B AN
Inter basin area \ o
*

o 3 6 12 18

24
Kilometers

T T T
74" 100°E 74°200"E 74-300°E 74°40°0°E 74°500°E

Figure 3 Prioritized sub-watershed map of Yerala watershed

V. CONCLUSION

Watershed prioritization is one of the most important aspects of planning for implementation of its
development and management programmes. The present study demonstrates the usefulness of GIS for
morphometric analysis and prioritization of the sub-watersheds of Yerala watershed of Western Maharashtra,
India. The morphometric characteristics of different sub-watersheds show their relative characteristics with
respect to hydrologic response of the watershed. Morphometric parameters coupled with integrated thematic
map of drainage density land use can help in decision making process for water resources management. Results
of prioritization of sub-watersheds show that sub-watersheds SWS 3 and SWS 5 are more susceptible to soil
erosion. Therefore, immediate attention towards soil conservation measures is required in these sub-watersheds
to preserve the land from further erosion and to alleviate natural hazards.
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Abstract: - Artificial Neural Networks (ANN) is significantly used in signal and image processing techniques
for pattern recognition and template matching. Discrete Wavelet Transform (DWT) is combined with neural
network to achieve higher compression if 2D data such as image. Image compression using neural network and
DWT have shown superior results over classical techniques, with 70% higher compression and 20%
improvement in Mean Square Error (MSE). Hardware complexity and power dissipation are the major
challenges that have been addressed in this work for VLSI implementation. In this work VLSI architecture for
neural network and DWT is designed to operate at frequency of 250 MHz and low power techniques are
adopted to reduce power dissipation to less than 100mW. Daubechies wavelet filter and Haar wavelet filters are
used for DWT, input layer with one hidden layer and output layer consisting of tansig and purelin function used
for compression. Low power techniques and low power library in 65nm technology is used for VLSI
implementation.

Key words: - DWT, Neural Network, Image Compression, VLSI Implementation, High Speed, Low Power

l. INTRODUCTION

Image compression is one of the most promising subjects in image processing. Images captured need to
be stored or transmitted over long distances. Raw image occupies memory and hence need to be compressed.
With the demand for high quality video on mobile platforms there is a need to compress raw images and
reproduce the images without any degradation. Several standards such as JPEG200, MPEG-2/4 recommend use
of Discrete Wavelet Transforms (DWT) for image transformation [1] which leads to compression, when
encoded. Wavelets are a mathematical tool for hierarchically decomposing functions in multiple hierarchical sub
bands with time scale resolutions. Image compression using Wavelet Transforms is a powerful method that is
preferred by scientists to get the compressed images at higher compression ratios with higher PSNR values [2].
It is a popular transform used for some of the image compression standards in lossy compression methods.
Unlike the discrete cosine transform, the wavelet transform is not Fourier-based and therefore wavelets do a
better job of handling discontinuities in data.

On the other hand, Artificial Neural Networks (ANN) for image compression applications has
marginally increased in recent years. Neural networks are inherent adaptive systems [3][4][5][6]; they are
suitable for handling nonstationaries in image data. Artificial neural network can be employed with success to
image compression. Image Compression using Neural Networks by Ivan Vilovic [7] reveals a direct solution
method for image compression using the neural networks. An experience of using multilayer perceptron for
image compression is also presented. The multilayer perceptron is used for transform coding of the image.
Image compression with neural networks by J. Jiang [8] presents an extensive survey on the development of
neural networks for image compression which covers three categories: direct image compression by neural
networks; neural network implementation of existing techniques, and neural network based technology which
provide improvement over traditional algorithms. Neural Networks-based Image Compression System by H.
Nait Charif and Fathi. M. Salam [9] describes a practical and effective image compression system based on
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multilayer neural networks. The system consists of two multilayer neural networks that compress the image in
two stages. The algorithms and architectures reported in these papers sub divided the images into sub blocks and
the sub blocks are reorganized for processing. Reordering of sub blocks leads to blocking artifacts. Hence it is
required to avoid reorganization of sub blocks. One of the methods was to combine neural networks with
wavelets for image compression. Image compression using wavelet transform and a neural network was
suggested previously [10]. Wavelet networks (WNSs) were introduced by Zhang and Benveniste [11], [12] in
1992 as a combination of artificial neural networks and wavelet decomposition. Since then, however, WNs have
received only little attention. In the wavelet networks, the basis radial functions in some RBF-networks are
replaced by wavelets. Szu et al. [13], [14] have shown usage of WNs for signals representation and
classification. They have explained how a set of WN, "a super wavelet", can be produced and the original ideas
presented can be used for the assortment of model. Besides, they have mentioned the big compression of data
achieved by such a representation of WN’s. Zhang [15] has proved that the WN’s can manipulate the non-linear
regression of the moderately big dimension of entry with the data of training. Ramanaiah and Cyril [16] in their
paper have reported the use of neural networks and wavelets for image compression. Murali and Dr.
Satyanarayana [17] reports use of neural networks with DWT improves compression ratio by 70% and MSE by
20%. The complexities of hardware implementation on VLSI platform are not discussed in this paper. Murali
andDr. Satyanarayana [18] reports the use of FPGA for implementation of neural network and DWT
architecture, the design operates are 127 MHz and consumes 0.45 mW on Virtex-5 FPGAs. ASIC
implementation of the algorithm proposed is reported as scope for future work. In this paper ASIC
implementation of 2D-DWT architecture with ANN architecture is designed and implemented on ASIC
platform using 65nm CMOS technology optimizing area, timing and power. Section Il presents theoretical
background on neural networks and DWT. Section 111 discusses the image compression architecture using DWT
and ANN technique, section IV presents ASIC implementation of DWT-ANN, section V presents results and
discussions and followed with conclusion in section VI.

1. NEURAL NETWORKS AND DWT

In this section, neural network architecture for image compression is discussed. Feed forward neural
network architecture and back propagation algorithm for training is presented. DWT based image
transformation and compression is also presented in this section. Compression is one of the major subject of
research, the need for compression is discussed as follows [17]: Uncompressed video of size 640 x 480
resolution, with each pixel of 8 bit (1 bytes), with 24 fps occupies 307.2 Kbytes per image (frame) or 7.37
Mbytes per second or 442 Mbytes per minute or 26.5 Ghbytes per hour. If the frame rate is increased from 24 fps
to 30 fps, then for 640 x 480 resolution, 24 bit (3 bytes) colour, 30 fps occupies 921.6 Kbytes per image (frame)
or 27.6 Mbytes per second or 1.66 Gbytes per minute or 99.5 Ghytes per hour. Given a 100 Gigabyte disk can
store about 1-4 hours of high quality video, with channel data rate of 64Kbits/sec — 40 — 438 secs/per frame
transmission. For HDTV with 720 x 1280 pixels/frame, progressive scanning at 60 frames/s: 1.3Gh/s — with
20Mb/s available — 70% compression required — 0.35bpp. In this work we propose a novel architecture based on
neural network and DWT [18].

