O

micd

JUNE 3 & 4, 2014

International Multi Track Conference on
Sciences, Engineering & Technical Innovations
YOL -2

Edited By SPONSORED BY

Dr Manoj Kumar

Goverme ndla
Department of Science & Technology
Ministry of Science & Technolegy

ORGANISED BY

Gﬂ CT INSTITUTE OF ENGINEERING
GROUP OF MANAGEMENT & TECHNOLOGY

INSTITUTIONS U.E.ll-Pratappura Road, Shahpur, Jalandhar -144020 Punjab, INDIA
www.ctgroup.in Ph. : 0181- 5055127, 5055128, Fax : 0181-5055130 | M. +91 9316326906
Conference Website:www.imtc.ctgroup.co.in | Email ID: imtc14@ctgroup.in




Proceedings of

International Multi Track Conference on
Sciences, Engineering & Technical Innovations

O

i<

JUNE 3 & 4, 2014

Edited By
Dr Manoj Kumar

Organised By

CT INSTITUTE OF ENGINEERING
MANAGEMENT & TECHNOLOGY
JALANDHAR - 144020 (PUNJAB)

Sponsored By

Lok ]
Goverment of India
Departmant of Scienoe & Technology
Ministry of Science & Technology

Published by

CT EDUCATIONAL SOCIETY

CT INSTITUTE OF ENGINEERING
MANAGEMENT & TECHNOLOGY
U.E.ll-Pratappura Road, Shahpur, Jalandhar -144020 Punjab, INDIA




First Impression : 2014

© CT Educational Society, Jalandhar

Sciences, Engineering & Technical Innvations

ISBN : 978-81-929077-1-0

No part of this publication may be reproduced or transmitted in any form by any means, electronic
or mechanical, including photocopy, recordings, or any information storage and retrieval system,
without permission in writing from the copyright owners.

DISCLAIMER

The authors are solely responsible for the contents of the papers compiled in this volume. The
publishers or editors do not take any responsibility for the same in any manner.

Published By

CT EDUCATIONAL SOCIETY
CT INSTITUTE OF ENGINEERING
MANAGEMENT & TECHNOLOGY

ISBN : 978-81-929077-1-0

Typset by

Aryana Software Develoment Cell
C/o. CT Institutions
U.E.Il-Pratappura Road, Shahpur,
Jalandhar -144020 Punjab, INDIA

Printed by

AN Enterprises

198-fateh pura,
Behind singh steel
Jalandhar



PREFACE

This book contains the proceedings of the International Multi Track Conference on Sciences,
Engineering & Technical Innovations (IMTC-14) which was organized by CT Institute of
Engineering, Management & Technology (CTIEMT), Jalandhar on June 3-4, 2014.This
conference aims to disseminate the latest research in Wireless Networks & Mobile Computing,
Optical Communication, Software Engineering/Cloud Computing/Biomedical Signal Processing,
Image/Speech Processing, Neural Network/Fuzzy Logic, Analog/Digital/VLSI/Antenna, Civil
Engineering, Electrical Engineering, Mechanical Engineering, Pharmaceutical & Biotechnology,
Applied Sciences, Management & Education and other relevant topics and applications. This
conference is co-sponsored by Department of Science and Technology, India and Punjab

Technical University, Jalandhar.

The friendliness and candidness of IMTC-14 shall enhance the ability of all the delegates
to grow by interacting with the experienced resource persons and young researchers.

My gratitude is due to S. Charanjit Singh Channi, Chairman, CT Group of Institutions
Jalandhar, who has been really very encouraging and supportive.

This conference and the proceedings have been possible due to the unstinted support of
the Management of CT group.

I am very thankful to my colleagues and whole staff rendering their services as co-editors
in compilation of this volume. Finally, I very cordially thank all the people of CT group for their
efforts to maintain the high scientific level of conference and proceedings.

e

Dr. Manoj Kumar
Convener

miae
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Treatment of Municipal Wastewater Using
Sequencing Batch Reactor-A Laboratory study

Athira Rajeev
SVNIT
Surat, India
athieev@gmail.com

Abstract-The performance of a sequencing batch reactor
treating municipal wastewater was studied in a laboratory scale.
The sequencing batch reactor had a working volume of 40L. 20L
of fresh sewage with an average BOD5, COD, NH,-N and TKN
concentration of 83.42 mg/L, 295.6 mg/L, 14.6 mg//L and 25.3
mg/L respectively was fed into the reactor during the fill phase
for each cycle. The reactor had a cycle period of 8 hours, which
comprised of 0.25 hours fill phase, 6 hours react phase, 1 hour
settling phase, 0.25 hours decant phase and 0.5 hours idle phase.
During the react phase, aeration and stirring at 100 rpm was
supplied. Aeration was supplied using 3 fish tank aerators giving
an air supply of 0.078 L/min each. The reactor gave an average
removal of 40.12%, 84.35% and 52.18% for COD, NH4,-N and
TKN respectively. The destruction of biomass due to the lack of
power supply for two days, brought a greater impact on the COD
removal than on NH4-N and TKN removal. The COD removal
decreased from 47.86% on day 24 to 24.14% on day 27. The
reactor gave good performance at MLVSS concentration
between 2500 mg/L and 3000 mg/L.

Keywords- Treatment; COD;ammoniacal nitrogen; total kjeldahl
nitrogen; mixed liquor volatile suspended solids

L INTRODUCTION

In recent years, biological processes have been considered
to be of significant importance for the treatment of organic
wastewater, because of cost effective and environmentally
sustainable alternative technology. Conventional biological
treatment systems(e.g: activated sludge) have shown limited
success in removing potentially toxic substances. Sequential
batch reactors(SBR) has recently become an alternative
technology for the biological treatment of industrial
wastewaters having very high concentration of COD, BOD,
phenolic compounds and other hazardous pollutants. SBR
process is a suspended growth process operating under non-
steady state conditions which utilizes a fill and draw reactor
with complete mixing during the batch reaction step (after
filling) and where the subsequent steps of aeration and
clarification occur inthe same tank. All SBR systems have five
steps in common, which are carried out in sequence as
follows, (1) fill (2) react (3) settle(sedimentation/clarification)
(4)draw (decant) and (5) idle. It is reported that the treatment
of SBR is economical than conventional continuous mode
activated sludge process in the tune of 20% , being equally
efficient from the viewpoint of organic carbon removal.

In the recent period, SBR has achieved considerable
attention, though the theoretical fact of the process is not a
novel one. Irvine and Busch(1979), in their pioneering
research established that SBR could be an excellent alternative
of conventional activated sludge process for both municipal
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and industrial wastewater treatment.It can also be used as a
package treatment unit for simultaneous treatment of organic
and nitrogen bearing waste in a single reactor system.Aerobic
conditions in SBRs are optimal owing to clearly lower
biomass production with comparable effectiveness of BODs
and COD removal (K. Dorota et al,2007). When SBRs are
working under higher organic loadings, it is very effective in
removing carbon and nitrogen. Major fraction of soluble
COD(SCOD) removal takes place during the aerobic reaction
period and further SCOD removal takes place in the anoxic
phase( AnupamDebsarkar et al,2006). Also, longer aerobic
reaction phase increases the efficiency of COD removal and
NH,"-N removal(W. Jamile et al, 2013).

Ammonia is converted into nitrate (NOj;’) through an
intermediate product as nitrite by the process of nitrification.
The essence of effective nitrification lies with high degree of
nitrate formation and its recovery. However, unless nitrite is
formed substantially by the autotrophic nitrosomonas, through
utilization of NH,'-N as substrate, the nitrate level cannot be
elevated in the reactor. Thus, to allow the maximum utilization
of ammonia by the nitrifiers, longer aeration period is
necessary (AnupamDebsarkar et al, 2006). Denitrification in
any biological reactor can be achieved only when dissolved
oxygen (DO) level in the reactor is very low or even
absent(<Img/L). Such anoxic environmental conditions can be
maintained in the SBR system when the supply of air is shut
off (AnupamDebsarkar et al, 2006).Thus, low DO
concentration and the presence of carbon source improves the
denitrification process, thus resulting in a better total nitrogen
removal efficiency ( W. Jamile et al, 2013).

Usually in SBRs biological nitrogen removal occurs
through pre-denitrification,which occurs during the fill phase.
The nitrate-N(NOj") /nitrite-N (NO,") which is produced in the
preceeding operational cycle is converted into N-gas by the
anoxic heterotrophic denitrifiers. The denitrifiers consume the
readily biodegradable COD (rbCOD).

Presently, the use of SBRs in the biological treatment of
wastewater has been widely extended from lab-scale studies to
real wastewater treatment plants. While lab-scale SBRs have
been used for research on carbon and nutrient removal and the
development of urban/industrial wastewater biodegradability
assays, real plant applications are still mainly focused on
carbon removal. Nevertheless, when operating real time SBRs,
the efficiency of nitrogen removal sometimes turn out to be
better than the legally required effluent standards (Al-Rekabi
et al, 2007). The aim of the present study was to study the
performance of SBR treating municipal wastewater by
considering the removal of the following parameters; COD,
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ammoniacal
nitrogen(TKN).

II. MATERIALS AND METHODS

nitrogen (NH4-N) and total kjeldahl

A. Experimental set-up

The experimental work was carried out in a laboratory
scale SBR with a working volume of 40L.The SBR had
dimensions of 44cmX30cmX70cm and was made of 10mm
thick acrylic sheet. Mechanical stirrer of 100rpm was used to
provide stirring to maintain a homogeneous mixture in the
reactor. Oxygen was supplied by means of three fish tank
aerators where each gave an air output of 0.078 L/minute.

B.  Seed activated sludge

The SBR reactor was seeded with the return activated
sludge taken from a nearby municipal wastewater treatment
plant .The reactor was seeded with 15L of activated sludge.
The volatile suspended solids (VSS) to suspended solids (SS)
ratio of the seed sludge was 0.73.After seeding, the reactor
had an MLSS concentration of 3800mg/L.

C. Experimental procedure

The duration of a complete cycle was 8 hours.The cycle
period was divided into different phases in sequence as
follows-0.25 hours fill phase, 6 hours react period, 1 hour
settling phase, 0.5 hours decant period and 0.25 hours idle
phase. During the fill phase, 20L of raw sewage was fed into
the reactor tank. The raw sewage used for the study was
obtained from the nearby pumping station.The mechanical
stirrer was operated continuously during the react period with
a speed of 100rpm. From the 15™ minute, the reactor was
aerated,upto the end of the react phase. During the react phase,
both aeration and stirring was given to mixed liquor. After the
react phase,l hour settling period was provided followed by
decanting. The reactor was then kept idle for 0.25 hrs.

Influent and effluent samples were analysed for pH, COD,
BODs, NH4-N and alkalinity.Dissolved oxygen level during
the react period, MLSS and MLVSS was also measured thrice
a week. All analysis were carried out as per the methods
described in Standard Methods.

III. RESULTS AND DISCUSSIONS

A. Performance of SBR in COD removal

The raw sewage which was used for the study had an
average chemical oxygen demand of 300mg/L. Chemical
oxygen demand is the amount of biodegradable and non-
biodegradable organic matter present in the wastewater.It is
the source of energy for microbial metabolism. From the
graph showing the percentage COD removal in various days,it
can be seen that the removal of COD was only 11.76% in the
first day of operation.It increased upto 46% in 22 days.Almost
constant removal of about 40% was observed from day 11 to
day 15. From day 15 to day 24, the reactor again showed an
increase in removal from 40% to 49%. A sudden drop in curve
is found from day 24 to day 28.This was because, the reactor
was not working for days 25 and 26 due to the lack of power
supply. The MLVSS concentration in the reactor on day 24
was 2812mg/L. It reduced to 1432 mg/L on day 27.The loss of
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biomass is the reason for the decrease in the COD removal.
Then the COD removal gradually increased from the 27" day
of operation to the 50" day, where it reached upto 56.36%.
The greater influent COD concentration (greater than 350
mg/L), contributed to the higher effluent COD concentration
on days 20 to 23.
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Fig. 1. Profile of influent and effluent COD concentrations
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Fig. 2. Profile of COD removal

By the 20" day, the MLVSS concentration in the reactor
was 2800mg/L. On this day, the reactor gave a COD removal
of 45% for the influent COD concentration of 400mg/L. But,
it can be seen that on day 38, the removal was 34.14% for the
influent COD concentration of 410 mg/L. On this day, the
MLVSS concentration in the reactor was 2250mg/L, which
was less than that on the 20™ day of operation. The lower
concentration of biomass gave the lower removal of COD.
The decrease in COD removal on day 48 was due to the
increase in biomass concentration. The MLVSS concentration
was 3236 mg/L on day 48. This caused a portion of the
accumulated solids to find their way to the system effluent,
which contributed to the effluent COD. The reactor gave good
COD removal when the MLVSS concentration in the reactor
was between 2500 mg/L and 3000 mg/L.

B.  Performance of SBR in the removal of NH;N

The influent raw sewage had an average ammoniacal
nitrogen concentration of 14.6 mg/L. From fig 4; the
ammoniancal nitrogen removal was 69.11% on the first day of
operation. It increased to 86.85% on day 10. The removal
decreased from 88.71% on day 23 to 81.73 on day 27. This
decrease is due to the loss of biomass, since the system had
ceased working due to the lack of power supply. The reactor
regained its removal capacity to 89.66% by day 30.
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A slight jump in curve on day 23 is due to the higher
influent ammoniacalnitogen concentration. The removal rate
was more when the influent ammoniacal nitrogen
concentration was high. The reactor gave an effluent
ammoniacal nitrogen concentration less than 2 mg/L. This
indicates almost complete ammonium oxidation.

C. Performance of SBR in the removal of TKN

The influent raw sewage had an average TKN
concentration of 25.3 mg/L. On days 38, 46 and 50, the
influent TKN concentration as about 30 mg/L. This increased
influent concentration accounts for the, slight increase in the
effluent TKN concentration on these days. After almost 10
days of operation, the reactor gave almost constant removal of
TKN,which was between 50 and 60%. TKN removal slightly
decreased from 56.12% on day 22 to 51.24% on day 30. This
decrease in removal was also due to the destruction of biomass
due to the lack of power supply for 2 days. Then the biomass
growth progressed and the removal of TKN roseupto 58.39%
on day 50.
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Fig. 5. Profile of influent and effluent TKN concentration
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Iv. CONCLUSIONS

The laboratory study on the treatment of municipal
wastewater using SBR with 6 hours aerobic reaction period
gave the following conclusions.

e The average effluent COD, NH4-N and TKN
concentrations were 178 mg/L, 2.3 mg/L and 12.01 mg/L
respectively with an average removal of 40.12%, 84.35%
and 52.18% respectively

e The reactor gave better COD removal at MLVSS
concentrations between 2500 mg/L and 3000 mg/L.

e The decrease in COD removal on day 48 was due to
greater MLVSS concentration of 3236 mg/l, where the
accumulated solids found their way to the system effluent.

e The lack of power supply on days 25 and 26 led to the
destruction of biomass. The effect of this reduction of
biomass had a greater influence on the COD removal than
on NH4-N and TKN removal.

e Greater concentration of NH;-N and TKN in the influent
contributed to the greater effluent NH,-N and TKN
concentration in certain days of operation.

e In future,the performance of SBR could be studied by
introducing an anoxic phase into the react period after
aeration. Also the study can be carried out by varying the
influent COD and NH,-N concentrations.
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Abstract—The use of anaerobic processes to treat wastewater
has been increasing in recent years due to their favorable
performance-costs balance. For optimal results, it is necessary to
identify reactor configurations that are best suited for this kind
of application. This paper reports on the laboratory study
carried out on up-flow anaerobic fixed film fixed bed (UAFFB)
reactor systems with the objective of evaluating their
performances when used for the treatment of low-strength
wastewater. Pine cone was used as a reactor bed material in the
reactor with capacity (10.8L) UAFFB reactor operated for 60
days. Two sets of experiments were carried out. During each set
the flow rate to the digester was kept constant, giving hydraulic
retention times of 72, 48 h, respectively within controlled
ambient temperature. During the experiments loading rate kept
between 0.75- 1.5Kg COD/m3day. The production of the biogas
was small. The COD removal efficiency varied between 35-55%.

Keywords— UAFFB Reactor; Acclimatizatio; Spent wash;
Pall rings; Organic loading rate.

L INTRODUCTION

As early of eighteen century the formation of methane from
anaerobic decomposition of organic deposits was known and
in the middle of nineteenth century the involvement of
bacteria in this decomposition became clear. It was just one
century ago (1881) when anaerobic treatment was reported to
be useful for reducing mass and putrescible nature of
suspended organic material (sludge) removal from municipal
wastewaters.

Anaerobic processes are an attractive technology for
wastewater treatment. The high costs of aeration and sludge
handling associated with aerobic sewage treatment are
dramatically lower as no oxygen is needed and the production
of sludge is 3-20 times lower. However, its use is usually
limited to high strength industrial wastewater with soluble
substrates. Domestic wastewater has typically low
concentrations of COD, resulting in relatively small methane
production that is insufficient to heat the reactor to more
favorable mesophilic temperatures. Moreover, the relatively
high concentration of particulate matter present in domestic
wastewater requires an initial hydrolysis step, which is
significantly affected by temperature and is usually the rate-
limiting step in sub-tropical climate regions. In tropical
countries UASB reactors for domestic wastewater have found
wide acceptance. There are several full-scale plants already in
operation in Colombia, Brazil, Indonesia, India and Egypt and
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COD removals above 70% have been observed by several
authors [1], [2],[3]

The effluent quality at these installations is reported to be
140 mg COD/l, 75 mg BOD/I and 30 mg TSS/l. At low
temperatures, the low hydrolysis rate and a decrease in the
degradable organic matter fraction were found to cause the
deterioration of the overall anaerobic reactor performance [4].
UASB COD removals of ~65% at 20°C and of 55-65% at 13—
17°C were observed by several authors [5],[6],[7],[10]. A
decrease in the effluent quality was also observed, together
with a decline in the gas production rate.

II.  MATERIALS AND METHODS USED

A. Reactor set up

Construction detail of UASB Reactor and characteristics of
seed are given below in table I and table II respectively:

TABLEIL  CONSTRUCTION DETAIL OF UASB REACTOR

Sr. No. Particular Specification

1 Reactor type Clrculg rPvC

pipe

2 Diameter 14.5 cm

3 Total height 35cm

4 Effective height 31 cm

5 Working volume 10.8 Lit

6 Total volume 13.8 Lit

7 Packing Media depth 25 cm

8 No. of pine cone 11
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TABLE II. CHARACTERISTICS OF SEED

Sr. No. Parameter Concentration
1 pH 8
2 Total Solid ( mg L-1) 5975
Volatile Solid (mg L- 1150
D
4 Total BODS (mg 485
L-1)
5 Total COD (mg L-1) 2575
6 Alkalinity (mg L—1 950
as CaCO3)
7 Chlorides (mg L-1) 430
8 Electrical 1750
conductivity
(umhos/cm)

B. Tower packing material

The Tower packing materials (Pine cone) were used as
fixed bed. It was easily available in himachal and here pine
cone used as a packing media. its first time in UASB reactor
history ever use pine cone as a packing material. Its fully
biodegrable material. Size of pine cone was used length 18
cm. Physical characteristics of tower packing material. [9]

Name - Mature female Pinus coulteri cone
Shape — cylindrical or ovoid (egg-shaped)
Volume —open pine cone— 0.00016 m’,
Sink pine cone — 0.00014 m3
Cone fresh weight (g)- 110
Cone length (cm)- 18
Cone width (mm)- 30.00
Seed length (mm)- 6.45
Seed width (mm) -5
Seed weight (g)- 6
C. Feed Sample

The wastewater used in the experiment was from the outlet of
the primary sedimentation tanks of the municipal treatment
plant of the NIT hamirpur (India).

III. ANALYTICAL PROCEDURE

In this study, standard method (APHA et al. 1998) was used
for all analytical measurements (e.g., pH, COD, total
suspended solids (TSS), volatile suspended solids (VSS),
alkalinity, and gas composition). The pH was measured by
Thermo ORION model 210 pH meter. The COD was
detected using the closed reflux, titrimetric method with 20x
150 mm culture tubes. The suspended solids testing was
performed with Whatman (Florham Park, New Jersey) GF/C
glass microfiber filters (1.2 ). [8]
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IV. REACTORS PERFORMANCE

The performance of the reactor system was characterized
by varying, substrate concentration from 700 to 2000 mg/l and
hydraulic detention period from 24 to 72 hours. The
experimental observation of the reactor system is depicted in
Fig.1. The corresponding steady state removal efficiency was
65%. Similar pattern was observed on further increase in
substrate loading but the time required for regaining stability
reduced with time span. At high loading rate of 1.0
kgCOD/m® day, fall in steady state substrate removal
efficiency was as low as 41.2%. However, studies have been
carried out up to a maximum loading of 2.2 kgCOD/m’ day.
The corresponding substrate removal efficiency achieved was
55 to 60%.

V. KINETICS OF HUASB REACTOR
A. Model Selected

Several investigators have proposed kinetic models for
the anaerobic digestion process. An overview of the popular
models is given in Table 3. According to Heertjes and Van
Der Meer (1978), the UASB reactor has two distinct
characteristics. The sludge bed and blanket could be
described as a combination of completely mixed region and
well mixed region, while the flow characteristics in the
settling zone could be described as a plug flow (i.e., the
content of waste water follows the principle ‘first-in-first-out’
and that longitudinal mixing is assumed to be almost
negligible). However, rising gas bubbles from the sludge bed
and blanket also provide mixing of the settling zone and
hence, the flow regime in the settling zone cannot be
considered as a perfect plug flow.

TABLE IIIl. OVERVIEW OF KINETIC MODELS FOR ANAEROBIC DIGESTION

PROCESS
SL Name of Model Proposer/ Investigator(s)
No.
Monod (1949) Laurence and
! Monod model McCarty (1970) Chin (1981)
2 First order model Pfeffer (1974)
3 Chen-Hashimoto model Chen and Hashimoto (1978)
4 Diffusion model Suidan et,al. (1987)
5 Singh model Singh et,al. (1963)
6 Modified Monod model Roels (1983)
e Lau-Wong (1985) Cecchi
7 Step-diffusion model et,al. (1990, 1991)
8 Modified first order Converti et.al. (1997)
model
9 Inert nuclei model Lettinga et,al. (1980)
10 Selection pressure model Hulshoff Pol et,al. (1988)
11 széfeiéer?lsilc(;g I;:ﬁgﬁl Rouhet and Mozes (1990)
yntrop y Fang (2000)
model
12 Heetjes and Van der Heertjes and Van der Meer
Meer model (1978)
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But, Hwang and Hansen (1992) assumed the UAFFB
reactor as a completely mixed, rather than, a plug flow reactor,
taking the whole reactor volume as a control volume. In this
study, the above approach was adopted and hence the kinetic
model and equations described by them was assumed to be
valid for determining the bio-kinetic coefficients of UAFFB
reactor. Therefore, from among the several models as outlined
in Table III, Heertjes and Van Der Meer model which is based
on Monod-type kinetic model is assessed to be more suitable
to explain the biological processes in the reactor considered in
this study. A brief theoretical background of the above kinetic
model, based on the model development presented by Hwang
et al. (1992), is described in the following section. [11]

VI.  RESULT AND DISCUSSION

The performance of the reactors during the study.
Effluent COD progressively decreased with time in reactor
until very low and stable COD concentrations were attained
by the end of the run. Correspondingly, COD removal
efficiency improved along the study from acceptable to very
good levels in reactor Mean values under stable operation
varied from 55% total COD removal by the UAFFB reactor.
Result below Table IV.

TABLE IV. SUMMARY RESULT OF EXPERIMENTS ON PILOT

Days of Q HR | Up flow | Influen | Organic | Maxi
Experi | (lit/ T velocity | tCOD | loading | mum
ment day | (hr) (m/hr) (mg/Lit rate Effic
) ) kgCOD/ | iency
m3.d (%)
1-10 3.6 72 0.0043 750 0.25 14
11-20 3.6 72 0.0043 975 0.32 28
21-30 3.6 72 0.0043 1156 0.38 28
31-40 5.4 48 0.0064 1265 0.63 34.9
41-50 5.4 48 0.0064 1320 0.66 41
51-60 5.4 48 0.0064 1360 0.68 43

The results given in above table are for 60 days and the
whole study period is 120 days, so the expected efficiency of
reactor for 120 days period will be around 55 to 60 %.

VII. CONCLUSION

A programmed startup operation was essential for
effective commissioning of the Up flow anaerobic Fixed Film
Fixed Bad reactor system. A period of around 120 days was
required for complete stabilization of the reactor system to be
fed directly with Municipal wastewater. Results of the
experiments conducted at various substrate loading rates are
indicative of the fact that as the organic loading rate increases
there is a decline in the substrate conversion efficiency
bearing a linear relationship.

Based on the experimental investigation on Upflow
anaerobic Fixed Film Fixed Bad reactor treating low strength
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wastewater, the optimum operational conditions in reference
to system performance evaluated were:

e pH—7.0

Temperature—30°C

Hydraulic detention time—1.0 to 2.2 days

Optimum loading rate—0.7 KgCOD/m® day

Maximum loading rate—2.2 KgCOD/m® day

The studies relating to susceptibility of the reactor
system to shock loading, namely organic, hydraulic, and pH
shock load indicated that:

Upflow staged fixed bed reactors have been shown here
to be a good alternative for the anaerobic treatment of
complex low-strength wastewater because. Solids are
effectively entrapped and removed in the sludge bed and
phase separation occurs promoting the efficient degradation
of substrates. COD removal efficiency Expected increased
(up to 50- 60%). Experimental runs conducted on Fixed Film
reactor module with varying organic loading rates in the
range of 0.750 to 1.50 kg COD/m’/day.

Based on the results of this research project it can be
concluded that the UAFFB reactor can be a good alternative
for domestic wastewater treatment even in temperate
climates.
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Abstract— Soil reinforcement is an effective and reliable
technique for improving shear strength and stability of soils. The
main objective of this study is to determine the contribution of
fibre reinforcement to the shear strength of sand. A series of
direct shear tests is carried out to investigate the effect of fibre
content on the behavior of sand. Two sizes of polypropylene fibre
of length 6mm and 12mm is used .The volumetric fibre content of
polypropylene fibre varies from 0.1 to 0.5%. Incorporating
reinforcement inclusions within a soil mass is an effective and
reliable technique for improving the engineering properties of
soils. The primary purpose of reinforcing soil is to improve its
stability, increase its bearing capacity, and reduce settlements
and lateral deformation. The influence of various percentages of
fibres on the shear strength of soils has been investigated by
direct shear tests.

Keywords—  Shear
reinforcement; settlement.

strength;  polypropylene fibre; fibre

L INTRODUCTION

Randomly oriented tensile inclusions incorporated into
granular soil improve its load-deformation behavior by
interacting with the soil particles mechanically through surface
friction (bond) and also by interlocking and not creating any
internal forces at molecular levels. The function of the bond or
interlock is to transfer the stress from the soil to the tensile
inclusions, and to mobilize their tensile strength and impart this
resisting force to the soil, thus reducing the strains induced in
reinforced soil which lead to the improvement in load carrying
capacity of the soil. Various types of inclusions have been
employed, such as discrete and continuous fibres and mesh
elements. The main objective of this study is to determine the
contribution of fibre reinforcement to the shear strength of
sand. A series of direct shear tests will be carried out to
investigate the effect of fibre content on the behavior of sand at
all stages: prefailure, failure, and post-failure. Fibres are
usually blended into the soil to create an ideal reinforcement
system for the repair of slope failures, the reinforcement of
pavement sub-grades, the foundation stabilization and for the
improvement of retaining wall backfill. The concept of
reinforcing soil with fibre materials originated in ancient times.
However, randomly distributed fibre-reinforced soils have
recently acquired increased attention in many geotechnical
engineering applications. One of the main advantages of
randomly distributed fibres is the maintenance of strength
isotropy and absence of potential failure plane that can develop
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parallel to oriented reinforcement. A wide range of
reinforcement has been used to improve soil performance.
Increasing the soil strength has caused increased interest in
identifying new available resources for reinforcement. One of
the main advantages of randomly distributed fibres is the
maintenance of strength isotropy and absence of potential
failure plane that can develop parallel to oriented
reinforcement. A wide range of reinforcement has been used to
improve soil performance. Increasing the soil strength has
caused increased interest in identifying new available resources
for reinforcement. Short discrete fibres made of polymeric or
natural material have also been used to improve the shear
strength of soil. Polypropylene fibre is the most widely used
inclusion in the laboratory testing of soil reinforcement.
Currently, PP fibres are used to enhance the soil strength
properties, to reduce the shrinkage properties and to overcome
chemical and biological degradation.

Ghazavi and Roustaie showed that the addition of 3%

polypropylene fibres (12 mm) results in the increase of UCS
of the soil before and after applying freeze—thaw cycles by
60-160% and decrease of frost heave by 70%. Tang et al.
investigated the micromechanical interaction behavior
between soil particles and reinforcing PP fibres. They
concluded that the interfacial shear resistance of fibre/soil
depends primarily on the rearrangement resistance of soil
particles, effective interface contact area, fibre surface
roughness and soil composition. As well, a soil—fibre pull out
test apparatus was made by the authors.
The main objective of this study is to investigate the effect of
polypropylene fibre on some physical properties of sandy soil.
The parameters investigated in this study include shear
strength properties and angle of internal friction at different
fibre percentages and aspect ratios.

II. EXPERIMENTAL INVESTIGATIONS
A. Materials used

1) Yamuna sand: The sand used in the investigations has
been collected from the banks of river Yamuna from a
village near Radaur in Yamunanagar district of Haryana.
The particle size distribution curve for Yamuna sand is
shown in Fig. 3.1. According to the Indian Standard on
classification and identification of soils for general
engineering purposes, as per IS: 1498 (1970), the soil is
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classified as poorly graded sand (SP). The maximum and
minimum void ratios of sand have been computed as per
Indian Standard for determination of density index for
cohesion less soils, IS: 2720 (Part 14) (1983).

GRAPH 1. PARTICLE SIZE DISTRIBUTION CURVE OF YAMUNA

SAND.
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TABLE 1. PHYSICAL PROPERTIES OF YAMUNA SAND

SI. No Property Value
1. Effective size (D) 0.140m
m
2. Uniformity coefficient (C,) 2.07
3. Coefficient of curvature (C,) 0.985
4. IS Classification Sp
5. Passing 1.18 mm IS Sieve 100%
6. Mean specific gravity (G) 2.65
7. Minimum void ratio ey, /max. dry density 0.56/1.6
96
gm/cc
8. Maximum void ratio ey,/min. dry density 0.79/1.4
77
gm/cc

2) Polypropylene fibre: Polypropylene fibre has been
procured from Shivananda Marketing Pvt. Ltd., Ansari
Road, Daryaganj, New Delhi. Polypropylene fibre has
been divided into two categories on the basis of size
(6mm and 12mm) for its inclusion in various percentages
(volumetric fibre content = 0.1, 0.20, 0.3,0.4 and 0.5 %)
to the parent soil. The specific gravity of polypropylene
fibre varies from 0.90-0.91, value as obtained from
manufacturer. Its alkaline strength is very good as
reported by manufacturer. The physical properties of
polypropylene fibre as obtained from manufacturer are
given in Table 2.

TABLE II. PHYSICAL PROPERTIES OF POLYPROPYLENE FIBRE

SI. No. Property Description
1. Shape Triangular
2. Cut length 6mm, 12mm
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3. Effective Diameter 25-40pm
4. Specific Gravity 0.90-0.91
5. Melting Point 160-165°C
6. Tensile Strength 320-490 MPa
7 Young’s Modulus > 4000 MPa

B.  Sample preparation

The fabrication procedures involve two stages: mixing
and formation. The mixing stage begins with the manual
mixing of the soil with a controlled amount of water. The
water is required to enable the mixing of the sand with the
fibres and also to prevent fibre sand segregation. Then, small
amounts of fibres are added progressively until, by visual
examination, the fibres appear to be well distributed
throughout the soil mass. The concentration of fibres used in
the reinforced specimens is defined as the ratio of the weight
of fibres and the dry weight of sand while the moisture
content is defined in the classical way as weight of water to
weight of dry soil.

