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ABSTRACT 
The paper presents research in the understanding of how the manufacturing control parameters affect the 

physical processes inside low pressure plasma etch reactor. The flow inside the reactor varies from continuum 

flow to near free molecular flow. In addition, electromagnetic effects are important due to rf heating, magnetic 

confinement, and wafer potential bias acceleration. Numerical simulation allows the full characterization of both 

neutral and ion behavior inside the reactor. With simulation, it is also possible to study etch reactor design 

changes before building of hardware.  
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I. BACKGROUND (PLASMA ETCH 

REACTOR) 
Plasma etch is the use of a plasma, 

generated with suitable gases, to chemically remove 

material from the wafer surface. So the plasma etch 

is to reproduce the etch mask in the film on the 

surface of the wafer or to chemically remove 

material from the wafer surface in a less specific 

way. The mask pattern may be transferred to a film 

or stack of films that have been deposited on the 

wafer or etched into the silicon wafer itself. For 

many critical manufacturing steps, the etch process 

must also be able to shape the feature being 

produced on the wafer surface in a specified way. 

Plasma etch is also used to chemically remove films 

that completely cover the wafer. The most critical 

application of plasma etch, which results in properly 

shaped features produced on the wafer. 

 

 
Fig 1. Schematic Diagram of Plasma Etch Reactor 

 

The plasma etch process includes both the 

chemical removal of material and the deposition of a 

thin coating of material to protect selected areas and 

assist in creating the desired features on the wafer. 

Physical bombardment of the wafer with accelerated 

ions is often utilized to assist in the process although 

there are several plasma etch operations that do not 

require bombardment 

 

II. ABOUT PLASMA SILICON ETCHING 

The progress of digital electronics and 

information technology based on silicon devices that 

followed the 1947 invention of the transistor at Bell 

laboratories is unprecedented in the history of 

technology. The driving force behind this progress 

has been the miniaturization of devices during the 

past few decades. Low pressure radio frequency (rf) 

glow discharges, called low temperature plasmas, 

has been widely used in the fabrication of 

microelectronic devices and the manufacture of new 

materials. Unlike dc glow discharge plasmas, low 

temperature r.f. plasma are maintained even in an 

electrode less chamber as well as between metallic 

and dielectric electrodes. They are used to produce 

chemically activated neutrals and ions responsible 

for surface reactions I plasma etching and in plasma 

chemical vapor deposition. 

In silicon fabrication, chemical removal of 

polysilicon or amorphous silicon and silicon nitride 
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layers can be performed using both wet and dry 

etching techniques. Dry etching is especially well-

suited for precise line width and profile and 

nanostructure fabrication. However, wet etching still 

plays an important role where line size or profile 

control is not critical, or where the removal of a 

blanket film is required. For such applications, wet 

etching can offer advantages of high etch rate 

combined with high selectivity to dissimilar material 

layers, while avoiding the problem of plasma or 

radiation damage that may be present in dry etching 

techniques. 

III. INTRODUCTION 

Micro-electronic circuits wafers are 

typically manufactured using plasma etch reactors. 

Manufacturing is accomplished by depositing layers 

of conducting or insulating material onto a silicon 

wafer and then etching circuit features into them. 

The etch process involves bombarding the silicon 

wafer with a reactive neutral gas and an ion stream 

in a near-vacuum condition to carve out circuit 

features in a preferred direction. In order to improve 

the manufacturing process, increase yield, and raise 

quality, the flow field inside a chlorine plasma etch 

reactor is under study.  

 

 
Fig 2. Schematic of Typical Plasma Etch Reactor with the Process of Silicon Etch 

 

IV. RESEARCH PBJECTIVES AND 

IMPACTS 
The general objective of the proposed work 

is to develop and research is to aid in the 

understanding of how the manufacturing control 

parameters affect the physical processes inside a low 

pressure plasma etch reactor. The flow inside the 

reactor varies from continuum flow to near free 

molecular flow. In addition, electromagnetic effects 

are important due to rf heating, magnetic 

confinement, and wafer potential bias acceleration. In 

order to correctly model the convective and diffusive 

transport as well as the chemistry and 

electromagnetic effects, particle methods (DSMC-

PIC) are used. Computations are carried out on a 

massively parallel architecture IBM SP2. The work is 

done in collaboration with industrial partners who 

provide the specifics of reactor design and 

experimental data. Numerical simulation allows the 

full characterization of both neutral and ion behavior 

inside the reactor. With simulation, it is also possible 

to study etch reactor design changes before building 

of hardware.  

 

V. TECHNICAL APPROACHES 
The objective of the proposed work is to develop 

and provide numerical solutions to each specific 
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etching parameter configuration of the circuit 

component. 

 Etching process and Selecting of a Nozzle 

 Dimensions 

 Shape 

 Material 

 Flux 

 Mass of the material etched and deposited. 

 

 
Fig 3. Plasma Etch Reactor Flow Field 

 

A. Etching Process 

The semiconductor processing technology 

field reactive ion etching  (RIE) that realized a 

directional etch profile without an undercut for fine 

line delineation was developed. Now a days most 

popular etching SiO2 with SAC (self aligned 

contact) process, especially the RIE system and the 

high selective SiO2 etching applying to the SAC 

process. The selective etching of SiO2 over Si was 

performed by fluorocarbon (CF) gas. The process in 

the RIE with CF4 and H2 gas mixture as shown in 

figure 4, where H2 flow rate increasing   and Si flow 

rate decreasing, so the ratio of flow rate H2/CF4 = 

70%. The results shown us SiO2 high selective 

condition, the Si surface is covered by a CF thin 

film, so the CF thin film protected the surface from 

ion bombardment.  CF gave very high selectivity 

between the films; even CF caused film deposition 

on the oxide. Based on the ion beam experiment 

results, it was investigated that the plasma chemistry 

utilizing C4F8 gas in the magnetron RIE. C4F8 gas 

was decomposed as follows: 

 

 
Fig4. Figure 4 Etch rate SiO2/Si in RIE as a function of CH4 and H2 Gas mixture ratio 
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Plasma etching in the project we used 

reactor setup of 27 MHz radio frequency (RF) 

excited capacitive coupled plasma (CCP) source 

with some diagnostics. Gas and flow rate C4F8 was 

11 sccm (standard cubic centimeter), Gas pressure 

30 mTorr,  

800 KHz wafer bias and top plate mat was 

Si and C. RF and CCP as a reference for the tool 

evaluation, because it is very high etch 

performance and its uniformity of plasma in the 

narrow gap makes it easier to analysis the reactions 

in the gas phase and surface.  

 

 
Fig5. Reactor Setup 

 

B. Selecting of a Nozzle 

The parameters for the plasma reactors in figure 3 

used in the project were summarized in Table 1. It 

is not easy to compare them since many external 

parameters are so different in each tool, such as the 

volume, gases, flow rate, pressure, etc. However, 

the table shows some interesting aspects for 

controlling processing plasma.  

 

C. Summary 

The following is the summery of the investigated 

1. Etching rate would be considered for 

deposition rate.  

2. Plasma growth technique used, rate of growth 

inversely related to temperature.  

3. Selection of opening shielding spot.  

4. Logical calculation for the parameters. 

5. How much material to etch.  

6. A magnetron RIE tool and an SAC hole 

process were introduced as tropics for the 

technology evolution. This research conducted 

on the SiO2 etching using CF plasma. The CF 

gas molecule is proposed as important 

parameters to control the gas dissoSciation and 

etch species flux to the surface. An etch 

reaction model was proposed and successfully 

predicted the etch rates of Si containing 

materials. Requirements for the development 

of next generation etch tools were discussed. 

 

VI. CONCLUSIONS 

For flow field inside plasma etch reactor, 

impressive experimental techniques exist that can 

be used to obtain the information required to 

develop a quantitative description of plasma-

surface interactions relevant to plasma etching. A 

strong need exists to develop and employ beam 

sources of realistic plasma species in order to 

facilitate controlled investigations of relevant 

plasma-surface interactions. An improved 

understanding of the interaction of specific reactive 

particles with a surface and the synergistic effects 

that become important when several species react 

simultaneously, coupled with modeling should 

make it possible to identify key mechanisms. The 

situation is not as promising for microstructures. 

Novel phenomena that are absent for surfaces occur 

in microstructures and ultimately determine the 

usefulness of a particular plasma process. 

Significant efforts will be needed to further develop 

means to establish particle fluxes and identify 

fundamental surface processes in microstructures 

as a function of microstructural dimensions.  
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VII. NUMERICAL SOLUTIONS 
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Abstract. Solar energy is emerging as one of the most promising sustainable 

energy sources. Solar photovoltaic systems vary greatly in terms of size and 

cost. Understanding the economics of a solar photovoltaic (PV) system is one 

of the most effective considerations when deciding on solar energy. In this 
paper, we focus on the cost analysis of a 5KWp (Kilo Watt Peak) solar plant. 

Here we calculate the payback period as well as the efficiency of the small solar 

plant. We also estimate the carbon footprint which is a very important factor for 

our environment.   
 

Keywords: solar PV module, monthly power consumption, simple payback 

period, Carbon Footprint. 

1   Introduction 

In Solar photovoltaic (PV) systems, solar energy is directly converted into electrical 

energy. PV Systems can be any size from a single panel about 200 Watts to hundreds 

of panels totaling tens of thousands of Watts [1][2]. This paper aims to estimate real 

value cost analysis of the 5KWp (Kilo Watt Peak) Solar Power Plant at JIS College of 

Engineering. This paper focuses on 

 Estimation of cost for installation of 5KWP solar photovoltaic power plant. 

 Observation of the month-wise (Jan to Dec) consumption of power 

throughout the year. 

 Simple Payback Period calculation of a 5KWP solar photovoltaic (PV)  

power plant and  Payback Period calculation with respect to changing the 

value of the money over time and degradation of the power generation of the 

system [3][4]. 

 Estimation of carbon footprint. 



2   Estimation of the installation cost of 5kwp solar PV module 

2.1   Cost of Solar Panels 

The Solar panels are used here manufactured by Sova Power Limited. The modules 

used are SS250P series 60 cells 250Wp. The cost of a single panel is Rs. 11,102. 15 

such panels are used. So the total cost comes to Rs. 2,22,043. After including VAT at 

the rate of 5% the final cost of the panels is Rs. 2,33,730. 

2.2   Cost of Inverters 

The inverter and power conditioning unit used is manufactured by KACO. The model 

is Powador 5002. The cost of the inverter is Rs. 1,18,000. After including VAT at the 

rate of 5% the final cost of the inverter comes to Rs. 1,23,900. 

2.3   Cost of other accessories 

Other accessories used which include 4 in 1 array junction box, module mounting 

structures, LT panel, cables, earthing system, lightning arrester, Energy Meter, 

Temperature Sensor, and other accessories as per requirements is Rs. 3,40,370. So the 

total cost for setting up the plant comes to Rs. 6,98,000. Therefore, Cost/Wp = Rs. 

6,98,000/5000 = Rs. 139.60. 

 

 

 

Fig. 1.  Solar Photovoltaic Power Plant at JIS College of Engineering. 



3   Efficiency of PV Module 

The efficiency of PV modules is calculated as follows: 

  A commercially available module has the following given parameters. The peak 

power rating of the module (Wp) and the area of the module (m
2
). Dividing the peak 

power rating by the area of the module, we get Wp/m
2
 [5], [6]. Since the modules are 

rated at STC of 1000 W/m
2
, the efficiency of the module can be written as: 

  Efficiency = (Wp / m
2
)/(1000 W / m

2
) × 100% 

  Now the Area of one module is 1.639 × 0.639 = 1.609498 m
2
 

  So, Efficiency of our module = ((250/1.609498) / 1000) × 100% = 15.53% 

The efficiency rating of the modules provided by Sova Solar is 15%, so we have to 

take it for all calculations. 