2.1 Feed Forward Neural Network Architecture for Image Compression

An Artificial Neural Network (ANN) is an information- processing paradigm that is inspired by the
way biological nervous systems, such as the Brian, process information [16]. The key element of this paradigm
is the novel structure of the information processing system. The basic architecture for image compression using
neural network is shown in figure 1. The network has input layer, hidden layer and output layer. Inputs from the
image are fed into the network, which are passed through the multi layered neural network. The input to the
network is the original image and the output obtained is the reconstructed image. The output obtained at the
hidden layer is the compressed image. The network is used for image compression by breaking it in two parts as
shown in the Figure 1. The transmitter encodes and then transmits the output of the hidden layer (only 16 values
as compared to the 64 values of the original image). The receiver receives and decodes the 16 hidden outputs
and generates the 64 outputs. Since the network is implementing an identity map, the output at the receiver is an
exact reconstruction of the original image.
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Figure 1: Feed forward multilayered neural network architecture

Three layers, one input layer, one output layer and one hidden layer, are designed. The input layer and
output layer are fully connected to the hidden layer. Compression is achieved by designing the network such
that the number of neurons at the hidden layer is less than that of neurons at both input and the output layers.
The input image is split up into blocks or vectors of 8 X8, 4 X 4 or 16 X 16 pixels. Back-propagation is one of
the neural networks which are directly applied to image compression coding [20][21][22]. In the previous
sections theory on the basic structure of the neuron was considered. The essence of the neural networks lies in
the way the weights are updated. The updating of the weights is through a definite algorithm. In this paper Back
Propagation (BP) algorithm is studied and implemented.

2.2 DWT architecture for image compression

The DWT represents the signal in dynamic sub-band decomposition. Generation of the DWT in a
wavelet packet allows sub-band analysis without the constraint of dynamic decomposition. The discrete wavelet
packet transform (DWPT) performs an adaptive decomposition of frequency axis. The specific decomposition
will be selected according to an optimization criterion. The Discrete Wavelet Transform (DWT), based on time-
scale representation, provides efficient multi-resolution sub-band decomposition of signals. It has become a
powerful tool for signal processing and finds numerous applications in various fields such as audio compression,
pattern recognition, texture discrimination, computer graphics [24][25][26] etc. Specifically the 2-D DWT and
its counterpart 2-D Inverse DWT (IDWT) play a significant role in many image/video coding applications.
Figure 2 shows the DWT architecture, the input image is decomposed into high pass and low pass components
using HPF and LPF filters giving rise to the first level of hierarchy. The process is continued until multiple
hierarchies are obtained. Al and D1 are the approximation and detail filters.
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Figure 2: DWT decomposition

Figure 3 shows the decomposition results. The barbera image is first decomposed into four sub bands
of LL, LH, HL and HH. Further the LL sub band is decomposed into four more sub bands as shown in the
figure. The LL component has the maximum information content as shown in figure 3, the other higher order
sub bands contain the edges in the vertical, horizontal and diagonal directions. An image of size N X N is
decomposed to N/2 X N/2 of four sub bands. Choosing the LL sub band and rejecting the other sub bands at the
first level compresses the image by 75%. Thus DWT assists in compression. Furhter encoding increases
compression ratio.
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Figure 3 DWT decomposition of barbera image into hierarchical sub bands

1. ANN WITH DWT FOR IMAGE COMPRESSION
Basic architecture for image compression using neural network is shown in the above figure 4. The
input image of size 64 x 1 is multiplied by 4 x 64 weight matrixes to obtain the compressed output of 4 x 1, at
the receiver 4 x 1 is decompressed to 64 x 1 by multiplying the compressed matrix by 64 x 4. The table in figure
4 shows the compression ratio that can be achieved by choosing the sizes of hidden layer.

| — 4 — 0 Network size | Size of hidden | Compression
— 4Neurons |* — layer ratio
N — Compression |1 | 64 Neurons — |J
] — o — 64-64-64 64 0%
P = || Decompression — ; 64-32-64 32 50%
U ] - U 64-16-64 16 75%
T I T T 64-08-64 08 87.5%
M 4x 64 Weight 64 x4 Weight o |[64-04-64 04 93.75%
- Marix Matrix x1_||64-01-64 01 98 5%

Figure 4. Neural network based image compression

Prior to use of NN for compression it is required to perform training of the network, in this work we
have used back propagation training algorithm for obtaining the optimum weights and biases for the NN
architecture. Based on the training, barbera image is compressed and decompressed; Figure 5 shows the input
image, compressed image and decompressed image.
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Figure 5: NN based image compression and decompression

Figure 5 also shows the input image and the decompressed image of coins image using neural network
architecture. From the decompressed results shown, we find the checker blocks error, which exists on the
decompressed image. As the input image is sub divided into 8 x 8 blocks and rearranged to 64 x 1 input
matrixes, the checker block arises. This is one of the limitations of NN based compression. Another major
limitation is the maximum compression ration which is less than 100%, in order to achieve compression more
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than 100% and to eliminate checker box errors or blocking artifacts we proposed DWT combined with NN
architecture for image compression.