Void ratio, as a reference parameter, is applied for the
preparation of the specimens, and not the relative density. The
choice of void ratio rather than relative density as the
reference parameter is made based on the fact that the fibre
inclusion interferes with particle packing and thus causes
lower sand densities, and the fibre inclusion modifies the
maximum and minimum void ratios of fibre reinforced sand
(FRS) mixtures, rendering the relative density impractical for
the description of the FRS degree of compaction.
Consequently, the sample global void ratio (e) is adopted to
indicate the qualitative level of dense state of the sands and for
the interpretation of experimental results. It should be pointed
out that parameters such as optimum water content and
maximum dry unit weight of the sands are not determined
since the present study did not aim at relating the mechanical
behavior of FRSs with the optimum density obtained after a
specific compaction effort (Proctor compaction tests), but
relating the mechanical behavior of FRSs with a specific value
of e similar to the one of the unreinforced sand which reflects
the dense state of the particular sand. The volume of fibres is
considered part of the skeleton, and hence, the void ratio is
defined as the volume of voids relative to the combined
volume of fibre and sand. Compaction of the specimens is
characterized by the void ratio. In all tests, the initial void
ratio of prepared specimens is proposed as e = 0.629,
corresponding to a relative density = 70% for unreinforced
sand.

The concentration of fibres in the composite is described
by their volumetric content (p,) which is defined as the ratio
of the volume of fibres (V) and overall volume (V) of the
composite. Reinforced sands will have a volumetric fibre
content ranging from 0.1 to 0.5 %. The fibre reinforced
specimens are prepared by hand-mixing sand, water and
fibres. Water is added to prevent fibre segregation during
sample formation. The water content for all specimens ranged
from 8 to 10 %. The mixing process for the sand, water and
fibres was stopped when the fibres were evenly distributed
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and randomly oriented throughout the sand. Afterwards, the
reinforced sands with different fibre concentrations are
compacted to an equivalent target void ratio, e,, for the
unreinforced sands inside the shear box. The compaction
process is performed by tapping on the sides of the specimen
with a metal rammer weighing 4.5 kg.

The calculations of the sand and fibre weights used to
obtain a reinforced specimen with volume V and equivalent
target void ratio, e, equal to those for an unreinforced
specimen are based on equations established for the
hypothetical case. In this case, a particular mixture of soil is
altered by replacing a part of the solid component with
another solid that has a lower specific gravity in such a way
that the total mass of solids remains unchanged. Specifically,
the following procedure is followed:

1) Using the required void ratio (e,) and the fibre
concentration (p,) by volume, the corresponding fibre
concentration (pr) by weight is calculated as:

_ (+e,)G;p,
(1+eo)(Gf _Gs)pv +Gs
Where, G, and Gy are the specific gravity of sand and

fibre respectively. pris defined as the mass of fibres relative to
the mass of dry sand.

2) The mass of dry sand W and the mass of fibre W;
required for obtaining test specimen with the required
volume V, are calculated by the following equations:

__ V. (-p)GG, N
© l+e, (I1-p;)G; +p,G, "
_V P:G,G,

“l+e, (1-p;)G, +p,G, Vo

Where, V = required volume of the mixture and y,, = unit
weight of water.

Pe

f

3) During the compaction process, the specimen height (h)
inside the shear box is carefully measured and recorded to
estimate the required volume V.

II. RESULTS AND DISCUSSIONS

e  Shear strength of sand in case of 12mm fibre is more as
compared to 6mm fibre.

e Shear strength shows a linearly increasing trend when
fibre % increase from 0.1% to 0.5%.

e Shear strength with 0.5% fibre content of 12mm size
shows a significant increase in shear strength as compared
to fibre of 6mm size.

e Angle of shearing resistance increase slightly in case of
6mm fibre but it shows a significant increase in angle of
shearing resistance as the fibre content increases from
0.1% t00.5%.
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IV. CONCLUSIONS

Experimental results show that the addition of fibres in a soil
mass increases the shear strength. However, a general rule
cannot be deduced because the research conclusions have, on
the most part, been contradictive. This inconsistency between
the published results may be due to the different combinations
of soil grain size, relative density, type of fibres and
fabrication method, which probably influences the interaction
mechanism of the fibre/soil interface.
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Abstract— California Bearing Ratio (CBR) value is an
important criterion in checking the soil subgrade strength of a
soil. It can be improved by a number of ways but if we use waste
materials for improving it, we not only can obtain good soil sub
grade strength but we can save considerable money also. Present
paper describes the potential of stone dust in improving CBR of
Kurukshetra soil which is a silty soil. Experimental investigations
like Modified Proctor Compaction tests, CBR tests, Atterberg
tests, Specific gravity determination were conducted.
Experimental results revealed that Stone dust increased the CBR
value of the stabilized silty soil when mixed at different
percentages of 2 %, 4 %, 6 %, 8 %, and 10 % of the dry weight
of soil in the increasing order of its mixing. By utilizing stone
dust in soil stabilization the environmental pollution created by it
can be minimized.

Keywords—Kurukshetra soil; Stone dust; Maximum dry density;
Optimum moisture content; California Bearing Ratio.

I INTRODUCTION

India produces a huge amount of waste materials as by-
products from different sectors like industrial, construction,
agricultural, etc. These waste materials if not deposited safely
it may be hazardous. A large quantity of waste material is
dumped at land filling site, which if investigated properly can
be utilized in road construction sector. The utilization of these
waste materials can be an economical and eco-friendly
alternative in nearby areas for rural road construction. In
India, research is currently underway to examine the potential
for use of some locally available wastes in road construction.
The results, to date, indicate that there is a wide scope for the
use of such materials. However, in India, only a few materials
have been used and that too on experimental basis. An attempt
has been made in the similar directions for investigating the
potential use of some industrial waste materials viz. cement
and lime kiln dusts, quarry waste, slags, fly ash, construction
& demolition wastes, rice husk ash bagasse ash, etc. for rural
road construction [1].

In the present work stone dust is used as a stabilizer to
improve the CBR value of the local soil. Stabilization is a
useful technique for improving the performance (strength) of
subgrade soil. The mixed soil is then compacted to the
required density after adding the predetermined quantity of
water. Investigation consists of evaluation of index properties
(Specific gravity, Atterberg’s limits and Wet sieve analysis),
maximum dry density, optimum moisture content and CBR
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tests on the silty soil and stabilized silty soil with stone dust as
an additive. A series of Modified proctor compaction and
CBR tests (soaked with static compaction) are carried out on
silty soil and silty soil mixed with stone dust in 2%, 4%, 6 %,
8 % and 10 % by weight of dry soil respectively.

II.  MATERIALS USED

A. Local soil

For understanding the behavior of local soil mixed with
stone dust, local soil was collected from NIT campus
Kurukshetra State Haryana. According to IS soil classification
system IS (1498) : 1970 [2], the soil has been classified as
silty soil of low plasticity which is quite fine and inorganic in
nature (ML) and having the particle size between 0.002 mm
and 0.075 mm . The index properties of soil are determined as
per Indian standard test procedure (IS 2720 Part 5 1970 [3] and
IS 2720 Part 3 Sect 2 1981 [4]) and tabulated in Table 1.

TABLE I. PROPERTIES OF SOIL

;l('). Properties Test Results
Wet sieve analysis (Sieve Size) % Passing
4.75 mm 100.0
2.0 mm 100.0

! 1.0 mm 100.0
425 n 99.4
751 73.0

2 Specific gravity 2.68

3 Liquid limit (%) 19.7

4 Plastic limit (%) 18.9

5 Plasticity index (%) 08

6 Optimum moisture content (%) 12.09

7 Maximum dry density (g/cm?) 1.997

8 California Bearing Ratio (%) 3.50

B. Stone dust

Stone dust which is also known as crusher sand is a
natural material obtained from the river bed as aggregates.
After grinded in crusher’s plant and converted to powder form
it can be successfully used as a soil stabilizer in improving
soil sub grade strength. In crusher’s plant big aggregates are
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cutted into small and desired shapes, the residue remained is
of no use which is stone dust. If it can be used as a
substituting agent in road construction it can considerably
save the construction cost and the menace of dust created by
the crusher’s plant can be minimized. The quarry dust/ crusher
dust is obtained as solid wastes, during crushing of stones to
obtain aggregates. The annual production of quarry dust is
roughly around 200 million tonnes (Soosan et al.2005).The
disposal of which creates a lot of geoenvironmental problems)

[5].

TABLEII.  Properties of STONE DUST
SL. Test
No. Properties Results
Wet sieve analysis (Sieve Size) % Passing
10.0 mm 100.0
1 4.75 mm 95.2
425 n 49.3
75 1 20.8
2 Specific gravity 2.67

C. Water
Potable water was used for the experimental work.

. EXPERIMENTAL WORK

A number of tests like determination of index properties
of soil, Modified Proctor compaction and California bearing
ratio were carried out on the basis of guidelines provided in
Indian Standards Codes of practice. Five different percentages
of soil — stone dust mixture were made (2%, 4 %, 6 %, 8 %
and 10 % of the total dry weight of the soil). Local soil of
Kurukshetra soil was used as the parent material.

IV.  RESULTS AND DISCUSSIONS

A. Modified Proctor Compaction test results

Soil + 4 % Stone dust 2.071 10.07
Soil + 6 % Stone dust 2.056 9.17
Soil + 8 % Stone dust 2.030 10.22
Soil + 10 % Stone dust 2.057 7.59
21 T
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Fig. 1. Dry density v/s water content curve of soil — stone dust mixture.

B. CBR test results

California Bearing Ratio (CBR) tests were carried as per
the guidelines laid down in IS 2720 : Part 16: 1987 [7] using
static compaction in soaked condition on local subgrade soil
and local soil mixed with different proportion of stone dust.
CBR moulds were filled at MDD obtained from Modified
proctor compaction test. Figure 2 is showing the CBR value of
local soil and local soil mixed with stone dust in different
percentages i.e. 2 %, 4 %, 6 %, 8 %, 10 % of total weight of
soil in soaked conditition respectively.

TABLE IV. CBR TEST RESULTS ON SOIL STABILIZED WITH STONE

Modified Proctor Compaction tests were carried out on parent
soil and parent soil mixed with 2%, 4%, 6%, 8%, 10% of stone
dust as per the procedure and guidelines laid down in IS: 2720
(Part 8) 1983 [6]. Figure 1 shows the maximum dry density
(MDD) and corresponding optimum moisture content (OMC) for
silty subgrade soil and variation in silty soil mixed with stone
dust in different percentages.

TABLE III. MODIFIED PROCTOR COMPACTION TEST RESULTS ON
SOIL STABIZIED WITH STONE DUST
Sample type Maximum Dry Optimum
Density Moisture Content
Soil 1.997 12.09
Soil + 2 % Stone dust 2.052 10.00

DUST
Sample type California bearing ratio (CBR)
(%)

Soil 3.50
Soil + 2 % Stone dust 8.10
Soil + 4 % Stone dust 9.41
Soil + 6 % Stone dust 10.36
Soil + 8 % Stone dust 12.77
Soil + 10 % Stone dust 15.32
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Fig. 2. Load v/s penetration curve of soil — stone dust mixture

V. CONCLUSION

No clear cut relation of MDD and OMC obtained from the
modified proctor tests on soil- stone dust mixture. The
possible reason for this may be temperature conditions and
various laboratory conditions.

CBR value of soil is increasing with the increasing percentage
of stone dust. Stone dust is showing a CBR value of 13.50 %
at 10 % soil — stone dust mixture with respect to the CBR
value of parent soil which is 3.50 %.

(1]

[2]

B3]

[4]

[3]

(6]

(7
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Abstract- Heavy metals are extensively released into the
environment as a result of industrialization and have created a
major global concern. Industrial waste constitutes the major
source of various kinds of pollution in natural water and
toxicity from heavy metals has been reported worldwide. The
metals are of special concern because of their persistence and
toxicity. One of the heavy metals being produced is lead which
is toxic to human body systems. The presence of lead in
drinking water is of utmost concern due to its high toxicity and
persistence Adsorption has been investigated as a simple cost
effective and eco-friendly method for the remediation of lead
from industrial wastewater. The adsorption of Pb (II) metal
ions on orange peel has been found to be concentration, pH,
contact time, adsorbent dose and initial metal ion
concentration dependent. The maximum removal efficiency is
80%. The adsorption parameters were determined using
Langmuir and Freundlich isotherm models. The data fits
better to the Langmuir isotherm model.

Keywords- Adsorption, Pb (I11); Isotherm; Orange Peel; Removal;
lons; Adsorbent.

L INTRODUCTION

Extensive pollution of fresh water is posing a serious
and growing threat to sustainable development as well as
protection of the environment. Human health, agricultural
development, industrial development and the ecosystem are
all at risk, unless water and land systems are effectively
managed [1]. Due to their toxicological significance on the
ecosystem and human health, pollution by heavy metals has
received wide spread attention in the recent years. Heavy
metal pollution has become a serious problem today and its
treatment is of special concern due to its resistance and
persistence in the environment. Many industries, like metal
plating, mining operations, tanneries, alkali, radiator
manufacturing, smelting, alloy industries and storage
batteries industries, etc. release these severely toxic heavy
metal ions in their wastewaters contaminating natural
streams they are disposed in, which is a major concern as it
is injurious to many life forms. Lead is an industrial
pollutant, which enters the ecosystem through soil, air and
water. Inorganic lead is an enzyme inhibitor, which also
affects the nervous system [2]. It is very toxic in nature.
According to the WHO, the maximum permissible limit
(MPL) of lead in drinking water is 0.01 mg/L [3]. Hence
proper treatment of industrial wastewaters which are
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releasing lead into the aquatic and land systems is very
important. Most of the treatment methods employed are
costly and not economically feasible and also not eco-
friendly in nature due their secondary effluent impact on the
recipient environment. Various researchers have studied and
revealed that physical adsorption using low cost adsorbents
is a highly effective and economic technique for the removal
of heavy metal from waste stream. Many studies have been
performed using agricultural materials which are low cost
(or of no economic value) such as waste wool, nut wastes,
tree barks, modified cotton, fruit peels and sawdust.
Activated carbon produced from almond shell, sawdust
based GAC, tree bark treated with formaldehyde and
sulphuric acid, bone char, tea leaves, wood charcoal,
coconut shell carbon, sulphurized activated carbon,
ozonized activated carbon, chemically treated GAC rice
hulls and rice bran, pine bark, treated sawdust and
agricultural waste have been used with and without
treatment for the removal of heavy metals [4]. Biosorption
of lead (II), copper (II) and cadmium (II) ions from aqueous
solutions onto olive leaves powder has been investigated by
Akl M.Awwad et al. indicating that olive leaves powder is
an effective adsorbent[5]. A Jafar Ahamed et al. studied
adsorption using activated carbon prepared from Adathoda
vasica stem to remove Cu®” from an industrial wastewater
showing that adsorption is one of the most effective
techniques for removal of heavy metals [6].

II. EXPERIMENTAL

The aim of this study was to find out the effectiveness
of orange peel as an adsorbent for the removal of Pb>" ions
from wastewater.

A. Sample preparation- Synthetic wastewater samples
were prepared by using analytical grade lead nitrate by
using double distilled water. A 1M stock solution was
prepared having a lead concentration of 1000 mg/L.
The solutions of various concentrations under study
were made from stock solution by making appropriate
dilutions.

B. Adsorbent Preparation- Orange peel was recovered and
repeatedly washed with distilled water in order to
remove soluble and coloured compounds. Then the
solid was rinsed with distilled water and sun dried.
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After that, it was crushed and sieved to a ground sizc
into a fine powder.

C. Method- The batch experiments were conducted in 25(
mL conical flasks. The volume of the test solution was
maintained as 100 mL. All the samples werc
mechanically agitated in low speed. The experiments
were conducted at room temperature. The duration o
the experiments was 150 minutes. The amount of Pb(Il
adsorbed on the raw adsorbent was recordec
titrimetrically as per the standard method given ir
Vogel (1978) [7]. The experiments were carried out tc
study the effect of pH (2-6), effect of Adsorbent dos¢
(0.4-1.2g/100 mL), effect of contact time (30-150 min’
and effect of initial metal ion concentration (20-10(
mg/L).

The amount of metal ion adsorbed was calculated as:

— (1)
Where, CI1 and C[J are the initial and final concentration o
adsorbate, respectively.

The amount of metal adsorbed per Kilogram of the biomass
was calculated as follows:

% adsorption =

~(2)
Where q. is the adsorbed metal on the sorbent, m is the
weight of sorbent, V is the volume of metal solution, C, is
the initial metal concentration, and C, is the final meta
concentration.

M. RESULTS AND DISCUSSION
A. Effect of pH:

Effect of pH on the adsorption characteristics of orangg
peel was determined in the pH range 2-6. As is apparen
from fig.1, the system is pH dependent and shows
maximum adsorption at pH 5. The sorption rate is lower ir
acidic ranges, because at low pH due to high positive charge
density on the adsorbent surface, there is electrostatic
repulsion resulting in lower rate of adsorption [8].
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B.  Effect of adsorbent dose:

The results for adsorptive removal of Pb(Il) and Cd(IT
with respect to adsorbent dose are shown in Fig. 2 over the
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E.  Adsorption isotherm studies:

The data for the uptake of Pb (II) by orange peel has
been analyzed in the light of Freundlich and Langmui
isotherrms of adsorption. The isotherm is represented by

- — — 0

The linear plot of specific adsorption (C./q.
against the equilibrium concentration (C.) shows that the
adsorption obeys the Langmuir model. The constants
b and q . relate to the energy of adsorption and maximun
adsorption capacity, and their values are obtained from the
slope and interception of the plot.

The Freundlich isotherm is introduced as ar
empirical model, where q.represents the amount adsorbec
per amount of adsorbent at the equilibrium (mg/g), C,
represents the equilibrium concentration (mg/L), and K
and n are parameters that depend on the adsorbate anc
adsorbent.

Consider

“)

The equation can be linearized and the temperature
dependent constants Ky and 1/n found by linear regression:

- ®)

Where Kfand n are Freundlich constants whict
correspond to adsorption capacity and adsorption intensity
respectively[9]. The nvalue indicates the degree o
nonlinearity between solution concentration and adsorptior
and the values of n>1 represent favourable and gooc
adsorption. The essential characteristics of Langmui
isotherm can be described by a separation factor o1
equilibrium constant Ry, indicates the isotherm shape anc
whether the adsorption is favourable or not, as per the
criteria: 0<R;< 1 Favourable adsorption [10].
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be calculated by using these models. The adsorption
capacity of orange peel for Pb (II) was 7.2 mg/g.
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Abstract— Sugarcane bagasse ash (SCBA), a sugar-mill waste,
has pozzoalanic properties if processed and obtained under
controlled conditions. This paper discusses the reactivity of
SCBA obtained by control burning of sugarcane bagasse
procured from Punjab province of India. X-ray diffraction
(XRD) and Thermo-gravimetric Analysis (TGA) techniques
were employed to ascertain the amorphousness and
morphology of the minerals ash particles. Ash-blended cement
paste specimens were analyzed by XRD, thermal analysis, and
SEM methods to evaluate the hydration reaction of SCBA with
cement. Results showed that the SCBA processed at 600°C for 5
hours was reactive; as ash-blended mortar specimens with up
to 15% substitution of cement gave better strength than control
specimens.

Keywords— Bagasse as; Blended mortar; Pozzolanic Activity; X
—ray diffraction; Thermal Analyses

I. INTRODUCTION

Sugarcane bagasse ash (SCBA) is an abundantly
available waste of sugar-mills. Sugarcane is one of the major
crops grown in over 110 countries and its total production is
over 1500 million tons (FAO, 2006). After the extraction of
all economical sugar from sugarcane, about 40-45% fibrous
residue (Deepchand, 1986) is obtained, which is reused in
the same industry as fuel in boilers for heat generation that
leaves behind 8 -10 % ash as waste (Paya et al., 2002),
known as SCBA. It contains high amounts of un-burnt
matter, silica, aluminum and calcium oxides (Deepchand,
1986). It is a very valuable pozzolan material if carbon free
and amorphous ash could be obtained by further combustion.

Sugarcane production in India is over 300 million
tons/year. The processing of it in sugar-mills generates about
10 million tons of SCBA as waste material. Very few studies
have been reported on use of bagasse ash directly obtained

from the sugar-mills. A few studies (Baguant, 1995;
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Hernandez et al., 1998; Singh et al., 2000) have reported on
the suitability of sugar cane bagasse ashes as partial cement
replacement binders that are obtained directly from the
sugar-mills. Present study was carried out to evaluate the
SCBA processed and obtained by control burning of
sugarcane bagasse which was procured from the Punjab
province in India. After characterizing the SCBA with
regards to its chemical and physical properties, hydration
reaction of SCBA with cement was analyzed by X-ray
diffraction (XRD) and thermal analyses (TGA) techniques.
II. EXPERIMENTAL PROGRAM
A.  Ash Production from Sugar Cane Bagasse

In order to obtain amorphous SCBA, optimum burning
with respect to time and temperature was evaluated by
conducting trial burnings of sugarcane bagasse at 400, 500,
600, 700 and 800°C for 3, 5, 6 and 8 hours (James and Rao,
1986; Chandrasekhar et al., 2006; Ajay et al., 2007). Biricik
et al. (1999) on wheat straw and Patel (1987) on rice husk;
have reported that burning time, temperature, cooling time,
and grinding conditions effect the pozzolanic reactivity of
the ashes. Carbon contents (%) were measured after each
burning (Fig.1) which indicated that combustion was almost
complete at 800°C for 5 hours burning.

Visvesvaraya (1986) have reported that crystallization
of minerals occurs at temperatures higher than 650°C.
Chopra et al. (1981) have also reported that at burning
temperatures up to 700°C, silica remains in amorphous form

and silica crystals grow with increase in the time of

Page | 21



incineration. Hence considering the rate of burming,

residence time and the carbon

consistency was also measured as shown in Table 1, Effect
of SCBA substitution on the setting time was evaluated
directly by measuring the initial and final setting time. The
pH values were also measured to check the effect of SCBA

1

g k TABLE 1. WATER CONSISTENCY A, SETTING TIMEA, FLOWE AND PH
- WALUESE OF CTR AND ASH-BLENDED SPECIMENS
=
% é Specimen wW.C, 15T FST pH Mortar fow
o (%) {min} (min}  wvalue® {mim}
_‘E N CTR 330 125 20 125 178
nrt

» SO-10 335 143 LI 126 168

SC-15 iR 135 3t (] 163
L] + SC-20 142 1otk 310 123 165
3000 ETE ) S0 ) Tony ] SF‘-ZS 145 | 0 4 [_; | 27 ]fprl
. . . r‘“‘""m ":_mr"m"“" wl. ) W.C. Water consistency,  IST ! initial setting time
Fig. 1. Carbon contents in S FH: ay nﬁ-:.uu-:l by hurming temperatn: FST - final setting time
and residence time
TABLE 11 PHYSICAL ANECHEMICAL PROFERTIES OF OPC AND SCBA
Chemical properties Physical properties
Chemical Composition (wi.%) Density  Blaine surface sren Particle stz celor
Siy  ALD, Fed,  Cad o Med S0, RO LOE jgiemh femi) { )
O 18.40 .61 .05 6080 142 284 030 200 3.15 3,250 3h22 Drark grey
SCBA 6243 438 6,98 11.B1 251 148 3353 473 252 040 28,92 Reddish prey

contents. the carbon contents, the suitable buming condition
was identified as 600°C for 3 hours. The temperature was
raised at a rate of 3°C/minute with residence time of 3 hours.
Al this condition brownish white color indicated complete
burning. Amorphous nature of the ash was further
ascertained by XRD analysis.

To obtain SCBA for further tests, buming was carried
out in two stages — open buming of sugarcane bagasse Lo
reduce the volume of dry matter, followed by controlled
burning at 600°C for 5 hours in a thermostatically controlled
electronic  furnace  (KDFP-90). To achieve fineness
comparable to OPC. the SCBA obtained after buming was
grinded ina ball mill {2535z — 30mm o balls) for about 4
hours and subsequently screened through 33um (No.270)
sieve (Nair et al., 2006),

Pozzolanic reactivity of SCBA with OPC was evaluated
by studyving the mineralogy and morphology of hydrates
present in the ash blended hydrated pastes, with XRD and
TGA
B Preparation of Blended Paste Specimen

To study the effect of ash substitution on hydration,
mineralogical and morphological studies of hydrated pastes
were conducted. For this, pastes were prepared, replacing
OPC with 10, 15, 20 and 25% SCBA and water cementitious
material ratie {wie) as 0.35, Effect of SCBA on the water
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- measured for puste speeimens {average of 3 readings)
b measured for mortar specimens (average of & readings)
substitution on the alkalinity of freshly prepared blended
pastes.  Micro-structural mineralogical
composition of the hvdration products formed in CTR and
ash-blended pastes were ascertained and compared after 28
days and 91 days of curing by wsing XRD and thermo-
gravimetric tests.
Il RESULTS AND DISCUSSION
A Physical and Chemical Properiies
Physical and chemical properties of SCBA  in
comparison to OPC are shown in Table 1. SCBA has low
density and higher surface area (Blaine surface area) as

features  and

compared to OPC. The combined chemical composition:
S0, + ALOs + FeaO (=T70%) and Caly (=10%) testified the
pozzolanic and cementitious nature of SCBA as per ASTM
C 618-03specifications. Particle size distribution curve of
SCBA samples (Fig.2) indicated that average size of the ash
particles was 28.9um and 90% particles were of size less
than 43,3 gm. Kraiwood et al. (2001) have reported that large
surface area favors the pozzolanic reactivity of amorphous
silica and other minerals.
B Awnalvses of Hedrates in SCBA-blended Cement Pastes
Ditterent hydrates formed in SCBA-blended cement
pastes were examined and analyzed by XRD and thermal
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analyses. Discussion is mainly based on the typical
pozzolanic reaction of SiO, and alumina (Al,O3) present in
SCBA with available calcium hydrates CH in the hydrated
gel, forming additional calcium silicate hydrate (C-S-H) and
calcium aluminate silicate hydrates (C-A-S-H).
1) X-ray Diffraction (XRD) Analyses

Comparison of XRD patterns (Fig.3) obtained for
SCBA-blended and CTR paste specimens after 28 days and
91 days of curing showed that in 91 days cured specimens;
the intensity of peaks ‘C’ representing CH was significantly
reduced with corresponding increase in the C-S-H peaks
represented by ‘S’. Also the peaks ‘Q’ at 260 = 26.66°,
representing SiO, got diminished in 91 days cured
specimens than as compared to 28 days specimens. It was a
clear indication of the fact that the free CH available in 28
days cured specimens was gradually consumed by the excess
amount of SiO, present in the SCBA. As shown in Fig.3, the
intensity of CH peaks in the SCBA-blended specimens got
diminished with the appearance of additional peaks.
According to Pane and Hansen (2005), these peaks represent
the formation of additional C-S-H and C-A-S-H. It

2 | XRD patterns at 28 days |

a

confirmed the pozzolanic reactivity of SCBA beyond any
doubt. Appearance of peak representing C;AH, was also
noticed in SC-20 and SC-25 specimens. Gengyiong and
Xiaohua (2003) have reported that these products act as
nucleating sites that hinder the further hydration reaction.
This explained the reason for low strength development in
specimens with higher percentages of SCBA. Higher peaks
of SiO, were noticed in SC-20 and SC-25 paste specimens,
both in 28 and 91 days patterns, which indicated that more
amount of SCBA  added more silica, and was left un-
reacted. This could be another reason for low strength
development in specimens with higher percentages of SCBA
in SC-20 and SC-25 specimens.
2) Thermal Analyses

According to Langan et al. (2002); Pane and Hansen

(2005), differential thermal analysis (DTA) combined with
thermo-gravimetric analysis (TGA) is more suitable for
studying the hydration or pozzolanic reaction that takes

place at later stages of hydration. DTA locates the ranges

| XRD patterns at 91 days

Q

C
CTR S A
ArS
s S S S T A N SIS BRSO R |
10 15 20 25 30 35 40 45 50
Fig. 2. Comparison of XRD patterns obtained for SCBA-blended and CTR paste specimens after 28 days and 91 days of curing
=20 =29
C:CH Q:Sio, S:C-S-H A:C-A-S-H E : Ettringite
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corresponding to thermal decompositions of different phases
in the hydrated paste, while TGA measures the simultaneous
weight loss due to the thermal decomposition. In this study
thermo-gravimetric tests were performed on Rigaku-TG810
ID Thermoflex TAS200 by gradually raising the temperature
from 20°C to 1,000°C at a rate of 6°C/min. TGA and DTA
diagrams for 91 days cured CTR and ash-blended specimens
are shown in Fig. 3 and Fig. 4, respectively. DTA diagrams
show two significant peaks for CTR and all ash-blended
specimens hydrated at 91 days; (a) endothermic peak at 130
-150°C indicate the hydration of C-S-H (Mackenzie, 1972;
El-Didamony et al., 1996) and (b) the peaks at temperatures
between 420 - 480°C correspond to CH decomposition
(Oriol and Pera, 1995). As seen from the DTA curves, the
endo-thermal effects in the temperature range of 100 - 150°C
was attributed to the loss of free water and dehydration of
inter-layer water from the C-S-H phase (Mackenzie, 1972;
El-Didamony et al., 1996). A small step obtained at
temperatures close to 700°C was probably due to the release
of CO,. It was through the decomposition of CaCO; formed
by carbonation (Taylor, 1993).

As reported by Midgley (1979), the CH can be
measured by the amount of water loss, which is very close to
the water present in CH and therefore, is proportional to the
amount of CH. Loss of water (%) measured for 91 days
hydrated pastes, representing the amounts of CH at
temperatures between 420 - 480°C and corresponding
amounts of C-S-H at temperatures between 70 - 400°C is
shown in Table 3.

In CTR, the amount of CH was higher (2.19) than that
present in the SC-10 (2.00) and SC-15 (2.16). It indicated the
presence of excess amount of CH available in the CTR.
Corresponding amounts of C-S-H, in SC-10 and SC-15 were
higher than that present in the CTR. It clearly indicated that
excess amount of CH formed in the SCBA-blended
specimens was consumed by the SiO, present in the SCBA
with the formation of additional C-S-H. It was a typical
pozzolanic reaction as explained by Ramachandran et al.

(2003). Abrupt loss of weight between temperatures 420 -
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480°C was also associated with the de-hydroxylization of
CH (Orial and Pera 1995), and it was less in SC-10 and SC-
15 (Table III). It further indicated that the amount of CH
present in these samples at 91 days hydration was less as

compared to the CTR and ash-blended specimens.
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g |
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Fig..3. TGA diagram of CTR and SCBA-blended paste specimens
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Fig. 4. DTA diagram of CTR and SCBA-blended paste specimens
tested at 91 days of hydration

TABLE III. THERMAL ANALYSIS OF 91 DAYS HYDRATED CTR AND
SCBA-BLENDED PASTE SPECIMENS

Weight loss (%)
Specimen C-S-H* CH** Total
70 -400°C 420-480°C 70 - 700°C
CTR 17.02 2.19 24.30
SC-10 17.92 2.00 23.83
SC-15 17.64 2.16 24.16
SC-20 16.95 2.27 27.17
SC-25 16.87 2.27 25.59

*C-S-H : Calcium silicate hydrate **CH : Calcium hydroxide

Formation of these hydrates indicated that pozzolanic
reaction took place between the SiO, present in the SCBA
and the free CH present in the cement. Up to 15%
substitution of OPC with SCBA was enough to consume

the excess CH present in the hydrates. With more than

Page | 24



15% substitution of OPC with SCBA, the amount of CH
increased with corresponding decrease in the amount of C-
S-H hydrates.

Overall analyses of TGA and DTA data proved that
SC-10 and SC-15 reacted more than the other blends thus
signifying 15% SCBA as optimum percentage of OPC
substitution. This trend was also vindicated by the XRD
analyses and mechanical strength test results as explained
in earlier sections.