4   Observation of month wise power consumption 

The control room of the 5KWp solar PV plant collects several values continuously. 

Here we collect values like daily peak power, KWh, CO2 savings, Mt. output in hr., 

Opt. hrs for a day, energy meter readings and load in KWh for the year 2014. The 

values of these parameters are collected month wise. Here three sample months 

(March, April and  May) energy consumption is given. In this way, energy 

consumption throughout a year is collected and analyzed. 

Table 1.  Energy consumption for March 2014 

Date 

Daily 

Peak 

Power 
(KW) 

Meter 

Yield 

(KWH) 

Yield 

Today 

(kwH) 

CO2 

Savings

(Kg) 

Mt. 

Opt. 

Hrs 

Opt. 

hrs. 

Today 

Opt. 

Hrs. 

Total 

Energy 

Meter 

(KWH) 

Load 

(KWH) 

1st 3.535 742.1 12.300 406 470:18 3:35 470:18 753.0 7.8 

2nd SUNDAY 
3rd 3.976 758.1 16.143 423 494:50 11:25 494:50 773.0 9.5 

4th 3.856 781.2 23.100 436 506:15 11:30 506:15 795.9 10.4 

5th 3.912 804.3 23.125 448 519.17 11:30 519:18 818.9 11.3 

6th 1.251 825.8 21.500 460 531:34 11:30 531:34 840.4 12.2 
7th 3.743 850.5 24.729 474 543:33 11:21 543:33 864.9 13.7 

8th 3.624 871.9 21.400 482 554:54 03:40 554:54 885.9 13.9 

9th SUNDAY 

10th 4.313 914.7 19.407 510 580:43 11:23 580:43 928.8 14.2 
11th 3.430 935.8 21.072 522 592:06 11:35 592:06 949.8 15.0 

12th 3.624 955.3 19.500 533 605:39 11:50 605:39 969.2 15.5 

13th 3.068 970.3 15.057 541 617:49 11:39 617:49 984.3 19.8 

14th 3.511 992.5 22.146 553 630:18 11:44 630:18 1006.0 22.9 
15th 1.367 994.2 6.700 557 642:02 03:35 642:02 1011.5 25.3 

16th SUNDAY 

17th H0LI 

18th 2.127 1007.2 13.000 562 645:37 10:50 645:37 1021.3 28.5 
19th 2.115 1024.3 17.100 571 656:27 11:10 656:27 1039.5 34.0 



20th 1.238 1042.2 17.870 581 667:37 11:17 667.37 1060.2 40.3 

21st 1.709 1062.3 20.100 592 678:54 11:07 678:54 1081.4 42.9 
22nd 3.127 1088.4 26.13 606 690:01 03.37 690:01 1107.3 44.3 

23rd SUNDAY 

24th 2.923 1114.5 26.150 623 710:47 10:10 710:47 1138.7 46.3 

25th 3.666 1140.7 26.200 636 720:57 11:12 720:57 1159.2 47.3 
26th 2.051 1149.6 8.900 641 732:09 10:37 732:09 1168.0 48.5 

27th 3.503 1171.6 21.500 653 742:02 10:16 742:02 1190.4 51.6 

28th 3.692 1194.4 22.800 666 752:18 06:55 752:18 1213.7 52.8 

29th 3.424 1200.8 6.400 670 759:13 03.25 759:13 1217.5 53.6 
30th SUNDAY 

31th 3.349 1210.8 10.000 675 762:38 11:30 762:38 1230 56.1 

          

Table 2.  Energy consumption for April, 2014 

Date 

Daily 

Peak 

Power 

(KW) 

Meter 

Yield 

(KWH) 

Yield 

Today 

(kwH) 

CO2 

Savings

(Kg) 

Mt. Opt. 

Hrs 

Opt. 

hrs. 

Today 

Opt. 

Hrs. 

Total 

Energy 

Meter 

(KWH) 

Load 

(KWH) 

1st 3.813 1228.8 18 685 774:08 12:10 774:08 1247.9 58.3 

2nd 3.212 1248.2 19.45 697 786:18 11:35 786:18 1267.7 60.1 

3rd 3.425 1267.7 19.45 707 797:53 12:10 797:53 1287.5 61.5 
4th 3.854 1287.8 20.1 719 810:03 11:43 810:03 1308.7 67.1 

5th 3.102 1300.1 12.35 727 821:46 3:40 821:46 1315.4 68.7 

6th SUNDAY 

7th 3.219 1355.1 21.23 756 850:54 11:47 850:54 1374.4 70.2 
8th 3.074 1374 18.9 766 862:01 11:48 862:01 1393.2 70.8 

9th 3.104 1391.2 17.2 776 873:49 11:24 873:49 1410.4 73.5 

10th 3.264 1413.1 21.9 788 885:13 11:35 885:13 1432.1 76.5 

11th 1.578 1428.2 15.1 797 896:48 11:40 896:48 1447.9 78.1 
12th 2.843 1438.7 10.5 805 908:28 3:40 908:28 1455.8 79.1 

13th SUNDAY 

14th 3.221 1494.2 28.7 833 930:15 12:15 930:15 1482.5 80.5 

15th BENGALI NEW YEAR 
16th 3.033 1543 19.5 861 954:35 12:30 954:35 1562.2 84.2 

17th 3.756 1572.1 29.1 872 967:05 12:35 967:05 1579.5 85.3 

18th GOOD FRIDAY 

19th 2.972 1593.7 18.4 888 1002:45 3:43 1002:45 1599.8 86.1 
20th SUNDAY 

21st 2.425 1612.1 19.65 899 1030:15 12:08 1030:15 1631.4 87.3 

22nd 3.05 1630.8 18.7 910 1042:23 12:30 1042:23 1650.2 88.8 

23rd 2.977 1650.2 19.4 921 1054:53 12:19 1054:53 1669.6 90.9 
24th 3.002 1668.8 18.6 931 1067:12 12:07 1067:12 1688 93.5 

25th 3.434 1691.6 22.8 943 1080:22 12:30 1080:22 1710.6 95.2 

26th 3.221 1703.2 11.6 950 1092:52 3:25 1092:52 1723.8 96.1 

27th SUNDAY 
28th 2.707 1737.2 16.87 969 1121:13 12:17 1121:13 1756.3 97.5 

29th 2.783 1749.7 17.86 976 1133:30 12:30 1133:30 1772.3 102.3 

30th 2.753 1767.6 17.86 986 1146:12 12:24 1146:12 1787.7 108.3 



Table 3.  Energy consumption for May, 2014 

Date 

Daily 

Peak 

Power 
(KW) 

Meter 

Yield 

(KWH) 

Yield 

Today 

(kwH) 

CO2 

Savings

(Kg) 

Mt. Opt. 

Hrs 

Opt. 

hrs. 

Today 

Opt. 

Hrs. 

Total 

Energy 

Meter 

(KWH) 

Load 

(KWH) 

1st MAY DAY 

2nd 2.864 1802.7 17.46 1006 1172:47 12:17 1172:47 1822.7 111 
3rd 3.414 1811.9 9.2 1013 1185:04 3:35 1185:04 1835.5 112.6 

4th SUNDAY 

5th 3.588 1847.7 22.1 1031 1213:05 12:15 1213:05 1867.8 114 

6th 3.743 1869.1 21.4 1043 1225:20 12:25 1225:20 1889.1 115.8 
7th 4.14 1891 21.9 1055 1237:45 12:30 1237:45 1910.1 117.2 

8th 2.156 1909 18 1066 1250:15 12:43 1250:15 1932.6 119.1 

9th 2.075 1931.1 22.1 1078 1262:53 12:07 1262:53 1954.6 121 

10th 2.707 1944.3 13.2 1086 1275:00 3:25 1275:00 1964.7 121.9 
11th SUNDAY 

12th 3.321 1989.5 22.33 1110 1307:25 12:20 1307:25 2013.8 123.5 

13th 2.841 2011 21.4 1122 1319:45 12:45 1319:45 2034.7 124.1 

14th 3.2 2032.5 21.5 1134 1332:30 12:38 1332:30 2056 125.8 
15th 3.5 2055.1 22.6 1147 1345:08 12:20 1345:08 2078.5 127.5 

16th 3.29 2077.6 22.5 1159 1357:28 12:30 1357:28 2100 129 

17th 3.121 2087.7 10.7 1167 1369:58 3:34 1369:58 2112.4 130.1 

18th SUNDAY 
19th 3.068 2139.7 20.98 1194 1402:14 12:48 1402:14 2162.7 131.7 

20th 3.108 2161 21.3 1206 1415:02 12:43 1415:02 2183.9 133.2 

21st 3.371 2181.9 20.9 1218 1428:03 12:19 1428:03 2204.8 134.7 

22nd 3.245 2202.2 22.3 1225 1440:22 12:30 1140:22 2224 136.8 
23rd 3.238 2222.5 20.2 1240 1452:52 12:28 1452:52 2245.6 145.4 

24th 3.332 2235.7 13.2 1250 1465:30 3:30 1465:30 2258.9 146.1 

25th SUNDAY 

26th 4.186 2262.2 10.21 1262 1497:21 12:08 1497:21 2285.3 148.2 
27th 4.188 2267.2 5 1265 1509:29 12:46 1509:29 2290.4 149.8 

28th 4.157 2285.2 18 1275 1522:15 12:28 1522:15 2308.6 151.9 

29th 3.617 2304.7 19.5 1286 1534:43 12:23 1534:43 2328 154.1 

30th 3.282 2325.2 20.5 1298 1547:06 12:14 1547:06 2348.5 157 
31th 3.125 2333.6 8.4 1305 1559:20 3:30 1559:20 2356.7 158.1 

          

Table 4.  First year’s (2014) revenues from energy saved at present cost 

Month 
Total Reading Of Energy Meter 

(Kwh) 
Per Unit Cost  

(Rs.) 
Total Cost  
(Rs.) 

JANUARY 225.3` 6 1351.8 

FEBRUARY (740.7-225.3)=515.4 6 3092.4 
MARCH (1230-740.7)=489.3 6 2935.8 

APRIL (1787.7-1230)=557.7 6 3346.2 

MAY (2356.7-1787.7)=569 6 3414 

JUNE (2811.5-2356.7)=454.8 6 2728.8 
JULY (3236.6-2811.5)=425.1 6 2550.6 

AUGUST (3719.6-3236.6) 6 2898 



SEPTEMBER (4150.2-3719.6)=430.6 6 2583.6 

OCTOBER (4465.4-4150.2)=315.2 6 1891.2 
NOVEMBER (4791.1-4465.4)=325.7 6 1954.2 

DECEMBER (5222.5-4791.1)=431.4 6 2588.4 

Total Energy 

Saving(2014) 
5222.5 6 31,335 

    

5   Payback period analysis 

A simplified form of cost/benefit analysis is a simple payback technique. In this 

method, the total cost of the system is divided by the first-year energy cost savings 

produced by the system [7]. 

    Simple Payback time (years) = Total cost of the system / Annual Saving. The 

simple payback period is only a simplistic measure and gives the number of years 

needed for a system to pay itself off. It is considered that the modern, high quality 

solar panels have an expected life of approximately 30 years [8]. 

    This method omits several significant cost factors, including the cost escalation rate 

and the cost of capital. Thus, simple payback analysis can overestimate the actual 

payback period and, consequently, the length of time to recoup the investment 

Total cost of the system = Rs 6,98,000 

     Electricity Rate = Rs 6/ unit (according to WBSEDCL for the year 2013-14). 

(1unit = 1KWh) 

Energy consumed by the plant in 1st year= 5222.5KWH 

Therefore Annual Savings from the power plant =5222.5*6 = Rs 31,335 

Therefore,   Simple Payback time = (6, 98,000/31,335) =22.27 Years 

6   Calculation of payback period with respect to changing value of 

money over time 

It is considered that per unit Electricity bill is increasing at a rate of 6% and also the 

power generation of the solar panel is reducing at a rate of 1%. Practically it may not 

happen as linearly as mentioned above. It is only our pre- assumption. 