3.1 Image Compression using DWT-ANN

Most of the image compression techniques use either neural networks for compression or DWT
(Discrete wavelet Transform) based transformation for compression. In order to overcome the limitations of NN
architecture in this work, DWT is used for image decomposition and an N X N image is decomposed using
DWT into hierarchical blocks the decomposition is carried out until the sub block is of size 8 x 8. For a image of
size 64 x 64, first level decomposition gives rise to 32 x 32 (four sub bands) of sub blocks, further
decomposition leads to 16 x 16 (sixteen sub bands), which can further decamped to 8 x 8 at the third hierarchy.
The third level of hierarchy there are 64 sub blocks each of size 8 x 8. Figure 6 shows the decomposition levels
of input image of size 64 x 64.
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Figure 6: Decomposition of image into sub blocks using DWT

Sub blocks of 8 x 8 are rearranged to 64 x 1 block are combined together into a rearranged matrix size
as shown in figure 6. The rearranged matrix is used to train the NN architecture based on back propagation
algorithm. In order to train the NN architecture and to obtain optimum weights it is required to select
appropriate images [17][18]. The training vectors play a vital role in NN architecture for image compression.
The NN architecture consisting of input layer, hidden layer and output layer. The network functions such as
tansig and purelin are used to realize feed forward neural network architecture [18]. In this work, hybrid neural
network architecture is realized using DWT combined with ANN. The hybrid architecture is discussed in the
research paper [Ramanaiah and Cyril]. The NN based compression using analog VLSI is presented in the
research paper [Cyril and Pinjare]. Based on the two different papers neural network architecture is developed
and is trained to compress and decompress multiple images. The DWT based image compression algorithm is
combined with neural network architecture. There are several wavelet filters and neural network functions. It is
required to choose appropriate wavelets and appropriate neural network functions. In this work an experimental
setup is modeled using Matlab to choose appropriate wavelet and appropriate neural network function. Based
on the above parameters chosen the Hybrid Compression Algorithm is developed and is shown in Figure 7.

Figure 7: Proposed hybrid algorithms for image compression

Several images are considered for training the network, the input image is resized to 256 x 256, the
resized image is transformed using DWT, 2D DWT function is used for the transformation. There is several
wavelet functions, in this work Haar and dB4 wavelet functions are used. The input image is decomposed to
obtain the sub band components using several stages of DWT. The DWT process is stopped until the sub band
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size is 8 x 8. The decomposed sub band components are rearranged to column vectors; the rearranged vectors
are concatenated to matrix and are set at the input to the neural network. The hidden layer is realized using 4
neurons and tansig function. The weights are biases obtained after training are used to compress the input to the
required size and is further processed using weights and biases in the output layer to decompress. The
decompressed is further converted from vector to blocks of sub bands. The sub band components are grouped
together and are transformed using inverse DWT. The transformation is done using multiple hierarchies and the
original image is reconstructed. The input image and the output image is used to compute MSE, PSNR. The
selection of network parameters and performances are discussed in the next section.

V. ASIC IMPLEMENTATION OF DWT-ANN ARCHITECTURE

Synthesis is a complex task consisting of many phases and requires various inputs in order to produce a
functionally correct netlist. Synthesis includes the following main tasks: reading in the design, setting
constraints, optimizing the design, analyzing the results and saving the design database. The first task in
synthesis is to read the design into Design Compiler memory. Reading in an HDL design description consists of
two tasks: analyzing and elaborating the description.  The next task is to set the design constraints. Constraints
are the instructions that the designer gives to Desigh Compiler. They define, the synthesis tool can or cannot do
with the design or how the tool behaves. Usually this information can be derived from the design specifications
(e.g. from timing specification). There are basically two types of design constraints: Design Rule Constraints
and Optimization Constraints. Optimization constraints are explicit constraints (set by the designer). They
describe the design goals (area, timing, power and so on) the designer has set for the design and work as
instructions to perform synthesis. The top level model is constrained with the following parameters: clock
master_clock (rise edge) of 4.00ns, library setup of -0.05ns, data required time of 3.95ns, data arrival time of -
3.95 ns, the slack is found to be 0.00 indicating that the design is able to meet timing constraints. The area report
obtained using 65nm low power library from TSMC indicates that the number of ports is 2, number of nets is
714, number of cells is 16, number of references is16, Combinational area occupied by the design is
870596.656057 um?, Non-combinational area occupied by the design is 329587.191422 um? and the total design
area occupied is 1200183.847480 um?® The power report obtained after synthesis indicates that the total
dynamic power is 86.8380 mW, cell internal power is 85.6360 mW, net switching power is 1.2021 mW and cell
leakage power is 362.3151 uW at load capacitance of 1pF and operating voltage of 1.08V. The synthesized
netlist for the compressor unit is shown in Figure 8 (below).
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Figure 8: Synthesized netlist for compressor unit

Figure 9 (below) shows the synthesi i e dec mpressor unit.
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Figure 9: Synthesized netlist of decompressor unit
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Figure 10 (below) shows the synthesized netlist of adder circuits used in the design to realize the compressor
and decompressor unit.
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Figure 11 (below) shows the synthesized netlist of Wallace tree multiplier used for design of compressor and
decompressor unit
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Figure 11: Synthesized netllst of Wallace tree multiplier

V. RESULTS AND DISCUSSION
Figure 12 shows the results of image compression and decompression using the proposed hybrid
architecture model. The input image is transformed into four sub bands in the first level decomposition, further
is decomposed to second level of hierarchy and is shown in figure 12. The decomposed image is rearranged into
column matrix, and is shown in figure 12. The compressed data using NN architecture is decompressed using
output layer. The output obtained is further rearranged to sub blocks and is inverse transformed using inverse
DWT. The output obtained is shown in figure 13, along with the reconstructed image.

Figure 12: Results of hybrid Neural Network Architecture
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Figure 13: Input Image and Reconstructed Image

The following table summarizes the MSE results for various test images using the hybrid architecture.
The results compare the performances of NN architecture, reference design and the present work. With the
choice of appropriate wavelet filters (Haar, db4), choice of decomposition levels, number of hidden layers and
network function the proposed architecture is superior compared with all the other architectures.

SI. No. Test Image Image MSE Reference Image MSE
(With NN only) (With NN and DWT)

1 Camera man 321 301 262
2 Board 1590 1289 958
3 Cell 39 34 26
4 Circuit 24 21 14
5 Lena 201 190 100
6 Sun 278 149 115
7 Girl 67 51 42
8 Blue hills 38 31 22
9 Sunset 51 47 39
10 Water lilies 56 42 31
11 Winter 89 52 47
12 Drawing 260 232 170
13 College 180 126 97
14 Garden 163 145 87
15 My photo 320 234 197
16 Holi 289 256 175
17 Bhagavad geetha | 98 78 65
18 Devine couple 143 101 80
19 Krishna 29 19 7
20 Goddess 76 53 45

Table 1: MSE results for various test images and comparison

From the results presented in table for all the 20 images considered proposed network achieves less
MSE compared with the reference design. The input image is decomposed using DWT and is compressed using
NN architecture, this introduces delay and hence high speed architectures are required to implement for real
time applications.