IV. CONCLUSION

Following conclusion can be drawn from the present
study:

Controlled burning of bagasse at 600°C for 5 hours
produced amorphous bagasse ash with very low carbon
contents in it. Processed SCBA possessed high specific
surface area, high percentage of amorphous silica and
calcium oxide which fulfilled the principal requirements of
a pozzolanic material.

Thermal analyses (DTA/TGA) of hydrates, and
interpretations of XRD diagrams and observations of the
SCBA-blended pastes confirmed the pozzolanic reactivity
of the SCBA.
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ABSTRACT: Concrete is probably the most extensively used
composite construction material in the world. Mineral
admixtures also help in enhancing several properties of
concrete. A study was carried out to investigate the strength
and durability properties of concrete mixes after replacing
cement partially by Rice Husk Ash (RHA), Metakaolin (MK)
and Silica Fume (SF) in different concrete mixes. The
compressive strength and tensile strength tests were conducted
at the curing age of 3,7,28 and 60 days, whereas, water
absorption tests were conducted on concrete specimens after
28 and 60 days of curing in potable water. It was concluded
from the results that RHA decreases the compressive strength
of concrete up to 28 days of curing but helps to develop the
compressive strength at later ages of curing. Partial
replacement of cement by MK, combination of MK and RHA;
and combination of RHA and SF increases compressive as well
as splitting tensile strength of concrete. After checking water
absorption of all the mixes, it was found that replacing cement
partially by RHA, MK and SF decreases the water absorption
of the mixes.

Keywords: - Concrete; Admixture; RHA; Silica fume; Mata
kaolin clay.

I. INTRODUCTION

Concrete is a composite construction material
composed primarily of aggregate, cement and water.
Concrete has relatively high compressive strength, but much
lower tensile strength. The 28-day compressive strength is
often considered as the sole criterion for approving a
concrete mix by the construction industry. The other
properties of concrete, such as water permeability and
chloride diffusion, that influence its durability, are rarely
evaluated due to the fact that their determination is costly,
cumbersome and time consuming compared to assessing the
compressive strength.

II. EXPERIMENTAL PROGRAMME

The objectives of the present investigation have been
outlined in Chapter-1. To achieve the objectives, an
experimental program was planned to investigate water
absorption and strength properties of concrete containing
mineral admixtures as partial replacement of cement.
Mineral admixtures used were Silica fume (SF), Metakaolin
(MK) and Rice husk ash (RHA).This chapter outlines the
experimental programmed, planned for the present
investigation, in detail. The basic properties of concrete
constituent materials, concrete mix details along with
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method of casting and curing, workability of concrete,
details of tests performed on hardened concrete are
presented.

III. TEST PROGRAMME

e To obtain the physical properties of the concrete
constituents i.e. Ordinary Portland Cement(PC), sand,
coarse aggregate and mineral admixtures used i.e. SF,
MK and RHA, as per relevant Indian Standard Codes
of Practice.

e Development of various mix combinations for
concrete.

e Casting and curing.

o Testing of specimens for Compressive strength,
Splitting tensile strength and Water absorption test.

e Determining the effects of replacement of cement by
SF, MK.

IV. MATERIALS

The properties of materials used in concrete are
determined in laboratory as per relevant code of practice.
A. Cement

In the present investigation, Ordinary PortlandCement
(OPC) of 43 Grade was used for allconcrete mixes.
B. Aggregates

The coarse aggregate is used primarily for the purpose
of providing bulk to the concrete. The most important
function of fine aggregates is to assist in producing a
workable and a uniform concrete mix.

C. Fine Aggregate

IS383 — 1970defines the fine aggregate as the one
passing through 4.75 mm IS sieve.

TABLE I. PHYSICAL PROPERTIES OF FINE AGGREGATE.

Characteristics Result obtained
Fineness modulus 2.74
Specific gravity 2.67
Bulk density (loose)
Ke/m3 1675
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D. Coarse Aggregate

The coarse aggregate is defined, as that retained on 4.75
mm IS sieve. To increase the density of the resulting
concrete mix, the coarse aggregate is frequently used in two
or more sizes. Two types of aggregate with different sizes
have been used in the present study.

1) CA -1 aggregate passing 20 mm sieve and retained on
10 mm sieve.

2) CA - II Aggregate passing 10 mm sieve and retained
on 4.75 mm sieve.

TABLE II. PHYSICAL PROPERTIES OF COARSE AGGREGATE.

Characteristics Result obtained
Fineness modulus 7.54
Specific gravity 2.64
Bulk density Kg/m3 1600

E. Metakaolin

Metakaolin METACEM 85 C was used in the current
investigation. It was procured from20 MICRONS Limited,
Vadodara, India having specific gravity of 2.6,. Some of its
chemical properties are given in Table V.

TABLE III. Chemical composition of Metakaolin

considered satisfactory for mixing and curing of concrete.
Accordingly potable water was used for preparation of all
concrete specimens.

I Concrete Mix

Concrete mixes with binary and ternary blends of
cement and mineral admixtures were prepared with
constant mix proportion and water/binder ratio as shown in
Table. Different binder combinations are given in Table-
L.5.

TABLE V.Concrete mix proportion.

W/C water cement F.A. CA

46 225 490 750 928

V. RESULTS AND DISCUSSIONS

A. GENERAL

After the experiments were performed following results
were obtained.
1) Compressive Strength
2) Tensile Strength
3) Water Absorption

B. COMPRESSIVE STRENGTH RESULTS

SiO, 52.1
Alzoz3 41.0 TABLE VI. COMPRESSIVE STRENGTH RESULTS OF ALL MIXES AT
CaCo . DIFFERENT CURING AGES.
S _
Fe,0s 432 Mix Mix description Compressive strength
CaO 0.39 name
- 3 7 28 60
F. Silica Fume days | days days days
Silica fume was first discovered in Norway in 1947 M; o 1C00°14)0P;/C ;2'2 2;‘55 ;z-i ggo
when the Environmental controls started the filtering of M oPC *10% RHA L. - -5
h h fu Th . . £ E M3 80%PC +20% RHA 17.1 219 27.25 37.8
the exhaust gases furnaces. ¢ main portion of these Ma 90%PC + 10% MK 26.6 295 36.8 293
fumes was a finely composed of a high percentage of s 90%PC+5%RHA )13 217 265 5
silicon dioxide. +5% MK ’ : : ]
M6 BO%PCH10% RHAT | 5y s | 290 | 330 | 412
TABLE IV.Physical properties of silica fume 10%MK i i i i
90%PC+5%RHA
Property Value M7 +5% SF 245 | 377 | 390 | 410
Diameter of silica fume 0.1-0.2 micron 80% PC+10% RHA +
Surface area (m’/kg) 30000 M8 10%SF 202 258 38.0 440
_Density (kg/m’)_ 150-170 As shown in the figure 1, there is decrease in
De“SItY(kgég;gﬁgt‘?t suited as 500 compressive strength as we increase the percentage of

G. Rice Husk Ash

Rice husk ash (RHA) fillers are derived from rice

RHA in the mixes M2 and M3 The effect of RHA
decreases the compressive strength at earlier ages of
curing but at later ages the compressive strength of the

husks, which are usually regarded as agricultural waste mixes comes closer to the strength of reference mix.

and an environmental hazard. Rice husk, when burnt in

open air outside the rice mill, yields two types of ash that 60

can serve as fillers in plastics materials. The upper layer of 40 | ——M1
the RHA mound is subjected to open burning in air and ”—"/,_‘/"

yields black carbonized ash. The inner layer of the mound 20 A - ) - M2
being subjected to a higher temperature profile results in 0 : : :

the oxidation of the carbonized ash to yield white ash that M3

consists predominantly of silica. 3Days 7Days 28Days 60 Days

H. Water Fig. 1.
As per IS: 456-2000 potable water is generally
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In case of mix containing only Metakaolin, replacing
cement by 10%, the compressivestrength values show
increasing trends at all ages of curing. This increase in
strength of the mix M4 is 16.67% as compared to
reference mix M1 at 3 days of curing and this increase is
26% at 60 days of curing.

60
40
—— M1
20
=i M4
O T T T T 1
3 Days 7 Days 28 Days60 Days

Fig. 2. Compressive strength chart only for MK

As shown in the figure3, there is increase in
compressive strength at all ages of curing for the mix M5,
except at 3 days of curing. There is gradual increase in the
compressive strength values at 7, 28 and 60 days of curing
for mix M5. At 28 days of curing, compressive strength of
mix M5 containing 5% RHA and 5% MK, is 24% as
compared to reference mix M1. The compressive strength
values of the mix M5 increase due to the addition of 5%
Metakaolin.

50 -
40 -+
30 - ﬁ/ ——M1
20 -+ —fi—M5
10 M6
0 . T . .

3 Days 7 Days 28 Days 60 Days

Fig.3.  Compressive strength chart only for MK+RHA

other mixes.

C. TENSILE STRENGTH RESULTS

TABLE VII. TENSILE STRENGTH RESULTS OF ALL MIXES AT DIFFERENT

CURING AGES.
Mix Mix description Compressive strength
name
3 7 28 60
days days days days

M1 100%PC 2.01 32 7.0 8.05
90%PC +10%

M2 RHA 2.31 3.6 7.9 8.10
80%PC +20%

M3 RHA 3.06 6.1 8.1 8.28
90%PC + 10%

M4 MK 2.93 7.1 8.5 9.49

90%PC+5%RHA

M5 +5% MK 2.10 5.5 8.0 9.87
80%PC+10%

M6 RHA + 10%MK 491 6.6 8.2 10.61

90%PC+5%RHA

M7 +5% SF 5.19 6.0 7.5 7.78
80% PC+10%

M8 RHA+ 10%SF 5.27 6.3 7.5 7.99

60
20 = =i—- M7
o T T T T 1 MS

3 Days 7 Days 28 Days 60 Days

Fig. 4.  Compressive strength chart only for SFARHA

As shown in figure4, compressive strength values of
the mix M7 increase as we replace cement by 5% RHA
and 5% silica fume in M7. This increase in strength is
about 32% than reference mix M1 at 28 days of curing.
Effect of 5% RHA and 5% SF increases the compressive
strength in the mix. Mix M7 has the maximum
compressive strength at 28 days of curing among all the

International Multi Track Conference on Science, Engineering & Technical innovations

As shown in the figure, the splitting tensile strength of the
RHA mixes M2 and M3 is more than the reference mix M1.
At 28 days of curing, splitting tensile strength of mix M2 is
about 13% more than the reference mix M1 and of mix M3
is about 15% more. RHA helps in improving the splitting
tensile strength of concrete.

10
A A
T ——M1
5
} ——M2
0 + T T T =~M3
3Days 7Days 28Days 60 Days

Fig. 5.  Tensile strength chart only for RHA

As from the figure, the splitting tensile strength values for
the mix M3 containing 10% metakaolin increase as
compared to reference mix M1. This increase in strength is
about 21% at 28 days of curing

10
5 ——M1
=ii—M3
0 T T T T 1
3 Days 7 Days 28 Days 60 Days

Fig.6.  Tensile strength chart only for MK
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D. WATER ABSORPTION RESULTS

TABLE VIII. WATER ABSORPTION RESULTS OF ALL MIXES AT DIFFERENT
CURING AGES.

Mix Mix description Water absorption
name 28 days 60 days
Ml 100%PC 4321 4.010
M2 90%PC +10% RHA 3.962 3.671
M3 80%PC +20% RHA 3.353 3.042
M4 90%PC + 10% MK 3.760 3.473
90%PC+5%RHA
M5 +5% MK 3.822 3.534
80%PC+10% RHA +
M6 10%MEK 3.103 2.856
0, 0, 0,
My | OORPCISRIA % 3.740 3.465
80% PC+10% RHA +
M8 10%SF 3.071 2.802

As shown in the table VIII, the result values show that

as we replace the cement partially by RHA, MK and SF,
water absorption of concrete mixes decrease.

VI. Conclusion

Rice husk ash (RHA) decreases the compressive
strength of the concrete mixes up to 28 days of curing.
Rice husk ash (RHA) helps to develop compressive
strength of concrete mixes at later ages of curing.

Rice husk ash (RHA) increases the splitting tensile
strength of concrete mixes.

Partial replacement of cement with Metakaolin
increases both compressive and
strength of the concrete mixes.

splitting tensile
Partial replacement of cement with combination of MK
and RHA increases the compressive strength as well as
the splitting tensile strength of the concrete.

Partial replacement of cement with combination of
Silica fume and Rice husk ash increases the
compressive as well as splitting tensile strength of the
concrete mixes.

Partial replacement of cement with 5% MK and 5%
RHA is more beneficial than 10% replacement levels of
both mineral admixtures for increasing compressive
strength of the concrete.

Combination of Silica fume and RHA replacing cement
partially is very much helpful in increasing the later age
strength of concrete mixes.
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Influence of soil properties on strength of Fiber
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Abstract— In the field of soil reinforcement many techniques
are showing their significant potential for strength improvement
of soil. Use of randomly distributed fiber for reinforcement of soil
is one of the new emerging soil reinforcement techniques.
Reinforcement mechanism of fiber is similar to reinforcement
provided by the roots of plants. Randomly distributed fibers
provide interlocking and friction resistance to resist the
movement of soil particles, which significantly increase the load
carrying capacity. Major advantage of fiber reinforced soil over
other form of reinforcement like; planar reinforcement or geocell
reinforcement is absence of weak plane. Proper understanding of
different parameters which effects behavior of fiber reinforced
soil is required for efficient utilization of fiber reinforcement
technique. In this paper brief review of the findings of different
researchers, based upon the experiments is presented which
shows the effect of different soil parameters on the strength
behavior of fiber reinforced soil.

Keywords—planar reinforcement;
stiffness

load carrying capacity;

.  INTRODUCTION

Among all ground improvement technique soil
reinforcement is most preferred technique by engineers. Major
advantages of soil reinforcement are ease of construction and
overall economy. Availability of many different materials and
techniques is also increasing the utilization of the soil
reinforcement for wide range of application. With development
in the soil reinforcement area materials and methods both are
changing. Initially metals were used for reinforcement purpose,
but now materials prepared from the polymers have accelerate
the utilization of soil reinforcement. Major advantages of
polymer based materials are less degradation rate and overall
cost. Similarly use of sheets, bars etc. are traditional form of
reinforcement. But now different other forms like Geocell,
fiber etc. are also available. Fiber reinforcement is one of the
new techniques, in which fiber are randomly mixed in the soil.
Fiber reinforced soil is also known as ‘Ply soil” [1]. Fiber has
been used from ancient time, but utilization as construction
material is not frequent because of less understanding of
potential benefit of fiber reinforcement. Absence of clear cut
potential plane of weakness is major advantage of fiber
reinforced soil, which is generally exist parallel to the soil and
reinforcement interface in other form of reinforcement [2].
Properties of fiber reinforced soil depend upon the properties of
fiber as well as soil properties. In this study effect of soil
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properties on the strength behavior of fiber reinforced soil is
presented.

n. MECHANISM OF FIBER
REINFORCEMENT

In fiber reinforcement technique, fibers which are randomly
mixed in soil may be natural or synthetics type. Jute, coir etc.
are example for natural fiber and polypropylene, glass fibers
are example of synthetic fiber. The reinforcing mechanism
fiber reinforcement is similar to the roots of plants. Plant roots
bind soil particles and resist its movement [3]. Similar to that
when stress applied on fiber reinforced soil, soil particles apply
stress on the fiber, and then fiber deforms and thereby
interlocks the soil. It also mobilizes frictional resistance at soil-
fiber interface. These two factors are primarily responsible for
resistance of movement of soil particles, which enhances the
load carrying capacity of fiber reinforced soils [4]. so, there
should be sufficient surface resistance for the improvement in
load carrying capacity. Failure in fiber reinforced takes place
due either by slippage or pull out of fiber due to inadequate
friction between fiber and soil or because of breakage of fiber
when friction resistance exceed tensile strength of fiber. Pull
out failure take place at lower confining pressure and breakage
of fiber take place at higher confining pressure. A critical
confining pressure exist below which the fiber have tendency
of pull out [2, 5].

m.  PARAMETRIC STUDY

To understand the behavior of fiber reinforced soil different
studies based upon model tests, case study and triaxial tests
have done. Case studies on roads by Lindh [6], on embankment
by [7], Santoni [8], on landfill liners by Refai [9] have shown
the beneficial utilization of fiber reinforcement in different
applications. Through model test on strip footing supported by
fiber reinforced soil, improvement in the bearing capacity and
stiffness have reported by Al-refai [10] and Wasti [11]. Gray
[12], Maher [2], Al-refai [13], Michalowski [14], Ranjan [6],
Michalowski [15] through triaxial test have shown that
performance of fiber reinforcement depends upon the fiber
properties like length of the fiber, fiber content, stiffness of
fiber and surface properties of soil and soil properties like soil
type, size of particles etc. To develop the understanding of
behavior of fiber reinforced soil; in the following section the
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influence of soil parameters obtained by different researchers
are presented.

A. Soil Type

Performance of fiber reinforcement depends upon the type
of soil. Soil with different size and shape of the particles has
different performance with fiber reinforcement. Fig. 1 shows
the failure envelope of two different soil Ottawa sand (OTW)
and Valdosta blasting sand (VBS). Failure envelope of VBS
have higher slope, which indicate greater friction angle of soil.
It is due to angular shape of VBS particles. Effect of fiber with
other types of soil like silt or clay is different with respect to
sand. The influence of fiber reinforcement is better in case of
sand. Reason of this is related to the mechanism of
reinforcement of soil. Since strength improvement is related to
friction resistance and interlock resistance, which is better in
case of sand. Hence, fiber reinforcement performs better in
case of sand. Even fibers have shown significant performance
with fly ash (Fig. 2).
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Steady State
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Dr =95 - 100 %

o 50 100 150 200
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@
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Dr=281-94 %

Shear Stress, ¢ (kPaj
g

0 50 100 150 200
MNormal Stress. o, (kPa)

Fig. 1. Peak and Steady-State Envelopes: (a) OTW-A; (b) VBS-A [17]
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Fig. 3. Effect of gradation on the behavior of fiber reinforced soil [2]

B. Gradation of soil

Gradation of soil indicates the range of particles present in
the soil. If any soil is poorly graded then it has particles of
same size. It is found that the well graded soil have better load
carrying capacity than poorly graded soil. Since well graded
soil have smaller to larger size of particles, interaction of soil
and fiber will be greater. But surface interaction for poorly
graded soil has lesser surface interaction (Maher and Gray
1990). Gradation of soil also influences the critical confining
pressure (Fig. 3). With increase in the coefficient of uniformity
(Cu), critical confining pressure below which fiber have
tendency of pull out decreases.

C. Shape and size of soil particles

Shape of the soil particles of effects the performance of fiber
reinforcement. Friction resistance is greater for the particles of
angular shape than rounded soil particles. It is found that with
increase in the angularity surface interaction increases (Al-
Refai 1991). With angularity critical confining pressure
decreases or with increase in sphericity index critical confining
pressure increases (Fig. 4). Due to angularity of soil particles
interlock resistance increases.

Reinforcing action of fiber also depends upon the size of the
soil particles. For soil with smaller size particles have greater
potential for strength improvement. Contact efficiency is
greater in case of smaller size particle. Due to which surface
resistance is greater because of greater surface area in case of
smaller size particles (Fig. 5).
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Fig. 4. Effect of particle shape on the fiber reinforced soil [2]
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D. Density of soil

Behavior of soil depends upon the initial density of soil.
Soil which is placed at higher density has greater load carrying
capacity. Angle of friction of sand depends upon the relative
density of soil. Soil compacted at higher relative density have
greater angle of friction. Similarly fiber reinforced soil is also
influenced by its density. Results of direct shear test have
shown that the dense fiber reinforced soil have higher peak
stress than loose soil (Fig. 6). Dense soils have stress-softening
behavior. It shows the stress drop after peak stress. While in
case of loose soil stress-deformation behavior is stress-
hardening type of behavior. Stiffness of reinforced soil is also
greater in case of dense. With dense soil interaction between
the fiber and soil particle is greater because of greater surface
contribution. While in case of loose soil surface contribution
will be less because of less availability of soil particles.

Fig. 6. Effect of relative density of sand on stress-displacement behavior

of soil [19]
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E. Confining pressure

Confining pressure through soil is also a major parameter
which affects the behavior of fiber reinforced soil. As
discussed earlier that failure in case of fiber reinforced soil
takes place due to the failure of fiber either through pull out of
fiber or due to breakage of fiber. Pull out tendency or breakage
tendency of fiber depends upon many factors. It also depends
upon the confining pressure. If confining pressure is less, then
pull out behavior will be greater. But if confining pressure is
greater, then chances of breakage will be more. Confining
pressure also affects the stress-stain behavior of soil (Fig. 7).
Through experiments it is found that peak stress is suppressed
by the confining pressure (Babu and Vasudevan 2008). Which
indicates that higher confining pressure decrease the
reinforcing action of fiber.

v. CONCLUSION

In this paper influence of Soil properties like type of soil,
size and shape of soil, density of soil and confining pressure
on behavior of fiber reinforced soil is briefly discussed. To get
the maximum benefit from the performance of fiber-reinforced
soil, one must consider all the influencing parameters and their
working mechanism. Yet further research is required to
understand the behavior and for proper design of fiber
reinforced soil structure.
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Abstract— The problem of the quality of life is a
multidimensional and complex issue. It concerns the members of
more than one profession such as planners, designers, economists,
lawyers and design-makers. Quality of life has two main
parameters, Social cohesion and sustainability and also two main
components like subjective and objective quality of life. Social
cohesion includes by reducing disparities and inequalities as well
as by strengthening social connection and ties people’s interaction
can be increased. Sustainability includes to preserve the resources
both natural as well as man-made means using them in a proper
way as well as per need. The subjective quality of life represents
the micro level quality of life of peoples. It reflects both the real
status of quality of life or the conditions of life in general and the
attitude of people toward these conditions. The objective quality of
life measures are built on the basis of hard variables. ie, the data
from the municipal or governmental institutions and organizations
which may include financial accounts, civil state records, medical
statistics, pollution levels and other pieces of factual information
gathered by the institutions routinely.

Keywords—Quality of life; Social cohesion; Sustainability
I. INTRODUCTION

The term quality of life (QOL) references the general well-
being of individuals and societies. Quality of life index is the
product of the interplay among social, health, economic and
environmental conditions which affect human and social
development. The term is used in a wide range of contexts,
including the fields of international development, healthcare,
and politics. Quality of life should not be confused with the
concept of standard of living, which is based primarily on
income. Instead, standard indicators of the quality of life
include not only wealth and employment but also the built
environment, physical and mental health, education, recreation
and leisure time, and social belonging. There are two ways to
assess how well people live. One is to consider to what extent
the country provides conditions deemed essential for a good
life. In this approach the emphasis is on societal input. Since
there is little certainty about what people really need, called this
‘presumed' quality-of-life. The other approach is to assess how
well people thrive. In this approach the emphasis is on societal
output, called this 'apparent’ quality of life.

The definition by WHO is “ The condition of life resulting
from the combination of the effects of a complete range of
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factors such as those determining health, happiness, education,
social and intellectual attainments, freedom of action, justice
and freedom from oppression”. Quality of life in nations can be
measured by how long and happy people live. This is assessed
by combining data on life expectancy drawn from civil
registration with survey data on the subjective enjoyment of life
as a whole. Bertrand Russell (1930) in his celebrated book the
conquest of happiness elaborated the concept of happiness as a
relative sense of joy that varied from one culture to another and
also from one individual to another.

II. OBIJECTIVES

e To study and conduct field studies about the coastal area
beach development based on socio-economical survey.

e To identify the different parameters for improving the
quality of life index.

e To analyses urban planning needs through socio economic
analysis.

e To develop an urban planning proposal based on
assessment.

III. METHADOLOGY

It is felt that the approach of this study should be semi-
empirical and that the efforts are made to collect the data from
the concern department as well as by directly talking to the
local people. The inventory study approach has been adopted.
Main aim is assessment Quality of Life Index for Kochi city.
Each basic service is derived by giving them ranking according
to city peoples’ opinion. For better result and to make study
easy the city is divided in various six zones. The peoples’
opinions are to be taken by visiting all the zones one by one and
data are to be collected. After collecting all data, making
Mathematical model for Quality of Life Index measurement.
Measure the quality of life index all zones are ranked. After
that overall index for Kochi city is measured.

IV. DATA COLLECTION

The evolution of the QOL index was based on the model
developed by Mr. Kenneth E. Hornback. The following values
are required to be obtained in order to evolve the life index
values.
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e S;; - The subjective, or satisfaction measure for all factors
given by people to a normalized scale 1-10.

e  O; - The objective measure for all the factors as given by
experts also normalized to scale 1-10.

e W; - The importance weighting which the individual
attaches to a particular factor, relative to all the other
factors, on a rank order scale.

All the above mentioned three values were obtained from
individual and experts who were permanent residents of this
city. A special form was prepared based on the work of Mr.
Hornback and a sample pilot survey was carried out for this
city. The analysis was done for these forms in the following
steps:

e The sample forms obtained were broadly classified into 5
different groups viz. Graduates, professionals, females,
below S.S.C. and others.

e To obtain the S; values for different individuals for
different factors was an important thing. The individuals
were to read the statements corresponding to different
factors and were to circle any one of the following code
words.

e The S; value was to be obtained normalized to 1-10 scale.
This was obtained by dividing the statements into two
sections — one which would carry higher weightage if a
person strongly agreed with it and the second which would
carry higher weightage if a person strongly disagreed with
the statement.

e To obtain the Oj; values, different experts in different fields
were interviewed personally and were requested to give
weightage normalized to a scale 1-10, depending on the
objective indicators for a factor. The experts included ex-
mayor, doctors, engineers, professors, etc.

e The individuals were also told to give weightage to all the
factors relatives to all other factors, on a rank order scale.
This was value of Wij.

e  After obtaining the required values the analysis was done
with the help of a computer. A computer program was
developed and data was fed to the computer to give the
QOL index.

V. ANALYSIS AND RESULTS

In this study, an analysis is done and is compared with
graphs. The graph shows the comparison between population
and its factor in all 6 zones.

In this study, an attempt has been made to evaluate the
‘Quality of Life Index’ for Kochi city, by making use of the
mathematical model developed by Kenneth E Hornback. The
value of the index is measured on a scale normalized to 1-10.
The value of index nearer to 10 indicates an excellent quality of
life, whereas the value nearer to 1 indicates the worst quality of
life.
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The composite value of the index obtained on analysis is a
result of the combination of the following factors: (I) Natural
Environment (II) Physical Environment (III) Health (IV)
Economic Sector (V) Social Sector and (VI) Political Sector
(VII) Education Sector (VIII) Infrastructure Sector.

TABLE I. QUALITY OF LIFE INDEX

Sr. No. Zone Name QoLI Rank

1 Zone — 2 ( Palluruthy) 4.83 6
2 Zone — 1 (Fort Cochin) 493 5
3 Zone — 3 (Pachalam) 5.18 4
4 Zone — 4 (Cental Zone) 5.19 3
5 Zone — 5 (Edapally) 5.24 2
6 Zone — 6 (Vyttila) 5.28 1

Kochi City 5.10 -

QoL index is an average value of the factor indices (F; values)
of different factors. Thus factor having low F; value would tend
to bring down the value of the overall index of quality of life.
Depending on this, the factors can be grouped under various
heads like poor factor indices, medium factor indices and better
factor indices. In poor factor there are 5 sub-factor included. In
medium factor there are 16 sub-factor included and in better
factor there are 9 sub-factor included.

Table I shows that Study Zone - 6 is having the highest
Quality of life Index i.e. 5.28 due to rapidly increasing that
residential area, whereas Study Zone - 2 is having the lowest
one i.e. 4.83 in Kochi . On the basis of analysis, it was found
that QOLI for Kochi city is 5.10.
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Abstract— Porous concrete offers an attractive solution to the
problem of excessive runoff. Porous concrete is an environment
friendly material having multiple benefits like controlling storm
water runoff, restoring groundwater and reducing water
pollution. Although it have low strength as compare to
conventional concrete but it can still be useful in construction of
pavement and footpath for reducing surface runoff. The present
laboratory study is to evaluate economical porous concrete with
optimum strength and high permeability. The water content was
kept constant for all the mixes. The water cement ratio was
selected as 33%. Three different sizes of aggregates in same
proportion in every mix were used to find economical results and
best cement to aggregates ratio considering compressive strength,
porosity and permeability characteristics. The maximum
aggregate size used was 10mm, 20mm and 40mm with 1:1:2
proportions in each mix. Compressive strength test was
conducted at 14 & 28 days water curing. Porosity and
Permeability test was conducted at 28 days water curing. It was
concluded that the mixes M, and M; gives nearly similar results
as compared to mix M; and M,.

Keywords— Compressive strength; Porosity; Permeability;
Porous Concrete..

L INTRODUCTION

Concrete is an important material in construction. The main
properties desired in concrete are that it should have high
strength, low permeability and good workability etc. Due to
urbanisation, large area is being converted from bare land to
covered for the construction of buildings, roads, parking areas
etc. This mean runoff occurs more quickly with greater peak
flow which causes flooding, choking of sewerage line because
drainage systems are generally not designed for such
condition. Frequent flooding results in high maintenance cost
of infrastructure. So there is need to have concrete with more
porosity having adequate strength so that lesser runoff is
generated from areas paved with concrete.

Porous concrete offers an attractive solution to the problem
of excessive runoff. Porous concrete is also known as
permeable concrete, pervious concrete, gap grade concrete and
no fines concrete. Depending upon the void content,
compressive strength of 3.5 to 28 MPa and flexural strength of
1 to 3.8 MPa have been reportedly [5]. Porous concrete is a
concrete mixture comprised of cement (Ordinary Portland
cement or blended cement), controlled amounts of water and
uniformly graded coarse aggregate, little or no sand and
sometimes other additives. The uniform coarse aggregate in
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combination with low water cement ratio (0.25 to 0.35) makes
concrete with void contents ranging from 11% to 35% [6].

The quantity of water in such concrete is critical as too
much water in the mix causes the pores to collapse. Therefore,
water content in such concrete needs to be controlled. The use
of supplementary cementitious materials like fly ash, ground
granulated blast furnace slag, calcined clay, pozzolana etc. is
also found advantageous. Further depending on requirement,
chemical admixtures like retarders, air entraining agents may
also be used to achieve the desired result. With the use of
porous concrete, property owners can reduce the cost of
developing real estate as reduced runoff from built-up and
paved areas minimize the need for separate storm water
sewers.

The high permeability of porous concrete creates the ability
to significantly reduce storm water runoff. Therefore, it had
been considered as one of the best option for storm water Best
Management Practice (BMP). More recently, porous concrete
has the potential of being certified for construction projects by
the US Green Building rating agency “Leadership in Energy
and Environmental Design” because of its environmental
benefits.

Urban areas tend to enclose large areas of impervious
pavements [4], which add to the level of heat. The
concentrated heat wave can be reduced by the open structure
of porous concrete that allows air to flow through it. This had
been exhibited in limited studies of porous concrete pavement
applications. Footpath or walkways in some of the Indian
metropolis and other big cities are usually paved with kota
stone or interlocking tiles/blocks. These are similar as porous
concrete pavements. The investigation was conducted to
evaluate compressive strength of porous concrete at required
porosity and to find best combination of aggregates size
considering economy.

II.  MATERIALS AND METHODS

No fine aggregates and sand had been used. The materials
used for making concrete specimens were Ordinary Portland
cement, coarse aggregates (10mm, 20mm and 40mm
maximum size) and water. The characteristic of these
materials are explained as:

A. Cement

Ordinary Portland cement from a single lot was used
throughout the course of the investigation. The physical
properties of the cement as determined from various tests
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conforming to Indian Standard: 8112 — 1989 [1] are listed in
Table 1.

TABLE L. PHYSICAL PROPERTIES OF OPC 43 GRADE
CEMENT
Characteristic Observed .COdal .
Sr. No. . requirements is:
properties values 8112 - 1989
1. Fineness (m*/kg) 310 225 Minimum
Standard consistency
2. (%) 32.8
3 Initial Settmg time 165 30 Minimum
(minutes)
4. Final setting time 294 600 Maximum
(minutes)
5. Specific gravity 3.17
Compressive strength
(MPa)
6. 7-days 335 33 Minimum
28-days 46 43 Minimum

B. Coarse Aggregate

Coarse aggregates from local market were used. The three
different sizes (40mm, 20mm, and 10mm maximum size) of
aggregates were selected for experimental work. The
aggregates were separated by sieving through the sieves of
different sizes. The IS Sieves [3] used to separate the three
particular sizes were 40mm, 20mm and 10mm. Maximum size
coarse aggregates were used. Physical properties of coarse
aggregates are described in Table II.