Table 5.  Year wise cost saving calculation for 25 years 

Year 
Per Unit 

Rate(Rs) 

Total     Energy 

Consumption(Kwh) 
Total Rate(Rs) 

2014 6 5222.5 31,335 
2015 6.36 5170.2 32,883 

2016 6.74 5118.5 34,499 

2017 7.14 5067.3 36,180 

2018 7.57 5016.6 37,976 
2019 8.02 4966.4 39,831 

2020 8.50 4916.7 41,792 



2021 9.00 4867.5 43,807 

2022 9.54 4818.8 45,971 
2023 10.11 4770.6 48,231 

2024 10.71 4722.9 50,582 

2025 11.35 4675.6 53,069 

2026 12.03 4628.8 55,685 
2027 12.75 4582.5 58,427 

2028 13.51 4536.6 61,290 

2029 14.32 4491.2 64,314 

2030 15.17 4446.3 67,450 
2031 16.08 4401.8 70,781 

2032 17.04 4357.8 74,256 

2033 18.06 4314.2 77,914 

2034 19.14 4271.0 81,748 
2035 20.28 4228.2 85,750 

2036 21.50 4185.9 89,997 

2037 22.79 4144.0 94,442 

2038 24.15 4102.5 99,076 
    

Table 6.  Twenty five years (2014-2038) revenues from energy saved at changing value of 
money over time 

Year Total Cost(Rs.) Total Cost With Previous Year(Rs.) 

1st Year(2014) 31,335 31,335 

2nd Year 32,883 64,218 

3rd Year 34,499 98,717 
4th Year 36,180 1,34,897 

5th Year 37,976 1,72,873 

6th Year 39,831 2,12,704 

7th Year 41,792 2,54,496 
8th Year 43,807 2,98,303 

9th Year 45,971 3,44,274 

10th Year 48,231 3,92,505 

11th Year 50,582 4,43,087 
12th Year 53,069 4,96,156 

13th Year 55,685 5,51,841 

14th Year 58,427 6,10,268 

15th Year 61,290 6,71,558 
16th Year(2029) 64,314 7,35,872 

17th year 67,450 8,03,322 

18th year 70,781 8,74,103 

19th year 74,256 9,48,359 
20th year 77,914 10,26,273 

21th year 81,748 11,08,021 

22th year 85,750 11,93,771 

23th year 89,997 12,83,768 
24th year 94,442 13,78,210 

25th year(2038) 99,076 14,77,286 

   

 



    Consequently, it is calculated by 16 years (From 2014 to 2029) and it is found that 

the total amount of Saving cost is Rs.7,35,872. So after 16 years, the 5KWP system 

will be fully offset. The warranty period of the Photovoltaic module is 25 years that’s 

why the next 9 years (From 2029-2038) calculation is also conducted. 

 

 

Fig. 2.  Variation Power Consumption with respect to year 
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Fig. 2.  Variation of Economical Status with respect to year 

7   Estimation of Carbon Footprint 

A carbon footprint is the total sum of greenhouse gas (GHG) emissions caused by an 

organization, event, product or a person. If we are aware, the increasing concentration 

of GHGs in the atmosphere can accelerate climate change and global warming, it is 

very necessary to measure these emissions from our day to day activities. The first 

step towards managing GHG emissions is to measure them.  



    According to the Government of India CO2 Emission Factor (EF) for electricity is 

0.82 kg CO2 per kWh[9]. Now for the year 2014, the KWh Energy Consumption from 

Solar Panel is 5222.5 KWh. Our day to day activities are moreover dependent on 

electricity which is mostly coming from coal based power plants. 

    So without using solar energy if we use electricity then the amount of CO2 

Emission is = Input value (in KWh/Yr) × 0.82 (Emission Factor) = 5222.5 KWh × 

0.82 = 4282.45 Kg. Divide final value with 1000 so that we get total carbon footprint 

in ton of CO2. So the final Carbon footprint in tons of CO2 (tCO2) is 4.28 tCO2. Thus 

if we use solar energy, then this much of CO2 Emission can be reduced. 

8   Conclusion 

The guaranteed period of solar photovoltaic system is almost 25 years. For new 

construction it can be used to evaluate conventional construction to energy-efficient 

design alternative. In simple payback analysis, it is assumed that the service life of the 

energy efficiency measure will equal or exceed the simple payback time. An 

investment with a longer payback period may be more profitable than an investment 

with a shorter payback period if it continuous to yield saving for a longer period. Over 

the last 20 years the cost of solar system has comes down seven fold. As the demand 

for system rises and manufacturing volume increases, cost will decrease, and 

economic payback time will decrease. 
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Abstract
The role of the microgrid to meet up the localized power demand is of immense importance considering the growing power

demand as well as grid inadequacy in Indian power scenario. Apart from meeting localized power demand with various

distributed generating sources microgrid can render support to the adjacent main grid or similar localized grid as when

needed. This paper presents the techniques for identifying placement sites for Phasor Measurement Units (PMUs) in a

microgrid system based on complete observability of the system. The main objective of optimal placement of PMU

problem is to determine a minimal set of PMUs such that the whole system is observable. This study has been done on a 14

bus test model with the help of PSAT.

1 Introduction

A microgrid is a localized integration of small distributed

electrical energy resources and loads to fulfill the demand

of local consumers. The various distributed energy

resources which can be used in a microgrid are solar PV

cells, small wind turbines, fuel cells, microturbines, bio-

mass energy etc. Microgrids may operate in isolated or

may be connected to the traditional power grid.

Microgrid involved the connection of multiple smaller

energy resources to the distribution network and these

energy resources are allowed to operate when the tradi-

tional grid is disconnected. The adoption of the intercon-

nected microgrid to the existing distribution network is

thought to improve efficiency and reliability of microgrid

network with integrated distributed generation (DG) which

provides a necessary advancement towards making an

electric power grid a smart grid.

A communicable microgrid is basically developing a

model so that communication between two or more adja-

cent microgrid can be established regarding the mutual

exchange of active and reactive power.

A system-wide dynamic analysis and control of the dis-

tribution grid are, therefore, seem crucial for optimal system

operation. This would require new phasor data, coming from

Phasor Measurement Units (PMU), be incorporated into the

functions of microgrid system management (Phadke and

Thorp 2006; Mohsenian-Rad et al. 2018).

Phasor Measurement Units (PMU) have been in use in

the power transmission system in order to provide accurate

voltage and current phasor measurements, which can be

used in various control, protection, and monitoring appli-

cations (Pignati et al. 2017). PMU gives real-time mea-

sured data of voltage, current, phase angle, frequency

which are GPS time stamped. The data provided by the

PMU are then collected at the Phasor Data Concentrator

(PDC) that process data, sorts them and consequently

aggregates them for more efficient decision making (Ash-

ton et al. 2013; La Ree et al. 2010).

2 Complete observability

Complete observability refers to the PMU placement sce-

nario when the number of locations of the PMUs are suf-

ficient to determine the complete set of bus voltages of a

power system.
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The objective of the optimal placement of PMU is to

minimize the number of PMUs (np) and the optimal loca-

tion S (np) of the PMUs in order to ensure complete

observability. The optimal placement problem can be for-

mulated as:

Min np max R np; S np
� �� �� �

:

Such that:

Obs np; S np
� �� �

¼ 1;

where R (np, S (np)) is the redundancy measurement index

and Obs is the observability evaluation logical function.

3 Literature review

The main goal of a typical OPP problem is to minimize the

required number of PMUs to be placed while maintaining

the complete system observability. The optimal PMUs set

can maintain that complete power system as a single

observable island.

In Sandhya Rani (2015) author describes optimal PMU

placement techniques using linear integer programming

method in MATLAB. In Kaur et al. (2016) author

describes different PMU placement techniques in PSAT. In

Singh (2014) author presented the Phasor Measurement

Unit (PMU) is an important tool for monitoring and control

of the power system. The model gives real-time, synchro-

nized measurements of voltages at the buses and also

current phase values which correspond to those buses

where this PMUs are located. A topological approach to

determine the optimal PMU placement in order to make the

system completely observable using binary integer linear

programming also has been presented. The above-proposed

formulation is tested on various IEEE test systems (Buses)

and results so obtained for complete observability of sys-

tem at normal condition and with loss of single PMU are

also formulated in this paper.

4 PSAT model of a 2 MW microgrid

PSAT is a matlab toolbox for electric power system anal-

ysis and control operation. PSAT includes power flow,

continuation power flow, optimal power flow, time domain

simulation and small signal stability analysis. All opera-

tions can be assessed by means of graphical user interfaces

and a Simulink-based library provides a user friendly tool

for network design.

The microgrid has been integrated into the bus 15 and

bus 16 with the existing system. The power rates of the

units forming the MG system have been selected as

follows; PV had 1 MW and the wind model had 0.5 MW

power rates (Fig. 1).

5 Results and discussions

For optimal placement of PMU, there are several methods

like Depth First, Graph theory, Simulated Annealing, Rec.

(N-1) spanning Tree procedure (Kaur et al. 2016). Here all

the methods of optimal placement of PMU are compared

using the simulation of the model of a small (2 MW)

Microgrid with the help of Power System Analysis Tool-

box (PSAT) and the analysis of their merits and demerits

are carried out. Different optimization techniques like

Depth First, Graph theory, Simulated Annealing, Rec. (N-

1) spanning Tree and their algorithms of optimization are

described in the paper (Manousakis et al. 2011; Sutar and

Verma 2013).

The optimal placement of PMU decreases the number of

PMUs which reduces the cost and obtains better power

network operation and monitoring (Venugopal et al. 2010;

Sadeghi-Mobarakeh et al. 2018).

Fig. 1 PSAT model of a small (2 MW) microgrid
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It is seen that if we use simulated annealing method for

optimal placement of phasor measurement unit then we

required a minimum number of phasor measurement unit

(Table 1). So the cost will be reduced. In these four dif-

ferent methods, there are no non-observable buses present

(Figs. 2, 3, 4, 5).

6 Power flow in 2 MW microgrid

The power flow in the 2 MW microgrid and the total

generation, load and losses of this particular microgrid are

listed in the following tables. In Table 2 each bus voltage,

phase angle of each bus, active and reactive power of these

buses are listed.

In Table 3 total generation, losses and loads of the

2 MW microgrid system are listed below. Here we can see

the total load of the system is 1.7168 MW.