VI. CONCLUSION
Use of NN for image compression has superior advantage compared with classical techniques; however
the NN architecture requires image to be decomposed to several blocks of each 8 x 8, and hence introduces
blocking artifact errors and checker box errors in the reconstructed image. In order to overcome the checker
errors in this work, we have used DWT for image decomposition prior to image compression using NN
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architecture. In this work, we proposed a hybrid architecture that combines NN with DWT and the input image
is used to train the network. The network architecture is used to compress and decompress several images and it
is proven to achieve better MSE compared with reference design. The hybrid technique uses hidden layer
consisting of tansig function and output layer with purelin function to achieve better MSE. The proposed
architecture is suitable for real time application of image compression and decompression.
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Abstract: - Gears in the Epicyclic gear trains are one of the most critical components in the mechanical power
transmission system in which failure of one gear will affect the whole transmission system, thus it is very
necessary to determine the causes of failure in an attempt to reduce them. The different modes of failure of gears
and their possible remedies to avoid the failure are mentioned in J.R. Davis (2005) [17], Khurmi & Gupta
(2006) [19], P. Kannaiah (2006) [18] [20] as bending failure (load failure), Pitting (contact stresses), scoring and
abrasive wear, in any case it is related to the loads acting on the gear and this research deals with the
Optimization of the gear design leading to the reduction in the load failure of the gears. Further, table.1 explains
the different areas of research carried out by different authors on Epicyclic gear trains. This study carried out in
this research shows the optimization analysis of the epicyclic gear train in INDIA to reduce load failure. The
analysis is restricted to the optimization of gear train through load analysis of the gears, pinions and annulus
including the sun and plant gears, and finding out the optimal load conditions for the gear train to perform
effectively without leading to load failure. Epicyclic Gear Trains have been used in Industry for their many
advantages which includes high torque capacity, comparatively smaller size, lower weight, improved efficiency
and highly compact package, however there has not been a comprehensive study of its load bearing performance
with respect to different parameters such as module, material, and power of the epicyclic gear trains [16] [17].
This research paper provides an attempt in filling that gap in aiming to get the epicyclic gear trains load
performance on different parameters. This process helps in finding the optimized design for the epicyclic gear
trains in which it has the best performance without any failure and with minimum Loads acting on the gears.
The main aim of this research investigation is to optimize the epicyclic gear train through load analysis, to
prevent load failure from happening in the future.

Keywords: - Optimization, Planetary Gear Trains, Tangential Tooth load, Wear tooth load, Dynamic tooth
load, Static tooth load

l. INTRODUCTION

A Planetary or Epicyclic Gear Trains comprises of one or more planet gears revolving around a sun
gear. Usually, an epicyclical gearing systems are employed to achieve high reduction ratio in a small and power
dense package. It is examined that load sharing capability is not equal in the planetary gear train. These Gear
Trains are extensively used for the transmission and are the most critical component in a mechanical power
transmission system. They play a very vital role in all the industrial areas, any failure in the gear train leads
to a total system failure, thus identifying the causes and optimizing to get the best performance is very
necessary. The advantages of epicyclic gear trains are higher torque capacity, lower weight, small size and
improved efficiency of the planetary design. As the weigh is 60%, and half the size of a conventional gear
box, it is very likely to have a misconception that it is not as strong. Thus the loads have to be minimum to
reduce the stresses in the gear train. The epicyclic gear train model is taken from BHEL, and some of its
parameters have been modified to optimize its performance. The gear train consists of five external gears and 4
internal annulus gears, including sun and planet gears forming an epicyclic gear train. The present work on
epicyclic gear trains carries out the design of all the gears, Shafts, keys and the loads are calculated for
individual gears in the epicyclic gear train system. The analysis is divided into three parts, in which the first
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part, the power of 10HP is taken for the whole epicyclic gear train with four different modules (3, 4, 5, 6) for
four different loads Tangential Tooth Load (Wt), Dynamic Tooth Load (Wd), Static Tooth Load (Ws) and Wear
Tooth Load (Ww) with Cast Iron as the base material. The same process was conducted for the Power 15 HP
and 20 HP while keeping the other parameters (material/module-3, 4, 5, 6) as constant. As the condition was
stated that for preventing Gear failure the Static Tooth Load (Ws) and the dynamic Tooth Load (Wd) should be
greater than the Wear Tooth Load (Ww) [15] [19], This condition is analyzed for the entire gear train and
optimized for to get the least loads on the gears. As these Gear trains are subjected to high loads during their
operation they are subjected to high stresses in the process which may cause failure, thus calculating the loads
for different modules and for different power levels will show us the best optimized design of the gear train.
This paper shows the optimization of gear trains with varying the modules and power of the entire gear train.

Table.1 shows the prominent authors who contributed to the analysis of Gears

Author Description of the work carried out

S. Avinash [1] Load Sharing behavior in epicyclic gear trains

P. Sunyoung [17] Failure analysis of a planetary gear train

A kiril [12] Alternative method for analysis of complex compound planetary gear train
C. Yuksel [7] Dynamis tooth load of planetary gear sets

M. Rameshkumar [ 16 ] Load Sharing analysis of High-Contract-Ratio in Spur Gear

B. Gupta [15] Contact stress analysis of spur gear

A.R. Hassan [14 ] Contact stress analysis of spur gear teeth pair

1. COMPUTATIONAL METHODOLOGY

The Compound Epicyclic Gear train in Fig.1 is taken from BHEL and the parameters are altered for the
optimization purposes. The Gears, arms, keys and annulus are designed in Solidworks which is shown in Fig.1
(@). Fig.1 (b) shows the general diagram showing all the positions of gears, annulus, shafts and arms. This model
of the epicyclic gear train failed due to the high loads acting on the gears. As we know that the gear is one of the
most critical components of the power transmission system, failure in the gear will affect the whole transmission
system and thus it is necessary to optimize the gear for low load operation and its effective delivery of power
transmission.
Loads in an epicyclic gear train are divided into four parts: Tangential Tooth Load (Wt), Static Tooth Load
(Ws), Dynamic Tooth Load (Wd) and Wear Tooth Load (Ww).
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Fig.1 Figure shows the positions of all the internal and external gears including Sun and Plant Gears,
(a) Figure shows the Design made in Solidworks software after theoretical calculations, (b) Shows
the 2D representation of the Epicyclic gear trains showing all the Gears, Pinion, Annulus including
sun and planet aears