TABLE II. PROPERTIES OF COARSE AGGREGATES
Coarse Aggregates
Properties

10 mm 20 mm 40 mm

Colour Grey Grey Grey
Shape Angular Angular Angular

Specific Gravity 2.66 2.72 2.80
Water Absorption 0.65% 0.35% 0.35%

Bulk Density
(ke/m’) 1519 1556 1584
C. Water

Fresh and clean tap water was used for curing and to
prepare the specimens in the present study. The water was
relatively free from organic matter, silt, oil, sugar, chloride
and acidic material as per Indian standard.

D. Concrete Mixes

Four batches of concrete were casted using different ratio
of coarse aggregates with respect to constant water and cement
values. No fine aggregates and sand was added to the mix. The
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proportion of concrete mixes taken are 1:4, 1:6, 1:8 and 1:10
(cement : coarse aggregates) by weight with W/C ratio as
0.35. Each batch comprised of 18 numbers of (150mm x
150mm x 150mm) cubes. The cubes were tested at curing age
of 14 and 28-days. Quantity of Coarse aggregates ratio in all
mixes will was remain same i.e. 1:1:2 (10mm: 20mm: 40mm)
by weight with respect to cement. Proportion for each mix is
listed in Table 3.

TABLE III. PROPORTION OF MATERIALS IN DIFFERENT
MIXES
. Cement : Coarse Water Cement Ratio
Mix Samples o
aggregates (Yoage)
M, 1:4 33
M, 1:6 33
M; 1:8 33
M, 1:10 33

E. Compressive Strength

Compressive strength test was conducted on concrete
cubes of size 150mm x 150mm x 150mm of each mix sample
after 14 and 28-days curing as per IS: 516-1959 [2]. The
average of six samples was taken as the representative value
of compressive strength.

F. Porosity

Porosity test was conducted on concrete cubes of size
150mm x 150mm x 150mm of each mix sample after 28-days
curing. The average of six samples was taken as the
representative value of Porosity.

G. Permeability

Permeability test was conducted on concrete cubes of size
150mm x 150mm x 150mm of each mix sample after 28-days
curing. The average of six samples was taken as the
representative value of permeability.

III.  RESULTS AND DISCUSSIONS

The Compressive strength, Porosity and Permeability test
results were carried out on 150mm x 150mm x 150mm cube
had been listed in Table I'V.

TABLEIV. COMPRESSIVE STRENGTH, POROSITY AND

PERMEABILITY OF CONCRETE CUBES

Avg. Compressive 28-days 28-days
Mix strength (MPa) Porosity Permeability
14-days 28-days (Yoage) k (m/hr)
M, 6.90 8.37 14.19 19.7
M, 5.81 6.95 26.81 29.4
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M;

5.07

6.69

28.40

342

M,

3.86

5.31

30.25

38.5

Fig. 1. show 14 and 28 days compressive strength of
different concrete mixes. From figure 1, it is clear that strength

increases with increase in curing age.
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Abstract— Concrete cubes were prepared with a water-
cement ratio of 0.40 for testing the compressive strength at 7, 14
and 28 days of curing using three curing methods namely
immersion, sprinkling and plastic sheeting until the day of testing
as per IS-516 (1999). Test results indicate that water immersion
curing is the best method of curing the concrete made from
pozzolana portland cement (PPC). Sprinkling water curing also
provided better results than Plastic Sheeting method of curing.
The rate of drying was significant when the specimens were
subjected to Plastic sheeting method of curing. This thus
hampered the hydration process and thus affected the
compressive strength of the hardened concrete. The overall
finding of this study suggests that concrete made from PPC
should be cured by water immersion curing method to achieve a
better compressive strength.

Keywords—Curing; compressive strength; pozzolana portland
cement.

L INTRODUCTION

Concrete curing is one of the most important step in
concrete construction though it is also one of the most
neglected and misunderstood procedures. It is the treatment of
newly placed concrete during the period in which it is
hardening and gaining strength so that it retains enough
moisture to immunize shrinkage and resist cracking (Lambert
Corporation, 1999) [5]. Curing of concrete is necessary for the
hydration of the cement content. For a given concrete, the
amount and rate of hydration and furthermore the physical
make-up of the hydration products are dependent on the time-
moisture-temperature history (Neil Jackson et al, 1996) [6].

The necessity for curing arises from the fact that hydration
of cement can take place only in water-filled capillaries. This
is why loose water must be prevented. Furthermore, water lost
internally by self-dedication has to be replaced by water from
outside (Neville,et al,1987)[7]. Thus, for complete and proper
strength developments, the loss of water in concrete from
evaporation should be prevented, and the water consumed in
hydration should be replenished. This process of creation of an
environment during a relatively short period after the placing
and compaction of the concrete, favourable to the setting and
the hardening of concrete is termed as curing (Gambir, 1986)
[1].

A proper curing maintains a suitably warm and moist
environment for the developments of hydration products, and
thus reduces the porosity in the hydrated cements paste and
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increases the density of microstructure in concrete (Safiudeen
et al, 2007) [8].

A proper curing greatly contributes to reduce the porosity
and drying shrinkage of concrete, and thus to achieve higher
strength. Therefore, a suitable curing method such as water
ponding (immersion), spraying or sprinkling of water, or
covering with polythene sheet material is essential us order to
produce strong and durable concrete. This study presents the
most suitable curing method of concrete made from PPC.

II.  MATERIALS AND METHODS

Locally available fine and coarse aggregate were used for
casting of concrete. Sieve analysis of the fine and coarse
aggregates is listed in Table I and Table II respectively.

TABLE L. SIEVE ANALYSIS OF FINE AGGREGATES
d:ssigsni::i?m r‘:;:]iitzl Pevl;'ceei:gl;lige per(c:el:ll:lal:gl: :zlv‘;e;ght
(Grams) retained (%) retained (%)
4.75 mm 8 0.8 0.8
2.36 mm 172 17.2 18.0
1.18 mm 270 27.0 45.0
600 micron 272 272 72.2
300 micron 188 18.8 91.0
150 micron 77 7.7 98.7
Pan 13 1.3 100.0

Physical properties of fine aggregates are:

Fineness Modulus =273
Specific gravity =2.67
Average Absorption =0.83%
TABLE IL SIEVE ANALYSIS OF COARSE AGGREGATES
. Weight Percentage Cumulative
IS Sieve . . : .
designation retained weight retained percentage weight
(Grams) (%) retained (%)
40 mm 0 0 0
20 mm 0 0 0
10 mm 1120 56 56

Page | 41




4.75 mm 839 41.95 97.95

Pan 41 2.05 100

Physical properties of coarse aggregates are:

Fineness Modulus =691
Specific Gravity =2.67
Average Absorption =0.79 %

The physical properties and fineness modulus of coarse
aggregate were determined as per standard procedures and
were found to conform to IS:383-1970 (R2002)[2]. The fine
aggregates lies in Grading Zone I as per Table-4 of 1S:383-
1970 (R2002)[2]. Portable water, fit for drinking was used for
investigation. It was also used for curing purposes. It was free
from injurious amounts of deleterious materials. Pozzolana
Portland cement (ACC) from a single lot was used as the main
binder in this investigation. The physical properties of the
cement as determined from various tests conforming to Indian

Standard IS: 1489-1991 [4] are listed in Table III.
TABLEIIl.  PHYSICAL PROPERTIES OF CEMENT

. . Observed Codal Requirements
Characteristic Properties Value IS:1489-1991
Standard consistency (%) 33 | e
Initial Setting time (minutes) 190 30 Minimum
Final setting time (minutes) 290 600 Maximum
Specific gravity 315 | e
Soundness. by Le-Chat 1.0 10.0 Maximum
Expansion (mm)
Compressive strength (MPa)
3 days 21.8 16 Minimum
7-days 32.6 22 Minimum
28-days 54.3 33 Minimum

III. PREPARATION OF TEST SPECIMENS

The proportions of the concrete mixes were kept 1:1.50:2.0
by weight with a water-cement ratio of 0.40. A total number of
54 cubes having dimensions 150mm x 150mm x 150mm each
were casted for testing. The specimens were moulded in
metallic moulds using three layers of filling and compaction
was done with help of vibrating table to expel the entrapped
air. Immediately after this, the specimens were kept in a cool
place in the laboratory. The specimens were removed from the
moulds at the age of 24 + 2 hours.

IV. CURING METHODS

The test specimens were cured under three types of curing
until the day of testing. These were water immersion curing,
sprinkling of water and wrapping with plastic sheeting. In
water immersion curing, the specimens were weighed and
immersed in water. Portable drinking water was used in
immersion water curing. In sprinkling method, the specimens
were also weighed and kept moist by sprinkling water on the
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specimens 3 times daily until the date of testing. In plastic
sheeting, the specimens were weighed and wrapped in flexible
plastic sheets (polythene) until the testing date. Air tightened
wrapping was done to prevent moisture movement from
concrete surface. The curing temperature was maintained at 27
+ 2°C in all the curing methods.

V.  TESTING OF THE HARDENED CONCRETE

The compressive strength of the test cubes were
determined by crushing the cubes using Universal Testing
Machine. A total of 54 cubes in all were crushed, 18 of these
cubes were for water immersion, 18 for sprinkling and 18 for
Polythene Sheeting method. The length of curing dates
considered was 7, 14 and28 days respectively counted from
the time of casting. The compressive strength test was
conducted as per guidelines laid in IS: 516-1959 (R1999)™.

The results of compressive strength are given in
Tables-1V.

TABLE IV. COMPRESSIVE STRENGTH OF CONCRETE CUBES
Average Average Average
Curing Compressive Compressive Compressive
Method Strength at Strength at Strength at
7 days 14 days 28 days
Water 2090 32.08 4424
Immersion
Sprinkling 20.41 30.57 41.35
Plastic
Sheeting 20.50 26.63 27.74

The graphical representation of average compressive
strength versus curing age for different methods of curing was
shown in figurel.

BWater Immersion BESprinkling O Plastic Sheeting
45

40
35
30
25
20 1
15 1
10 1
5 -
0 -

(MPa)

Average Compressive Strength

7 14
Curing Age (days)

Fig. 1. Graph of average compressive strength versus curing ages for
different methods of curing.
In all curing methods, it is found the compressive strength
of the concrete increases with age. The highest compressive

strength at all ages was produced by water immersion curing
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method. The average compressive strength of water
immersion cured concrete was found to be 20.90 N/mm?,
32.08 N/mm’and 4424 N/mm’at 7, 14 and 28 days
respectively.  Sprinkling method produced results of
compressive strength closer to water immersion curing method
as 20.41 N/mm®, 30.57 N/mm’ and 41.35 N/mm” at 7, 14 and
28 days respectively. Results of Plastic sheeting method
showed least compressive strength.

VI. CONCLUSIONS

e Water immersion curing was found to be the most
effective method of curing. It produced the highest level of
compressive strength. This is due to improved pore
structure and lower porosity resulting from greater degree
of cement hydration reaction without any loss of moisture
from the concrete specimens.

e Sprinkling method of curing produces higher compressive
strength than plastic sheeting. This is attributed reduce the
moisture movement from concrete specimens leading to
enhanced degree of cement hydration.

e Plastic sheeting method of curing produces lowest level of
compressive strength. After utilisation of the mixed water
in the hydration process completely at its early age of
curing, no further water is available for reaction. Hence,
hydration of cement was abated resulting less increase in
compressive strength as we go from 14 to 28 days.

e Normal concrete should be cured by immersion water
curing method in order to achieve good hardened
properties. Water immersion curing (ponding) produces no
loss of moisture, and therefore enhances cement hydration
process. In case of water shortage, sprinkling curing can be
adopted.
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Improvement in Voltage Profile Using
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ABSTRACT: This article proposed a novel approach for
reconfiguration of electric power distribution network under
normal operating conditions to reduce the active losses on the
network or to balance the load on the feeders. The idea behind
reconfiguration is to recognize beneficial load transfers so that
power losses are minimized and the prescribed voltage limits are
satisfied. The proposed method determines the proper system
topology that reduces the power loss according (o a load pattern.
The effectiveness of the proposed approach is tested on 11KV
feeder which is bifurcated at the distribution end (consumer end)
to 3 phase 440V and 1 phase 230V. The comparison of the
proposed approach is presented in terms of improvement in
voltage profile before and after bifurcation, balancing in load
before and after hiforcation at the consumer end of the

distribution network.

. INTRODUCTION

Distribution network system is an important part of power
system which connects distribution lines with the consumers,
Nowadays. distribution networks are rapidly growing. therefore
an efficient operation method is essential for reducing cost and
increasing effective operation. Between 30 and 40 % of total
investments in the electrical sector goes to distribution systems,
but nevertheless, they have not received the technological
impact in the same manner as the generation and trapsmission
systems. Many of the distribution networks work with
minimum monitoring systems, mainly with local and manual
control of capacitors, sectionalizing switches and voltage
regulators, and without adequate computation support for the
system's operators. There are many losses in distribution system
such as voltage drop, poor power factor, theft of energy, failure
of distribution system, poor reliability of the supply ete.

Merlin et al.[1] using a discrete branch & bound technigue
in order to increase the efficiency of the distribution elecirical
network considering feeder reconfiguration. In this method all
the network switches are closed to form a meshed system,
&then the switches are opened successively to restore to the
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radial configuration. However, this method involves
approximations.  Shirmohammadi et al, [2] proposed  an
algorithm to overcome these approximations. In this method
switches are opened one by one, based on an optimal {low
pattern. Pepomis et al. [3] have developed o methodology for
the optimal operation of distribution network. In this method
loss minimization is obtained by instatlation of shunt capacitors
& reconfiguration of network. Schmidt et al. [4] have
formulated the problem as the mixed integer nonlinear
optimization problem. The integer variables represent the status
of the switches. & continue variables represent current flowing
through the branches. Broadwater et al.[3] have considered the
time varving load demand, obtained through load estimation. to
reduce the loss. Mortom et al. [6] have proposed method based
on an exhaustive search algorithm for obtaining a minimum
loss radial configuration of distribution system,

How we can reduvce these types of losses:-
sReconfiguration of the network.,
*HVDS

The network is reconfigured to reduce the, Under conditions of
permanent failure, the network is reconfigured to restore the
service, minimizing the zones without interruption of supply.
This can be achieved by networks reconfiguration. Several
approaches are used to find the optimal configuration with the
following subjects:

-Reducing power system losses,

-Improving service restoring for the isolated portion of a
distribution system.

-Enhancing system reliability by introducing an analytical
mathematical model.

-Improving load factors to facilitate load aggregation in
distribution networks.

Benefits of reconfiguration of distribution network
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= Excellent voltage profile.

®  System power factor improves ciusing easy reactive power
contral.

®  Considerable reduction in line losses and consequent
savings in power purchase cost.

A, Bifurcation & its need

Bifurcation mean two, when a fully over loaded 11KV
distribution feeder is divided into two parts, or when one feeder
is obtained from two or more fully overloaded feeder. The
process become a new Teeder under light load from the heavy
load feeder is called bifurcation of the feeder.

In fig 1.1 show bifurcation of two [IKV overloaded network.
Some part of the load these overload network put on the new
feeder & improve the voltage profile.

Fig. 1. Biturcation of network
B. Previous behaviour of feeder existing

At earlier stages when the feeder start feeding load to
consumers there was no information how larger feeder feeds
the load to the consumers. As population increases the load
increases abruptly. At that stage there was no knowledge that
how much rating of the feeder should be increased depending
upon load. This point comes into Knowledge when it was seen
that feeder feeding the system begins to overload. At this stage
various problems like poor voltage profile at the end of feeder,
larger losses in the feeder, large fault frequency, difficult fault
location, difficult feeder maintenance ete.

At starting stage the route of the feeder feeding o consumer
was zigzag. The population was less and feeder feeds the small
consumer but cover large area,

1. PROBLEMS DESCRIFTION

In case of ordinary system, the feeder runs according to the
load and mostly the feeders run along the roads. In this case
length of the feeder sometimes increase to large extends.
Therefore, the system gets complex and level of voltage at the
end point of feeder is reduced to permissible level, So the
quality of voltage is decreased.
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With the help of reconfiguration of network technigue, the
quality of voltage level can be improved, The paper further
presents the case study for two villages which are reconfigured
to improve the voltage profile of distribution line,

A Problem Formulation

Case Study 1

HISTORY

Under Phagwara Division Punjab Sub-Station installed at
Daulatpur is feeding the following villages:

I} Ucha village

2)  Darvesh village

Betore bifurcation the load on the Ucha village feeder 3001.9
KVA and maximum demand is 185A, Voltage regulation of the
Ucha feeder before bifurcation was 11,06% which was
calculated. After bifurcation the voltage regulation of the Ucha
feeder was estimated at 5.28% which was earlier 11.06% and
Ucha village load after bifurcation was 2276.9 KVA. This is
also lead to advantage as it will decrease number of transformer
from 61 to 45, Also Darvesh village load before bifurcation was
2256.8 KVA and its maximum demand was 185A.  Voltage
regulation of the Darvesh village before bifurcation was 4.76%
which was calculated. After bifurcation the voltage regulation
of the Darvesh village was estimated at 2.89% which was
4.76% earlier. Darvesh village load after bifurcation was
1496.8 KV A, This is also lead 1o advantage as it will decrease
number of transformer from 55 to 40. After bifurcation Ucha &
Darvesh village feeder new | IKV feeder was installed & putt
on the load 15143 KVA. The voltage regulation of the new
feeder is 1.54%. The total money expenditure on new 11 KV
feeder is Rs1377385. All these result show in the map & table
calculation,

v
[
e
o
i

Eidusar |

Frgl 11 KV Uchz Villoge shaded Bificuration
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Fig.3 11 KV Ucha Village after Bificuration portion

B. Feeder voltage drop: - Feeder voltage drop is the total drop
in the line which feed to load centre from substation
mainly. This drop occurs in the line due to resistivity.

C. Total conductor drop: - Total conductor drop is the drop in
the conductor mainly due to resistivity of the material used
for conductor.

Let the conductor used in the system of various types (acc to
size).

Al, A2, A3, Ad................ An (length of various size of
conductor)
F1, F2, F3, F4.................[Fn (voltage drop factor of various

size of conductor)

According to voltage drop of various conductor
AT*F1 + A2¥F2+ A3*¥F3 ...l + An*Fn
Total voltage drop =Y. An*Fn (1)

Feeder voltage drop = Total conductor drop * 100/System
Voltage — Total conductor drop

TABLE 1 VOLTAGE DROP FACTOR OF VARIOUS CONDUCTORS: -

S no. ACSR Conductor mm® | Voltage drop factor
1 48 0.0442
2 30 0.0662
3 20 0.0992
4 13 0.1439

TABLE 2 MAXIMUM DEMAND OF CONDUCTOR WITH MAXIMUM

KVA: -
S no. ACSR Maximum Maximum
Conductor demand(A) KVA
mm>
1 13 70 1333
2 20 100 1905
3 30 148 2819
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4 48 197 3753

5 65 254 4839

Voltage drop before Bifurcation of the Ucha village Feeder or
network

Voltage drop before Bifurcation = 11.06%

Voltage drop = 11.06%

Applied voltage = 220V

Voltage drop = Applied voltage * Voltage drop\100
Voltage drop = 220%11.06\100 = 24.33V

Voltage at the load end = Applied voltage — voltage drop in volt
=220 -24.33=195.67V

Voltage drop After Bifurcation of the Ucha Village Feeder or
network

Voltage drop after Bifurcation = 5.28%

Voltage drop = 5.28%

Applied voltage = 220V

Voltage drop = Applied voltage * Voltage drop\100
Voltage drop = 220*5.28\100 = 11.61V

Voltage at the load end = Applied voltage — voltage drop = 220
—11.61 =208.39V

After bifurcation voltage increase at the load end.

Voltage increase at the load end in volt = 208.39 -195.67 =
12.72V

The voltage at the load increased by 12.72 volts i.e. 6.5%
increases in voltage.

TABLE 3 SHOW 11 KV UCHA VILLAGE BEFORE BIFURCATION

VOLTAGE DROP
Portion Tengthin KM KVA ACSR ACSR20mm! ACSR30mm2 |
13mm2

A-B 0.340 3000.9 1020.64
B-B’ 0.100 2918.9 291.89
B’-C 2.862 2908.9 8325.27
c-C 0.049 24129 118.23

C-D 0.050 2276.9 113.84

D-E 0.135 2276.9 307.38

E-F 0.141 2176.9 306.94

F-G 0.122 21139 257.89

G-H 0.154 2013.9 310.14

H-I 0.100 2013.9 201.39
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IJ 0.300 19509 | - 585.27 -
J-K 0.443 1618 - 716.77 -
K-L 0.096 1379 - 132.38 -
L-M 0.297 1216 - 361.15 -
M-N 0.058 1153 - 66.87 -
N-O 0.050 1053 - 52.65 -
O-p 0.147 809 - 118.92 -
P-Q 0.186 809 - 150.47 -
QR 0.099 809 80.09 - -
R-S 0.181 709 128.32 | - -
S-T 0.200 646 129.2 - -
T-U 0.098 485 47.53 - -
uU-v 0.144 308 44.35 - -
V-W 0.396 208 82.36 - -
W-X 0.073 145 10.58 - -
X-Y 0.434 120 52.08 -
Y-Z 0.306 20 6.12 -
7.7 0.150 10 1.5 -
522.83 | 3859.99 | 9637.8

Table 3 show 11 KV Ucha village feeder portion, Length in
km, KVA rating & various size of conductor.

Total voltage drop =)’ An*Fn

522.83%0.143943859.99%0.0992+9637.8*%0.066275.23+382.91
+638.02=1096.16

Feeder voltage drop = Total voltage drop * 100/(System
Voltage — Total voltage drop)

1096.16*100\(11000-1096.16) = 11.06%

TABLE 4 SHOW 11 KV UCHA VILLAGE KVA RATING AFTER
BIFURCATION VOLTAGE DROP

Portion | Leng | KVA ACS ACSR | ACSR | ACSR
thin R 20mm
KM 13mm | 2 g;Omm ;lSmm
2
A-B 0.340 | 22769 | - - - 774.44
B-B’ 0.100 | 22769 | - - - 227.69
B’-C 2.862 | 22769 | - - - 6516.4
8
c-C 0.049 | 22769 | - - - 111.56
C'-D 0.050 | 22769 | - - - 113.84
D-E 0.135 | 22769 | - - - 307.38
E-F 0.141 | 21769 | - - - 306.94
F-G 0.122 | 21139 | - - - 257.89
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G-H 0.154 | 20139 | - - - 310.14
H-I 0.100 | 20139 | - - - 201.39
I-J 0.300 | 19509 | - - - 885.27
J-K 0.443 | 1618 - - - 716.77
K-L 0.096 | 1379 - - - 132.38
L-M 0297 | 1216 - - - 361.15
M-N 0.058 | 1153 - - - 66.87
N-O 0.050 | 1053 - - - 52.65
O-P 0.147 | 809 - - - 118.92
P-Q 0.186 | 809 - - - 150.47
Q-R 0.099 | 809 - - - 80.09
R-S 0.181 | 709 - - 128.32 | -
S-T 0.200 | 646 - - 129.2 -
T-U 0.098 | 485 - - 47.53 -
U-v 0.144 | 308 - - 44.35 -
V-W 0.396 | 208 - - 82.36 -
W-X 0.073 | 145 - - 10.58 -
X-Y 0.434 | 120 - 52.08 - -
Y-Z 0.306 | 20 - 6012 - -
77 0.150 | 10 - 1.5 - -

59.7 442.34 | 11692.

32

Table 4 show 11 KV Ucha village feeder portion, Length in
km, KVA rating & various size of conductor

From equation (1)
Total voltage drop = >’ An*Fn

59.7%0.0992+442.34*%0.0662+11692.32*0.0442
5.92+29.28+516.80=552.00

Feeder voltage drop = Total voltage drop * 100/System Voltage
— Total voltage drop

552*100\1000-552=55200\10448=5.28%

M 11kvucha
village
voltage drop
before
bifurcation

Fig. 4 Graph of Ucha village before & after bifurcation
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m 11 kv darvesh village voltage drop before
bifurcation

Fig. 7 Graph of darvesh village voltage drop before and after
bifurcation

Similarly Voltage drop before Bifurcation of the Darvesh
village Feeder or network

Voltage drop before Bifurcation = 4.76%

Voltage drop after Bifurcation = 2.89% The voltage at
the load increased by 4.17 volts i.e. 2% increases in voltage

m 11 kv ucha
village
voltage drop
before

bifurcation
W 11 kv ucha

village
voltage drop
after
bifurcation

Fig. 8 Comparison of Ucha & Darvesh village voltage drop before & after

m,[F/(

Fig. 9 11 KV new feeder. -after bifurcation

TABLE 7 COMPARISON OF UCHA & DARVESH VILLAGE VOLTAGE
DROP BEFORE & AFTER BIFURCATION

Voltage drop Voltage drop
S. No. Village before after
bifurcation in bifurcation in
% %
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1 Ucha 11.06 5.28

2 Darvesh 4.76 2.89

11 KV Darvesh and Ucha village feeder after bifurcations new
11 KV Feeder voltage drop

New 11 KV feeder voltage drop is 1.54%
Voltage drop = 1.54%
Applied voltage = 220V

Voltage drop = Applied voltage * Voltage drop\100 voltage
drop in volt = 220*%1.54\100 = 3.38volt

TABLE 8 11 KV UCHA & DARVESH VILLAGE FEEDER AFTER
BIFURCATION NEW 11 KV FEEDER VOLTAGE DROP

Posi | Length | KV | ACS | ACSR | ACSR
tion | in km. A R20 | 30 mm | 48
mm sq. mm
sq. sq.
A-B | 0.340 151 -~ | 514.8
4.3 - 6
B-C | 1.660 145 --- | 2409.
1.3 - 15
C-D | 0.200 935 -— | 187
D-E | 0.150 809 -— | 121.3
- 5
E-F | 0.160 784 -—- | 1254
- 4
F-G | 0.116 548 -—— | 63.56
G-H | 0.117 485 -— | 56.74
H-1 0.119 236 -— | 28.08
1-J 0.243 136 -— | 33.04
J-K | 0.885 136 120.36 | --—---
K-L | 0.235 126 29.61 | -—--
L-M | 0.207 63 13.04 | ——--
Tota = 163.01 | 3539.
1 07

.Total voltage drop =), An*Fn
10.79+156.42=167.21 Feeder voltage drop =1.54%
111 CONCLUSION

This topic addresses the problem of feeder reconfiguration in
the context of feeder loss reduction. The network
reconfiguration of distribution system is to recognize beneficial
load transfer so that objective function composed of power
losses in minimized & prescribed voltage limits are satisfied.
The proposed method determines the proper system topology
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that reduces the power loss according to a load pattern. After
bifurcation as the feeder becomes new & fault finding are easy.
It reduces the shutdown time. When there is addition of load at
the load centre then power transformer & other equipments can
be easily augmented
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Abstract:-High phase order transmission system is being
considered a viable alternative for increasing the power
transmission capability of overhead electric power transmission
over existing right-of-way. This paper presents is analysis of six-
phase transmission system.

VL= WVph for &g system

A

Keywords :- Six Phase Transmission System
I. INTRODUCTION: B

The concept of six phase transmission lines was introduced
by Barns & Barthold during 1972. Six phase power system is a
part of multiphase power system. Due to harmonics effect and
various other reasons, six phase systems and six phase
machines are not popular but six phase transmission lines are
more popular due to its increased power transfer capability by

43 [(or)1.732] times, maintaining the same conductor Fig 11
& - phage balanced voltages

configuration, rights of way. 3¢ / 6 transformer as 2 sets

Fig 1.2

(W, Wy, V. — one et

(Va.,vb, ,Vcr 1 —r Another set

This increase in power may be coupled with a decrease in Figl. Three to Six Phase Connections
electric and magnetic field strengths for certain configurations
and reduction in radio and audible noise levels. For the HPO
Demonstration Project, a 6-phase system was selected since it
represents an optimum between the proportional increase in
loading and the proportional increase in surge impedance
obtained by increasing the number of phases with the increase
in power transfer capability[3]. In 1978 the U.S. Department of
energy sponsored a project for the construction and testing of
experimental 6 and 12 phase lines. As a part of this project,
new high phase order tower, insulators and insulator spacer
designs were developed. Test lines have successfully shown
practical and simple constructions for 6-phase transmission and
proved all advantages predicted before[4]

Method of obtaining 6¢ supply from 3¢ s Phase and line
voltage relations:

Figure 1 shows three phase to six phase conversion

Consider V line between V, and V. then from fig 2

Vine = Va o Vc, = |Va| = |V1,| = Vph Fig 2. Phasor Diagram

line

From equilateral triangle M N K II. PHASE TRANSMISSION TOWER & TRANSFORMER

CONNECTION

Since MN = KN =V, and the li It
mee b ANE e HNE VOTtage The 6-phase line was modeled as double circuit 138kV line

that had been up rated to 138kV 6-phase to provide additional

Vime = Vi = Vph transmission capability. The construction of the tower is shown
me
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in the above figure. The figure below that represents the
connection of two transformer banks consisting of six single
phase transformers that are used for the three- to six-phase .

A. Power transfer capability:

Consider 3 practical cases as follows:

1. : 138 KV, 3 phase double circuit line configuration
2. : 230KV, 3ph transmission line configuration

3. : 138KV, 6 phase transmission line configuration

To convert the existing 3phase double circuit line to 6phase
transmission line with little modification of the terminal
equipment in the substations to provide 3phase / 6phase
transformer etc., without changing the transmission towers,
without additional rights of way etc,. Then power transferred is

givenby
Po=6x138xTycosd . (1
P
B ()
P 138
o
P
and P_C=ﬁ=1.?32 ........... (1)
A

Thus from the above equations (2) & (3) it is clear that 6 phase
option not only includes less expenditure but also improves the
power transfer capability to 1.732 times i.e., 73.2 % more
power can be transferred. On the other hand 230KV, upgraded
option not only involves more expenditure due to the change in
tower design and increased conductor spacing, but also
improves the power transfer capability by 1.67 times only from
eq. (2). Thus 6 phase line will have more power transfer
capability at reduced cost.

B.  Surge impedance loading (SIL) :

It is the power delivered by a transmission line to a purely
resistance load equal in value to the surge impedance (Z;) of the
line.

Since the inductance of 6 phase line is about 90% of that of the
3 phase double circuit line Z is reduced for 6 phase line.

SIL=+3.

Ay

TZRZ‘S"VR‘MOOOKW .......... ()
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4

138 KV 6¢ TRANSMISSION LINE TOWER

TRANSFORMER CONNECTION

Fig 3 EHV Tower Configuration/transformer Connection
Where Vg = Receiving end line voltage

From eq. (4) since Z; is less for 6 phase the surge impedance
loading is more for 6 phase which is an advantage.

1. Thermal loading :

Thermal loading follows a straight line relationship with phase
order. Thus if thermal loading is the criterion for circuit rating,
the capacity increase is proportional to number of phases. Thus
6 phase systems will have more thermal loading which is an
advantage.

2. Electric fields :

The electric field which is maximum at the conductor surface
decreases with phase order whereas the ground electric field
will be more since line voltage is equal to the phase voltage for
enhanced power. For the same power transfer since the line
voltage can be reduced the electric field between the two
conductors will be less.

3. Radio & Audible noise :
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It is proved that 6 phase transmission system will have less
radio & audible noise compared to the 3 phase double circuit
line.