Table 1 Comparison of different techniques for optimal placement of PMU

Method Elapsed time (s) Number of PMUs Placement

Depth first (Manousakis et al. 2011) 0.075335 7 1, 4, 6, 8, 10, 14, 15

Graph theory (Manousakis et al. 2011) 0.078537 7 1, 4, 6, 10, 14, 15, 16

Simulated annealing (Sutar and Verma 2013) 0.44703 4 2, 8, 10, 13

Rec. (N-1) spanning tree (Sutar and Verma 2013) 0.17209 8 1, 3, 4, 6, 8, 10, 13, 14

Fig. 2 Linear static state estimation report using depth-first method

Fig. 3 Linear static state estimation report using graph theory method

Fig. 4 Linear static state estimation report using Rec. (N-1) spanning

tree method

Fig. 5 Linear static state estimation report using the simulated

annealing method
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7 Conclusion

PMU and their application have brought revolution in wide

area monitoring system. Optimal placement of PMU is one

step towards the concept of the smart grid. Practically, it is

not possible to place PMU in all buses in a system, because

PMUs are still expensive. Therefore, it is now very important

to select theminimal number of PMUs and their locations for

complete system observability. The optimal placement of

PMU decreases the number of PMUs which results in the

reduction of costs. Use of PMUs in the power system

increases the reliability of the power system. It is, therefore,

possible to fully monitor the system by using fewer numbers

of PMUs than the total number of buses present in the system.
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Table 2 Power flow in the

2 MW microgrid
Bus V (kV) Phase (rad) P gen (MW) Q gen (MVar) P load (MW) Q load (MVar)

Bus1 0.429525 0 1.115354 - 0.47202 0 0

Bus10 0.463606 - 0.10841 - 1.4E - 13 6.78E - 14 0.0615 0.0426

Bus11 0.456247 - 0.09413 - 8.3E - 15 2.55E - 14 0.0225 0.01171

Bus12 0.416237 - 0.05752 7.05E - 14 6.34E - 14 0.0327 0.0139

Bus13 0.396572 - 0.00073 - 3.9E - 14 2.71E - 13 0.078 0.0428

Bus14 0.432601 - 0.08291 - 1.4E - 13 3.35E - 13 0.1073 0.04

Bus15 0.415 0 0.324357 - 0.85276 0 0

Bus16 0.415 0 0.30404 - 0.02923 0 0

Bus2 0.437825 - 0.06291 0.12 0.399497 0.0502 0.0012

Bus3 0.42745 - 0.12971 - 3.4E - 14 - 0.18544 0.6579 0.143

Bus4 0.450316 - 0.1107 - 6.2E - 13 - 3.5E - 13 0.3376 0.023

Bus5 0.423436 - 0.07428 - 1.4E - 13 3.17E - 13 0.0522 0.0012

Bus6 0.4482 - 0.07424 6.9E - 14 - 1.01686 0.0844 0.053

Bus7 0.459013 - 0.11047 1.7E - 12 2E - 12 0 0

Bus8 0.4399 - 0.1102 3.39E - 13 2.857135 0 0

Bus9 0.470346 - 0.11109 6.43E - 14 4.95E - 12 0.2325 0.1167

Table 3 Total generation, load, and losses in 2 MW microgrid

Total generation

Real power (MW) 1.863751

Reactive power (MVar) 0.700325

Total load

Real power (MW) 1.7168

Reactive power (MVar) 0.48911

Total losses

Real power (MW) 0.146951

Reactive power (MVar) 0.211215
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Abstract
The intermittent nature of solar and wind generation necessitates micro-scheduling of solar and wind 
Renewable Energy Sources (RES), particularly in Micro-grid (MG) networks where system inertia 
is very less. Any fluctuation in the system generation may affect the load demand and vice-versa.   
Thus, it is imperative to analyze the impact of weather parameters on distributed generation and how 
these changes along with the variation in load profile affect the efficiency of power distribution in 
the micro-grid. The present work is focused on the analysis of solar and wind generation based upon 
seasonal variation and highlights the role of power tracing algorithm in MG to determine the individual 
contribution from solar and wind generation. When MGs are being operated by prosumers, Generating 
Companies (GENCOs) for providing power to consumers in varying climatic conditions, it is necessary 
to find out the parameters which affect the efficient operation of an MG network. Such an attempt has 
been made in this work, to simulate various load profiles during different climatic conditions and 
quantify the effect of these changes on the losses in the MG, using the Power Tracing algorithm. The 
results so obtained should empower the intelligence of the Micro-Grid Controller to optimize micro-
scheduling of generation and loading in an MG network to achieve an operational framework with 
minimal losses and also enable justified loss loading on the customer s and GENCOs. The test system 
has been framed considering the standard IEEE-14 bus model with integration of solar PV and wind 
generations and the load profile similar to a real township distribution system .

Keywords : Micro grid,  Microgrid controller, Power tracing , Participation matrix, Loss loading
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Abstract— Integration of Photovoltaic (PV) systems plays a significant role to reduce the use of fossil fuel consumption in 
microgrids. In present scenario, fuel reserves are the great challenges which can be met up with plenty of solar irradiance. In 
this paper, we present modelling of a grid connected PV system.  The MATLAB / Simulink is used to establish a model of 
photovoltaic array. The Simulink model is tested with different temperature and irradiation and resultant I-V and P-V 
characteristics proved the validation of Simulink model of PV array. Maximum Power Point Tracking (MPPT) Technique 
using P&O algorithm has been used as control strategy to extract maximum power from PV module. The VSC controlled 
method along with three level bridge inverter is used to convert the DC voltage to AC. The proper choice of RC bank 
subsequently reduces the harmonic effects to synchronize the output with the grid voltage. Simulation results are presented to 
observe the performance and dynamic behaviour of the proposed system.   

Keywords—Converter, Grid, Perturb and Observe (P&O) algorithm, Maximum Power Point Tracking, Photovoltaic

I.  INTRODUCTION  

In present scenario of power industry, fossil fuel resources 
are becoming insignificant due to their gradual depletion, 
poor energy efficiency, increasing cost and environmental 
pollution. Nowadays, 80% of the total energy demand is 
supplied by fossil fuel. Global energy demand is predicted to 
increase by around 40% higher in the year 2035. So, 
penetration of Renewable Energy Sources is a viable solution 
for the electricity distribution authority which led to a new 
trend of generating power locally by employing solar 
Photovoltaic (PV) cells, biogas, wind power, and fuel cells 
into the utility distribution network [1]. Due to simplicity in 
construction and absence of fuel cost, PV energy is the third 
most significant renewable energy source among all RES in 
terms of globally installed capacity. The generated 
photovoltaic energy is supported by the country’s 

geographical location, environmental temperature and the 
amount of solar radiation are received throughout the year.  
A Grid-connected PV system brings two issues, firstly it 
must be operated at maximum power and secondly, it must 
be synchronized with grid assisting by three power electronic 
converters to provide an alternating voltage and frequency 
level that match with the grid [2]. At the same time this 
alternating voltage should be free from harmonic distortion 
The grid power quality will be affected if the harmonic is 
injected from PV system. Various MPPT techniques are 
available in the literature like Constant Voltage Tracking 
method, Fraction Open-circuit Voltage method, P&O 
method, Incremental Conductance method, Variable Step 
Size method and Artificial Neural Network method to 
enhanced the efficiency of the PV cell among which Perturb 
& Observe (P&O) algorithm is widely accepted [3]. In order  
the PV output with the AC grid the maximum tracked power 
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ABSTRACT
Incorporation of distributed energy resources (DERs) in power distribution networks makes the system combined 

and lively. Presence of DER with variable generating capacity at different locations converts protection coordination 
problem (PCP) to a very challenging one. In this paper, authors have proposed an online adaptive protection scheme 
based on relay coordination to tackle PCP, when renewable energy based distributed generators penetrate power in 
the system with conventional generators. Directional overcurrent relays (DORs) are one of the main elements of 
protection schemes in power systems. The PCP is formulated as nonlinear programming problem with DORs for 
different operating combinations. The adaptive algorithm uses an afresh published optimization technique, namely, 
Symbiotic Organism Search (SOS) installed at SCADA computers. The program is coded in MATLAB to find the 
optimal settings of relay parameters, time dial setting (TDS) and pickup current (Ip) setting, which gives minimum 
operating time during any fault. Operational ability of the algorithm is validated on IEEE 14 bus distribution system 
by varying generation arrangements of DER in different combinations. Every time for slight variation in the system 
fault current level may be due to variation in line parameters or incorporation of new DERs; new relay settings are 
communicated to corresponding relays. The proposed protection scheme is highly flexible to sustain the protection 
coordination among DORs, maintaining reliable coordination margin for each primary/backup relay pair for every 
combination.

Keywords: Distributed Energy Resources; directional overcurrent relay; protection coordination; SOS optimization 
technique; adaptive relay protection.

INTRODUCTION
Nowadays a trend arises to renovate and modernize everything in a smarter way, mainly in the power sectors to 

improve efficiency, safety, security, and reliability. Normally radial distribution systems are protected by overcurrent 
relays (OCRs) because of unidirectional flow of current. But with the insertion of distributed generators (DGs) or 
DERs, they are no longer radial. The flow of current may be bidirectional, which require directional and non-directional 
element both. Increased fault current level enhances the chances of mis-coordination and false tripping tendency in 
protective devices. Considering DER penetration, the PCP had been discussed in Saleh et al. (2015); Ojaghi et al. 
(2013); El-khattam and Sidhu (2009). Different solutions of accepting DER installation in the system were proposed 
in Yazdanpanahi et al. (2014); KAMEL et al. (2013). The sole feature of all the studies is increased value of fault 
currents. That may not satisfy all the protection constraints like coordination criterion, minimum operating time and 
predefined coordination time interval, etc. Use of FCL in DG connected system is a widely used method to reduce fault 
current [Lim et al.,  2012; Lim, S.H. & Kim, J.C. 2012; Najy et al., 2013]. In a distribution system, coordination of 
DORs at different topological conditions was addressed in Noghabi et al. (2009); Urdaneta et al. (1997); Noghabi et 
al. (2010). Ghadiri Anari et al. proposed a Mixed-integer programming (MIP) approach for solving unit commitment 
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Abstract In this paper the authors have dealt with seven

kinds of non-linear Volterra and Fredholm classes of

equations. The authors have formulated an algorithm for

solving the aforementioned equation types via Hybrid

Function (HF) and Triangular Function (TF) piecewise-

linear orthogonal approach. In this approach the authors

have reduced integral equation or integro-differential

equation into equivalent system of simultaneous non-linear

equation and have employed either Newton’s method or

Broyden’s method to solve the simultaneous non-linear

equations. The authors have calculated the L2-norm error

and the max-norm error for both HF and TF method for

each kind of equations. Through the illustrated examples,

the authors have shown that the HF based algorithm pro-

duces stable result, on the contrary TF-computational

method yields either stable, anomalous or unstable results.

Keywords

Non-linear Volterra and Fredholm integral equation of 2nd

kind � Homogeneous non-linear Fredholm

integral equation � Non-linear Volterra and Fredholm

integro-differential equation of 2nd kind �
Non-linear Volterra–Fredholm integral equation �
Non-linear Volterra–Hammerstein integral equation

Introduction

Volterra and Fredholm classes of integral equations play a

critical role in various fields such as, electromagnetic

scattering problems, potential theory and Dirichlet prob-

lems, electrostatics, particle transport problems in astro-

physics and reactor theory, contact problems, diffusion

problems, heat-transport problems and spread of

epidemics.

To solve Volterra Integral Equation (VIE) many tech-

niques have been developed such as, Adomian decompo-

sition method, successive approximation method, series

solution method [1]. Brunner employed an implicitly linear

collocation type method to solve Volterra integral class of

equations [2]. Porshokouhi did a comparative study on

Newton–Kantorovich method, Adomian decomposition

method and homotopy perturbation method for solving

non-linear Fredholm integral equation [3]. Biazar and

Eslami demonstrated a coupling homotopy perturbation

and Taylor series method to solve Volterra integral equa-

tion of 2nd kind [4]. The variations of collocation meth-

od was developed for solving Volterra–Hammerstein

integral equation [5, 6].

All the above mentioned methods suffer from compu-

tational burden as they include infinite range summation,

integration etc. The effectiveness of the proposed Newton–

Kantorovich method depends on the choice of its initial

approximation, which requires a detailed apriority analysis

from the mathematical point of view and physical reason-

ing of the problem.

Conversely, the proposed method in this paper carries

innate simplicity and has less computational burden, due to

the fact that all differentiations, integrations are converted

into simple matrix operations.
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ABSTRACT: Very often it is noticed that complete black out takes place in an industrial plant for occurrence of an 
abnormal condition in the power distribution system. Generally restoration of power is done through available 
Emergency Diesel Generator (EDG) sets in the plant to ensure power supply to the critical loads.  It is observed that 
during initial load pick up phase switching inrush of the distribution transformers creates enormous difficulty in 
synchronisation of EDG sets resulting in secondary collapse which may again delay the entire process of emergency 
power restoration. This delay may create irreversible damage to the power sensitive critical loads. Similar such 
situation was faced in a large chemical plant and was studied further to overcome the situation through cost effective 
measures. In these paper mitigation measures of magnetizing inrush current due to switching of downstream 
distribution transformers at 6.6 KV level has been devised to avoid synchronisation failure of large EDG sets during 
emergency power restoration. 
 