Module:-It is the ratio of the pitch circle diameter (in millimeters) to the number of teeth. It is usually
denoted by m, wherem=D /T D=Pitch Circle Diameter, T= Number of Teeth
The recommended series of modules in Indian Standard are 1, 1.25, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, 20, 25,
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32, 40 and 50. The modules 1.125, 1.375, 1.75, 2.25, 2.75, 3.5, 4.5,5.5, 7, 9, 11, 14, 18, 22, 28, 36 and 45 are of
second choice, from which modules 3, 4, 5 and 6 were selected for the design optimization of gears [18] [20].
Systems of Gear Teeth:-The following four systems of gear teeth are commonly used in practice. 14 %°
Composite systems, 14 ¥° Full depth involute systems, 20° Full depth involute system and 20° Stub involute
system. The tooth profile of the 20° full depth involute system may be cut by hobs. The increase of the pressure
angle from 14 %° to 20° results in a stronger tooth, because the tooth acting as a beam is wider at the base. The
20° stub involute system has a strong tooth to take heavy loads, thus was selected [16] [15] [18].

Gear Material:-The materials which are used for the gears depend upon the service factor and strength
like wear or noise conditions etc, and they come in metallic and non-metallic form. For industrial purposes
metallic gears are used, commercially can be obtained in steel, cast iron and bronze. Among these Cast iron is
widely used because of its excellent wearing properties, in which Cast Iron with UTS 480 Mpa, Elongation 6-
16% was selected because of its long service life, high wear resistance, low production cost, high stability and
surface finish [17][13]

Table.2 Shows all the parameters of Epicvelic Gear Tram from Gears Z to Gear P (9 Gears) for module 4

Parameters (mm) Gear Z | Geark | GearR | GearV | GearL | GearQ | Gear X | Gear N | GearP
No.of Teeth (T 30 45 120 24 48 120 i6 54 114
Pitch Diameter ( D ) 120 180 480 96 192 480 144 216 576
Circular Pitch (Pc) | 1256 | 1256 | 1256 | 1256 | 1256 | 1256 | 1256 | 1256 | 1236
Face Width (b) 26.11 40 a0 40 a0 40 60 40 40

Module (m) 3 E] E 3 E 3 4 - -
Steady Load (Wt ) | 795.78 | 79378 | 793.78 | 954.76 | 594.76 | 994.76 | 33157 | 45214 | 452,14
Pressure angle ( @) 20 20 20 20 20 20 20 20 20

Increment Load (Wi) | 2897.9 | 3936.1 | 3936.1 | 3763 | 37964 | 3796.4 | 32292 | 4206.1 | 4206.1

Table 3 Shows the parameters of Gearmodeling formodules 3,4, 5,6 Table.4 Shows all the Gears, Annulus,

Parameters (mm) M=3 | M=% | M= | M=0 | Sunand Planet Gears in the Gear Train
Addendum (1 Tm ) 3_ _ 4 il _6_ Sno | Gear | Annulus | Sun | Planet
Dedendum (1.25=m) 373 3 §.23 T 7 R 7 T
Working depth (2x m ) ) 8 10 12 3 K ) X L
Total depth (2.25x m ) 6.75 9 11.2 13.5 3 T X T N
Tooth thickness (1.507<m) | 432 | 628 | 75335 5.04 1 I P
Clearance (0.25*m) 0.73 1 1.25 1.3 z N
Fillet radms (0.4% m) 1.2 1.6 2 24

1. DESIGN AND LOAD OPTIMIZATION OF GEARS

The following are the sample design and load calculations for analysis of Gear-Z having module 4 and
power 10 HP, from the Epicyclic Gear train, in which the calculations of the four loads acting on the gears (
Tangential Tooth Load (Wt), Static Tooth Load (Ws), Dynamic Tooth Load (Wd) and Wear Tooth Load (Ww) )
are calculated, for the module-(4). The parameters for the gears are mentioned in Tables 2, 3 and 4. As the
below calculations are performed, similarly the calculations are done for the rest of the eight gears for modules
3, 4, 5 and 6. Now this process is repeated for Power 10HP, 15 HP, 20 HP. All the results are tabulated for
Table.6 to Table.14, and the Graphs are plotted from Graph.1 to Graph.9, showing the Load variance on the
different modules at different power levels.

DESIGN OF Z -GEAR (pinion):
Teeth of Gear Z(T2)=30; Diameter of Gear Z (Dz)=120 mm = 0.12 m; Speed of Gear Z (Nz)=1500 r.p.m

Pitch Line Velocity v =" = (x 0.12 x 1500) / 60 = 9.4247 mls

Tangential Load( W+):- Tangential tooth load is also called the beam strength of the tooth. It is the load acting
perpendicular to the radial tooth load (Wr) and normal tooth load (Wn) [16] [18] as shown in the fig.3
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Fig.2 Shows the tangential tooth load direction on the gear tooth profile

7500
9.4247

Wy =2xCS = () x 1.5=1193.671 N

Where Wy = Permissible tangential tooth load in N, P = Power transmitted in watts, v = Pitch line velocity in
m/s; %, D = Pitch circle diameter in m, N = Speed in r.p.m., and Cs = Service factor ( Cs is taken from the
Table.5)

Table.5 Shows Service Factor (Cs) for different loads

Type ofload Type of service
Intemmittent or 3 hours / day 2 — 10 hours per day Continuous 24 hours per day
Steady 08 1.00 125
Light Shock 1.00 125 1.54
Mednmm Shock 125 1.54 1.80
Heavwy Shock 134 1.20 2.00

Applying Lewis Equation [15] [16] [18]

Wr=o0owX bx P.xy Where ow=Permissible working stress, b=Gear tooth face width,
Pc=Circular Pitch = rx m (module), y=Lewis form factor

Ow = 0o X Cy Where go=Allowable Static Stress, Cv= Velocity Factor, 6o = 90 N/mm? as material was
nodular Cast iron)

Cyv =(4.58)/(4.58+V) =0.327 Where V= Pitch Line Velocity (9.4247 m/s)
y=0.154 - (0.912/T;) =0.1236 Where Tz = Teeth of Gear Z

Pc=mmxm=T1Xx4

Substituting the values in the equation

= 1193.671 =90 x 0.327 x b x 7w x 4 x 0.1236

= b =26.11 mm

Dynamic Tooth Load (Wp):- The dynamic tooth loads act due to inaccuracies in tooth spacing, tooth profiles
and deflection of tooth under loads [18]. The formulae for (Wp) is given below as

Wp = Wt + W, Where Wp=Total Dynamic Tooth Load, Wy =Steady Load due to transmitted torque,
W,=Increment Load due to dynamic action.