4. Lightning performance
Number of lightning strokes to the line is reduced by 20% .

6 PHASE LINE ELECTRIC FIELD PROFILES
NORMAL OPERATION

T i |
| CONVENTIONAL (ORIGINAL) STRUCTURES |

P
A
‘

LINES = CALCULATED FIELD
{ POINTS = MEASURED FIELD

ELECTRIC FIELD, KVAM

COMPACT smuc*rumz&f\ ;
’/ i T

P

0.0 250 500 750 100.0 125.0
DISTANCE FROM CENTER LINE, FEET

Electric Field Lateral Profile

Fig 4 Electric Field Profile
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a
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[
i
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TME
Audible Noise as a Function of Time
Fig 5 Audible Noise as the function of Time

5. Reliability Aspect: 6 phase line is said to have more
reliability due to the following reasons.

1. More power demand can be met at the load point since
power transfer capability is more in 6 phase systems.

1. Voltage regulation and efficiency are
better.

6. Terminal Insulation Level :

Terminal insulation level will be slightly higher for six phase
systems for enhanced power supply.
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III. CONSTRUCTION OF 6-PHASE TRANSMISSION
LINE

The diagram below shows the construction of Six-phase
transmission , accomplished by installing transformers at either
end of a double circuit transmission line which shifts one of the
three-phase line. This results in a 6-phase line with each phase
60 degrees apart. Also the phase to ground voltage equals the
phase to phase voltage.

el
Xy x L x1 3
#a w8 o #a da oG

Transformer Connection for Six-Phase Operation
Fig 6 Transformer Connection For Six Phase Operation
Advantages:
1. For the same power flow capability, the phase to phase

voltage is reduced by V3 times, allowing the towers to
be built smaller and more compact

2. For the same phase to phase voltage the power flow
capability could be increased by 73%.

3 Magnetic fields can be reduced.
IV. CONCLUSION

Six phase transmission technology provides a technique
for reducing physical space requirements for transmission lines
while providing a means for increasing power transfer capacity
of a new or existing transmission corridor. The cost for
constructing a new six-phase line versus a three phase line of
the same voltage level is not excessive, particularly if physical
constraints exist. In India, the 6-phase transmission system does
not exist because there is no technical knowledge over the
operation of the 6-phase systems.
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Abstract:- Global Warming is the most serious effect on the
environment as a result of rapid industrial growth and
development to reach the energy demand. Solar energy is rapidly
gaining notoriety as an important means of expanding renewable
energy resources. As in industrial and domestic power more and
more fossil fuel are burnt in a power plant which gives global
warming, pollution and much other adverse effect on the
environment.

The project is about tracking, the solar raise to its optimum
extent and utilizing them to maximum. Our project will include
the design and construction of solar tracking system with an
additional protective device named Anemometer

Keywords: Solar Energy Tracking System, sustainable energy,
Renewable energy.

I. INTRODUCTION

In last two decades, environmental concerns, energy
security and socio-economic benefits have brought clean
energy to forefront. Clean energy’s share in Indian energy mix
is relatively small when compared to energy from fossil fuels.
Central and federal governments are keen to promote use of
clean energy and have formulated policies and incentives to
attract investments from private and public sector companies.

The challenge however lies in just how much energy solar
power would have to displace if it were to become the
dominant source of energy in the world in 2006 according to
the international energy agency 80.3% of the world energycame
from Fossil fuel: oil (34.3%); Coal (25.1%) and Gas(20.9%).
Fully 90.9% of the world’s energy came from combustion;
because alongside these fossil fuels in 4" place are
“Combustible Renewable”, mostly wood (10.6%). Include
Nuclear power (6.5%) and hydro-electric power (2.2%) and
you have accounted for 99.5% of the world’s Most of this last
half-percent of one percent of the world’s energy, 41% is
provided from geothermal sources. The energy that is available
free and pollution free like, wind and solar, currently provides
only 0.064% and 0.039% of the world’s power requirements.
Put another way, for solar energy achieve its potential and
replace all other energy in the world, this 0.039% would have
to increase to 2500 times.
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Fig 1. Air pollution due to thermal power plant

II. LITERATURE RESEARCH

A.  Technology of Solar Panel

Solar panels are devices that convert light into electricity.
They are called solar after the sun or "Sol" because the sun is
the most powerful source of the light available for use. They
are sometimes called photovoltaic which means "light-
electricity". Solar cells or PV cells rely on the photovoltaic
effect to absorb the energy of the sun and cause current to flow
between two oppositely charge layers [1].

A solar panel is a collection of solar cells. Although each
solar cell provides a relatively small amount of power, many
solar cells spread over a large area can provide enough power
to be useful.[2] To get the most power, solar panels have to be
pointed directly at the Sun.

The development of solar cell technology begins with 1839
research of French physicist Antoine-Cesar Becquerel. He
observed the photovoltaic effect while experimenting with a
solid electrode in an electrolyte solution. After that he saw a
voltage developed when light fell upon the electrode.

According to Encyclopedia Britannica the first genuine for
solar panel was built around 1883 by Charles Fritts. He used
junctions formed by coating selenium (a semiconductor) with
an extremely thin layer of gold.

Crystalline silicon and gallium arsenide are typical choices
of materials for solar panels. Gallium arsenide crystals are
grown especially for photovoltaic use, but silicon crystals are

Page | 56



available in less-expensive standard ingots, which are produced
mainly for consumption in the microelectronics industry[4]

1. Evolution of Solar Tracker

A solar tracker is a device onto which solar panels are
fitted which tracks the motion of the sun across the sky
ensuring that the maximum amount of sunlight strikes the
panels throughout the day. When compare to the price of the
PV solar panels, the cost of a solar tracker is relatively low.

Most photovoltaic (PV) solar panels are fitted in a fixed
location- for example on the sloping roof of a house, or on
framework fixed to the ground. Since the sun moves across the
sky though the day, this is far from an ideal solution.

Solar panels are usually set up to be in full direct sunshine
at the middle of the day facing South in the Northern
Hemisphere, or North in the Southern Hemisphere. Therefore
morning and evening sunlight hits the panels at an acute angle
reducing the total amount of electricity which can be generated
each day.
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Fig.2: Sun’s Apparent Motion

During the day the sun appears to move across the sky
from left to right and up and down above the horizon from
sunrise to noon to sunset. Figure shows the schematic above of
the Sun's apparent motion as seen from the Northern
Hemisphere.

The end-user will prefer the tracking solution rather than a
fixed ground system to increase their earnings because:

1 The efficiency increases by 30-40%
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2 The space requirement for a solar park is reduced, and they
keep the same output

3 The return of the investment timeline is reduce

4  The tracking system amortizes itself within 4 years (on
average)

B.  Energy Scenario in India

The major source of energy is coal and oil as specified in
Figure 2: Energy Source & Uses. Coal, Oil, Gas, Hydro,
Nuclear are the different fuel sources contributing to energy
mix in India. As mentioned in fig 50.9% of power generated by
coal, 34.4% of power generated by petroleum, 6.5% of power
by Natural gas, and 1.7% of power is generated by nuclear
energy. These types of resources create tremendous pollution
and also these resources are limited to some extent also day by
day the power demand is increasing. At this stage we have two
options:

1. Use nuclear resources

2. Use solar and wind energy to produce electrical energy.

India's Fuel Share of Energy Consumption, 2001 (Btu)
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Fig.3 India’s fuel share energy consumption, 2001

If we are concentrating towards Nuclear energy, it is
dangerous and need more skilled persons to operate nuclear
power plant. There are another big problem is that United
Nations has not yet given permission for more use of nuclear
resources.

So we have to concentrate on solar and wind. The geo-
graphical position of India is such a great factor to use solar
energy and wind energy. Therefore Indian government is taking
steps for use of the solar energy and wind energy. There is one
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policy of govt in which huge factories have to install wind
farms or solar farms. Also govt. gives subsidies for solar
equipments.

C. Where does solar fit into the equation?

The challenge however lies in just how much energy solar
power would have to displace if it were to become the
dominant source of energy in the world in 2006 according to
the international energy agency 80.3% of the world energy
came from fossil fuel: oil (34.3%); coal(25.1%) and
2as(20.9%). Fully 90.9% of the world’s energy came from
combustion; because alongside these fossil fuels in 4™ place are
“Combustible Renewable”, mostly wood (10.6%). Include
nuclear power (6.5%) and hydro-electric power (2.2%) and you
have accounted for 99.5% of the world’s energy!

Most of this last half-percent of one percent of the world’s
energy, 41% is provided from geothermal sources. The energy
that is available free and pollution free like, wind and solar,
currently provides only 0.064% and 0.039% of the world’s
power requirements. Put another way, for solar energy achieve
its potential and replace all other energy in the world, this
0.039% would have to increase to 2500 times.

With the fluctuating high cost petroleum minimizing
dependence on importing conventional energy resource,
stewardship to protect the planet and providing affordable
energy to all, countries including India have stepped up their
energy path for harnessing indigenous renewable resources. To
tap the infinite energy and transform as well as transmit it to
each household, the Indian government has accelerated
promotion of the use of universally available solar energy.
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Fig 4: Country wise solar cell production vs. year

India due to its geophysical location receives solar energy
equivalent to nearly, 5000 trillion KWH/Year, which is far
more than the total energy compensation of the country today.

International Multi Track Conference on Science, Engineering & Technical innovations

However India produces a very negligible amount of solar
energy-a mere 0.2% compared to other energy resources.
Power generation from solar thermal energy is still in
experimental stages in India. Until now, India’s energy base has
been more on conventional energy like coal and oil. However,
India has now attained 7" place world-wide in solar
photovoltaic cell production and 9™ place in solar thermal
system. Grid interactive renewable power installed capacity as
on 31/10/2006 aggregated 9013MW corresponding to around
7% of the total power installed capacity, which equates to over
2% of the total electricity.

The figure4 shows that the Japan is the leading country in
the application of solar cell panels and they generate about
618MW followed by Europe who generates about 308MW,
china about 200MW and USA about 139MW.

However the problem with solar power is that it is directly
dependent on light intensity. To produce the maximum amount
of energy, a solar panel must be perpendicular to the light
source. Because the sun moves both throughout the day as well
as throughout the year, a solar panel must be able to follow the
sun’s movement to produce the maximum possible power. The
solution is to use a tracking system that maintains the panel’s
orthogonal position with the light source. There are many
tracking system designs available including passive and active
systems with one or two axes of freedom.
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Fig 5: Earth’s energy budget
D.  What is Solar Tracker?

A solar tracker is a generic term used to describe devices
that orient various payloads toward the sun. Payloads can be
photovoltaic panels, reflectors, lenses or other optical devices.

Solar Tracking System is a device for orienting a solar
panel or concentrating a solar reflector or lens towards the sun.
Concentrators, especially in solar cell applications, require a
high degree of accuracy to ensure that the concentrated sunlight
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is directed precisely to the powered device. Precise tracking of
the sun is achieved through systems with single or dual axis
tracking.

In flat-panel photovoltaic (PV) applications trackers are
used to minimize the angle of incidence between the incoming
light and a photovoltaic panel. This increases the amount of
energy produced from a fixed amount of installed power
generating capacity. In standard photovoltaic applications, it is
estimated that trackers are used in at least 85% of commercial
installations greater than 1MW from 2009 to 2012.

Figure 7: Solar tracker

In concentrated photovoltaic (CPV) and concentrated solar
thermal (CSP) applications trackers are used to enable the
optical components in the CPV and CSP systems. The optics in
concentrated solar applications accepts the direct component of
sunlight light and therefore must be oriented appropriately to
collect energy.

There are mainly two types of solar tracker on the basis of
its movement.

1 Single axis solar tracker
2 Dual axis solar tracker
E.  Single Axis Solar Tracking System

Single axis trackers have one degree of freedom that acts
as an axis of rotation. The axis of rotation of single axis
trackers is typically aligned along a true North meridian. It is
possible to align them in any cardinal direction with advanced
tracking algorithms.

Types of single axis solar trackers are as listed below:
1. Horizontal single axis trackers (HSAT)

2. Vertical single axis trackers (VSAT)

3. Tilted single axis trackers (TSAT)

4. Polar aligned single axis trackers (PSAT).
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F. DUAL AXIS SOLAR TRACKER

Dual axis trackers have two degrees of freedom that act as axes
of rotation. These axes are typically normal to one another. The
axis that is fixed with respect to the ground can be considered a
primary axis. The axis that is referenced to the primary axis can
be considered a secondary axis.Dual axis trackers allow for
optimum solar energy levels due to their ability to follow the
sun vertically and horizontally. No matter where the sun is in
the sky, dual axis trackers are able to angle themselves to be in
direct contact with the sun.

Types of dual axis solar trackers are listed below:

1. Tip-tilt dual axis trackers (TTDAT)

2. Azimuth-altitude dual axis tracker (AADAT)
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Electrical Fault Diagnostics Using Thermal Imaging

Abstract: - The integrity of a power system is of paramount
importance when it supplies electricity throughout, especially
during peak time. Overloading, load imbalance, corrosion and
loose connection of electrical components can produce a thermal
abnormality or hot spot resulting in component temperature
reaching beyond its limits. Early prevention is required to avoid
future faults and increase the reliability of the electrical
components.

Above Kelvin zero, all objects radiates infrared rays, which
can be detected by IR camera. Thermograph is based on the
detection of infrared radiation (IR) which is emitted by a body at
temperature above zero Kelvin. Thermography converts infrared
radiation into visible light in form of a thermal image which is
map of the temperature field around the object’s surface. The
power of radiation depends on the radiant property of body.
Thermo graphic cameras are used to perform these tests. The
thermal image of the object can be easily seen on the screen
because all temperatures are assigned by different colours. The
paper focuses the fault diagnostic technique in electrical
networks, transformers, substations or transmission lines using
thermogaphy technique.

Keywords - .Thermography, Infrared radiation
I. INTRODUCTION

The important objective for every power company is to
provide proper maintenance for all electrical equipment under
them. The maintenance can be classified under three different
categories: when equipment malfunctions, time—based, and
condition-based maintenance [1]. The most popular one is
condition-based maintenance, i.e preventive maintenance.
Infrared thermography technique is widely used in preventive
maintenance for the advantage of carrying out quick, accurate,
and wide area inspections by telemetry. It uses infrared sensors
and optical lenses in a constructed electrical circuitry to
capture images of thermal objects based on temperature
variations. Infrared thermal camera stores the infrared pictures
of the objects as thermal images that the human cannot see
with naked eye in order to understand the inside conditions of
the objects. With the thermographic images, inspectors can
analyze the temperature variations of any objects to look for
defective parts.

The Infrared thermography technology is a non-destructive
inspection technique [2]. The inspection can be conducted
efficiently by keeping a distance from the inspected
equipment. There is no need to halt equipment operation while
an inspection is going on. Since the collection of information
for inspection is by telemetry, hazardous operations can be
avoided [3]. It can examine the damaged condition of the joint
connectors, insulators, lightening arresters & cross arms etc.
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For these reasons, Infrared thermography can be widely
implemented for many applications involving preventive
maintenance [4]. The new technique presented in this paper
prevents damage of power transmission lines, transformers,
substations & distribution networks to avoid any blackouts
before it occurs resulting in huge saving of revenue.

II. BASIC IDEA OF THERMAL IMAGING

Infrared radiation is electromagnetic radiation of a wavelength
longer than visible light wavelength, but shorter than that
microwaves. It's name means "below red", because of red being
the colour of visible light with the longest wavelength. Infrared
radiation has wavelengths between about 750 nm and 1 mm,
spanning five orders of magnitude. Thermographic cameras
detect radiation in the infrared range of the electromagnetic
spectrum(roughly 900—-14,000 nano-metres and produce images
of that radiation.

According to black body radiation law, infrared radiation is
emitted by all objects based on their temperatures & emissivity
(Which is expressed as Ratio of radiation emitted by object at
certain temperature, to the radiation emitted by black body at
same temperature). More the emissivity, more the material
radiate infrared energy. Thermography makes it possible to see

environment with or without visible illumination.
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.Fig 1. The wavelength corresponding to the peak emission in various blackbody
spectra as a function of temperature

The amount of radiation emitted by an object increases with
temperature, therefore thermography allows one to see variations
in temperature. When viewed by thermographic camera, warm
objects stand out well against cooler backgrounds; humans and
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other warm blooded animals become casily visible against the
environment, day or night. For inspection, the diagnosis
system needs to be first find a hotspot & to choose a reference
point from neighbourhood of the connecting point i.e, on same
structure & similar feathers, then pinpoint the actual fault
location.

Thermographic Camera

A thermographic camera, also called as FLIR (Forward
Looking Infrared), or an infrared camera, is a device that forms
an image using infrared radiation (IR}, similar to a common
camera that forms an image using visible light. (Instead of the
450-750 nanometre range of the visible light camera), infrared
cameras operate in wavelengths as long as 14,000 nm (14 pm)
as shown in Fig.l. Cameras create a thermal image of observed
target, generally in scale from black (coolest) through red to
white (hottest), and also provide on the image a reference
scale. Thermographic cameras can be broadly divided into two
types: those with cooled infrared image detectors and those
with uncooled detectors.
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Fig Il Light spectrum.

The thermal images of all electrical panels and other
high load connection points such as drives,
disconnections, controls & loose connections is to be
collected with the help of IR Cameras. Wherever you
discover higher temperatures, follow that circuit and
examine associate branches and loads. Compare all three
phases’ side-by-side and check for temperature
differences. More heavily loaded phases will appear
warmer. The reason, hot conductors may be undersized
or overloaded.

However, unbalanced Objects that have high emissivity
emit thermal energy well and are not usually very
reflective. Materials that have low emissivity are usually
fairly reflective and do not emit thermal energy well. This
can cause confusion and incorrect analysis of the
situation if you are not careful.

A thermal imager can only accurately calculate the
surface temperature of an object if the emissivity of the
material is relatively high, and/or the emissivity level on
the imager is set close to the emissivity of the object.
Look for connections that have higher temperatures than
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other similar connections under similar loads. That could
indicate a loose, over tightened, or corroded connection
with increased resistance.

Connection-related hot spots usually, but not always,
appear warmest at the spot of resistance, cooling with
distance from that spot. In some cases a cold component is
abnormal due to the current being shunted away from the
high-resistance connection.

1. CASE STUDY THREE PHASE UNBALANCED LOAD

From the distribution board, the image was collected with
the help of thermographic camera as shown in figures
below.

Fig I'V Caprured Image of Fuse Box,

The captured image in Fig IV above clearly shows that
one of fuse along with connecting cable shows hot spots
When evaluating an electrical hot spot, notice whether the
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heat continues back along the wire toward the load or is
isolated to the connection.

You may alse find broken or undersized wires or
defective insulation. The NETA (InterNational Electrical
Testing Association] guidelines say that when the
difference in temperature ([DT] between similar
components under similar loads exceeds 15 °C (~28 °F),
immediate repairs should be undertaken.

The similar images were collected from the string
insulator connected to transmission line poles. The faults
likely to be arising in future can be easily avoided with
this type of preventive inspection which are required to
be carried out at certain interval of times regularly.

" va

Fig V Insulator Thermalioriginal image

Fig, ¥I Thermal Image of Transmission line Pole

Fig. W11 Transmission Line Pole Inumge

V. PROPOSED AUTOMATIC PROTECTION
CIRCUIT

A color sensor is used to pick up different colors from the
thermal image of thermographic camera and if a hotspot is
detected it will automatically generate alarm. Fig. below shows
thePictorial view of automalic hotspot protection system which
uses @ thermal image camera to generate thermal image,
programmable color sensor to detect color which can be
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programmed to detect hotspot color i.e. yellow bright color.
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Fig VI Pictorial Diagram of proposed circuit

A microcontroller (8051) to program the system for detecting
hotspot from thermal image on camera and a PLC system whose
input is a signal from microcontroller and PLC output is used to
energized the contactor or circuit breaker, which further cut off
the power supply to the system in case Pre condition of
Faultresulting in 1o save the costly equipment/Installations,

V. CONCLUSION

Enhancing and  preserving  system reliability and  reducing
maintenance costs are top priorities for electric utilities today.
The thermal image camera to inspect the system deficiencies for
overhead transmission lines / distribution systems or any
electrical installation helps o save costly eguipments by
detecting the high temperature normally caused by the heat due
to had contacts or high resistance of connection points, which
can be cured easily. Concluding, infrared inspections of
electrical systems are beneficial to reduce the number of costly
equipment failures and unscheduled plant shutdowns leading o
the improvement of system efficiency and power quality.
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Abstract :- Wireless electricity transmission is based on strong
coupling between electromagnetic resonant objects to transfer
energy wirelessly between them. This differs from other methods
like simple induction, microwaves, or air ionization. The system
consists of transmitters and receivers that contain magnetic loop
antennas critically tuned to the same frequency. Due to operating
in the electromagnetic near field, the receiving devices must be
no more than about a quarter wavelengths from the transmitter.

Unlike the far field wireless power transmission systems
based on travelling electro-magnetic waves, Wireless Electricity
employs near field inductive coupling through magnetic fields
similar to those found in transformers except that the primary
coil and secondary winding are physically separated, and tuned
to resonate . This paper deals with possibility of power
transmission for smaller distances, without having any physical
connection among generating station & receiving load ends.

Keywords— Wireless Electricity Device, Oscillating magnetic
Field, Resonant Magnetic Coupling, Magnetic Resonance
Imaging .

I. INTRODUCTION

Wireless power transfer technology enables various
electronic devices, such as mobile phones, game controllers,
laptop computers, mobile robots, and implantable devices, to
be charged without connectors or cables, which is more
convenient and environment friendly [1,2]. Inductive coupling
and resonant coupling have been two main methods for
wireless power transfer [3].An inductively coupled power
transfer system has a pair of coupled coils. At the transmitting
side, an alternating current flows through a coil, generating a

magnetic field. A receiving coil, which is close enough to the
primary coil, picks up the field and generates a current to save
power. According to previous studies, the effective operating
range is usually less than 30 % of the diameter of coils [4].

To communicate between power transmitters and power
receivers, the systems generally use load modulation because
they are constructed on the same principle as inductive
coupling [5]. A magnetic resonant coupling system uses a pair
of coupled coils with additional capacitance, which makes the
transmitter and the receiver have the same resonant frequency.
It enables a highly efficient energy transmission over a longer
distance compared to inductively coupled schemes [2].

In addition, an expanded operating range from
centimetres to several meters allows more than two devices to
be charged at the same time. Therefore these systems require a
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communication protocol not only for identifying devices but
for networfcking and control. Communication protocols in
wireless power transfer systems, however, have hardly been
discussed in previous studies [6-8]. In this work, we propose a
wireless communication and wireless power transceiver
system based on magnetic resonant coupling. The same
frequency band and loop antenna is shared for power
transmission

II. SYSTEM ARCHITECTURE

With all the necessary background research completed, it
became clear what basic design components the entire
system would require. The block diagram of the proposed
system is shown below. First we needed a method to design
an oscillator, which would provide the carrier signal with
which to transmit the power. Oscillators are not generally
designed to deliver power, thus it was necessary to create a
power amplifier to amplify the oscillating signal. The power
amplifier would then transfer the output power to the
transmission coil. Next, a receiver coil would be constructed
to receive the transmitted power. However, the received
power would have an alternating current, which is
undesirable for powering a DC load. Thus, a rectifier would
be needed to rectify the AC voltage to output a clean DC
voltage. Finally, an electric load would be added to
complete the circuit design
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Fig 1 Block Diagram of System
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III. RESULTS AND MEASUREMENTS:
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At a distance of 0.18 cm between the two coils, we were
able to transmit enough power to power a 40 W light bulb. As
the distance of separation between the coils was increased, the
bulb got dimmer. It was evident from this simple experiment
itself that the power transmitted was related to the distance of
separation between the coils. To demonstrate the presence of
evanescent waves being produced which transferred power
from the transmitter coil to the receiver coil, we measured the
voltage across the 40 Watt light bulb at varying distances and
orientations. We took measurements starting at a distance of
0.5 m between the coils in 10 cm increments up to a distance
of 2 m of separation. We found that the resonant frequency
changed with distance due to the imperfect match in the
resonant frequencies of our coils. The frequency was then
adjusted to find the maximum output voltage at every
measurement.

IV. VARIOUS CONFIGURATIONS & THEIR REPRESENTATIONS

Fig.6. Parrallel Resonance Configuration

Parallel Configuration (Voltage vs. Distance)
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Fig 7 Voltage Verses Distance

As the distance between two coils increasing the voltage

induced correspondingly decreasing. Since the coefficient of
determination (R*) has a value close to 1 for the exponential
fit, the data points were strongly exponentially correlated. In
other words, the voltage decayed exponentially as the distance
of separation between the coils was increased. This illustrates
the theory of power transmitted through evanescent waves that
decay exponentially as the distance between the coils was

increased.
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Fig 8. Perpendicular Configuration

Perpendicular Configuration (Voltage vs. Distance]
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Fig.9 Voltage verses distance graph for Perpendicular configuration

In this case, the value of the coefficient of determination
(R?) is closer to 1 than when the coils were placed parallel to
each other. The strong exponential correlation in this case also
illustrates the exponential decay of evanescent waves
propagating from the transmitting coil to the receiving coil.

V. CONCLUSIONS

At the end of the research, we were able to design a system
for transmitting watts of power wirelessly from the
transmitting coil to the receiving coil that was enough to light
We were able to design discrete components such as the
relaxation oscillator, switch mode-power amplifier and a full
bridge voltage rectifier for the system design process. We also
managed to demonstrate evanescent waves by measuring
exponential decay of voltage as an increase in distance
between the transmitter and the receiver coils.
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Wake Up Call For Dopey Grids

(Smart Grids are no more a Luxury)

Anil Kumar Uppal
State Power Utility
Punjab, India.

Abstract— Traditional Electric Grids are suffering from ohsolete
technologies. They are neither reliable nor efficient. Their
Electromechanical base mainly requires manual operations. They
generally depend upon one-way communication. Recent power
failures of very long durations in the Regional Grids have raised
alarm. Today is the era of Smart Devices and Smart Processes.
Power Sector can no more afford laxity. With the growing
hunger for quality electric supply, It is now impossible to manage
loads and congestions manually. Almost all State Utilities are
struggling hard to reduce Aggregate Technical and Commercial
Losses. Revenue leakages are draining the Utilities. The
Consumers are suffering and raising great hue and cry.
Traditional Thermal Plants are being constantly blamed for
increased environmental pollutions. The most viable solution for
all this chaos is undoubtedly advent of Smart Grids.

Keywords—Smart Distribution Management System, Advanced
Metering Infrastructure, Smart Demand Control, Demand
Response, Business Intelligence, Renewable Energy Integration,
Smart Grid Standards,

I. INTRODUCTION

‘Blackout™ or power failure for longer duration dreads the
most. Life gets jammed due to jammed Electricity Grids.
Existing conventional grids are fast aging. They are suffering
from insufficient capacity. They are neither reliable nor secure.
They depend upon Centralized Power Generation which may
not  be friendly to our environment. Their pure
electromechanical operational features do not allow  fully
automatic restorations. Their sensing mechanisms are crude
and not sufficiently dependable. They lack required interaction
among various grids and consumers as they use one way
communication only. Their passive behavior makes them
highly prone to failures, High AT&C Losses (Aggregate
Technical and Commercial Losses) are making them
unaffordable.

Today we use and talk of smart phones, sman TVs, smart
cards, smart classes, smart cars, smart homes and what not.
There is now absolute need of replacing the existing dull and
drowsy interconnected electric network with intelligent and
ever active network, We need automation (o measure as well as
control to and fro flow of power from one grid to another as
well as consumers on real time basis. It is now almost
impossible o manage loads and congestions manually, Quality
and reliability of electric supply can no more be compromised.
Uncalled-for outages of electric supply have to be minimized.
Revenue leakages are to be plugged. Polluting generating
plants are to be substituted as well as supplemented with green
sustainable energy sources which may be of smaller capacities.

[nternational Multi Track Conference on Science, Engineering & Technical innovations

To achieve all this and reap many more benefits Smart grids
are now cry of the day,

SMART. originally stands for Self Monitoring, Analysis
and Reporting Technigues but now it is commonly used for
intelligent auwtomated digital net connectable devices and
processes, The interconnected network to deliver power can be
a local grid, state grid, regional grid or national grid. Grids
when made smarl can have all the features one can think and
name, Thus broadly smart grid is the result of integration of
Electrical  Technology Information  Technology -
Communication Technology (ICT).

Electric Power
Technology

Stuart Grid

Information k
Technology |

Technology

Fig | Block Diagram Of IET based smart grid

List of the features of smart grids is becoming lengthy day by
day. Smart devices boast less and do more so it is also
important (o know the popular abbreviations used frequently in
the case of smart grids.

A smart grid can have more or less the following packs:

1. SDMS (Smart Distribution Management System)

2. AMI (Automated or Advanced Metering Infra structure)
3. 5DC (Smart Demand Contral)

SCC (Smart Control Center)

STS (Smart Transmission system)

5585 (Smart Substation System)

BI (Business Intelligence)

REI (Renewable Enerpgy Integration)

MISC. Miscellaneous )

Fallowing template gives good idea of the bro:
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Smart Distribution Management System (SDMS) consisis
of all management tools namely LMS (Load Monitoring
System), NMS (Network Monitoring System), PLM (Peak
Load Management), PQM (Power Quality Management),
MDMS (Meter Data Management System), OMS (Outage
Management System), PLM is highly useful for increased
available energy during peak times, POM takes care of
unbalanced voltage, flickering of voltage, harmonics, VAR ete,
OMS deals with unscheduled outages of lines and distribution
transformers so it comprises of FPI (Fault Passage Indicator),
FLISR (Fault Location Isolation & System Restoration) and
DMIU (Distribution Transformer Monitoring Unit). This pack
essentially aims at reduction of AT&C losses. Another useful
feature of this pack enables prompt action as per Short Term
Load Forecast (STLF) say festivals, social events, brisk
seasonal changes etc,

Advanced Metering Infrastructure (AMI)} is the most
important and most talked about feature of smart grids. High
quality end- power meters are installed at high voltage lines for
acquiring quality metering data at remote ends via MDAS
(Meter Data Acquisition System). Tt may also deal with
intelligent met meters for industrial, commercial, domestic and
agricultural consumers. GIS (Geographical Information Sys) is
used to have customer data at the remote end. Consumer
Insight Unit {CIU) helps the customer to monitor his each
appliance. Intelligent Home Displays (IHD) are used to
develop reliable messaging system. This device can provide
relevant  and  timely power related information w  the
consumers. Customer Web Portal (CWP} provides all
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Renewable

J <=\ Energy

Fig.2 Feature OF Smart Grid

customer  related  information.  Thus,  monitoring of
consumption pattern becomes easy. Spot recording and instant
billing reduces travel and cost of payment collection. This
smart system helps in using Dynamic Tariff.Hence, Tariffs
like ABT (Availability Based Tariff), TOUP (Time of Use
Pricing), TODP (Time of Day Pricing), RTP (Real Time
Pricing) and CPP (Critical Peak Pricing) can wvield better
system control and revenue. Features like tamper detection can
curb thefi of electricity. In this way, commercial losses arising
due 1o manual errors and short assessment can be reduced.

Smart demand control (SDC) consists of modules like
DR (Demand Response) und DS (Demand Supply). Thus both
supplier as well as customers remains transparent about their
respective  demands. This feature also empowers remote
disconnection and connection of supply as per mutually agreed
upon stipulations. Both customer and supplier are given choice
to remain connected or disconnected through remote
commands. This can help in load curtailment and control over
bills.

Smart Control Center (SCC) is must for monitoring and
governing the wvast network of Smart Generating Stations
(SGS), Smart Transmission System (STS), Smart Substation
System (585) and Smart Distribution System (SIXS). Main
responsibility in this regard is generally taken by Load
Dispatch Center on area basis (ALIDC), state basis (SLDC),
region basis (RLDC) and national basis (NLDC),

Business intelligence (BI) provides complete analysis to
devise strategies and arrive at functional decisions. Metric or
measurable Key Performance Indicators (KPI) is part of this
intelligence,
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Thermal plants are often blamed for pollution. Smart grids
enable integration of Distributed Energy Resources (DER) i.e.
small generators. This gives added benefit of using Renewable
Sources of Energy (RES-E) namely solar power plants, wind
power plants, tide energy power plants, geo energy power
plants, micro hydro power plants etc. These green power plants
can be tied with smart grids through DESI (Distributed Energy
Source Integration) while controlling the injected harmonics.