KEYWORDS: Mitigation of Effect of Magnetizing Inrush, Emergency Diesel Generator (EDG), Safe Emergency 
Power Restoration. 
 

I.INTRODUCTION 

Switching of transformers is considered as a critical event in the operation of an Industrial power system. When a 
transformer is energized, due to momentary saturation of transformer core during magnetising process, it generates 
very high value of transient current known as inrush current. This inrush current has tremendous stress on system 
equipment, protection co-ordination and synchronisation etc. The voltage dip in the bus reaches beyond acceptable 
limit due to high surge current, sometimes 9/10 times the full load current and the same may de-synchronize EDG sets 
just connected with the system for emergency power restoration. Due to involvement of switching of several load 
transformers in large power distribution, successful synchronisation and load pick up of EDG units during black out 
condition is really a challenging task. This system criticality is generated due to the aforesaid unpredictable system 
transients followed by energization of transformers. In the subsequent sections we will attempt to focus on 
phenomenon, reasons, effects and mitigation plans of the effect of inrush current to ensure steady synchronisation of 
EDG and load pick up through transformer switching. A case study with simulation results have also been incorporated 
for a large chemical plant where delay in restoration of power supply for some critical loads may create irreversible 
damage and jeopardize the production process. 
 

II.MAGNETIZING INRUSH - CAUSE & EFFECT 
 

Transformer Inrush is generated due to the nonlinear relationship of flux and magnetizing current as transformer core 
enters into saturation mode. It is not only the high magnitude of inrush current but its composition (high DC component 
and harmonics) and duration also are the  causes of concern which severely affects the stability of the system.  
 
This disturbance can be severe enough to carry the transient swing of rotor angle beyond 180° which in turn results in 
the slipping of poles for the connected generators and create lossof synchronism with the power system. 
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Inrush current is found to be  a function of several factors like  magnitude of remnant flux in transformer core, 
Nonlinear magnetizing characteristic during saturation, Magnitude of source voltage and impedance,  the switching 
instant and short circuit power of  the source including VAR absorption capacity . 
 
The general equation that gives the amplitude of inrush current as a function of time [1] can be expressed as 
 
i(t) = √ 	 ∗ Sw ∗ Ks ∗ (sin(ωt− θ) − e

( )
∗ sinφ 

 
Where,  
Vm – maximum r.m.s voltage across the transformer primary; 
Ze – equivalent impedance under inrush;  
θ – Angle of energization;  
t – Time of enerzization;  
t0 – time at core saturation;  
τ – Transformer winding time constant during inrush;  
φ – Function of t0;  
Sw – constants for 3 phase winding connection;  
Ks – constants for short-circuit power of network. 
 

III.CASE STUDY 
 

A case study of loss of synchronism for the plant EDGs as encountered during switching of transformers in  a  reputed 
large chemical plant in India have been carried out and is described below.  
The subject plant is a renowned producer of Purified Terephthalic Acid (PTA).  The plant has been categorized into 
three (3) different processes, namely HP Plant, DP plant and CHH Plant.  
The plant is getting main power supply from the state utility at 132kV level. Afterward, it is stepped down to 6.6kV via 
two (2) nos 35MVA transformer. There are three different 6.6kV switchgears for HP Plant, DP plant and CHH Plant. 
HP plant is connected with DP and CHH plant at 6.6kV via tie lines. During normal operation one transformer is 
connected at HP plant and another is connected with DP pant. CHH plant is connected with HP plant through the tie 
cable of 6.6kV. The tie between HP and DP plant remains open in normal condition.  
 
The power distribution philosophy for all the three plant is described as below: 
6.6/0.433kV transformers of different sizes have been found for downstream distribution. Motor feeders above 150kW 
are fed from 6.6kV Board while rest are fed from 415V Board. Total plant load comes to the tune of 45MW out of 
which critical survival load is around 5.5 MW. 
A block diagram for the power system of the chemical plant up to 6.6 KV level has been shown below in the Fig 1.  

 
Fig. 1: Block Single Line Diagram of the Power Distribution of the Plant 
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It is observed recently that due to grid disturbances 132kV grid power failed and became isolated resulting complete black out and 
tripping of the process plantloads. For resuming the process, critical loads were to be restored within 60 sec as per the requirement of 
the plant.  
 
The plant is having 2x 6 MW EDG sets at HP plant to run the critical loads to cope up with such situation.   
 
On occurrence of complete black out / islanding from grid, the HP plant DG sets needed to be synchronised one after another and the 
critical load buses were energized. It was found that the load side 6.6/0.433kV distribution transformers were switched on almost 
simultaneously for quick restoration of critical loads. 
There is total twenty four (24) nos. distribution transformer in the range of 0.8MVA to 2 MVA, 6.6/0.433kV which are fed from the 
DG supply during emergency condition. 
It was found that the DG sets went out of step and failed to pick up the loads upon switching on the distribution transformers.  
While analysing the root cause of the failure, the study team collected all the data and gathered the sequence of operation followed 
for switching all the emergency loads. 
Based upon the data collected the critical power system was modelled in PSCAD and represented as shown in the Fig. 2 below. 
 

 
Fig. 2: Emergency Power System of the subject plant 

The simulation results of the transformer magnetizing inrush current for the operating sequence followed has been 
shown in Fig. 3 below. The highest amplitude of magnetizing inrush current of a 2 MVA, 6.6/0.433kV transformer 
appears to be 1.7kA at 6.6kV side which is almost 10 times of the full load current. 
 

 
Fig 3: Simulation result of magnetizing inrush current (typical) of 2MVA, 6.6/0.433kV Transformer 
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The simulation result of frequency analysis of the inrush current has been shown in Fig 4 below. It is found that after 
fundamental, 2nd harmonics is predominant which matches with the typical nature of the inrush current. 
 

 
Fig 4: Simulation result of 'R' phase frequency component (typical) of 2MVA, 6.6/0.433kV Transformer, (fundamental 

– top, 2nd   harmonic – middle, 3rd harmonic – bottom) 

The simulation result of voltage profile of 6.6 bus after connecting the EDG is shown in Fig. 5 below. It is found that 
severe bus voltage collapse due to voltage drop for magnetizing inrush effect of the transformers. 
 

 
Fig 5: Simulation result of voltage profile of EDG bus (6.6kV) 

The simulation result of rotor angle of the EDG sets has been shown in Fig 6 below. It is found from the result that 
DGs are going out of step with rotor angle variation more than 3c.  
 

 
Fig 6: Simulation result of Rotor Angle output of EDGs 
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IV.MITIGATION PLAN 

The phenomenon of transformer inrush is dynamic in nature and largely depends on system configuration. There are 
ways to mitigate the magnetizing effect but they are more system specific than a generalized solution. Some of the 
mitigation methods are as follows [2] 
 
•      Pre Insertion Resister in circuit breaker 
•      Low Impedance Charging  
•      Load the transformer to its minimum possible load prior to proceeding with energization 
 
With the above mitigation plan, new components are required to be introduced which has cost and time involvement. 
 
So the solution has been thought of in a different way without involving any additional investment for any new 
equipment or parts. 
Change of operating sequence has been thought of and studied with simulationmodel with different possible sequences. 
It is observed that the final suggested pattern of switching sequence works out successfully to reduce the inrush causing 
out of step of EDGs. The operating sequence is described below: 
 
First one 6 MW DG is started and the loads in HP and DP plants are switched on sequentially as per the Table - 1 
described below. 
 

 
Table 1: Suggested sequence of operation for restoration of critical loads 
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The effectiveness of the proposed technique is checked by the simulation results which are produced below. The 
simulation result of active power output w.r.t. time of the EDGs as per above starting sequence is shown in Fig. 7 
below. It is found that the active power output is matching with the load demand as envisaged in the Table 1 above. 
 

 
Fig 7: Simulation result of active power outputs of EDGs 

The simulation result of reactive power output w.r.t. time of the EDGs as per above starting sequence is shown in Fig. 8 
below. It is found that the reactive power output range of the EDGs are well within their capability curve. 

 
Fig 8: Simulation result of reactive power outputs of EDGs 

The simulation result of voltage profile of 6.6 bus w.r.t. time after connecting the EDGs as per the starting sequence 
envisaged in Table-1 above is shown in Fig. 9 below. It is found that the reactive power output range of the EDGs are 
well within their capability curve. It is found that voltage dip in load bus due to transformer inrush is within 20% in the 
first cycle and 3-5% thereafter. 

 
Fig 9: Simulation result of voltage profile of EDG bus (6.6kV) 
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Fig 10: Simulation result of Rotor Angle output of EDGs 

It is found that the maximum internal phase angle (Fig 10) has reduced to 1.14c and after synchronization of 2ndEDG 
the same has reduced to less than 1c. 

V.RECOMMENDATIONS 

Due to change of switching sequence it has been observed that the rotor angle swing during magnetising inrush is 
coming within the acceptable limit thereby reducing the threat for going out of step. The situation improves after 
synchronisation of the 2nd EDG and load pick up becomes smooth.  Active and reactive power outputs (Fig 7 & 8) 
from both the machines are also found well within the EDG capability curve. 

Voltages at 6.6kV buses are found within ± 10% during switching operation of Transformers, HT motors (Fig -9).  

As per IEEE 399 stipulation, the transient overshoot of the rotor angle should never exceed 2c or if the root cause of 
rotor swing is quickly removed, the machine may continue with the system in synchronised condition. The rotor angle 
then oscillates with gradually decreasing swings until it settles to its final steady value (less than 90°). The oscillations 
are damped by electrical load and mechanical & electrical losses in the machine and system, especially through the 
damper windings of the machine. 

The result of internal phase angle depicts that the transient overshoot of the rotor angle never exceeds 2c and finally 
settles at around 0.8c. 

Hence, the suggested operation philosophy for restoration of critical loads of the plant after black out satisfy the 
requirement of controlling the effect of magnetising inrush without additional cost involvement and without violating 
the condition for process requirement.  

The same sequence has also been vetted by the process people for implementation. 

VI.CONCLUSION 

In this paper a cost effective method for controlling the effect of overall magnetising inrush current due to switching of 
load transformers during start up time of EDG sets has been proposed. The proposed scheme aims to prevent the EDG 
sets going out of step and failing in emergency load pick up by changing only the switching sequence. This strategy on 
the basis of the reducing peak load is quite different from other standard approaches of inrush current reduction. This 
control strategy is easy to implement because the operating sequence is effective in reducing the overall start-up inrush 
current. This is achieved without any additional hardware and without the need for a separate source. The same 
philosophy may be followed for any such industrial plant facing the similar problem provided that the simulated 
switching strategy fulfils the process requirement. 
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ABSTRACT: In this paper the modelling of 3 phase induction motor is implemented with the help of dq axis 
transformation. The model has been formulated by means of the space-phasor notation in which all the three-phase 
quantities (Voltages, Currents, flux and inductances) are converted to the two-axis d-q notation. The theory of axis 
transformation is widely used to create such model because it reduces the complexities of time-varying variables. Here 
a step by step Simulink model of an induction machine using dq axis transformations of the stator and rotor variables in 
the arbitrary reference frame has been implemented. This paper demonstrates the simulation of steady-state 
performance of induction motor by MATLAB Program.  
 
KEYWORDS: Squirrel cage induction motor, Induction machine model, S-Function, Simulink, 

I.INTRODUCTION 

Induction motor is basically an electric transformer whose magnetic circuit is separated by an air gap into two relatively 
movable portions, one carrying the primary and the other the secondary winding. Alternating current supplied to the 
primary winding from an electric power system induces an opposing current in the secondary winding, when the latter 
is short-circuited or closed through external impedance. Relative motion between the primary and secondary structure 
is produced by the electromagnetic forces corresponding to the power thus transferred across the air gap by induction. 
The essential features which distinguish the induction machine from other type of electric motors is that the secondary 
currents are created solely by induction, as in a transformer instead of being supplied by a dc exciter or other external 
power sources, as in synchronous and dc machines. 
 