Wr=(P/V)=(7500/9.4247) =795.781 N Where P=Power, V= Pitch line velocity

W, = K3xV(bxC+Wr)

VE3XV+(bxC+WT)
Where (K3 = 20.67), V=Pitch line velocity, b=face width (mm), C=Deformation factor (n/mm) [18]

C ZWSTUT Where e=Tooth error (mm), K;= Factor of Gear Teeth for 20 ° full involute system,
Y \Ep) " \Eg

E,=Module of elasticity of Pinion, E,= Module of elasticity of Gear, (K;=9; Ep= Ec=164000 N/mm?) [18]
C=0.127/{9[(1/ 164000) + (1/ 164000)]} C=115.711 N/ mm Subtituting all the results in W,

W| — {20.67x 9.4247 (26.11 x 115.711 + 795.781)} =2897.939 N Substituting WT, W| in WD
20.67x 9.4247 +,/(26.11 x 115.711 + 795.781)

= Wp=795.781 +2897.939 = 3693.72 N

Static Tooth Load ( W5 ):- The static tooth load (beam strength or endurance strength of the tooth) is derived
from lewis formula with the substitution of elastic limit stress (o) instead of Permissible working stress (o). It
is said that for preventing tooth breakage (Ws) should be greater than Dynamic tooth load (Wd).

Ws = 6% bx Pcxy Where o, = Elastic limit stress (c. = 175 N/mmz), b= Face width, Pc= Circular pitch (1rx 4
) y=Lewis form factor [18]
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Ws =175 x 26.11 x (17X 4) x 0.1236 = 7096.974 N

Wear Tooth Load (Wy):- It is maximum load that a gear tooth can carry without premature wear. It depends
upon the curvature of tooth profile, elasticity and surface fatigue limit of the gear material. It uses Buckingham
equation [18] [16].

Ww =Dz b.Q .K Where Dz = Pitch circle diameter of Gear Z, b= Face width, Q = Ratio factor for external or
internal gears, K = Load stress factor or material combination factor Tg= Teeth of Gear, Tp = Teeth of pinion
Q=(2Tg)/ (Te+Tp) = (2x45)/(45+30)=1.2

K = % X sin@ / 1.4 [(/Ep) + (1/Eg)] Where o = Surface endurance limit, @=Pressure angle, E;= Young
modulus of elasticity of Pinion, Ec= Young modulus of elasticity of Gear

K = 630% x sin 20 / 1.4[(1/164000) + (1/164000)] = 1.1824 N/mm?  Substituting the values in Wy

= Wy =120x26.11x 1.2 x 1.1824 =4445.634 N

The results of the four loads derived for the Gear—Z can be seen in Table.6 and Graph.1, in power 10HP for
module4. Similarly the loads for rest of the eight gears for module 3, 4, 5 and 6 for the power 10 HP, 15 HP and
20 HP respectively can be inferred from Tables 6 to 14 and Graphs 1 to 9.

AV RESULTS AND DISCUSSION

As the resulting loads are calculated for the Gear-Z of Epicyclic Gear Train having module 4, similarly
the four loads W+, Wp, Ws, Wy are calculated for all the rest of the eight Gears and Annulus including sun and
planet gears. This process is repeated for different modules (3, 4, 5, 6) with all the 9 Gears in the Epicyclic Gear
Train. Now this whole procedure is conducted for three different power levels (10 HP, 15 HP, 20 HP). All the
results are tabulated and graphs are plotted accordingly from Table.6 to Table.14 and from Graph.1 to Graph.9.
Where the condition is that’” For safety against tooth breakage, the Static Tooth Load (Ws) should always be
greater than Dynamic tooth load (Wd), also the Dynamic tooth load (Wd) should not be more than the wear
tooth load (Ww) otherwise the gear will fail [18], also the least loads are observed for all the Gears to get the
optimized design in the Epicyclic Gear Train. Below are the graphs plotted for the loads where
P=Power (HP); M=Module; Loads (N) Wt = Tangential Tooth Load; Wd = Dynamic Tooth Load; Ws = Static
Tooth Load; Ww = Wear tooth Load

==\t =2=Wd Ws ==
Table.6 Shows the different parameters of Gear-Z Gear-2
P Wit wid Wi Ww 18000
10| 3| 159188 | 535416 | 102670 | easras | O
10] 2 | 119367 3693.72 709697 | 444563 | ° \ T,
12000 % 1
10| s 95493 331022 6633.53 415533 oo - e
10| 6| 797.784 2668.02 5133143 | 321546 ' k
15] 3 23726 76452 133036 9556.3 &-
ann
7783 32 3 57 367
15| 2 17793 5288 3 10578 8 6626, oo S \
15 5 1423.4 47726 9887.11 61934 o
15| & 935.56 3218.35 795245 581236 3 4 5 & 3 4 5 [ 3 4 5 [
Wi =g ——Ws W
20] 3| 316213 76019 1636526 | 127763 .
= Graph.l Shows the different parameters of Gear-Z
20 £ | 23714 6523.6 14098.83 88316
20| s 18271 50408 1314883 | 523622 with three different power levels {10 HF, 15 HP, 20 HF)
20| & 935.56 3218.55 7952.45 5812.36 for modules 3, 4, 5 and 6.
Table.7 Shows the different parameters of Gear-K Gear- K
plm Wi wd Ws Wi 000
10] 3| 159168 2163799 | 5615487 | 4746464 13000
10] 4 | 119367 2751000 | 10760.87 | 921594 10000
100 5 954.93 §149.585 17376.35 148624 rso00
10] 6 | 795782 7937417 | 2346195 | 219855
1000
15| 3 23726 4982 6615.48 3746.46 5000
15] 4 1779.3 5228.1 11760.8 102159 L}
15| 5| 142349 66617 18376.87 15962.8 S * o : =
15| 6] 12853 772569 | 2646195 | 220856 T TTwe s e e
Graph.2 Shows the different parameters of Gear-K
200 3 316221 36952 T615.5 6746.2 . .
S with three different power levels {10 HP, 15 HPF, 20 HF)
20] 4 23712 6002.2 12760.8 11215.2
20] 5 1897.1 5912.2 193763 16962.4 for modules 3, 4, 5 and 6.
20| s 12853 77257 274619 239856
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Table.8 Shows the different parameters of Gear-R
Gear-R

2 Wit Wd Ws W 0000
10] 3 1591.6 4163.7 72438 1304461 70000
10] 4 1193.6 41319 12878 40523.75 50000
10] 5 9549 6146.5 201219 6056835 L
10] & T96.1 65256.6 28973.3 56783.6 R

30000
15] 3 23726 4080 6615.48 9746.4 20009
15] 4 17793 52288 11878 25486.8 10000

o
15[ 5| uexs 56618 10121 | 516522 . . . . . . . . . . . .
15[ 6 | 131565 | 623566 | 279755 | 607856 e e e i
. E— pp— e .