Smart grids can have number of Miscellaneous Add-ons.
Energy Accounting and Energy Audit can be conveniently done
in smart grids. Maintenance schedules can be efficiently
drafted and executed. Mobile gangs can be easily managed to
attend faults in smart system. Asset management is very easy in
smart grids and early warning of health of assets can be
obtained. Smart grids are must for RAPDRP (Restructured
Accelerated Power Development and Reforms Program).

Concept of smart grid is going to revolutionize the way electric
power is generated, wheeled and consumed in India. Bureau of
Indian Standards (BIS) is already developing Smart Grid
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Standards (SGS). Smart grids are sure to give huge boom to
electronics, communication, IT and allied industries as well.
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Electrical Power Generation using Mixing Entropy
Battery
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Abstract— The salinity difference between seawater and
river water is a renewable source of enormous entropic energy,
but extracting it efTiciently as a form of useful energy remains a
challenge. Hence, a device called “mixing entropy battery®,
which can extract and store it as useful electrochemical energy
is proposed. The battery, containing a Nal-x MnSO10 nano
rodl electrode, was shown to extract energy from real seawater
and river water and can be applied to a variety of salt waters,
Energy extraction efficiencies of op to 74% were recorded.
Considering the flow rate of river waler into oceans as the
limiting factor, the renewable energy prodoction could
potentially reach 2 TW, or 13% of the current world energy
consumption. The mixing entropy battery is simple to fabricate
and could contribute significantly to renewable energy in the
fulure. In this paper, a novel electrochemical cell named a
“mixing entropy battery™, is investigated.

Keywords: Salinity-gradient power; mixing entropy; sodium
intervalation; energy harvesting

.  INTRODUCTION

To date, this significant and completely renewable
energy source has not been fully harnessed. Several types of
technologies have been proposed in order to take advantage
of this renewable energy source, Past suggestions for
capturing energy from the mixing of seawater and freshwater
include:

*  Hydroelectric pile based on acidic and basic membranes;

*  Pressure-retarded osmosis based on semi  permeable

membranes;

e Reverse electro  dialysis  based on  ion  selective
membranes:

e Concentration  electrochemical  cells  and  devices

exploiting differences in vapor pressures.

Nowadays. the most reliable methods use membranes as
separator between the seawater and the freshwater, to prevent
the mixing of the two streams, Therefore, the application of
these technologies is strongly based on the energy efficiency,
cost, and lifetime of the membranes themselves,

Solar energy drives this cycle, creating a significant
salinity difference between seawater and freshwater. The
entropic energy created by the difference in water salinities is
normally dissipated when river water flows into the sea. This
reduction in free energy due to the mixing is estimated a1 2.2
k] of free energy per liter of freshwater.
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In this paper, a novel electrochemical cell named a
“mixing entropy battery”, which extracts energy from the
difference in concentration of two solutions and stores it as
chemical energy inside the electrode material’s bulk crystal
structure. This  approach allows ws to overcome the
challenges of super capacitor ¢lectrodes based on activated
carbon, This device consists of a reversible electrochemical
system where the salts in the electrolyte are the reactants and
the electrode stores ions. We emploved iwo different
electrodes: an anionic electrode, which interacts with Cl-
ions selectively: and a cationic electrode, which interacts
with Na+ ions selectively.

IL WORKING OF 5YSTEM

These electrodes are initially submerged in a low ionic
strength solution (river water) in their discharged states,
when the electrode materials contain the respective ions
incorporated in their structures. In this dilute solution, a small
electric current is passed and the battery is charged by
removing the Nat and Cl- ions from the respective
electrodes as shown in (Figurel ).

Successively, the dilute electrolyte is exchanged for a
concentrated solution (seawater), which is accompanied by
an increase in the potential difference between the electrodes |
At this higher potential difference, the battery is discharged,
as the anions and cations are reincorporated into  their
respective electrodes (Figured. step 3). The concentrated
solution is then removed and substituted by the dilute
clectrolyte (river water), which results in a decrease in
potential difference between the electrodes (Figure3, step 4).
We note that the exchange of solution could also be caried
out via a flow process, which could be attractive for large
scale energy extraction.

Frgl. Manorods which are wsed oz electrodes 1o imerease the surface area of
the electrodes,
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Figure 2 Proposed Battery

Step 3

Step2

Figure 3.Entropy Diagram Working Principle

Typical form of a cycle of battery cell voltage (AE) vs.
charge (q) in a mixing entropy battery, demonstrating the
extractable energy.

This closed cycle produces energy, as shown by a
schematic of the expected shape of the battery cell voltage
(AE) versus charge (q) during one cycle is shown in figure 3.
From entropy diagram it is observed that during steps 2 and
4 no energy is produced or consumed. During step 1, the
battery requires energy to drive the ions out of the crystal
structure, while during step 3 the battery produces energy by
incorporation of the ions.

III. MATHEMATIC EQUATIONS

The energy gain is due to the fact that the same amount
of charge is released in step 3 at a higher voltage than
consumed in step 1. The energy gain is given by the integral
along the cycle of the voltage with respect to the charge.

W= — ¢ AKdg

LU

The diagram below shows the pictorial view of the
enrgy generated across the various parts of the globe
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Figure IV. Power Generation across world

The extractable power from the difference of salinity of
river and seawater that could be obtained in many different
countries around the world is summarized in above figure. If
the energy from mixing entropy was harnessed from all these
rivers, the power obtained could reach up to 2 TW, which is
13% of the current total global energy requirement. This
energy can also be easily harvested at low temperatures, and
is completely renewable, since the ultimate source is the solar
energy which powers the water cycle.

IV. SITE SELECTION

Anywhere freshwater enters the sea, such as river
mouths or estuaries, could be potential sites for a power plant
using such a battery. The theoretical limiting factor is the
amount of freshwater available. We actually have an infinite
amount of ocean water unfortunately we don’t have an
infinite amount of freshwater.

The mouth of the Amazon River, where the world’s
largest drainage basin flows into the Atlantic Ocean. A
location such as this, where fresh and sea water mix, is a
good spot for generating electricity with this battery. This can
be implemented at Afsluitdijk in Netherlands. It is a

fundamental part of the larger Zuiderzee Works.
the Zuiderzee, a salt water inlet of the North Sea, and turning
it into the fresh water lake of the Ijsselmeer.

V. CONCLUSION

In this paper, the energy from salt water and fresh water
is harnessed to generate electrical power which is a very
useful source of power generation and has no effect on
environment. The power generated is of sufficient amount
which can be used for various applications & the running
cost of the generating plant is minimum.
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Abstract — With the advancement in the technology all over
the world energy demand has been increasing day by day. The
report given by International Energy Outlook 2013 suggests
that world energy consumption of energy will grow by 56 %
between 2010 and 2040. It remained only limited amount of
fossil fuel available on earth to meet the energy demand. We
are returning back to renewable energy sources due to
problem caused by increase in price of fossil fuels
simultaneously with the environmental problems associated
with it. In this regard, a study to investigate the feasibility of
renewable hybrid system compromising of photovoltaic (PV),
diesel and battery has been carried out for the site Additional
Town Hall (ATH) building in Sector 17C of Chandigarh, India.
This paper determines the optimal cost of energy of the
standalone hybrid system with the help of HOMER software.

Keywords — Homer, Stand-alone, PV array, diesel generator,
battery.

1. INTRODUCTION

In the recent time there has been seen improvement of
technology in every sector from agriculture to defense. With
the improvement in technology every field is being utilized
in the best possible manner. This utilization of fields has led
to significant increase in consumption of energy all over the
world. The International Energy Outlook 2013 projects that
world energy consumption will grow by 56 percent between
2010 and 2040. Total world energy use rises from 524
quadrillion British thermal units (Btu) in 2010 to 630
quadrillion Btu in 2020 and to 820 quadrillion Btu in 2040
[1]. The Indian power sector has made remarkable progress
since Independence. The total installed capacity has gone up
from 1,362 MW in 1947 to more than 234 GW till March
2014 [2, 3]. Current centralized energy planning of India is
dependent on coal and fossil fuel sources. The main concern
arises on how to protect the fossil fuel for our coming
generation with simultaneously utilizing the different
resources of energy for high and sustained economic
growth. Pressure to increase its energy supplies and the
consequent negative environmental impact of fossil fuels
has led India to a conscious policy toward renewable
sources.

Renewable energy and nuclear power are the world’s
fastest-growing energy sources. Recent research and
development of Renewable energy sources have shown
excellent potential as a form of contribution to conventional
power generation systems. There is huge amount of
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potential available in renewable energy sources such as
solar, wind, hydro, bio-fuel, tidal etc. which can be
harnessed to fulfill the gap between generation and demand.
For Indian climate, one of the most alternative solution of
renewable energy sources is standalone solar-diesel Hybrid
Energy System. The use of the standalone PV- diesel hybrid
system with battery used as the back-up source when solar
energy is inadequate to meet the demand looks
economically attractive.

This paper gives the design idea of a standalone PV-diesel
hybrid power system with battery backup for ATH building
in Chandigarh (Latitude 30° 45 N, Longitude 76° 47° E)
[4]. National Renewable Energy Laboratory (NREL)’s,
Hybrid Optimization Model for Electric Renewables
(HOMER version 2.68 beta) has been used as the sizing and
optimization software tool. It contains a number of energy
component models and evaluates suitable technology
options based on cost and availability of resources [5].

Source: International Energy Outlook 2013
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II. SYSTEM DESCRIPTION

The hybrid renewable system is designed based upon the
certain important sensitivity variables to optimize the cost &
size effectively. Hence, before designing the model, certain
parameters like solar irradiation and load profile must be
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evaluated. General scheme of the proposed hybrid system is

shown in the fig. 1.

DC BUS

AL BUS

solar | Charge Dliesel
Modules = Regulator = f——"— Generator
A= Converter |
Battery e — == Load

Fig. 1: schematic diagram for the standalone hybrid power supply

system
A. Solar Radiation Data

First of all for the estimation of solar potential we need
reading of solar radiation for our site. There are two sources,
from where solar radiation data can be obtained: Indian
Meteorological Department, Pune (branch office in
Chandigarh), and NREL website that provide satellite data.
The data collected is analyzed for designing the hybrid
power system (which includes PV/Diesel/Battery) which has
to meet the load requirement which in our case is 260
kWh/d. Fig. 2 shows the monthly average daily solar
radiation ranges from 3.574 to 7.067 (kWh/m?*/d).
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Fig. 2: Monthly average daily solar radiation

Daily Profile

18

Hour
Fig. 3: Daily Load Profile

B. Load Profile

In this study, an Additional Town Hall (ATH) building
in Sector 17C of Chandigarh is considered. The main input
to the software is the load. After carefully determining the
hourly electric load of the building the monthly average of
the daily load is supplied to the software. It has been
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Clearness Index

observed that the monthly electricity consumption of the
building is about 3000 kWh. The daily and monthly load
profiles are shown in fig. 3 and fig. 4 respectively.
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Fig. 4: Monthly average loads (KW) for complete year
III. HOMER SIMULATION MODEL

In the present work, the selection and sizing of components
of hybrid power system has been done using HOMER
software. HOMER is a computer based software which
simulates the hybrid renewable system and calculates all
feasible and non-feasible solution. HOMER can simulate a
wide variety of micro power system configurations,
comprising any combination of PV array, wind turbines,
run-of-river hydro- turbine and generator, battery bank, ac-
dc converter etc. [6]. It firstly assesses the technical
feasibility of the system (i.e. whether the system can
adequately serve the electrical and thermal loads and any
other constraints imposed by the user). Secondly, it
estimates the net present cost of the system [5]. Fig. 5 shows
the proposed scheme as implemented in the HOMER
simulation tool.

&TH Bldng Load

. 260 kwh/d
mcy 28 k! peak

Generatar 1

Corverter BFi 2000

AC oC

Fig. 5: HOMER implementation of the hybrid energy system

It consists of Photovoltaic array, diesel generator, converter,
load and battery. The simulation process first of all
determines the feasibility of the system based on the
constraints imposed and on the fact that it can adequately
supply the electric load. And then the life cycle cost of the
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system is determined which is the total cost of installing and Capital Cost $270.74
operating the system over its lifetime.
Replacement Cost $204
IV. SYSTEM DESCRIPTION AND SPECIFICATION
Nominal Voltage 12V
TABLE I. TECHNICAL PARAMETER OF PV KiT (1 KW)
Nominal C it 200Ah
Price of PV Panels $952.81 ominal Capacity
Price PV mountings $112.07 V. OPTIMIZATION RESULTS
Price of Charger $99.17 Simulation has been done by considering different sizes of
Regulator PV, diesel generator, inverter and battery systems. HOMER
Installation Cost $148.76 gerformg thef simu.lationA’ffor a number of pr(;)sp‘ectiv'e
esigned configurations. After examining every design, it
Balance ofest}cfs;em (cables $82.64 selects the one that meets the load with the system

constraints, at the least life cycle cost. The arrangement of
Total Panel Cost/kW $1396 the result is done in terms of the most cost effective to least
cost effective. The optimization is done for every sensitivity

O&M C.:OSt (1%) $14 variables and each and every feasible solution is displayed
Efficiency 16.1% [7]. Cost curves for different sizes of the diesel generator,
Replacement Cost $1047 PV cell and battery are shown in fig. 6, fig. 7 and fig. 8
Lifetime 25 years respectively.
a.000 Cost Curve
TABLEIL T I KW P N O P
. TECHNICAL PARAMETERS OF INVERTER (1KW) & 2.000 L L e
Capital Cost $388.76 | S I I s
Ot D0 | — R
Replacement Cost $292 500 : 1
o | | | | ]
o ! =z = - 5
O & M Cost/yr (1%) $4 i
Lifetime 10 years — Capitel —_— Replacerrerd
Efﬁciency 955 Fig. 6: Cost curve for Diesel Generator
— Cost Curve
TABLE III. TECHNICAL PARAMETERS OF DIESEL (1KVA)
Capital Cost $521 e 120 - _
=]
Replacement Cost $391 O B0 e | -
1]
O & M Cost/hr (1%) 0.12 3 a0 -
Lifetime 10000 hours y [
0 30 €0 o0 120

Size {kVWJ)

—_— Capital =— Replaocement

Fig. 7: Cost curve of PV

TABLE IV. TECHNICAL PARAMETERS OF BATTERY
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Fig. 8: Cost curve of Battery
Without Consideration of Sensitivity Variables

Results obtained in our case of ATH building is shown in the
fig. 9. In the result shown, though Cost of Energy (COE
$/kWh) of system with PV size of 78 kW looks equal to the
PV with size 80 kW, the Operating Cost of the system and
Total Net Present Cost (TNPC) of the system is less for 78
kW PV system. Therefore in the optimization process the
most cost effective result is shown at first place i.e. system
with 78 kW PV and corresponding COE of the system with
78 kW PV is $0.157

&80 .'I T O £/ ni'iﬁ (i 0% Of E.Ei
oBf B 1 W o1 odmw iR OB OF IR | W
o]« S S 1R 1 ST T
- A T A 4 i ! [
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url- | A T 1 &+ ./ I .1 - 1S
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] T I (I 817 R A 7
OBR 0 1 WOR OVEM O ORIV WM
] T TR A 4+ M 1 O O O {
OBF B 1 W oD VW W R OOT Oy Wmoow
EBE R od N MBI N M oW N
] S O 1 O
ar] - S SN 1T " ™ 1
] T T N O 1 O

0 T T 111 1L

.j!g Eolowol

Fig. 9: Optimization results without sensitivity analysis
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A. With Consideration of Sensitivity Variables

The sensitivity variable selected in our study is PV Slope.
Different values of PV Slope is specified in the HOMER
software. HOMER calculates the optimized results in each
case of the PV Slope and displays best optimized result for
each case. Results calculated are shown in fig.10. It can be
noticed from these results that TNPC of system is least in
case of system with PV Slope of 26 degree compared to the
previous result of without sensitivity analysis. The COE is
$0.156 with consideration of sensitivity variables whereas
COE without consideration of sensitivity variable came out
to be $0.157.The monthly average electric production and
cash flow energy with PV Slope is shown in fig. 11 and fig.
12 respectively.

H Lse [EFMEED [T Pt |Cipacty| [l | Laal
hﬁﬂﬁmﬂ -2t rn:fmﬂ| | ru|m|
o ’tlgm g3 mon imm BEM  IRER W M D iRl
nl bﬂﬂ 203 i 3 s gl @A I e D Bl
h tlﬂﬂ 23 m N BT 1EW LW e R | om
i ;Dﬂm A SR (N 41 il s M M IR ¥ OB
T4 I:IHE g 1 m n pmw B BT LW R OIR o
El Fl'jﬂﬂ g 1 i h iR Ll sIEEY LR kW IR u Okl
3} ’I:Iﬂﬂ E 1 m 1 Fmm 11 I T I AL ) m W
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bl I:Iﬂﬂ 2 7 m n 1M BT 1M e Im ID WO

Fig. 10: Optimization results with sensitivity analysis
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Fig. 11: Monthly average electric production
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Fig. 12: Cash flow energy with PV slope of 26 (deg)
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VI. CONCLUSION

This paper investigates on the feasibility of a stand-alone
power system focusing on photovoltaic-diesel generator
energy systems. In the day, the PV array produces much
more power than needed by the load and stores the surplus
power in the battery. When sun is not available or PV array
is insufficient to feed the load, battery together with the
diesel generator (if necessary) supply the load. The paper
has discussed the optimization results and effective cost
analysis of PV-diesel generator. The optimal cost of energy
for our hybrid system has been come out to be $0.157. In the
sensitivity analysis PV slope has been chosen and with
sensitivity analysis optimal cost of energy come out to be
$0.156. It can be inferred from the results that there has not
been much difference of COE when sensitivity variable is
used. The standalone PV/DG/battery hybrid power system
offers several benefits such as greatly reduction in the
greenhouse gases, independent supply of electricity (not
dependent upon Grid), reliable power supply etc. The only
factor for concern is initial cost of the system. However the
initial cost disadvantage can be virtually offset by almost
negligible operating and maintenance cost of the system.
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Abstract-Feonomic Load Dispatch and Short-Term  Unit
Commitment (STUC) are important research challenges and
vital optimization task in the daily operational planning of
modern  power system. The electrical unit commitment
problem is the problem of deciding which electricity
generation units should be running in each period so0 as to
satisfy a predictably time varying load demand for electricity.
This research paper aims to present the mathematical
formulation of Economic load dispatch and short-term unit
commitment problem of thermal electric power system
considering various system and physical constraints.

Index Terms- Economic Load Dispatch (ELD), Short-Term
Unit Commitment (STUC), Unit Commitment Problem{UCP).

I, INTRODUCTION

In the modern power system systems, there are various
generating units e.g. thermal, hydro, nuclear etc. Also, the
load demand varies during a day and attains different peak
values. Thus, it is required to decide which generating unit
to turn on and at what time it s needed in the power system
network and also the sequence in which the units must be
shut down keeping in mind the cost effectiveness of turning
on and shotting down of respective umits. The entire
process of computing and making these decisions is known
as unit commitment (UIC), The unit which is decided or
scheduled to be connected to the power system network, as
and when required. is known to be committed unit. Unit
commitment in power systems refers to the problem of
determining the on/off states of generating units that
minimize the operating cost for a given time horizon|[7].
Economic dispatch is the short-term determination of the
optimal  output  of a  number  of electricity
generation facilities, to meet the system load, at the lowest
possible cost, subject to transmission and  operational
constraints. The economic load dispatch means that the
generator's real and reactive power are allowed to vary
within certain limits 50 as to meet a particular load demand
within minimum fuel cost.

II. EconoMic LoAD DISPATCH

The scheduling of the units together with the allocation
of the generation quantities which must be scheduled to
meet the demand for a specific period represents the Unit
Commitment Problem[7]. Economic Load Dispatch (ELD)
secks the best generation schedule for the generating plants
to supply the required demand plus transmission loss with
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the minimum generation cost,  Significant economical
benefits can be achieved by finding a better solution to the
ELD problem. The economic dispatch problem is defined
so0 as to minimize the total operating cost of a power
system while meeting the total load plus transmission
losses within generator lumits [1].

. ECONOMIC LOAD DISPATCH-PROBLEM FORMULATION

The objective of economic load dispatch of eleciric
power generation is to schedule the committed generating
unit outputs 5o as to meet the load demand at minimum
operating cost while satisfying all units and operational
constraints of the power system. The economic dispatch
problem is a comstrained optimization problem and it can
be mathematically expressed as follows [1-5]:

Minimize
FiE ) i{u_l{-' rb P+ $/h
i1
(1)
subject to (i) the energy balance equation
MO
YP=P,+P
i=l
(2)
{ii) The inequality constraints
P <P <P™ =123 NG
(3)

where, a.b and ¢, are cost coefficients

P, is Load Demand.

P, is power transmission Loss.

MG is the number of generation buses.

B is real power generation and will act as decision variable,

The most simple and approximate method of expressing
power (ransmission loss, B, as a function of generator

powers is through George's Formula vwsing B-coefficients
and mathematically can be expressed as:
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MG M

R=22PBP

=l f=1

MW

(4)
where, B, and P, are the real power generations at the i"
and j"' buses, respectively,
B, are the loss coefficients which are constant under certain

assumed conditions,
NG 15 the number of generation buses.
IV. SHORT-TERM UNIT COMMITMENT

The unit commitment problem determines both the
hourly start-up and shut down schedule as well as the
power output for the generating units over a certain time
period, the resultant schedule minimizes the toral
operational cost while satisfying the system demand as
well as generating units constraints, In a Unit Commitment
Problem (UCF), the objective is to achieve the minimum
total operating cost by a precise scheduling of the ON/OFF
status of the generating units subject to the system and
physical constraints.

V. SHORT TERM UNIT COMMITMENT-PROBLEM
FORMULATION

Unit commitment is a complex decision making
process because of the multiple constraints that must not be
violated when finding optimal or near optimal commitment
schedules, Mathematically, the Unit Commitment Problem
is & non-linear, mixed-integer combinatorial optimization
problem. The optimal solution to the above complex
combinatorial optimization problem in power system can
be obtained by global search technigues.The objective
function of the short term thermal Unit Commitment
Problem is composed of the fuel cost, start-up cost and
shut-down cost of the generating units and mathematically
can be expressed as[8]:

Bl =G
Costy, = 3 3 [FC (R, VAU, + STUC, # (1=, 1#1, #8500, *0-U 040, |
-l

=l

(3)
Where, “ s the total operating cost over the scheduled
horizon

FGAR) 15 the fuel cost function

Uy - \ . gt
W1 i the ONJOFF status of of i unitat "~ hour.

Us is the ON/OFF status of i" unit at h" hour,

U is the decision matix of the *variable. for
i=1.23......NG.

P is the generation output of i" unit at k"™ hour.

STWGuis the start-up cost of the i generating unit at h"
hour,

S0

" is the shut-down cost of the i generating unit at the
h*" hour.
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NG is the number of thermal generating units

U, =00 and U, =00}

H is the number of hours in the study horizon.

(for Short-Term unit Commitment, H is generally taken as
8-12 Hours, For general unit commitment scheduling H is
taken as 24 hours (i.e. one day) and for long term unit
commitment, H may be taken as one week , one month,
three month, six month or one year duration.

A, Fuel Cost, FC (P

The fuel cost function of the thermal unit FGUF) g
expressed as a quadratic equation:
P
FC(P, )= (a,B,’ +hP, +¢) S/ Hour
i=l
i6)

Where, a (SMW’h)t (%MWh) and c ($/h) are fuel
consumption coefficients of i unit.

B. Start up cost, sTUC,

Start up cost is warmth-dependent, Start up cost is the cost
involved in bringing the thermal unit online, Start up cost is
expressed as a function of the number of hours the units
has been shut down. Mathematically, the starl-up cost can
be represented as a step function:

HSC,, if MDT, <DT <(MDT, +CSH,)

STUC, =
"~ lesc,, if DT >(MDT +CSH )

(7

where, DT1 is shut down duration, MDT? is Minimum
down time, HSCi is Hot start up cost, CSCi is Cold starl
up cost and CSHi is Cold start hour of ith unit

C. Shut down cost , 5DC,

Shut down costs are defined as a fixed amount for each
unit/shutdown, The typical value of the shut down cost is
zero in the standard systems. This cost is considered as a
fixed cost,

VI, THERMAL CONSTRAINTS

A thermal generation unit needs to undergo  gradual
temperature changes and thus it takes some period of time
1o bring o thermal unit online. Also, the operation of a
thermal unit is manually controlled. So a crew is required
to perform the operation and maintenance of any thermal
unit. This leads to many restrictions in the operation of
thermal unit and thus it gives rise to many constraints.

1. Generation Constraints

In order to satisfy the forecasted system load demand, the
sum of all of the generating units on-line must equal the
system load over the time horizon,

E. Pil.Uithh
(8)
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Where, D, is the system Ioad demand at h" hour,
B, 1s the power output of ith unit at hth hour
U, is the On/Off status of the ith unit at the hth hour,

NG is the number of thermal generating units
2. Unit Generation Limitations

The output generated by the individual units must be within
the maximum and minimum generation limits i.e.

P

-
{min) =

:JIE:E

1M )
9)
Where, P is the minimum and maximum

power output of the i unit.

and P

i Wmani

3. Minimumup Time
Once the unit is started up. it should not be shut down
before & minimum up-time i.¢.
T™ = MU,
(10

Where, 1 is the up-time of the i" unit
MU, is the minimum-up time of the i™ unit

4. Minimum Down Time

once the unit is shut-down, there is a minimum downtime
before it can be started up i.e.

-[in:-ll 2 MDT:
(11)
Where, T is the down-time of the i" unit
MDT is the minimum down time of the i* unit.

VI STANDARD TEST SYSTEM FOR ECONOMIC LOAD
DISPATCH PROBLEM

Test System-1

Table-I: Generator charscleristics of 3-Unit Test System [6]

Mo. of Generating | Real Powers|MW) Cost Coefficients

Units Pmax Pmin A B C

1 210 35 1243.531 | 38.30533 | 0.003546

2 325 130 1658.57 | 36.32782 | 0.0211

3 315 125 1356.659 | 36.27041 | 0.01735

The loss coetficient matrix for 3-unit system;

0.000071 0000030 0.000025
B =|0.000030 0.000069 0.000032
0.000025  0.000032  0.000080

Test System-11

Table-11I: Generator characteristics of 4-Unit Test System [6]
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No. of Generating | Real Powers|MW) Cost Coefficients
Units P P A B G

1 300 S0 40.0 1.8 0.0015

2 125 20 B0.0 18 0.0030

3 175 a0 100.0 21 0.0012

4 250 40 120.0 2.0 0.001

The loss coefficient matrix for 4-unit system:
0.000140  0.000010 0.000015  0.000015
0.000010  0.000060 0.000010 0000013
0.000015  0.000010 0.000068 0.000065
0.000015  0.000013 0.000065 0.000070

Test System-I11

Table-I'V: Generator characteristics of 6-Unit fest System [6]

No. of Generating | Real Powers{MW) Cost Coefficients
Units Prax Prmin A B C
1 125 0 756.7989 38.53| 0.15240
2 150 10 451.3251| 46.15916] 0.10587
3 15 15 10459.998) 40.39655) 0.02803
4 210 as 1243.531| 3830553 0.03546
a 325 130 165B.57) 36.32732| 0.02111
[ 315 125 1356.659) 33.27041) 001759

The loss coefficient matrix for G-unit system:

[OI0022 0000020 OU00IY 0000023 000032 (L0085 |
0000026 000005 0000024 0000030 0000068 Q000052
& OLO000ES O0000Ee 000017 0000071 0000030 (000025
0000015 0000013 0000065 0000017 0.000024 0000019
(LD T (a0 U001 0000016 OL0000ES  0,000020
L 000014 0000017 0000015 0000009 0000026 (L000022 |
Tesl System-1V
Table-V: Generator characteristics of 10-Unit test System [3]
Mo, of Real Powers(MW) Cost Coefficients
CENCINE g | s A B c
Unilts
L i 470 150 958.2 21.6 0.00043
2 460 135 1313.6 21.05 0.00063
3 340 73 504.97 20.81 0.00039
4 200 60 4716 23.9 0.0007
5 243 73 480.29 21.62 | 0.00079
6 160 57 601.75 17.87 | 0.00056
7 130 20 502.7 16,51 | 0.00211
B 120 47 639.4 23.23 0.0048
El B0 20 455.56 19.58 0. 10908
10 55 55 692.4 22.54 0.00951

The loss coefficient matrix for 10-unit system;

R0 0430 461 03A0 OAMF a6 0960 lad (RN
D 430 RMW 097 m22 DSy 24 S0 1L TR dhSE)
k =446l 497 w0 20 OAME 300 L7 <430 3.0
PG D23 N ~5330 0ATE 240Ky -1 9% 2P ARETD
it i sl DA 0750 Dadn wam wa DR DIT 0E
il 2R 100 2520 AED TLE 490 D3N FO0H
LR O T Y T DA 48 K240 A0 50K
<Led 1700 -53F 21X DTNy 0300 090 L2 (L
HOD G540 3 00 DAl Abed  HM) S 4 Te o (LRG0
..'“ My T2 -2IKE |BIX] et -30KF  Shel 0561 -D3E0
VII CoNCLUSION
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In this paper, researchers have presented the mathematical
formulation of economic load dispatch problem and short-
term unit commitment problem. Standard test data for
Economic Load Dispatch Problem for IEEE 3, 4, 6 and 10-
unit generating model using B-coefficient is also presented
at the last, which can be used as the quick reference by
other researchers working in the similar area.
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Abstract- Unit Commitment is the important research challenge and
vital optimization task in the daily operational planning of modern
power system. Dynamic programming is the one of the successful
approaches to unit commitment problem. Dynamic Programming
has many advantages over the enumeration scheme, the chief
advantage being a reduction in the dimentionality of the problem. It
is ome of the refined algorithm design standards and is powerful tool
which vields definitive algorithm for various tvpes of optimization
problems. This research paper presents Single Area Unit
Commitment Problem solution for IEEE 14-Bus System using
Diynamic programming approach,

Keywords-  Dynamic  Programming  (DP),
Dispatch(ELD), Unit Commitment Problem (UCP)

Economic  Load

I. INTRODUCTION

In the modern power system, there are various generating
resources like thermal, hyvdro, nuclear ete. Also, the load demand
varies during a day and attains different peak values. Thus, it is
required to decide which generating unit to turn on and at what
time 1t is needed in the power system network and also the
sequence in which the units must be shut down keeping in mind
the cost effectiveness of tumning on and shutting down of
respective units. The entire process of computing and making
these decisions s known as unil commitment (UC). The umi
which is decided or scheduled to be connected to the power
system network, as and when reguired, is known to be
committed unit. Unit commitment in power systems refers (o the
problem of determining the onfoff states of generating units that
minimize the operating cost for a given time horizon 2],

Generators cannot be immediately turned on to meet the
load demand. So it is required that the planning of unit
commitment (UC) must be so done that there is enough
generation available to fulfil the load demand along with an
ample reserve generation o avoid failures and malfunctions
under adverse conditions. Unit commitment handles the unit
generation schedule in a power system for minimizing operating
cost and satisfying prevailing constraints such a3 load demand
and system reserve requirements over a set of time periods
[3]. The unit commitment problem (UCP) 15 basically about
finding the most suitable schedule to twm- on or turn- off the
generating units to meet the load demand and at the same time
keep the cost of generation as much minimum as possible. UCP
15 a non- linear, laroe scale, mixed integer constrained
optimization problem [2] and happens to belong to combinatorial
optimization problems. There are many constraints involved in
LICP and hence it is quite a complex and tediowns task to compute
or find the optimal solution to unit commitment problem.
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Il. LNIT COMMITMENT PROBLEM

The scheduling of the units together with the allocation of
the generation guantities which must be scheduled to meet the
demand for a specific period represents the Unit Commitment
Problem (UCP). The Unit Commitment Problem is to determine
a minimal cost twum-on and turn-off schedule of a set of
electrical power generating units to meet a load demand while
satisfving a set of operational constraints. The production cost
includes fuel, starup, shutdown, and no load costs. The
operational constraints that must be taken into account include,
I. The total power generated must meet the load demand plus
system losses. 2.There must be enough spinning reserve to
cover any shortfalls in generation. 3. The loading of each unit
must be within its minimum and maximum allowable rating.
4. The mimimum up and down times of cach unit must be
observed. The unit commitment is aimed at devising a proper
generator commitment schedule for a power system over a
period of one day to one week, The main objective of unit
commitment is to minimize the total production cost over the
study period & to satisfy the constraints imposed on the system
such as power generation-load balance, spinning reserve,
operating constraints, minimum up time & minimum down
time, etc. Several conventional methods are available 1o solve
the unit commitment problem. But all these methods need the
exact mathematical model of the system & there may be a
chance of getting stuck at the local optimum.