In the electric drive systems the machine is a part of the control system elements. To control the dynamics of the drive 
system, dynamic behavior of the machine need to be considered. The dynamic behavior of IM can be described by 
using dynamic model of IM. The dynamic model considers the instantaneous effects of varying voltages/currents, stator 
frequency and torque disturbance. In this paper the dynamic model of IM is derived by using d and q variables in a 
synchronously rotating reference frame. 
 

II. THE INDUCTION MACHINE MODEL 
 

The dynamic behaviour of an induction machine is complex due to the coupling effect between the stator and rotor 
phases. The space-phasor voltage equations of the stator and rotor can be expressed in d-q components as  
 

푣
푣
푣
푣

 = 

푅 + 푠퐿 0
0 푅 + 푠퐿 		푠퐿 								0
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Where, 푅 and 푅 are the stator and rotor resistances, 퐿 	and 퐿 	are the stator and rotor self-inductance respectively, and 
are the stator and rotor speed respectively and is the mutual inductance.  
 
Flux linkage equations of induction machine is 
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퐿 0
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푖
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Where 퐿 	and 	퐿 	are the stator and rotor flux linkages respectively. 
 

The mechanical speed of the induction machine is related to the torque is given by  푇  = 푇  +  .  
 
Where Te is the electrical Torque, TL is the load torque, J is the combined rotor and load inertia, p is the number of 
poles and	휔  is the rotor speed.  
 
Implementation of S-Function  
S-functions (system-functions) mechanism is useful for extending the capabilities of Simulink. It is a computer 
language description of a Simulink block and can be written in MATLAB, C, C++, FORTRAN etc. By using S-
Function we can represent a dynamic system as a mathematical set of equations. To implement an S-function into a 
Simulink model, the name of the M-file is specified in the user-defined Simulink S-function block from the Simulink 
library blocks. The parameters specified in the S-Function Parameters field are passed to the corresponding S-Function. 
An M-file S-function consists of a MATLAB function of the form as [sys, xo, str, ts] = f (t, x, u, flag, p1, p2.....). Where 
f is the S-function name, t is the current time, x is the state vector of the corresponding S-function block, u is the 
block’s inputs, flag indicates a task to be performed, and p1, p2... are the block’s parameters. The standard format for 
the flags in an S-Function is given by 
 

Flag Simulation stage 

Flag = 0 Initialization  

Flag = 1 Calculations of derivatives 

Flag = 2 Update of discrete states 

Flag = 3 Calculations of outputs 

Flag = 4 Calculation of next sampling hits  

Flag = 9 End of simulation tasks 

Table 1. Standard format for the flags in an S-Function 
 

III. SIMULINK IMPLEMENTATION 

The S-Function induction machine model in Simulink is shown in Fig. 1. The three-phase ac voltages are converted to 
two-phase voltages and vice-versa using the two matrix gain blocks ‘ABC2ab’ and ‘ab2ABC’ respectively. 
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Fig. 1.  Induction Machine test model 
 

The three-phase to two-axis transformation is achieved using the equations 

푣
푣  = 

1 − −

0 √ − √

푣
푣
푣

 

 
IV. SIMULATION RESULTS 

 
Here we take a three phase induction motor with the following parameters such as  
Rs = 0.585Ω, Rr = 0.41Ω, Lsl = .0027H, Lrl = .0027H, Lm = 0.081H, f0 = 50Hz, J = 0.1Kg/m2, p = 4.  
To illustrate the transient operation of the induction motor, a simulation study of direct-on-line, auto transformer 
starting is demonstrated. At t=0, the motor, previously de-energized and at standstill, is connected to a 440 V, 50 Hz 
three-phase supply through a cable. The load torque, TL, is constant at 40 N.m. Figs. 2 and 3 show the characteristics of 
electromagnetic torque and speed of the induction motor after simulation using the SIMULINK model. 
 

  

         Fig. 2. Electromagnetic torque       Fig. 3. Speed in rpm 
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Fig. 4 and Fig.5 shows the characteristic of stator and rotor current and stator line-to-line voltage of the induction motor 
after simulation using the SIMULINK model. 
 

  
 
Fig. 4.stator and rotor current.      Fig. 5. Stator line-to-line voltage. 
 

Fig. 6 shows the Torque speed characteristic of the induction motor after simulation using the SIMULINK model. 
 

 
 

Fig. 6. Torque speed characteristic. 

V. CONCLUSION 
In this paper, a complete model of the three-phase induction machine with healthy condition is analysed. This model 
has successfully run as d-q model of three phase induction motor and all the three-phase quantities (Voltages, Currents, 
flux and inductances) are converted to the two-axis d-q notation. Different waveforms such as stator and rotor current, 
electromagnetic torque, speed torque characteristics has being analysed here. This MATLAB model is established for 
an induction motor at healthy condition, now it is to be introduced the different faults of  induction motor like bearing 
fault, broken rotor fault, stator winding insulation fault, uneven air gap due to rotor damage in this MATLAB model. 
The current signature analysis of the condition monitoring of the induction motor at faulty and healthy condition is to 
be analysed by different graph analysis. Hence it would be so easier to find out the fault of the induction motor. 
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Abstract— The world is staring at a mounting energy crisis. Depletion of fossil fuels is no longer a threat, but is a harsh reality 

that can only be overcome by the accelerated adoption of renewable resources such as solar.Solar energy in particular presents 

a viable option, especially in homes. About 19706 villages in India are still un-electrified [1]. This work is about using solar 

energy for meeting the basic need like lighting and charging devices like mobile which is become a essential part of life. These 

multipurpose solar charger unit are simple, portable and ready to use devices which can be used by anyone especially in remote 

areas. Solar panels don’t supply regulated voltage while batteries need so for charging. Hence, an external adjustable voltage 

regulator is used to have the desired constant voltage. Here a 6 Volt 4.5 Am-hr battery is used as a power bank for charging the 

mobile and lighting a 4 W LED Solar Lantern. Protection for the circuit has been given through a Zener Diode.  

Keywords- SPV,LED,MPPT,Zener Diode. 

I. INTRODUCTION 

Lack of access to electricity is one of the biggest issues 

faced by over 1.6 billion people globally and left them in 

the dark [2]. Majority of these people live in rural areas of 

developing countries. Because of their poverty and 

unavailability of national grid due to remote location they 

have to rely on candles, kerosene lanterns, and firewood 

for their lighting purpose. This results in a daily expense 

that is expensive in the long run, along with this type of 

indoor lighting cause’s indoor pollution and chronic lung 

problems. Solar energy is the most viable solution to this 

in all respect. A basic system consists of a small solar 

panel, a battery; a charge controller, LED lights, and a 

universal outlet for charging cell-phones or other small 

appliances will cost roughly Rs.800, and can be made 

affordable through microfinance options. 

Fig.1.Components of a solar home lighting system 

 

A. Principle of Operation of Solar Energy 

Solar energy is available in abundance in most parts of the 

world. The amount of solar energy incident on the earth’s 

surface is approximately1.5 x 1018 kWh/year, which is 

about 10,000 times the current annual energy consumption 

of the entire world. The density of power radiated from the 

sun (referred to as solar energy constant) is 1.373 kW/m2. 

Solar cell is a device which converts photons in Solar rays 

to direct-current (DC) and voltage. The associated 

technology is called Solar Photovoltaic (SPV).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.Silicon Solar Cell and its working mechanism 

 

A typical silicon PV cell is a thin wafer consisting of a 

very thin layer of phosphorous-doped (N-type) silicon on 

top of a thicker layer of boron-doped (P-type) silicon. An 

electrical field is created near the top surface of the cell 

where these two materials are in contact (the P-N 

junction). When the sunlight hits the semiconductor 

surface, an electron springs up and is attracted towards the 

N-type semiconductor material. This will cause more 

negatives in the n-type and more positives in the P-type 

semiconductors, generating a higher flow of electricity. 

This is known as Photovoltaic effect. 

 

Today, we have mono-crystalline, polycrystalline and 

amorphous thin film panels. Mono-crystalline are so far 
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Magnetic  manipulation  of  liquid droplets  in microfluidic  environment offers a promising  tool for  sample

handling  in  labonchip  devices. Biofunctionalized  ferrofluid droplets  can effectively  carry a measured

volume  of analytes  or reagents  on a flat  microfluidic  platform,  executing  key  tasks  of a micrototal anal

ysis  system  (mTAS).  However, achieving  precise  control  using onchip  miniaturized magnetic  coils is

challenging  and  requires  delicate  combination  of operating  parameters,  e.g., magnetizing  current and

timing  of switching, fluid viscosity,  droplet  size,  etc.  Here  we  present  a  numerical  analysis of  magnetic

manipulation  of an  immiscible,  microliterscale  ferrofluid  droplet  over  a thin  aqueous  film  on a solid

substrate  using embedded microelectromagnet  coils.  The  numerical  model is first  validated against  the

experimentally  observed  droplet  trajectory  in  a simple, singlecoil  configuration.  Subsequently,  two

dimensional  manipulation  of the  ferrofluid  droplets  on  the  liquid  film is  predicted  numerically  when  the

magnetic  field  is produced by a sequentially  switched  array  of square spiral microelectromagnets.  By

adjusting  the  operating  parameters,  we show that  the  droplet  can be moved  in predefined meandering

path  over  an  active substrate area. The transport is  broadly classified into viscosity  and  inertiainfluenced

regimes.  Transport  time of  the  droplet  for the  viscous  regime  is expressed  in  terms of a  generalized group

variable  involving  the  operating  parameters.  The study is  important  for  selecting the  design  bases  for a

magnetically  manipulated  sample  handling  system  for  digital microfluidic  platforms.

© 2016  Elsevier B.V.  All rights  reserved.

1. Introduction

Microfluidics is the enabling technology of handling fluid

flow in diminutive amounts, typically ranging from nanoliters to

microlitres, in micro total analysis systems (mTAS). These devices

are capable of performing varied bioanalytical tasks, which are nor

mally carried out in a  lab, like sample preparation, purification,

separation, reaction, transport, immobilization, labeling, biosens

ing and detection on a chip [1].  These devices offer advantages over

the conventional bioanalytical protocol through reduced biochem

ical reaction time, enhanced efficiency and mobility and reduced

sample and reagent consumptions. Small reactor volumes are also

favored where the analyze sample is available in extremely small

amount, e.g., in case of a forensic detection. The key generic steps

in any MEMS(Microelectromechanical Systems) based bioanalyt

ical device (e.g. a biosensor) involves sample handling for mixing,

reaction and separation. Active microfluidics refers to  the defined

manipulation of the working fluid by  active (micro) components

∗ Corresponding author.