20151 51622 36953 4438 140446 Graph.3 Shows the different parameters of Gear-R
200 4 23714 S002.2 15878.2 30523.7 . .
2ol s | 1se72 se126 1212 | sessso with three different pewer levels {10 HP, 15 HP, 20 HF}
20| 6| 13186 6256.6 20975.5 61785.6 for modules 3, 4, 5 and 6.

Table.9 Shows the different parameters of Gear-Y Gear-Y
p | Wit wd W W Fsoee
10| 3 19887 5860.1 11041.4 53534.4 20000 m—
0] £ 1492 4757.7 10073.7 39617 . \'\_
= pp— pp— 15000 — \
10| 5 1183.6 3707.5 097.7 4200.5 \\ N
10] & 230.9 3038.2 5521.5 3276.7 10000 — ~——
S x \
15] 3 2966 8144.5 16457.6 §787.1 om K_ —
~ —_— ‘_-__'_"‘—--___
15] £ 22241 6718.03 150135 82086.2 o
15| 5 17793 5307.5 11273.3 50494 4 4 = © 4 N - - * N N u
15| & 9434 40382 9521.5 4567.7 T W s e
20] 3 39529 102832 21092.6 131954 Graph.4 Shows the different parameters of Gear-Y
201 4 2964.2 6301 20012.2 10843.8 with three different power levels {10 HP, 15 HP, 20 HF)
201 5 23714 5618.4 11237.4 6775
20] s 9947 2038.2 59215 45677 for modules 3, 4, 5 and 6.
Table.10 Shows the different parameters of Gear-L Gear-L
p [ Wi Wwd Ws W oo
10] 3 19897 43389 7126.3 8652.1 25000
10] 4 1492 4791.1 12857.3 14265.3 O il
10] s 1193.6 6020.9 19365.6 21365.3
10| 6 994.7 7706.17 22958.7 25174.4 15000
10000
15| 3 2966 5318.2 6679.8 9356.2 oo 1_____/"
15| 4 22241 55493 11875.2 14562.3 —_
15| s 1793.3 5063.9 18555 201453 ° . . . . . . —
1s| s 993.78 7706.1 22958.7 26174.4 h o h
—t —d i —
20| 3 39529 6294.8 6679.8 8363.3 Graph.5 Shows the different parameters of Gear-L
2 2 3173 752 32563
204 29362 $3173 18752 132363 with three different power levels {10 HP, 15 HF, 20 HF)
20] s 23714 7301.8 20158 223653
20l 6 o927 06,1 22958 7 EETEIT for modules 3, 4, 5 and 6.

Gear-Q

I
" II"\
\\
w h|
1
™ \

3 Fl 5 5 ] 4 s &

—Nt W ——Ws Wy
Graph.6 Shows the different parameters of Gear-Q
with three different power levels {10 HP, 15 HF, 20 HF)

for modules 3, 4, 5 and 6.

Table.11 Shows the different parameters of Gear-Q

BN Wt wd Ws W
10] 3 19923 43412 T243 8 189248
10] 4 1502.2 4802.1 12878 F6577.2
10] 5 1195.6 G022.6 20121 BO680.35
10] & D983 H203.6 289755 85123.8
15) 3 2066 53182 8443.8 219245
15] 4 2224.1 5559.1 13478 567552
15] 5 1779.6 &070.2 24521.9 78580
15) &6 094.78 62036 309545 861328
201 3 39532 H206.1 9258.1 31927.4
20] 4 28495 63194 14768 567587
20]0 5 2369.1 T303.8 29121.6 S0681.2
20| & 9931 TT09.9 339025 891333
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Table.12 Shows the different parameters of Gear-X Gear - X
2 B Wi wWd W W Bt
10| 3 6631.6 7809.8 200693 12566.1 “oea
10] 4 4973.6 6545 16843.9 10546.6 seeee
30000
1w0] s 3979.4 5928.2 12912 9337
25000
10] s 3316.6 4906.4 122723 76842
20000 = s
— .,
15000 — -
1s| 3 DESS .6 10901.4 287643 2162202 sooce '--.,___‘_____‘ N
15 4 7414.1 91251 2511023 1863521 P \
1s| s 5932 §256.2 21136.21 14365.21 o
1s]| 6 3316.6 4006.4 122723 76842 5 4 s 6 L L B L T
—_—t Wd W Wy
20Q 3 131749 136596 214526 360073 Graph.7 Shows the different parameters of Gear-X
20] 2 0881 116003 34559 22325.32 ) )
>0l = — 01322 Er— ppre— with three different power lewvels {10 HP, 15 HP, 20 HP)
20] s | 331662 450642 122723 76842 for medules 3, 4, 5 and 6.
Table.13 Shows the different parameters of Gear-N Gear - N
35000
P | Wit wWd Ws W i
10| 3 904.34 3866.88 7658.32 6395.76 oceo ) 7 7
10] 4 678.21 4658.31 132563 12259.12 25000 r g e y g
” rd s
10] 5 542.587 6367.75 216543 19154.88 20000
10] s 442.11 6524.52 27164.8 19879 — /’_: _/
20000 e -
15| 3 1348.22 4375.21 7783.21 7593.21 =
p— e —— /——-—---"
15| 4 1011.45 504521 14059.9 1329787 soc —_—
- = - [ e
15| 5 808.15 6632.221 23280.1 20111.32 o
15| 6 442,11 65245 20834.9 20776.6 202 =20 = =0 = 0F
— T wWd We W
20| 3 1523.12 2842.19 §783.7 $223.2 Graph.8 Shows the different parameters of Gear-N
7 p.) . 3 rl . .
20} 4 13434 S35 LS00 159571 with three different power levels (10 HP, 15 HP, 20 HP)
20) 5 1077.13 5669.9 249452 21777.6 P dul d
20| 6 | ss211 5524 52 319739 21988.6 or modules 3, 4, 5 and &.
Table.14 Shows the different parameters of Gear-P G
ear- P
P | Wt wWd Ws W 120000
10] 3 90434 3866.8 73032 30864.8
100000
10] 4 678.2 4658.3 12983 72628 4
10] 5 5425 6367.7 19286 $5511.8 80000
10] 6 452.1 6517.7 29213 989427 60000
SO0
15] 3 1348.07 437521 795643 30053.4
15| 4 1011.45 5048.16 14073.4 73578.4 20000 —— ——
1s5] 5 808.81 6632.08 24836.7 90361.8 . —— —_—
15] 6 452.17 6517.7 31947.6 1089427 O 5 4 s & 3 4 5 6
—E — s ——e
20] 3 1523.1 28422 81943 208643 Graph.9 Shows the different parameters of Gear-P
20| 4 1347.4 54403 12059.9 75478.3 ) .
ol o770 P Py P with three different power levels (10 HP, 15 HF, 20 HF)
20] 6 1522 6517.7 34213 1100653 for modules 3, 4, 5 and 6.