[I1. PROBLEM FORMULATION FOR SINGLE AREA UNIT
COMMITMENT

Unit commitment is a complex decision making process
because of the multiple constraints that must not be violated
when finding optimal or near optimal commitment schedules.
Mathematically, the Unit Commitment Problem is a non-linear,
mixed-integer combinatorial optimization problem. The optimal
solution to the above complex combinatorial oplimization
problem in power system can be obtained by global search
techniques,

The objective function of the short term thermal Unit
Commitment Problem is composed of the fuel cost, start-up cost
and shut-down cost of the generating units and mathematically
can be expressed as[8]:

N

Cost,,, _xz“:c_”:glreu_ b STUC, (1=, . hoU, «SDC, * (=01, ]
bl sl
(13
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Where, Cost,
horizon

is the total operating cost over the scheduled

FC.) is the fuel cost function

Ui is the ONJOFF status of of i unitat ™" hour,

Ys is the ON/OFF status of i" unit at k" hour.

U is the decision matrix of the “» variable. for i=1,2.3......... NG,
P is the generation output of i* unit at h™ hour.

STUC, i the start-up cost of the i generating unit at h" hour.
SDnC th

" is the shut-down cost of the i generating unit at the h
hour.

NG is the number of thermal generating units
Uy elopand U, (0l

H is the number of hours in the study horizon,
{a) Fuoel Cost, FC(P,)

FC(P,)

The fuel cost function of the thermal unit *is expressed as

a quadratic equation:
+c ) 5/ Hour

]
FC(P, )= (a,P’+bP
I=l

(2

Where, o (%MW h),b ($/MWh) and ¢ ($%h) are fuel

* g 4 «ith s
consumption coefficients of i unit.

(b} Start up cost, STUC,

Start up cost is warmth-dependent. Start up cost is the cost
involved in bringing the thermal unit online. Start up cost is
expressed as a function of the number of hours the units has been
shut down. Mathematically, the start-up cost can be represented
as a step functon:

HSC, . if MDT, = I, = { MDT, pcsu,;}

STUC,, =
L {csci. if DT, = (MDT, + CSH, )

(3)

where, DTi is shut down duration, MDTi 15 Minimum down
time, HSCi is Hot start up cost, CSCi s Cold start up cost and
CSHi is Cold start hour of ith unit.

(ch Shut down cost , SDC,

Shut down costs are defined as a fixed amount for each
unit/shutdown, The typical value of the shut down cost is zero in
the standard systems. This cost is considered as a fixed cost.

IV, SINGLE AREA UNIT COMMITMENT CONSTRAINTS

A Single Arvea thermal generation unit needs to undergo
gradual temperature changes and thus it takes some period of
time 1o bring a thermal unit online. Also, the operation of a
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thermal unit is manually controlled. So a crew is reguired to
perform the operation and maintenance of any thermal unit. This
leads to many restrictions in the operation of thermal unit and
thus it gives rise o many constrainls,

l.  Generstion Constraimts

In order to satisfy the forecasted system loud demand, the
sum of all of the generating units on-line must equal the system
load over the time horizon,

i PoUa=D,
4)
Where, 0, is the system load demand at h" hour.
P, is the power output of ith unit at hth hour
U, is the On/OfF status of the ith unit at the hth hour,
NG is the number of thermal generating units
2. Unit Generation Limitations

The output generated by the individual units must be within the
maximum and minimum generation limits i.e.

P

ilmin) — *ih

sP=P

ilmank

(3}

Where, P and P

Al |

is the minimum and maximum power
output of the i"" unit.
3. Minimum up Time
Once the unit is started up, it should not be shut down before a
minimum up-time i.e.
on

T = MU,

(&)

Where, T is the up-time of the i"" unit
MU, is the minimum-up time of the i unit
Minimum Down Time

once the unit 1s shut-down, there is 4 minimum downtime before
it can be started up Le.

T =MDT

(K}
Where. T is the down-time of the i unit
MDT is the minimum down time of the i" unit.

V. SINGLE AREA UNIT COMMITMENT USING DYNAMIC
PROGRAMMING

Dynamic programming (DP) is effectively employed to solve the
problem of unit commitment for a system having larger number
of units, This is mainly because dynamic programming
constitutes the enumeration of viable schedules or solutions to the
unit commitment problem which becomes tedious and difficult o
do manuvally and it has to be done using a digital computer to
make it fast and easier. Dynamic programming approach hourly
evaluates possible unit commitment schedules associated with
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decision made in the proceeding step by considering all
constraints before searching for a schedule that yields the
minimum cost [8-9]. There are certain data requirements while
using dynamic programming. These data include cost
characteristic of the units under consideration along with the
maximum and minimum load limits and various other constraints.
In contrast to the priority listing method for solving the same type
of problem, dynamic programming proves to be a better
approach. If the listing method is used for an n unit system, then 2
n 1 combinations would be produced. The dynamic
programming technique follows absolute enumeration of feasible
alternatives of schedule and their comparison on the basis of
operating costs. The main advantage of dynamic programming
approach is that once the operating schedule of n units is
evaluated, the optimal schedule for n+1 unit can be easily
determined. Thus DP reduces the dimensionality of the
considered problem.

| OC (B D= [BC (K, TS CEC 1, Lo T} L)

T
I;an for all states in period K

| {L}= *IN" Feasible States in Interval K-1 |

l

| O (B DA {PC (B I LSO 1, LR 1)j~0C- k-1, L} }_—L
\—xm for a1l statesin period K

| Save In Lowest Cost S trategies |

| Trace Optimal Schedule |

Figure-1: Flow Chart: Single Area Unit Commitment using Dynamic
Programming

VI. TEST SYSTEM, RESULTS AND DISCUSSION

Test System: The standard IEEE 14-Bus System (having 5-
generating units) as shown in Figure-2 and load demand of 24-
hours as shown in Figure-3 has been taken into consideration to
obtain the corresponding results. The generating characteristics
of IEEE-14 Bus system are shown in Table-I. The Dynamic
Programming algorithm is applied to obtain the corresponding
units ON/OFF Status. The flow chart for dynamic programming
is shown in Figure-1. The Matlab Simulation software 7.12.0
(R2011a) is used to obtained the corresponding results.

Bus P !
n

fus 121

“
W, fiuy 2 f
P - - - - »,i Hy 3

J
(o) !
\ Al

(=)

Figure-2: IEEE 14-Bus System[10]

TABLE-I: IEEE 14-Bus Test System characteristics [4]

P | P c b |a | MU |MD;  H., | Couw | Chowr | IniState
Unitl | 250 | 10 | 0.0031S 2 o 1 1 70 | 176 2 1
Tnit2 | 140 20 0.0175 | 1.75 | 0 2 1 74 187 2 -3
TUnitd | 100 1s 0.0625 1 0 1 1 S0 113 1 =
TUnit4 | 120 10 | 0.00834 | 3.25 | O 2 2 110 | 267 1 -3
TUnits | 45 10 0.025 3 |0 1 1 72 | 180 1 =
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Figure-1: Load Demand pattern for 24-hours for [4-Bus Sysiem

Table-11: Unit Commitment Schedule of TEEE 14-Bus System for 24-hours

Hour Generating Units ONAOFF Statu Startup Cost Fuel Cost
[ 12 [1E] L4 L5

B | 0 0 ] 0 [ 1]
=§,— | | I i o[ =1 487
i ! 1 | 1 ] 0 0 717
3 | | | 1] 0 0 1029
i | | | 1 {1 0 1] 1384
Sl 1 I ] 0 [ T T 1957
-l | I I ] 1 0 2332
i 1 1 1 [T 0 0 2656
| 1 [ 1 1] T [T 2037
| | | 1 ] 0 [ 3173
e | | 1 ] 0 [ 3333
WL 1 | 1 ] 0 0 460
ﬁ 1 1 1 ] 0 0 618
13 | | i 0 0 0 3R1E
g | | 1 ] 0 [} 4039
W | | [ 1] i} [5] 4308
i 1 | 1 il i 0 4629
BT 1 1 i 1] 0 0 4084
ig | I ! I { 0 i 5333
=5 I I I { 1 1] 6603
EF 1 | 1 1] 0 0 5058
a1 1 | 1 ] 0 [T 144
g 1 | ] [i] 0 0 6306
= | I 1 i 0 [ 6565
24 | 0 1 1] 0 0 B674

VI CoONCLUSION

This research papers researchers have presented the solution
of IEEE [4-Bus System single area unit commitment problem
for 24-hours load. The corresponding results has  been
successfully evaluated using MATLAB  T7.12.0(R2011a)

simulation soltware.,
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Catenary Wire Protection Using Impedance Protection
Relays

K. M. Dinesh Babu

Abstract: In this paper, an attempt to overcome (he
challenges inm catenary wire protecion uosing impedance
protection techniques has been made. Impedance protection
relays utilize the comparison of the measured impedance with the
set impedance and the result is otilized to decide whether a fanlt
has occurred or not. When a fault occurs, the current magnitude
increased and the voltage magnitude decreases which results in a
dip in impedance. Hence when the measured impedance is lesser
than the set impedance then the relay will trip the breaker. This
concept is perfect in most of the application but in catenary wire
protection the set impedance varies dynamically. The dynamic
variation of the set impedance is due to the movement of electric
locomotives where the locomotive transformer gets included in
the circuit. The theoretical solution towards this concept is
proposed in this paper.

Keywords: Merz-Price Scheme: MHO, Quad
.  INTRODUCTION

Protection of overhead transmission line is one of the
oldest concept and many solutions are been in existing like
Merz-Price scheme of differential protection, phase
comparison relaying, resistance, admittance, and impedance
relaving.  Impedance relays with MHO and gquadrilateral
charactenistic are the most popular methods due to the
flexibility in adapting to any kind of application. The shape of
the MHO characteristics can be made as tomato or lenticular
characteristic with the invent of numerical relay technology. In
all these modes of operation the relay utilises a simple
comparison technigue where the set impedance is compared
with the measured impedance.

II. SYSTEM DESCRIPTION

The set impedance of the relay is calculated based on the
positive sequence impedance of the tansmission line (4)
which is expressed as a sum of resistance and reactance in
complex form.

L =R +jX,

Where

Zy is the positive sequence impedance of the transmission
line

R, is the resistance of the transmission line

X, is the reactance of the transmission line

This value is calculated based on the criteria provided by
the wser or as per the guidelines of [EEE C37.113 standard.
There are various types of conductors selected based on the
current and voltage rating. The impedance varies based on the
type of conductor being used. The protected transmission line
is divided into zones and a typical calculation is shown in
section 3.
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[saac Ramalla

1L TYPICAL SETTING CALCULATION FOR A
OVERHEAD TRANSMISSION LINE

Radial Line

25 KV line

Given:

Zi=01 £70° Lkm

Zo=02 2707 km

Line Length = 100 km

CT Ratio = 23000/1

PT Ratio = 25000/

Ve pn=634Y

SIR < 30

Max Fault Clearance < 10 cycles

System Frequency = 50 Hz

Solution:

Total primary impedance

Zipr=10270° Q

Zpr=20 270" Q2

Most of the numerical refays are configured in secondary £2
Zsec =Zpr X ( CT ratio / PT ratio)

Lisec= 102700 2 { Since CTratio / PTratio= 1)

Zosee=20 2P 22

Forward looking Zones

Zonel =80% of Zlsec=8 £ 707 02 Timing
=0 ms

Zone2 = 120% of Zlsec= 12 Z270° Q Timing
= 300 ms

Zoned = 120% of 2 X Zlsec=192 27" O Timing

= [0 ms

Page | 86



Reverse looking Zone

Zoned = 205 of Zlsec =2 £ 70° 0
= 1000 ms

Timing

For Ground
ZolZl=22£0°

IV. CHALLENGES IN CATENARY WIRE PROTECTION

A catenary wire used in electric traction is of 25kV rating
and it is divided into multiple neutral sections. The length of
the section depends on many factors and hence the total
impedance of the line varies for every section, The setting
calculation shown in section 3 is the values entered in the
relay and is referred as the set impedance. The relay measures
voltage and current from which the impedance is calculated
continuously.  The calculated impedance is referred as the
measured impedance, The measure impedance should always
be greater than the set impedance which confirms that there is
no fault in the line. In case the measured impedance is lesser
than the set impedance, it confirms that the load current is not
flowing through the entire line and there is a fault in the line.

In case of tractions system, the set impedance varies due
to the fact that the electric locomotive that enters in that
section has a locomotive transformer whose impedance gets
added in the circuit. This was not calculated earlier in section
3 and hence the relay is comparing the measured impedance
with a wrong wvalue. Moreover the number of electric
locomotives in the section 1s also not a fixed parameter. This
adds to further complications,

V. SOLUTION UTLIZING NUMERICAL RELAYS

Modern numerical relays have the facility of multiple
groups. The application of multiple groups can be used to
resolve this challenge. Group | can be configured for the
transition line without a locomotive. Group 2 can be
configured for a traction line with one locomotive etc.. and it
goes on up to 6. The advanced numerical relays can have 6
groups hence up to 6 electric locomotives can be handled in
each section. More than 2 locomotives in a single section, has
operational difficulty and hence this is more than sufficient 1o
currently handle the problem.

Switching of groups can be performed utilized an
overcurrent element. Distance protection relays have several
stages of over current elements. Each overcurrent element can
be set for a different pickup value and the group can be
switched when a particular overcurrent element is armed.
Example, Overcurrent | (OC1) can be set to (.3 per unit (p.u)
whereas OC2 can be set to | p.u. Most of the distance relays
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have six over current stages and hence 6 group switching can
be done using this over current elements. When there is no
train in the section, OC| is not picked up and hence Group |
will be active which has the set impedance parameters
configured for the catenary wire impedance. When a train
enters into the section, OC1 is armed since the load current of
the train will initiate this element within the relay. This will
result in switching from group | to group 2 where group 2 is
configured for the sum of catenary wire impedance and the
locomative transformer impedance.,

VI, CONCLUSION

In this paper, the theoretical solution of one of the
commonly available challenges is provided, In long
transmission lines, when a fault occurs, the relay trips
perfectly and the fault location information provided is used to
rectify the fault. In case of long transmission lines which runs
for several hundred kilometres, this information is one of the
basic requirement without which the identification and
rectification would be tedious and time consuming. In case of
traction systems. the length of the sections is limited and
hence the importance of fault locations was not a major factor,
Modern numerical relays have this feature and by correct
programming of relay, this issue is handled as described.
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Study & Analysis of Power System Stabaliy
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Abstract:- The stability of an interconnected power
system is its ability to return to normal or stable
operation after having been subjected to some form of
disturbance, With interconnected system continually
growing in size and extending over vast geographical
regions, it is becoming increasingly more difficult to
maintain synchronism between various part of the power
system. Stability designated as two type i.e. Dynamic
stability & Transient stability. Dynamic stability deals
with small disturbance of longer time & transient stability
deals with the effect of large disturbance results in loss of
generation. Line switching operation, sudden load change
are other factors which effects of transient stability.
During disturbance synchronous machine frequencies
undergo transient deviation from synchronous frequency.
To solve these stability problem numbers of algorithms
has been proposed for reducing fault clearing times. This
paper deals with power disturbances clearing time
removal methods.

Keywords:-Power system stability, transient, dynamic
stability, transient stability

I. INTRODUCTION

Modern Electric Power system is a complex network of
synchronous generators, located at far distances,
transmission lines and loads. With changes in
generation  schedules and load, the system
characteristics will vary accordingly [1]. The
interconnection improved reliability but has given birth
to instability issues as the disturbances can propagate
through the system. Depending on the magnitude of
disturbance the system can become transiently unstable.
The first requirement of reliable service is to keep the
synchronous generators running in parallel and with
adequate capacity to meet the load demand [2].
Synchronous machines do not easily fall out of step
under normal conditions [5]. If a machine tends to
speed up or slow down, synchronizing forces tend to
keep it in step [4]. A second requirement of reliable
electrical service is to maintain the integrity of the
power network. The high-voltage transmission system
connects the generating stations and the load centers [3-
4]. Interruptions in this network may hinder the flow of
power to the load. This usually requires a study of large
geographical areas since almost all power systems are
interconnected with neighboring systems [3]. Random
changes in load are taking place at all times, with
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subsequent adjustments of generation [5].Synchronism
frequently may be lost in that transition period, or
growing oscillations may occur over a transmission
line, eventually leading to its tripping. These problems
must be studied by the power system engineer and fall
under the heading "power system stability"[1-4]. These
studies are important in the sense that they are helpful
in determining critical information such as critical
clearing time of the circuit breakers and the voltage
level of the power system [5]. The various power
system stability problems has been discussed in the
following paragraphs after which one important
problem will be singled out for discussion and research.

IL. MULTI MACHINE STABILITY

The diagram below shows a power system networks
with  various generators, distribution networks
connected with transmission lines. The transmission
lines are shown with their impedances & distributed
loads with their admittances. The reference point for all
the voltages is assumed as node point zero.

(e H+—1—1+—
., O+2Z *n-bus
G | newwore
(\_‘ Jl)k *Loads are
converted 1o
) constant
. admittances
——._ frtm
(e H 1+

Fig 1. Distribution Network

Nodes n+1, n+2, . . ., n+m are the internal machine
buses, i.e., the buses behind the transient reactances.
The node voltage equation with node 0 as reference for
this network, is shown.

s, — A, ,
dt 2.1
dAo, _ ity (P. Py
dt Hi 22

To simulate the power system distribution network, the
test system IEEE-9 bus and 5 bus system that has been
considered . The bus system is a prototype and real time

Page | 89



systems are designed and developed with reference to Frequency

such prototype models. The prototypes are subjected to

contingency analysis and results are obtained. The load Runge Method Euler Method
flow analysis and transient stability for the standard
IEEE-9 bus system are performed. The standard IEEE 9
bus system consists of 9 buses, 3 generators, 3 loads
and 3 transformers. And the 5 bus system has 5 buses, 2
Generators, 1 load as shown in the diagram below.
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Runga Method Eular Method

[

Fig 2 Simulink model in power world simulator
(IEEE- 9 Bus system)

In this system , 3 Phase solid fault is applied between
Bus 7 and Bus 2 (ckt no 1) after 1 sec and cleared after
1.1 sec. In the following waveforms the disturbance in
load or power angle delta with supply frequency and
are compared with two methods named as Runge kutta
method and Euler method.

Fig 5 ( Bus frequency V/S Time)

Power Calculation
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Fig 6 Power calculation V/S Time

The results of the comparison of two methods are appendedd
below.
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Fig 7 Comparison Between Runga And Eular Method

Firstly , the fault was cleared after 0.1 sec and maximum
angle difference between is 29.608 deg (Range Method) and
30.146 deg(by Euler method). If we compare both methods
Runga method gives fast response as compared to Euler
method. The max difference between the angle is 30.146
deg and system is stable after some time when cleared after
0.1 sec , but when we increase the critical clearing time the
difference between angle is also increase , this mean system
is going towards un stability mode .if we take more time to
clear the fault system will go out of synchronism , so our
critical clearing time should be very low to keep the system
in synchronism.

III. CONCLUSION

In this paper it is concluded that Power system should have
very low critical clearing time to operate the relays, if we
isolate the faulty section within very short time, thus system
can obtain the stability otherwise it will go out of
synchronism. Thus the protection system provided for the
system should have fast response.

IV. SUGGESTIONS FOR FUTURE WORK

Such Studies are very helpful for determining the nature
of relaying system needed, critical clearing time of circuit
Breaker, voltage level and transfer capability of the System.
When New Power System is required to planned then from
Stability point of view the Characteristics of the Relays and
Circuit Breakers is required to be the factor which to be
considered at the most.

V. REFERENCES

[1] Ayman S. Abdel-Khalik, Mahmoud I. Masoud, Barry W.
Williams, Adel L. Mohamadein and M. M. Ahmed, “Steady-
State Performance and Stability Analysis of Mixed Pole
Machines With Electromechanical Torque and Rotor Electric

International Multi Track Conference on Science, Engineering & Technical innovations

Power to a Shaft-Mounted Electrical Load”, IEEE Transactions
on industrial electronics, VOL. 57, NO. 1, JANUARY 2010. PP
699-704

[2] Tomislav Idzotic, Gorislav Erceg, Damir Sumina, “Synchronous
Generator Load Angle Measurement and Estimation”, ISSN
0005-1144 ATKAAF 45(3-4), pp179-186 (2004).

[3] Athula D. Rajapakse, Francisco Gomez, Kasun Nanayakkara,
Peter A. Crossley, and Vladimir V. Terzija, “Rotor Angle
Instability ~ Prediction Using Post-Disturbance  Voltage
Trajectories”, IEEE Transactions on power System, VOL. 25,
NO. 2, May 2010.

[4] Yuri V. Makarov Zhao Yang Dong David J. Hill, “A Generlal
Method for Small Signal Stability Analysis” IEEE Transactions
on Power Systems, Vol. 13, No. 3, August 1998.. PP 564-567

[5] Atif Zaman Khan, Farrukh Shahzad, “A PC based software
package for equal area criterion of power system transient
stability” IEEE Transactions on Power Systems, Vol. 13, No. 1,
February 1998.PP 678-682

[6] Yin Chin Choo, Mohammad A. Kashem, Michael Negnevitsky,
“Transient Stability Assessment of a Small Power System
Subjected to Large Disturbances™ Vol 1.Sep 2010 PP 1078-
1083

[71 Huynh Chau Duy, Huynh Quang Minh and Ho Dac Loc,
“Transient Stabality analysis of multimachine power system”.
Apr 2013 PP 230-234

Page | 91
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Abstract:- This paper presents an electrical energy audit of a
sugar industry, as we know the demand of electrical energy is
increasing day by day so we can save energy by some improvement
on our existing system,

In this paper lighting system, power factor correction & VFD
importance to improve the efficiency of motors are discussed.

Keywords:- Hg Lamps, Metal Halide Lamps, Static & Dynamic
Capacitor Banks, VFD (Variable Frequency Drives), DTC(Direct
Torque control).

I. INTRODUCTION

Energy audit is an important tool in transforming the fortunes
of any organization. This is highly relevant to the sugar
industry as it deals with a renewable energy source and looked
upon as rural power house. The scope for conservation is
immense and if properly harnessed can take the organization
to the path of prosperity. Energy audit becomes all the more
important in view of the energy conservation Act 2001
enacted by Government of India.

This paper covers the three areas lighting system, power

factor correction & by installation of VFD drives on induction
motors (30 HP to 175 HP) on which we can save energy by
doing some amendment.
In this industry mercury vapours lamps are installed, these
lamps can be replaced by metal halide lamps which have high
luminous intensity and power consumption is lower then
mercury vapor lamps (Hg lamps).

Gagandeep Singh Sodhi
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Guru Nanak Dev Engg. College
Gill Road, Ludhiana, Punjab, INDIA
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Power factor correction can be done by using dynamic
capacitor bank beside the static capacitor bank. Wahid
Sandhar sugars having 1200kVAR capacitor bank, which is a
dynamic capacitor bank, i.e. 1200 kVAR is divided into many
number of groups and each group is connected with a specific
number of motor to avoid the leading power factor and a
automatic relay is connected with capacitor bank which adjust
the capacitor bank according to the working load.

VED (variable frequency drive) implementation is also a
method to start the motor at rated load. A variable or
adjustable frequency drive is connected with the motor to
control the speed and torque of motor.

II. ELECTRICAL ENERGY AUDITING

The audit is done on the following three parts of Wahid
Sandhar Sugars 1td.(WSS), lighting system, power factor
correction & by installation of VFD drives on induction
motors. The detail energy audit is as follows:-

A. Lighting System

Lighting systems are widely used on both indoor and
outdoor lighting of commercial, industrial, and residential
spaces. Lighting control systems serve to provide the right
amount of light where and when it is needed. WSS mill has
lighting load is shown in table 1 and total lighting load is 5625
watts of mercury vapour lamps.

Table no.1
No. of ‘hg vapour watt working hours | life in hours | luman/watt total total - load(per cost/set
lamps lumans day)
200 125 15 24000 50 6250 375000 1600
125 250 15 24000 50 12500 468750 2200
375 15 18750 843750
Total 844kWh
cost per kWh = 7
Rs
running cost 844*7 5908
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If this whole system is replaced by metal halide lamps then
huge amount of energy can be saved.as shown in table no.2
and

the investment on metal halide lamp can be recovered in 142
days.

Table no.2

No. of metal halide Wait Working life in hours | luman/watt Total Total load(per Cost/set
lamps hours lumans day)
208 150 15 15000 90 18750 468000 1800
Cost per unit = 7 468kWh
Rs
Running cost 468*7 3276
Total saving 5908-3276 | 2632
cost required for replace ment 374400

142.2492401 142 days approx

A metal-halide lamp is an electric lamp, produces light by an
electric arc through a mixture of gaseous of vaporized
mercury and metal halides (compounds of metals with iodine
or bromine). It is a of high-intensity discharge (HID) gas
discharge lamp. It was Developed in the 1960s, they are
similar to mercury vapor lamps, but metal halide compounds
are contained in the arc tube, which improve the efficacy and
color of the light.

Metal-halide lamps have high luminous efficacy of around 75
- 100 lumens/watt, which is about two times that of mercury
vapor lights and 3 to 5 times that of intense white light and
incandescent lights. Lamp having life is 6,000 to 15,000
hours. As one of the efficient sources of high CRI white light,
metal halides were fastest growing segment of light industry
as of 2005.These are used for overhead lighting of
commercial, industrial, and public places, such as parking
areas, Sports

arenas, factories, and retail stores, as well. as residential
security and automotive head lamps (xenon head lights).

The lamps consists of a ceramic arc tube or small fused
quartz which contains the arc and gases, enclosed inside a
larger bulb of glass which has a filter coating out the
ultraviolet light produced. They can operate at a pressure
between 5 to 20 atms, and special fixtures are required to
operate safely, and prevention from electrical ballast. Metal
atoms produce the high light output. A warm-up period is
required of several minutes to reach full light output.

But there are so many drawbacks of metal halide lamps are
there:-

1. Disposal of metal halide lamp is so difficult.

2 Life period of metal halide lamps is small.

3. it takes some time to fully glow up.
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4 Risk of lamp explosion.

B. Power Factor Correction

Power factor of an electrical circuit shows the
performance of a circuit how much delivered power is
converted in useful work. Power factor of an electrical circuit
is defined as
1. Ratio of true power to apparent power provided to the
circuit.

Cos @ = true power / apparent power

2. Cosine of the angle between voltage and current.
P=VI cos @
3. ratio of resistive components of circuit and impedance
offered by the load.
Cos @)= resistive components/ impedance offered.

Apparent power is the product of the voltage and current
flowing through the circuit. Due to the energy stored in the
load and returned to source, or due to non-linear load the wave
shape is distorted of the current drawn from the source, the
apparent
power will be greater than the active or real power. If load
generates more power which flows in back ward direction
then a negative power factor occurred. The load is normally
considered the generator.

In an electric power system, more current is drawn
by a load with a low power factor than a load with a high
power factor for the same useful power transferred. The
higher energy lost in the distribution system occurs due to
large currents, and require high rating of wires and other
equipment. Because of the low power factor, costs of larger
equipment and wasted energy, electrical utilities will charges
increases to higher cost to industrial or commercial customers.
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The Linear loads having low power factor (such as
induction motors) can be corrected by a passive network of
capacitors or inductors. Non-linear loads, such as converters,
rectifiers, current drawn from the system is distorted. In such
cases, to counteract the distortion and raise the power factor
active or passive power factor correction is used. The power
factor correction devices may be a spread out over a
distribution system , at central sub station or built into power -
consuming equipment.

1. Power Factor Correction For Linear Loads

A high power factor is required in a transmission system
to reduce transmission lines losses and voltage regulation
improvement at load. It is required for adjustment of the
power factor near to unity. When reactive elements absorb
reactive power near the load, the apparent power reduces.
Power factor correction is applied by an electric power
transmission utility to improve the efficiency and stability of
the transmission network. Individual electrical customers who
are charged by low power factor utility may install correction
equipment to reduce those costs.

The power factor of an AC circuit brings closer to unity
by installing power factor & supplying reactive power of
opposite sign , adding inductor or capacitors that cancels the
effect of each other accoding to the requirement of the load,
respectively. For example, the inductive effect of motor loads
may be offset by installing parallel capacitors. If a load had a
capacitive value, inductors (also known as reactors) are
connected to correct the power factor near to unity. In the
electricity industry, inductors are said to consume reactive
power and capacitors are said to supply it, even though the
energy is just moving back on each AC cycle.

The reactive elements can create harmonic noise &
voltage fluctuations when switched on or off. They will
supply or sink reactive power regardless of whether there is a
corresponding to load operating nearby, increases the system's
no-load losses. And create resonant conditions, resulting in
overvoltage fluctuations in system and creates instability in
system. As such, reactive elements cannot simply be applied
without any engineering analysis.

A capacitor bank mainly consists of following components.

Reactive Power Control Relay,

Network connection points,

Slow-blow Fuses,

Inrush Limiting Contactors;

Capacitors (single-phase or three-phase units, delta-
connection);

6. Transformer (for controls and ventilation fans)

Nk w -

An automatic power factor correction unit consists of a
group of capacitors that are switched by contactors according
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to the connected load. The contactors are controlled by a
regulator, which measures power factor of an electrical
network. Depending on the power factor and load of the
network, the power factor controller will switch On/Off the
necessary blocks of capacitors in steps to make sure the power
factor near to the set value.

WSS have a dynamic capacitor bank of 1200 KVar which
is divided into number of sections. And an automatic units is
installed and works as above explained.

An unloaded synchronous motor may be installed to
supply reactive power instead of switched capacitor bank. The
reactive power drawn by the synchronous motor is function
of field excitation of that motor. This is known as a
synchronous condenser. It is connected and started to the
electrical network. It operates at leading power factor and
produces vars onto the network as required to support the
system voltage or to maintain the power factor of system at a
specified level near to unity.

The condenser's operation and installation are identical
to large electric motors. Its principal advantage is the ease
with which the amount of power factor correction can be
adjusted. it acts like a variable capacitor. Unlike capacitors,
the amount of reactive power supplied is proportional to
voltage, not the square of voltage; this improves voltage
stability & efficiency on large networks. Synchronous
condensers can also be used in connection with high-voltage
direct-current transmission projects or in large industrial
plants.

For power factor correction of high-voltage power
systems, fluctuating of industrial loads, power electronic
devices such as the Static VAR compensator or STATCOM
are becoming more popular. These systems having quick
response to compensate sudden changes of power factor than
contactor-switched capacitor banks, and being solid-state
devices require less repair & maintenance than synchronous
condensers.

2. Non Linear Loads

A non-linear load in power system is typically are
rectifier (such as used in a power supply), or some devices
like arc discharge device such as a fluorescent lamp, electric
welding machine, or arc furnace. Because current interruption
occurs in these systems is by a switching action, the frequency
components contains current that are multiples of the power
system frequency. Distortion power factor is a measure of

how much the harmonic distortion of a load current decreases
the average power transferred to the load.

III. VFD IMPLEMENTATION
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A variable frequency drive (VFD) is a motor-driven system
can offer potential energy savings in a system in which the
loads variation with time. VFD is a group of equipment called
adjustable speed drives or variable speed drives. (Variable
speed drives can be mechanical or electrical. The operating
speed of a motor connected to a VFD varies by changing the
frequency of the motor supply voltage. This process allows
continuous speed control.