Email addresses: ranjan@pe.jusl.ac.in,  rgangu2@yahoo.com (R. Ganguly).

such as  micropump or micro valves. There has been a  recent

shift of sample handling strategy from the continuousflow to the

dropletbased system, where sample droplets can be stored and

manipulated in an immiscible liquid. Samples and reagents can

be  confined in an immiscible carrier in spherical droplets which

are dispersed in another immiscible fluid that is  flown through

the channel. Dropletbased microfluidics is relatively free from the

common problems of flowthrough microfluidics like sample dilu

tion and crosscontamination [2,3].  Several useful applications of

dropletbased microfluidics, e.g., protein purification [4], biosensor

[5], immunoassays [6], DNAreplication [7], cellbased assays [8],

biomolecular extraction [9] etc. have underscored the importance

of onchip droplet manipulation [10,11].  Magnetic force offers a

viable alternative for the manipulation of microdroplets. Func

tionalized magnetic nanoparticles, either in the form of ferrofluid

droplets or magnetic microspheres offer a facile tool for microma

nipulation on microfluidic platform. Magnetic force is used widely

for handling magnetic beads [12,13] in  microchannels and capil

laries in  the context of active mixing [14] and immunomagnetic

separation in microfluidic devices [15], or in studies related to

magnetic drug targeting [16,17]. Ganguly et al. [18] provides an

insight into the transport of ferrofluid and magnetic microspheres

http://dx.doi.org/10.1016/j.snb.2016.06.001

09254005/© 2016 Elsevier B.V. All rights reserved.
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ABSTRACT: This paper shows the potential system benefits of simple tracking solar system. The main objective of 
this project is to present development of an automatic solar tracking system in which solar panels will keep aligned 
with the Sunlight in order to maximize in harvesting solar power and also to display the voltage generating from the 
solar panel. The system focuses on the controller design where the system is able to track the maximum intensity of 
Sunlight. When the intensity of Sunlight is decreasing, this system automatically changes its direction to get maximum 
intensity of Sunlight. LDR acts as a sensor is used to trace the coordinate of the Sunlight by detecting brightness level 
of the Sunlight. To control the appropriate position of the panel, a DC motor is used. The system is controlled by a 
microcontroller as a main processor. This project is designed for low power and residential usage applications. From 
the hardware testing, the system is able to track and follow the Sunlight intensity in order to get maximum solar power 
at the output. This project is designed with AT89S52 Microcontroller unit. Depending upon the light falls on LDR the 
data will be read by the Microcontroller and the direction of the motor will be changed. With this direction the Solar 
panel which is attached to the motor also rotates to gain the maximum sun rays. A solar tracking system is designed, 
implemented and experimentally tested. The design details and the experimental results are shown. 
  
KEYWORDS: LDR, duel axis solar tracker, microcontroller, Keil compiler, efficiency. 
 

I.INTRODUCTION 

       Most of the electricity in India comes from fossil fuels like coal, oil and natural gas. Today the demand of 
electricity in India is increasing and is already more than the production of electricity whereas the reserves of the fossil 
fuel are depleting every day. Sun throws so much energy over India, that if we can trap few minutes of solar energy 
falling over India we can provide India with electricity for whole year. Most parts of India get 7KWh/sq-meter of 
energy per day averaged over a year. The main aim of this project is to generate the maximum power from solar panel 
by continuously tracking the sun rays. The purpose of the project is to implement a system to continuously track the 
sun rays with the help of the solar panel and collect the maximum power from the sun by rotating the solar panel 
according to the sun rays direction. But the main drawback of the solar tracking system is that it is very poor efficient 
system. By using this project we can improve the efficiency of solar tracking system. In this system the solar panel will 
turn according to the sun rotation. The system focuses on the controller design where the system is able to track the 
maximum intensity of Sunlight. When the intensity of Sunlight is decreasing, this system automatically changes its 
direction to get maximum intensity of Sunlight. LDR light detector acts as a sensor is used to trace the coordinate of the 
Sunlight by detecting brightness level of Sunlight. A DC motor is used to rotate the appropriate position of the panel. 
The system is controlled by a microcontroller as a main processor. Whenever the radiation of the sun falls on the solar 
panel it grasps the radiation and stores in it and it will send the message to the controller about its power. 
Microcontroller will receive this information. From the hardware testing, the system is able to track and follow the 
Sunlight intensity in order to get maximum solar power at the output. 
      Solar tracking approaches can be implemented by using single-axis schemes, and Dual-axis structures for higher 
accuracy systems. In general, the single-axis tracker with one degree of freedom follows the Sun’s movement from the 
east to west during a day while a dual-axis tracker also follows the elevation angle of the Sun. In recent years, there has 
been a growing Volume of research concerned with dual-axis solar tracking systems. However, in the existing research, 
most of them used two stepper motors to perform dual-axis solar tracking. With two tracking motors designs, two 
motors were mounted on perpendicular axes, and even aligned them in certain directions. In some cases, both motors 
could not move at the same time. 
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      The main objective for this project is to develop the sun tracking solar system model which is a device that follow 
the movement of the Sun regardless of motor speed. Besides that, it is to improve the overall electricity generation 
using single axis sun tracking system and also to provide the design for residential use. LDR or light dependent resistor 
has been chosen as the sensor because LDR is commonly used in sun tracking system. This is because LDR is sensitive 
to the light. The resistance of LDR will decreases with increasing incident light intensity. For the controller, AT89S52 
had been chosen. This ATMEL programming will give the pulse to the driver to move the motor. For the driver, bi-
directional DC motor control using relay has been used. The motor controller had been chosen because it can control 
the motor to rotate clockwise and counter-clockwise easily. DC geared motor also been chosen because it has a hold 
torque up to 24 kg.cm and low rpm. LM7805 is used to convert the input voltage from the source to 5 V output because 
integrated circuit only need 5 V to operate.  

II. SCHEMATIC DIAGRAM OF THE PROJECT 

     The complete circuit consists of two parts. In sensor and comparator part shown in fig.1, we get the output from the 
LDR through a comparator LM324 by comparing with the reference voltage set and given to the Port 1 of AT89C51. 
Firstly four LDR are connected to the comparator. We are getting output of the LDR through 1KΩ resistance. The 
output from this LDR is given to the comparator LM324. Four LDR are used here and all of them connected in similar 
way. The output of LDR is given to the inverting terminal of the op-amp of the comparator. LM324 has four 
comparators in it. Reference voltage was set at 2.6 volt. As the light perpendicular to any LDR the corresponding 
output from the comparator is obtained. The LDR that is used here gives output voltage 2 volts when having 
perpendicular light on it. These outputs are given to the port 1 of microcontroller AT89C51. 

 
      Fig. 1 The sensor and comparator circuit                                                  Fig. 2 Total circuit diagram 

    In the second part the interfacing circuitry of the Unipolar Stepper Motor is connected with microcontroller 
AT89C51 which is shown in Fig.2. Here we have used L293D as the motor driver. Using program it is compared the 
bit pattern and send signal to the motor driver to drive the stepper motor in specified direction. The circuit diagram is 
shown in Fig. 2. 

III. TRACKING CONTROLLER SYSTEM AND MICROCONTROLLER PROGRAMMING 

   An automated solar tracker allows the panel to perform an approximate 3-dimensional (3-D) hemispheroidal rotation 
to track the sun’s movement during the day in order to maximize in harvesting solar power. Light gathering is 
dependent on the angle of incidence of the light source providing power (i.e. the sun) to the solar cell’s surface. Day 
sunlight will have an angle of incidence close to 90° in the morning and the evening. At such an angle, the light 
gathering ability of the cell is essentially zero, resulting in no output. As the day progresses to midday, the angle of 
incidence approaches 0°, causing a steady increase in power until at the point where the light incident on the panel is 
closer to perpendicular and maximum power is achieved. From this background, we see the need to maintain the 
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maximum power output from the panel by maintaining an angle of incidence as close to 0° as possible. By tilting the 
solar panel to continuously face the sun, this can be achieved. This process of sensing and following the position of the 
sun is known as Solar Tracking. Two LDR light detectors act as sensors to trace the coordinate of the Sunlight by 
detecting brightness level of Sunlight. 
 When LDR1 has higher light intensity than LDR2 then the resistance of LDR1 is smaller than that of LDR2 then 

voltage at CH-1 is higher than that of CH-2 and the DC motor rotates the solar panel in the counter clockwise 
direction. 

 When LDR2 has higher light intensity than LDR1 then the resistance of LDR1 is larger than that of LDR2 then 
voltage at CH-1 is smaller than that of CH-2 and the DC motor rotates the solar panel in the clockwise direction. 

 The stable position is when the two LDRs having the same light intensity. Another two LDR also act as same 
principle. 

     The system is controlled by a microcontroller as the main processor. When the intensity of Sunlight is decreasing, 
this system automatically changes its direction to get maximum intensity of Sunlight and generate maximum power as 
output. 

 
                     Fig. 3 Flowchart of the tracking principle.                                            Fig.4. Program in c language 

    Keil compiler is software used where the machine language code is written and compiled. After compilation, the 
machine source code is converted into hex code which is to be dumped into the microcontroller for further processing. 
Keil compiler also supports C language code. 
1. Click on the Keil µ Vision4 Icon on Desktop 
2. Click on the Project menu from the title bar 
3. Then Click on New Project  
4. Save the Project by typing suitable project name with no extension in our own folder sited in either C:\ or D:\   
5. Then Click on save button above                                  

#include <REGX51.H> 
void main() 
{ 
P3=0xff; 
while(1) 
{ 
if(P3==0x01) 
{ 
P3=0x10;//00010000 
} 
else if(P3==0x02) 
{ 
P3=0x20;//00100000 
} 
else if(P3==0x04)//00000100 
{ 
P3=0x40;//01000000 
} 
else if(P3==0x08)//00001000 
{ 
P3=0x80;//10000000 
} 
P3=0xff; 
while(1) ; 
} 
} 
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6. Select AT89S51                                                                                                  
7. Then Click on “OK” 
8. Then Click either YES or NO. 
9. Now our project is ready to USE 
10. Now double click on the Target1, we would get another option “Source group 1” 
11. Click on the file option from menu bar and select “new” 
12. Now start writing program in either in “C” or “ASM” 
13. For a program written in Assembly, then save it with extension “. asm” and for “C” based program save it with 
extension “ .C” 
14. Now right click on Source group 1 and click on “Add files to Group Source” 
15. Now Press function key F7 to compile. Any error will appear if so happen. 
16. If the file contains no error, then press Control+F5 simultaneously. 
17. Then Click “OK” 
18. Now click on the Peripherals from menu bar, and check required port 
19. Drag the port a side and click in the program file. Now keep Pressing function key “F11” slowly and observe.  
Steps to work with proload: 
1. Install the Proload Software in the PC. 
2. Now connect the Programmer kit to the PC (CPU) through serial cable. 
3. Power up the programmer kit from the ac supply through adapter. 
4. Now place the microcontroller in the GIF socket provided in the programmer kit. 
5. Click on the proload icon in the PC. A window appears providing the information like Hardware model, com port, 
device type, Flash size etc. Click on browse option to select the hex file to be dumped into the microcontroller and then 
click on “Auto program” to program the microcontroller with that particular hex file. 
6. The status of the microcontroller can be seen in the small status window in the bottom of the page. 
7. After this process is completed, remove the microcontroller from the programmer kit and place it in your system 
board. Now the system board behaves according to the program written in the microcontroller which is shown in Fig. 4. 
 

IV. FABRICATION AND INSTALLATION  
 

 
 

Fig.5 Finalised design of the structure 
 

    The miniature prototype tracker was constructed using materials like iron, Double-sided Tape and a few cutting 
tools. To enable dual-axis rotation, the panels were stuck onto a particle board base slightly larger in dimensions than 
the panels using double-sided tape. The LDRs were placed on the centres of all four sides of the board and also at the 
centre of the whole board. At the bottom of the base an aluminium rod was attached from the centre extending to any 
one of the sides of the base. 



 
    ISSN (Print)  : 2320 – 3765 
    ISSN (Online): 2278 – 8875 

 
International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 
(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 12, December 2016 
 

Copyright to IJAREEIE                                                           DOI:10.15662/IJAREEIE.2016.0512039                                         9043        

V. RESULT AND CONCLUSION 
 

    Dual-axis tracking generates 40% more power from each panel. So we can achieve the same power output with 
fewer panels, frames and so on, which reduces a project's upfront costs and offsets to a great extent the additional cost 
for tracking hardware. On the other hand we can use the same number of panels as originally planned and generate 40% 
more power and higher revenues. This reduces the project's payback time and also increases the overall return on 
investment (ROI), depending on the financial specifics of the project. 
 