As all the loads (Wt, Wd, Ws and Ww) were calculated for the gears it was seen that static tooth load (Ws) and
wear tooth load (Ww) were greater than dynamic tooth load (Wd) for all the gears and thus the design of the
Gear train is safe. It is observed that in the Sun Gears (Z, X, Y), the least loads can be seen at the module 6, but
of the plant gears and annuluses the least loads were observed at module 3.

V. CONCLUSION

The purpose of this research paper is to determine the optimal design of the gear train with the load
analysis carried out in the gear trains by varying the module (3, 4, 5, 6) for all the gears for three different power
levels 10 HP, 15 HP and 20HP. On further examination of the loads for the gears which were plotted from Table
6 to 14 and Graphs 1 to 9, we can notice that the Wear tooth load (Ww) for all the gears in the gear train is
higher than the Dynamic tooth load (Wd), and the Dynamic Tooth load (Wd) is less than Static tooth load (Ws)
for all the gears in the system. As this condition has to be true for safety against tooth failure, thus we can state
that the design is safe. We can observe in Graphs Z, Y and X that the loads are decreasing as the module is
increasing and the least load is observed on module 6, as those are the sun gears in the gear train. Also it is
observed that the rest of the gears and annulus in graphs K, R, L, Q, N and P that the loads are increasing as the
module increases and the lease load is observed on module 3. This was seen consistent with the power level
10HP, 15 HP and 20 HP. Furthermore it is also observed that in Graphs Q, P and R, the wear tooth load is
greater than the static tooth load which is why the teeth of the annuls should be of a higher wear resistant
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material like cast iron as was suggested in section Il of this research paper. Thus as the design satisfy the
condition that Static Tooth Load (Ws ) should always be greater than the Dynamic Tooth Load ( Wd ) also the
Wear tooth load ( Ww ) should not be less than the Dynamic tooth load ( Wd ), the proposed design is safe and
the least load conditions being at the least module (3, in this condition) is preferred for the annulus design and
the planet gears where as a higher module (6, in this condition) is preferred for the sun gears design for all
power levels.
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VII. FUTURE SCOPE
The Research could be further extended through further optimization by varying different materials,
also taking into consideration the working conditions and different gears (helical, worm etc.). The loads with
different materials could be further analyzed and compared with the practical loads and stresses derived on the
site.
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Abstract: -High Inrush current & harmonics is a generic problem wind generators during grid connection.
The designed SCR based soft-starter successfully limits the high inrush current during the connection of the
wind-turbine system to the grid. The proposed SCR based soft starter using will be simulating in PSCAD on a
three-phase induction generator. Expected results will show a significant reduction in high inrush current and
smooth connection of the three phase induction generator to the grid with small impact on the power quality. A
small-scale wind turbine coupled three phase induction generator is an attractive choice for an isolated grid
hybrid power system in remote areas because of its low cost, compactness, ruggedness, high reliability, low
inertia and ease in control. In this work, a SCR based soft starter for limiting the high inrush current during the
connection of the small-scale wind turbine coupled three phase induction generator to an isolated weak grid has
been proposed. Soft-starter is designed to reduce inrush current or surge in current while achieving a proper
synchronism between the generator and the grid.

Keywords: - Control system, Grid, PSCAD, SCR, Soft starter, Wind Turbine.

l. INTRODUCTION
The vast majority of the wind turbines in the world are equipped with grid-connected induction generators.
Single phase or three-phase squirrel cage rotor type induction generators are preferred rather than synchronous
generators because of their cost-effectiveness, robustness, compactness, ruggedness, low inertia and the need of
little maintenance [1]. For large scale distributed power supply three-phase induction generators are extensively
used. Directly connected induction generator based wind turbines of more than 800 KW are normally equipped
with soft-starter to limit massive inrush current to the supply and to connect the system smoothly to the grid
without massive mechanical shocks or vibrations that could damage the gear box, bearings and the couplings
[2]. In paper [1-5, 7] a few techniques for the soft starter of induction generator has proposed and implemented.
Soft-starters based on semiconductor devices such as thyristors, triacs, IGBTs and power resistors have been
described in paper [2-5]. All of the soft-connection strategies are done for either three phase large induction
machines or for single phase motors. Past research indicates that soft-starters are widely used during the start up
of induction motors/AC motors in industrial drives applications [8], [9], [10], [11], [12] to reduce mechanical
stresses on the drive system and electrical stresses on the electrical supply. In wind power applications, directly
connected squirrel cage induction generator needs to be equipped with soft-starter to minimize the effect on
wind turbine generation system during the process of connecting of the wind turbine system to the grid [13],
[14], [15], [16]. As the self-excited induction generator of a fixed-speed wind turbine is directly connected to the
grid, a soft-starter is used to reduce the inrush current during connection. There are few techniques have been
found in the literature which are extensively used as a soft-starter in wind power generation system. A 20 kW
Gazelle wind turbine [21] has been commercialized by Gazelle Wind Turbines Ltd which uses SCR based soft-
starter to reduce the inrush current during synchronism. The above recommended soft-connection strategies
have been used for 15kW or more rated wind e