 
Fig. 6 Dual axis tracking can increase energy by about 40% of the fixed arrays 

 
    Dual axis tracker perfectly aligns with the sun direction and tracks the sun movement in a more efficient way and has 
a tremendous performance improvement. The experimental results clearly show that dual axis tracking is superior to 
single axis tracking and fixed module systems. Power captured by dual axis solar tracker is high during the whole 
observation time period and it maximizes the conversion of solar irradiance into electrical energy output. The proposed 
system is cost effective also as a little modification in single axis tracker provided prominent power rise in the system. 
Through our experiments, we have found that dual axis tracking can increase energy by about 40% of the fixed arrays. 
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Optimal Coordination of Overcurrent Relay Using Crow Search Algorithm
Dipu Sarkara, Sagar Kudkelwara and Debasree Sahab

aElectrical and Electronics Engineering Department, National Institute of Technology, Dimapur, India; bElectrical Engineering Department,
National Institute of Technology, Agartala, India

ABSTRACT
This paper proposed a novel optimization technique derived from the crow search algorithm (CSA)
for overcurrent (OC) relay coordination in mesh distribution networks. CSA is a meta-heuristic
optimizer algorithm, influenced by the cleverness approach of crows. This algorithm can be treated
easily by changing only two parameters like, flock size and iteration. In the present work an
objective function (OF) is build up to work out the problems of relay coordination developed
from time dial (TDS) setting and also the competence of the proposed technique is verified for four
different power system networks and compared with existing techniques. Result and performances
are the evidence that the suggested scheme is efficient, precise and simple.

Abbreviation: BBO: Biogeography-Based Optimization; BSA: Backtracking Search Algorithm; β and
α: standard constant for IDMT relay; CFA: Chaotic Firefly Algorithm; CGA: Continuous Genetic
Algorithm; CP: Consciousness Possibility; CSA: Crow Search Algorithm; CT: current transformer; CTI:
coordination time interval; D: element of search space; DE: Differential Evolution; EA: Evolutionary
Algorithm; EI: extremely Inverse; FL: flight length; GA: Genetic Algorithm; GWO: Grey Wolf
Optimization; HBA: Honey Bee Algorithm; HAS: Harmony Search Algorithm; IDMT: Inverse Definite
Minimum Time; IWO: Invasive Weed Optimization; itermax: maximum iterations; Ifault: fault current; Ip:
pickup current; LP: Linear Program; MILP: Mixed integer linear program; mj: location of crow j; MVPA:
Most Valuable Player Algorithm; N: flock size; NLP: Non-linear Program; OC: Overcurrent; OF:
objective function; PSO: Particle Swarm Optimization; PSM: plug setting multiplier; RTA: Root Tree
Algorithm; SI: simple inverse; s: seconds; SM: simplex method; TDS: Time Dial Setting; TLBO: Teaching
Learning BasedOptimization;Tpk : operating time of primary relay at fault k; Tbk : operating time of back
up relay at fault k.top: operating time of relay; WCA: water Cycle Algorithm; Tik : operating time of ith

relay at fault k; VI: very inverse; Wj: weight factor; z: objective function
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1. Introduction

Distribution Networks are often configured to make
available for varying load conditions and maintenance.
Thus, the OC relay setting is required for each

configuration. Also, there is an essential requirement
of relay setting to satisfy all feasible network configura-
tions depending on nature and position of faults. This
task is not a simple to determine the exact OC relay
setting with maintaining all the above conditions by the
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ABSTRACT 
The paper presents research in the understanding of how the manufacturing control parameters affect the 

physical processes inside low pressure plasma etch reactor. The flow inside the reactor varies from continuum 

flow to near free molecular flow. In addition, electromagnetic effects are important due to rf heating, magnetic 

confinement, and wafer potential bias acceleration. Numerical simulation allows the full characterization of both 

neutral and ion behavior inside the reactor. With simulation, it is also possible to study etch reactor design 

changes before building of hardware.  
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I. BACKGROUND (PLASMA ETCH 

REACTOR) 
Plasma etch is the use of a plasma, 

generated with suitable gases, to chemically remove 

material from the wafer surface. So the plasma etch 

is to reproduce the etch mask in the film on the 

surface of the wafer or to chemically remove 

material from the wafer surface in a less specific 

way. The mask pattern may be transferred to a film 

or stack of films that have been deposited on the 

wafer or etched into the silicon wafer itself. For 

many critical manufacturing steps, the etch process 

must also be able to shape the feature being 

produced on the wafer surface in a specified way. 

Plasma etch is also used to chemically remove films 

that completely cover the wafer. The most critical 

application of plasma etch, which results in properly 

shaped features produced on the wafer. 

 

 
Fig 1. Schematic Diagram of Plasma Etch Reactor 

 

The plasma etch process includes both the 

chemical removal of material and the deposition of a 

thin coating of material to protect selected areas and 

assist in creating the desired features on the wafer. 

Physical bombardment of the wafer with accelerated 

ions is often utilized to assist in the process although 

there are several plasma etch operations that do not 

require bombardment 

 

II. ABOUT PLASMA SILICON ETCHING 

The progress of digital electronics and 

information technology based on silicon devices that 

followed the 1947 invention of the transistor at Bell 

laboratories is unprecedented in the history of 

technology. The driving force behind this progress 

has been the miniaturization of devices during the 

past few decades. Low pressure radio frequency (rf) 

glow discharges, called low temperature plasmas, 

has been widely used in the fabrication of 

microelectronic devices and the manufacture of new 

materials. Unlike dc glow discharge plasmas, low 

temperature r.f. plasma are maintained even in an 

electrode less chamber as well as between metallic 

and dielectric electrodes. They are used to produce 

chemically activated neutrals and ions responsible 

for surface reactions I plasma etching and in plasma 

chemical vapor deposition. 

In silicon fabrication, chemical removal of 

polysilicon or amorphous silicon and silicon nitride 
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layers can be performed using both wet and dry 

etching techniques. Dry etching is especially well-

suited for precise line width and profile and 

nanostructure fabrication. However, wet etching still 

plays an important role where line size or profile 

control is not critical, or where the removal of a 

blanket film is required. For such applications, wet 

etching can offer advantages of high etch rate 

combined with high selectivity to dissimilar material 

layers, while avoiding the problem of plasma or 

radiation damage that may be present in dry etching 

techniques. 

III. INTRODUCTION 

Micro-electronic circuits wafers are 

typically manufactured using plasma etch reactors. 

Manufacturing is accomplished by depositing layers 

of conducting or insulating material onto a silicon 

wafer and then etching circuit features into them. 

The etch process involves bombarding the silicon 

wafer with a reactive neutral gas and an ion stream 

in a near-vacuum condition to carve out circuit 

features in a preferred direction. In order to improve 

the manufacturing process, increase yield, and raise 

quality, the flow field inside a chlorine plasma etch 

reactor is under study.  

 

 
Fig 2. Schematic of Typical Plasma Etch Reactor with the Process of Silicon Etch 

 

IV. RESEARCH PBJECTIVES AND 

IMPACTS 
The general objective of the proposed work 

is to develop and research is to aid in the 

understanding of how the manufacturing control 

parameters affect the physical processes inside a low 

pressure plasma etch reactor. The flow inside the 

reactor varies from continuum flow to near free 

molecular flow. In addition, electromagnetic effects 

are important due to rf heating, magnetic 

confinement, and wafer potential bias acceleration. In 

order to correctly model the convective and diffusive 

transport as well as the chemistry and 

electromagnetic effects, particle methods (DSMC-

PIC) are used. Computations are carried out on a 

massively parallel architecture IBM SP2. The work is 

done in collaboration with industrial partners who 

provide the specifics of reactor design and 

experimental data. Numerical simulation allows the 

full characterization of both neutral and ion behavior 

inside the reactor. With simulation, it is also possible 

to study etch reactor design changes before building 

of hardware.  

 

V. TECHNICAL APPROACHES 
The objective of the proposed work is to develop 

and provide numerical solutions to each specific 
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etching parameter configuration of the circuit 

component. 

 Etching process and Selecting of a Nozzle 

 Dimensions 

 Shape 

 Material 

 Flux 

 Mass of the material etched and deposited. 

 

 
Fig 3. Plasma Etch Reactor Flow Field 

 

A. Etching Process 

The semiconductor processing technology 

field reactive ion etching  (RIE) that realized a 

directional etch profile without an undercut for fine 

line delineation was developed. Now a days most 

popular etching SiO2 with SAC (self aligned 

contact) process, especially the RIE system and the 

high selective SiO2 etching applying to the SAC 

process. The selective etching of SiO2 over Si was 

performed by fluorocarbon (CF) gas. The process in 

the RIE with CF4 and H2 gas mixture as shown in 

figure 4, where H2 flow rate increasing   and Si flow 

rate decreasing, so the ratio of flow rate H2/CF4 = 

70%. The results shown us SiO2 high selective 

condition, the Si surface is covered by a CF thin 

film, so the CF thin film protected the surface from 

ion bombardment.  CF gave very high selectivity 

between the films; even CF caused film deposition 

on the oxide. Based on the ion beam experiment 

results, it was investigated that the plasma chemistry 

utilizing C4F8 gas in the magnetron RIE. C4F8 gas 

was decomposed as follows: 

 

 
Fig4. Figure 4 Etch rate SiO2/Si in RIE as a function of CH4 and H2 Gas mixture ratio 



Shyamal Kumar Roy, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 10, Issue 10, (Series-II) October 2020, pp. 01-05 

 

 
www.ijera.com                                    DOI: 10.9790/9622-1010020105                             4 | P a g e  

   

 

 

 

 

 
 

 
 

Plasma etching in the project we used 

reactor setup of 27 MHz radio frequency (RF) 

excited capacitive coupled plasma (CCP) source 

with some diagnostics. Gas and flow rate C4F8 was 

11 sccm (standard cubic centimeter), Gas pressure 

30 mTorr,  

800 KHz wafer bias and top plate mat was 

Si and C. RF and CCP as a reference for the tool 

evaluation, because it is very high etch 

performance and its uniformity of plasma in the 

narrow gap makes it easier to analysis the reactions 

in the gas phase and surface.  

 

 
Fig5. Reactor Setup 

 

B. Selecting of a Nozzle 

The parameters for the plasma reactors in figure 3 

used in the project were summarized in Table 1. It 

is not easy to compare them since many external 

parameters are so different in each tool, such as the 

volume, gases, flow rate, pressure, etc. However, 

the table shows some interesting aspects for 

controlling processing plasma.  

 

C. Summary 

The following is the summery of the investigated 

1. Etching rate would be considered for 

deposition rate.  

2. Plasma growth technique used, rate of growth 

inversely related to temperature.  

3. Selection of opening shielding spot.  

4. Logical calculation for the parameters. 

5. How much material to etch.  

6. A magnetron RIE tool and an SAC hole 

process were introduced as tropics for the 

technology evolution. This research conducted 

on the SiO2 etching using CF plasma. The CF 

gas molecule is proposed as important 

parameters to control the gas dissoSciation and 

etch species flux to the surface. An etch 

reaction model was proposed and successfully 

predicted the etch rates of Si containing 

materials. Requirements for the development 

of next generation etch tools were discussed. 

 

VI. CONCLUSIONS 

For flow field inside plasma etch reactor, 

impressive experimental techniques exist that can 

be used to obtain the information required to 

develop a quantitative description of plasma-

surface interactions relevant to plasma etching. A 

strong need exists to develop and employ beam 

sources of realistic plasma species in order to 

facilitate controlled investigations of relevant 

plasma-surface interactions. An improved 

understanding of the interaction of specific reactive 

particles with a surface and the synergistic effects 

that become important when several species react 

simultaneously, coupled with modeling should 

make it possible to identify key mechanisms. The 

situation is not as promising for microstructures. 

Novel phenomena that are absent for surfaces occur 

in microstructures and ultimately determine the 

usefulness of a particular plasma process. 

Significant efforts will be needed to further develop 

means to establish particle fluxes and identify 

fundamental surface processes in microstructures 

as a function of microstructural dimensions.  
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VII. NUMERICAL SOLUTIONS 
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