Motor-driven systems are often designed to
handle peak loads that have a safety factor. This often leads to
energy inefficiency in systems that operate for extended
periods at reduced load. The ability to adjust motor speed
enables closer matching of motor output to load and often
results in energy savings.

WSS mill having two VFDs installed on 250 kW Motors
which give very good results for energy efficiency.

For example a 250 kW motor requires 850 amp current at
starting time on full load.this motor can also starts by using
VED by 5-6 amps.VFD is not required just to start the motor it
also helps to control the speed and torque of induction motors.

In WSS mill VED Can also be implemented on 30 to 175 hp
motors. At presents star delta starters are used for starting
which requires very large current at starting time. In sugar
industry speed variations are there so VFD also helps for the
same control.

IV. CONCLUSIONS

Energy audit is a very tool in transforming the fortunes of
any industry. Industry norms should be set and continuously
checked during the course of operations of industry, just as
any other economical or production or commercial
parameters. As seen above, the huge potential can be saved, if
properly harnessed can take any organization to the path of
prosperity. Particularly where cogeneration of power is
involved in a sugar industry, every unit of power saved and
every ton of bagasse saved adds to the additional revenue of
the organization. Potential for energy conservation in sugar
industry is immense because of the fast developments that are
taking place in the industry as well as the traditionally
conservative outlook of the Industry in India and their present
status. This paper highlights

Only a few important areas that has come to light during the
audit of different factories. There may be many more areas
uncovered by this report typical to individual units.. It will be
different in different places and there are bound to be concern
areas in all places if honestly looked into, since no one could
claim to have reached the state of perfection.
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Abstract: Electric-power transmission is the bulk transfer of
electrical energy, from generating power stations to electrical
substations located near demand centers. For economical &
reliable power transmissions and erection the transmission line
design is the first step to consider. Conventional design can be
done by manual calculations. MATLAB is a mathematical tool
which reduces the calculation time and increases the reliability
with reduction of human error. The objective of this paper is to
develop a software tool for designing transmission line in
MATLAB and to use it to analyze effect of size on voltage-
regulation and efficiency .also It indicates how the voltage
regulation and efficiency varies with length of transmission line.

Keywords: Transmission line design, power system analysis,
MATLARB ,etc .

L INTRODUCTION
A. Introduction to Electrical design of Transmission Line

Transmission lines transmit power over the required
distance economically and satisfy the electrical and
mechanical requirement. In designing, several parameters are
to be calculated in steps like selection of voltage, spacing
between conductors[7], conductor size, calculations of line
parameters and line constants(ABCD), on the basis of that
calculation sending end voltage, sending end current and
sending end power can be find out. Whole designing must be
done by keeping minimum voltage regulation, permissible
limit of corona loss and maximum desirable efficiency. The
transmission system may have to be modeled and solved in
many different ways such as PLSCAD, MATLAB. It is
desirable to have a single software platform from which
several power system designing functions can be easily
calculated [1].

B. Introduction to MATLAB program and GUI (An Overview)
1. GUI Layout:

GUIDE, the MATLAB graphical user interface
development environment, provides a set of tools for creating
graphical user interfaces (GUIs).These tools simplify process
of laying and programming GUIs. Using the GUIDE Layout
Editor, populating the GUI by clicking and dragging
components such as axes, panels, buttons, text fields, sliders,
and so on into the layout area can be made. From the Layout
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Editor, it can size the GUI, modify component look and feel,
align components, set tab order, view a hierarchical list of the
component objects, and set GUI options.

2. Available Components

The component palette at the left side of the Layout
Editor contains the components that can add to GUI.

I k Select

Push Button

e Slider I s
@& Radio Button et e
A ChecleBax C palette with names ® |
[l Edit Text Ity
THT Static Text Gomeonent palette without names == | =i
=3 Pop-up Menu
=H Listbox il
Toggls Bukkon =

75|
El Tabl=
i axes
[T Panel

|7&| Button Group

Fig 1:GUI components

When Layout Editor opens, the component palette
contains only icons. To display the names of the GUI
components, select Preferences from the File menu, check the
box next to Show names in component palette, and click OK.

3. Running a GUI:

GUI is run by executing the M-file that GUIDE generates.
This M-file contains the commands to load the GUI and
provides a framework for the component callbacks. When the
M-file executes, a fully functional copy of the GUI displays
on the screen [8].opens the GUI M-file in default editor.

1L DESIGNING METHEDOLOGY

The Flow chart describes the process for building the
Transmission line design software which includes the various
steps used in it:

Page | 96


http://en.wikipedia.org/wiki/Electrical_energy
http://en.wikipedia.org/wiki/Power_plant
http://en.wikipedia.org/wiki/Electrical_substation
http://en.wikipedia.org/wiki/Electrical_substation
http://en.wikipedia.org/wiki/Electrical_substation

Wit g BLETLER Bomgrae f P —
o
-

I_,__{"" TeaTaw -

™ T Y

¥
Taxtiag -
L
-
Fig 22 Flow chart of the designing process
A, Case Study

Design a transmission line 1o transmit three-phase 85000
kW load at 0,80 power factor lagging over a distance of 6()
km. The regulation should be within 12.5% and the efficiency
of transmission nol less than 95% [1][2].

Different steps are;

*  Choose voltage, size of conductor and spacing between
the conductors

*  Calculate constant of line

¢  Find sending and receiving end voltage

¢ Determing the regulation

= Corona loss

* Efficiency

B. Solution by different steps:

Loading on line = 85000 160 =13.6x 10°kW km
Voltage required for this loading = 132 kV
Current at receiving-end,

=414 £-2583 A

Approximate equivalent spacing of the conductors for 132 kV
lineis, D, =6

Copper equivalent cross-sectional area =1.6125 cm®
Nominal copper area =0 .322 em2

Number of strands and diameter of aluminium = 3(/.335
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Number of strands and diameter of steel = 7/0.335

Overall diameter = 2.347 cm

Total number of strand =37

Resistance of line per km at 207 ¢c=0.1091

Resistance for 160 km line per phase= 17.45 ()

The receiving-end voltage V, per phase = 132/v3=76.4 20 kv
Self-GDM for 37 stranded wires = 0.768R

Outer radivs = 2.347/2 = 1.1735 cm

Total Self-GDM, D, =0.768x 1.1735=9cm

Inductance per phase per meter = 2% 107 % In (D,/D.)

Inductance per phase for 160 km line = 2x 107" x 160 <1000
xIn (600/0.9)

=.208H

X=2afl=6540h

Z=1745+j654 =078 275

The ratio = D/R = 600/1.1735 = 511

The Capacitance per phase per meter = 1/ (18x 109 = In 511)

The Capacitance for 60 km line per phase, Cyy = 160 = 1000/
(I18% 107 x In511)=1.1425x 10°F

Admittance of line is =

Y =2 afCy = 0.000448 £90 i’

ZY = 0.0304 £ 165

ZY = 107 [-2.94 4§ 0.787]

ZYI6 =107 [0,49 +j 0.1312]

ZY'20= 10" % [6.65—]3.8]

Line constants A and D

A =D= 14ZY/2 = 1- 0.0147 + ] 0.003935

A =D = 0.9853 + j 0.003935= 0.9853 £0.22"
Line constants B and C

B=2Z[l+2ZY/6+Z°Y /120 +...] = 67.8] £75x0.9951
20,08

B=675£75.08
C=Y[1+ZY%6+...]
= (0004482907 [1 —0.0049 + 7 0.001312]
= 0.000445 £90
Receiving end voltage per phase, V, = 76.4 20 kV
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Receiving end current per phase, I, = 414 £-25.83° A
Now as sending end voltage Vi=A V,+ B [,
V,=75150 £0.22° + 28600 249.25° = 93850 + j 21936
Hence sending end voltage Vs = 96200 £13.2 kV

Voltage regulation, V.R. = {(96200 - 76400) x 100/76400} =
25.9% = 26%

Thus, the regulation for a conductor of this size and line-
voltage 132kV is not within permissible limit of 12.5% [6].

Table 1: Data calculated at 166 kV

VLKV) | I (A) | Dy(m) | Conductor I(A) | %#V.R
Size in cm2

166 329 8 1.6125 505 14.5

Thus, again the regulation for a conductor of this size and
line- voltage 166kV is not within permissible limit of 12.5%.

Table 2: Data calculated at 230kV

Now the voltage regulation is good and under the prescribed
limit of 12.5%.

III. SOFTWARE TOOL DEVELOPED FOR OVERHEAD

TRANSMISSION LINE DESIGN :

When it is needed to run the standalone application of the
tool, then steps should be followed

Step 1: While pressing enter, user will be in the designing
environment. And the following will be displayed

Fill all required parameters and click on calculate for
electrical design of the overhead transmission line.

Step 2: Figure: 3.1 will show the electrical design and display
a text showing voltage regulation is less than 12.5% or not .

If the voltage regulation is not less than 12.5%, then click
on BACK to go to previous page and increase the voltage so
area of the conductor to get the more efficient and stable
design. Otherwise , if the regulation is good enough.. By using
this designing software best suitable design can be calculated.

VL(KV) | I.(A) | Dn(m) | Conductor I(A) | %V.R
Size in cm2
230 237 10.2 .805 300 10.5
Bl eedesign . W N S T Y = = L]
E
Input Parameters
Power to be transmitted 35000 bawi
Length of transmission Line o160 km OUtDUt Parameters
Recieving end Yoltage in volts 230000 Capacitance of line in Fared 1.1949¢-008
Desired power factor 0g
Line loading in kKK 1.36e+007 Sending end voltage 254196
in\f
Method to select voltage Manual - Spacing between conductors in meter
g el REIGITY 02 % Voltage Regulation 10518
Select Yaltage level Manually 230kv = Recieving end current in Ak 237,076
Surge impedance 445343
Method to select conductor size Automatic = e it 0.805 ! .
Surge impedance loading in W 645342
Mo of Aluminium Strands :
select conuctor size manually 322 = ) )
Sending End powsr in W 9.02789e+007
Mo of Steel Strands "
| Calculate | Resistance of ling in OHM 2 corona loss in W i
Reset | log off | Inductance of Line in H 023805 Efficiency in % 93,8626

Fig 3. Display on the screen for transmission line design
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v, RESULTS & DISCUSSIONS
Design a wansmission line to transmit 85MW load at 0.9

power factor lagging over a distance of 160 km the voltage
regulation at full load.

A, Select the proper voltage.
*  (Choose the proper conductor and span tor the line

*  Calculate the line parameters

e Estimate the regulation for full load condition and
efficiency.

1) Analyze the effect of transmission line length on
regulation and elficiency for same power and al
different voltage levels.

2y Analyze the effect of increasing size of conductors
on regulation and efficiency at different voltage
levels for same power.

By using transmission line designing software, the
voltage regulation at different voliage levels of transmission is
obtained. On Gilling the starting inputs to the software, it gives
automatically the voltage of transmission, i.e. 132KV, Based
upon  these parameters the 27.5% voltage regulation s
obtained. To improve voltage regulation it is necessary lo
choose next voltage level of transmission e, 160kv.On filling
the voltage level 166 KV the output is |8 % which is again
not desirable for the wansmission of 85 MW under 160 Km
line, So again it become upgrade the voltage level from 166G
KV to 230 KV for this level of voltage the voltage regulation
observed is 10.53% which fulfill the requirement of voltage
regulation less than 12.5%. All parameters are shown in fig 3

a) Distance vs Regulation
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Fig 4.1: Variations of Regulaticn with Distance

Depicts four curves have been plotted to show variation of
voltage regulation with distance of transmission line for
transmission of 83MW power, With increase in distance the
voltage regulation increases .but on selecting high voltage
level, steepness ol curve reduces  For transmitting 85 MW
and up to 50 km length | 10kv is suitable and for a distance
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above 50km regulation increases beyond the desivable limit
of 12.5%.from 50 to 75km.132kv is preferable and
T5tol00kms, 166ky holds good. from 100 o 200kms 230 kv
gives good voltage regulation

ih) Distance vs Efficiency
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Fig4.2: Vanations of  Efficiency with Distance

Above fig indicates the variations of  efficiency with
distance from 50 km  to 300 km to transmit 83MW power at
different voltage levels. As the distance increase the resistance
of line conductors  increases .As the line losses depends upon
resistance .so it increases. and efficiency decreases.so as the
distance  increases the wvoltage levels  increases.  For
transmitting 85MW, below 50 kms the 110kv is suitable, and
as the distance increases higher voltage selection is required
and for 160 km line 230ky gives good efficiency i.e. 94%.

c): Size vs Regulation
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Figd.3: Regulation varation with size of conductor

Depicts the variation voltage regulation with size of
conductor for 85MW power and 160 km linge. As the
conductor sive increases the resistance decreases  hence
regulation decreases.as per regulatory board below 12.5%
voltage regulation is desirable. Voltage regulations at 110ky,
132kv, 166ky are 36%, 25%, [5%.and for 230kv curve .on
increasing the size of conductor to .803mm” regulation comes
12%.this graph also shows on selecting higher voltage levels
regulation decreases.
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d): Size vs Efficiency
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Fig4.4:Efficiency variation with size of conductor

Fig4.4 indicates efficiency variation with size of conductor.
Efficiency increases with increase in size,the efficiency does
not hold good for transmitting SMW by using 110 kv,132 kv
and 166kv transmission lines. For 230kv line efficiency is
above 95%.0n selecting higher kv for transmission, the
efficiency improves as current decreases and losses reduced.

V. CONCLUSION

In the present paper an approach is made to provide a tool
for designing transmission line model and to get more reliable
solution. Using this TLD software some analysis is done.
Which provides two major consequences, first is on increasing
the length of transmission line, The voltage regulation
increases and efficiency decreases i.e this describes the line
voltage for range of transmission line length. and second is
this paper describes the selection of conductor size. By using
this transmission line model and its analysis, suitable design
can be selected.
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Abstract: Power quality is simply the interaction of
electrical power with electrical equipment. If electrical
equipment operates correctly and reliably without being
damaged or stressed, we would say that the electrical power is
of good quality. On the other hand, if electrical equipment
malfunction, or is damaged during normal usage, we would
suspect that the power quality is poor. In this paper , power
quality is improved by using Advanced multilevel SVPWM
Distribution Static Compensator (DSTATCOM).

Key words: Space Vector Pulse Width Modulation (SVPWM),
Voltage Source Inverter (VSI), Distribution Static Compensator
(DSTATCOM)

L INTRODUCTION

In 20" century the expansion of power system and
electronic devices has been grown at very fast rate. The
most noticeable topic for electrical engineer is power
quality in recent years. Power quality problem as an
occurrence manifested as a nonstandard voltage, current or
frequency that results in a failure or a mis operation of the
end user equipments. With power quality problem utility
distribution networks, industrial loads, sensitive loads etc
are suffered. With the restructuring of power systems and
with shifting trend towards distributed and dispersed
generation , the issue of power quality is going to take
newer dimensions. To overcome the problem related to
power quality custom power devices are introduced. A
number of power quality solution are provided by custom
power devices. At present, a wide range of very flexible
controller, which capitalize on newly available power
electronics components are emerging for custom power
applications. Among these, the distribution static
compensator is use in the present work. The fast response
of the distribution static compensator (DSTATCOM)
makes it efficient solution for improving power quality in
distribution systems. DSTATCOM can use with different
types of controllers. The device consider in this work is
distribution static synchronous compensator (DSTATCOM)
with SVPWM technique to improve the power quality
under different abnormal conditions like single line to
ground fault, double line to ground fault in distribution
network with static linear and static non linear loads.

II. MULTILEVEL INVERTERS AND MODULATING
TECHNIQUES

A. Pulse Width Modulation(PWM) Technineque

The frequency of the output voltage or current is readily
established by simply switching for equal time periods to the
positive and negative DC bus and appropriately adjusting the
half cycle period. However the variable frequency ability is
accompanied by a corresponding need to adjust the amplitude of
fundamental component of the output waveform as the
frequency changes i.e., voltage control. One of the widely
utilized strategies for controlling the AC output of power
electronic converters is the PWM [4] Technique. This varies the
duty cycle of the inverter switches at a high frequency to achieve
a target average low-frequency output voltage or current.

Modulation theory has been a major research area in power
electronics for over three decades and continues to attract
considerable attention and interest. On the other hand, there
have been a number of clear trends in the development of PWM
concepts and strategies since 1970s, addressing the main
objectives of reduced harmonic distortion and increased output
magnitudes for a given switching frequency and the
development of modulation strategies to suit different converter
topologies.

B. Principle of PWM

Fig. 1 illustrates the circuit model of a single-phase
inverter with a center-tapped grounded DC bus and Fig. 2
illustrates the principle of PWM.

1. When Vcontrol > Vtri, VAO = Vdc/2
2. When Vcontrol < Vtri, VAO = -Vdc/2
M= Vcontrol /Vtri

+ 1
Vde/2 == 51
VA pole voltage
=
Vdce/2 o S

Fig. 1 Circuit Model of Single - Phase I

A power electronic inverter is essentially a device for creating a
variable AC magnitude and frequency output from a DC input.
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Fig. 2. Pulse Width Modulation(PWM)

From Fig. 2 the inverter output voltage is determined in the
following

; :E$=2 H.:rl 1
THD = *+——
Hy
II1. MODULATION TECHNIQUES FOR DIODE
CLAMPED MULTILEVEL INVERTER

A.  Third Harmonic Injected PWM

The reference ac waveform is not sinusoidal as
illustrated in Fig. 3 but consists of both fundamental
component and a third harmonic component. As a result,
the resulting peak to peak amplitude of the resulting
reference function does not exceed the dc supply voltage ,
but the fundamental component is higher than the available
supply. The presence of exactly the same third harmonic
component in each phase results in an effective cancellation
of the third harmonic component at the neutral terminal and
all sinusoidal with peak amplitude. This is approximately
15.5% higher in amplitude than that achieved by the
sinusoidal PWM. Therefore, the third harmonic PWM
provides better utilization of the dc supply voltage.

Catrier wave

e

Fefernce wave

-

Pulse width
medulation
cutput signal

Fig. 3. Third Harmonic Injected PWM with Triangular Carriers for
Multilevel Inverter

IV.  PRINCIPLE OF SPACE VECTOR
MODULATION

An inverter is now-a-days commonly used in variable speed
ac motor drives to produce a variable, three phase ac output
voltage from a DC voltage. Since AC voltage is defined by
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two characteristics, amplitude and frequency, it is essential
to work out a strategy that permits control over both these
quantities. PWM controls the average output voltage in a
sufficiently small period, called switching period, by
producing pulses of variable duty-cycles [3]. Here,
sufficiently small means the switching is small compared to
the desired output voltage which may be considered as
equal to desired.

;
E”.E-T:f

L)

L

£
e

Fig. 4. Three-phase two-level PWM inverter

V. OPERATION OF THREE-PHASE THREE-
LEVEL INVERTER

| Bl

Fig. 5 Power circuit for Three-phase

A. Three-Level Inverter

Fig. 5 illustrates the basic circuit for the three-level DC3LIL.
The circuit employs 12 power switching devices and 6
clamping diodes (D1-D6)and the DC bus voltage is split
into three-levels(+Vdc/2, 0,-Vdc/2). Thus, the voltage stress
of the switching device is greatly reduced. The output phase
voltage Vao has three different states: +Vdc/2, 0, -Vdc/2.
Here take phase A as an e.g., for voltage. For voltage
+Vdc/2, Sal and Sa2 need to be turned on. Inverter, the
switching states of each bridge leg of three-phase three-
level inverter is described by using switching variables Sa,
Sb and Sc.The difference is that, in three-level inverter,
each bridge leg has three different switching states.
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Table 1 Switching variables of phase A

Vao Sal Sa2 Sa2' Sal' Sa
+Vdc/2 | ON ON OFF OFF 2
0 OFF ON ON OFF 1
-Vdc/2 | OFF OFF ON ON 0

Using switching variable Sa and DC bus voltage Vdc, the
output phase voltage Vao is obtained as follows:

Van=(Sa-1)*Vdc/2

B. SPACE VECTOR PWM FOR THREE LEVEL
INVERTER

There are altogether 27 switching states in a DC3LI.
They correspond to 19 voltage vectors whose positions are
fixed. These space voltage vectors can be classified into
four groups, where the first group corresponds to 3 zero
vectors or null vectors (VO, V7, V14), the second group
consists of large voltage vectors (V15-V20), the third group
consists of medium voltage vectors (V8-V13) and finally
the fourth group consists of small voltage vectors (V1-V6).
The last three groups can be distinguished into three
hexagons illustrated in Fig.6

]

ce

Fig. 6 Space Vector hexagon

The plane can be divided into 6 major triangular
sectors (1-6). Each major section represents pi/3 of the
fundamental cycle. Within each major sector, there are 4
minor triangular sectors. There are totally 24 minor sectors
in the plane and the vertices of these sectors represent the
voltage vectors.

Fig. 7 Space Vector hexagon displaying switching states
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In three-phase three-level inverter, when the rotating
voltage vector falls into one certain sector, adjacent voltage
vectors are selected to synthesize the desired rotating
voltage vector based on the vector synthesis principle,
resulting in three-phase PWM waveforms. By the
examination of the phase angle and the magnitude of a
rotating reference voltage vector V*, the sector wherein V*
resides can be easily located.

From tablel, each small voltage vector and zero
voltage vector have 2 and 3 redundant switching states,
respectively. This will be analyzed in the later section.

X=Tx/Ts; Y =Ty/Ts ; Z=Tz/Ts

Based on the principle of vector synthesis, the following
equations can be written:

X+Y+Z=1
Vx *X +Vy *Y+ Vz *Z
The modulation ratio of three-phase three-level inverter
is represented as follows:
M=|V*|/(2/3Vd) = 3|V*| /2Vd
VL PARAMETERS OF THE SYSTEM

The modelled system has been tested on different fault
conditions with linear as well as non-linear load. The
system is employed with three phase generation source with
configuration of 25 KV, 50Hz. The source is feeding two
transmission lines through a three phase, three winding
transformer with power rating 250MVA,

50 Hz.
Winding 1:
L1=0.08(pu)
Winding 2: V2rms (ph-ph)=
L.2=0.08(pu)

Winding 3: V3rms (ph-ph)=
L3=0.08(pu)

A. SIMULINK MODEL OF THE TEST SYSTEM WITH
STATIC LINEAR LOAD

Virms (ph-ph)= 25KV, Rl= 0.002(pu),

11KV, R2= 0.002(pu),

11KV, R3= 0.002(pu),

Simulink model of the test system is given in Figure 8.
The system consists of two parallel feeders with similar
loads of same rating. One of the line is connected to
DSTATCOM and the other is kept as it is. This system is
analyzed under different fault conditions.
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Figure 8: Simulink model of test system

BE. RESULTS
CONDITIONS

UNDER DIFFERENT FAULT

Three different fault conditions are considered for the
test system as shown in figure 9. The three different fault
conditions are single line to ground, double line to ground
and three phase to ground fault. The results for each fault
condition are given one by one.

[.  CASE L. Single Line to Ground Fault Condition

In first case a single line to ground fault is considered
for both the feeders. Here the fault resistance is (066 ohm
and the ground resistance 15 0.001. The fault is created for
the duration 0.3s to 0.55. The output wave for the load
current with compensation and without compensation is
shown in figure 9, figure 10. respectively.

Figure-9: Load Current { with compensation)

Frgure 160 Lowd Current (without compensation)

Here it is clear from the output wave shapes that the
current in the phase where fault is created is during
increasing during the fault duration in the uncompensated
feeder. So, here the unbalancing the in the system where
DSTATCOM is connected is reduced clearly.
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2. CASE2. Double Line to Ground Condition

In second case considered fault for both the feeders is
double line to ground fault, For this fault resistance and
ground resistance is .66 ohm and 0.001 ohm respectively.
And the time duration for this fault is (L35 o 0.55 . The

output for the load current with compensation and without
compensation 15 shown in figure 11
respectively.

and figure 12

Figure-11 Load Current (with compensation )

Figure-12 Load Cuarrent (without compensation)

The output wave shapes clear that the current in the
phase where fault is created is increasing during the fault
duration in the uncompensated feeder, but in system where
the DSTATCOM is connected through unbalancing is

reduced clearly.
3, CASE3. Three Phase Line o Ground Fault Condition

In third case a considered fault for both the feeders s
three phase to line fault. The fault created for the duration
of (0.3s 10 (135 . And fault resistance and ground resistance
is (.66 ohm and (LOO1 ohm respectively. The output wave
for the load current with compensation and without
compensation is shown in figure 13 and figure 14
respectively

Figure 13 Load Current (with compensation}
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Figure 14 Load Current (W/O compensation)

The figure 13 and figure 14 espectively shows the
wave shapes that the current in the phase where fault is
created is increasing during the fault duration in the

uncompensated feeder. And the system where
DSTATCOM is connected unbalancing is reduced clearly.
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Abstract—Distribution system is an integral part of
power system planning and it is of utmost importance for
the electrical utilities and power engineers to explore this
area  in short and long term planning scenarios. Load
demand reguirements subjected to economic feasible
solutions matching voltage profile, reactive power demand,
minimization of losses, voltage stability, capacitor allocation
and improve the capacity of the system is the need of the
hour. Optimization techniques based on  evolutionary
computing, artificial intelligence, search method finds their
applications in the area of elecirical disiribution system
planning to reach global optimal solution for this multi-
decision, multi-objective combinatorial problem subjected
to different constraints. Researchers lead their way out to
reach at common platform for optimal selution on this
problem. This paper flashed different advanced techniques
applied to distribution system planning field and direct the
future research for power engineers working in this area.

Keywords-: Distribution System (DS), Capacitor Allocation
(CA), Voltage Stability (VS)

L. INTRODUCTION

Capacitor banks are extensively used in distribution
systems [or reactive power compensation (o achieve power and
encrgy loss reduction, optimum voltage profile and enbance
voltage stability [1]. The limit of these positive scenarios
depends on the location, size, type and number of the capacitors
subjected to different constraints. The capacitor allocation (CA)
problem is o well-explored topie in literature for distribution
system planning, The necessity to find a global solution for real
distribution systems along with growth in digital system invites
anew generation of methods and techniques based on computer
applications. These methods suggested a global solution for the
optimization of distribution system  planning (2], Different
conventional methods have been used for load Aow calculations
and to find optimum capacitor allocation problem. In the present
secenaric, extended distribution systems are radial in nature and
produce very low voltages at the different load buses situated at
long from the sub-station. These minute voltages at the load
points results in huge power losses and reduce the power factor
lower than expected. In addition, the contemporary distribation
systems are being faced with an exponentially growing load
demand and experience sudden vadations in load levels every
day; and hence are operated in the region of their steady state
power transfer limit [13]. During peak load, even a small
change in the load pattern may threaten the voltage stability
(V5) of the system. The process of voltage instability s
senerally triggered by some form of disturbance or change in
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operating conditions that create an increased demand for
reactive power, which is in excess of what the system is capahle
of supplying. The problem of voltage instability has thus
become o matter of great concern to the utilitics in view ol its
prediction, prevention and necessary corrections w ensure stable
operation [13],

1. PROBLEM FORMULATION

Capacitor sizes and locations for allocation are inherent
variables for distnbution system planning for veltage profile
and stability; this subjected the capacitor placement problem as
a multi-ohjective and multi-decision combinatorial optimization
nature [ 14].

MinZ= Y., TP (1)
MinZ= Y., X¥THp (2)
MinZ= L. x*Tpiic (3)
MinZ= 3o, X" TXP4C+y P (4)

LY

£ =the value of the desired objective function
n = number of load levels
T* = time duration for the k-th load level
P* = power loss at the k-th load level
Kk = per unit cost of energy loss al the k-th load level
C =investment cost of capacitor
¥ = perunit cost of peak power loss
P = power loss at peak load level
. OFTIMIZATION TECHNIQUES

There are many methods proposed in literature for
distribution system planning. Below are some conventionzl and
advanced methods for distribution system planning -
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A Traditional Technigues
s Newton Raphson
*  Fast Decoupled
®  Gauss Seidal
*  Branch Bound
e Drynamic Programming
& Lagrange Algorithm

B, Advanced Techmigues
*  Brunch Exchange
*  Newural Network
®  Honey Bee Optimization
s Shuffled Frog Leaping
s B Snake
*  Dijkstra Algorithm
& Harmony Search
*  (reedy Snake
®  Tabu Search
®  Pattern Search
®  Meia Heuristic
*  Ant Colony
®  Differential Evolution
*  Biogeography Based Oplimization
& Cuckoo Search
*  Ant Bee
*  Plant Growth
*  Ladder Method
s  Fire Fly
e Bee Hive
®  [Fuzzy Logic
& Genetic Algorithm
*  Particle Swarm Optimization

IV. LITERATURE BACKGROUND

Ahmad Galal Sayed and Hosam KM Youssel]l)]
proposed an algorithm for CA  based on genetic
algorithm  for  interconnected  distribution  system  in
nonlinear load environment, A line losses, operating
conditions, harmonic constraints and annual profits have

been investigated for optimal size and location of

capacitor bank on test system based on configuration.
Dr Akram F.Bati et al[2] developed a technigue based on
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genetic algorithm for optimal location and sizing of
capacitor to improve voltage stability, voltage profile and
minimize losses at different load levels subjected to cost
of capacitor and economic saving. Solution in terms of
global minima and accuracy has been observed in lest
results. This technigue is tested on 11 and 69 node
distribution system. A. Kartikeva Sarma and K.
Mahammad Rafi[3] formulated a technigue for capacitor
selection based on plant growth simulation algorithm
for radial distribution system.The main objective is to
enhance the voltage level of line and reduction in line
losses. Load sensitivity factor is deployed to locate the
points of capacitor placements. Plant Growth Simulation
Algorithm is wtilized for CA. Suggested technique is
tested on 3334 and 69 bus radial system. Test results
shows the promising results when compared with other
advanced technigues. Rosana Satie Takehara and Ruben
Romero[4] applied a method based on artificial immune
system 1o capacitor allocation problem, This method is
tested on 9.69 and 135 bus system. Fixed and variable
capacitor banks are considered in the case study, Power
factor improvement, losses reduction, voltage profile
improvement and capacity increase has been achieved in
this research, Yasser Gallal et al[5] proposed a method
for CA in distribution system with fuzey logic. Fuzzy
logie is explored for capacitor location and capacitor size
is found with Q-V analysis. Comparison with particle
swarm - optimization  is  caried on IEEE 16 bus
distribution system. V5 and minimum cost have been
achieved using fuzzy logic. M. Heydari et al[6] used
distributed generation incorporating harmonic  and
resonance analysis in the proposed discrete particle
swarm optimization technique to solve CA problem for
VS in distribution system. A case study of IEEE 33 bus
system is considered for investigation, Total harmonic
distortion, voltage profile have been improved in
simulation results. Mauricio Granada E et al 7] solved
CA problem in DS using Ant colony approach.
Sensitivity analysis has been carried out to locate the
capacitor position as it reduces search space for solution,
A case study of 9 bus system and 69 bus system has been
taken to evaluate the proposed approach. Economic
savings, reactive power requirement has been revealed
with  this  approach.Reza Sirjani  and Badiossadat
Hassanpour|8] coined novel ant colony method for power
flow calculation . Total cost and losses are greatly reduced
when proposed method is tested on 9 bus system, Results
are  compared  with  other standard technigues 1o
benchmarks the suggested approach.Rajeev Annaluru et
all9] solved CA problem in DS with multilevel ant
colony algorithm. Test system comprises 30 bus radial
distribution  system  with  one  main  feeder and 6
laterals. Test results reveals the minimum computational
efforts as compared o other techniques as well as
achieved V5 and improved wvoltage profile. Bharat
Solanki et al[l0] suggested a technigque to solve CA
problem with ant colony and gradient method, Gradient
method s used (o accelerate the solution.System
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incorporates 27 and 55 nodes system.Reduced active
power losses have been achieved in the case study.
Vikrant Kumar et al[11] developed an algorithm based on
path search for the optimization of radial network.Total
annual cost of the network minimization and optimal
route of the load points have been achieved. A case study
of 24 load points has been selected to investigate the
proposed algorithm. Tanuj Manglani and Y.S
Shishodia[12] presented a survey of different techniques
based on conventional and advanced methods.Genetic
Algorithm, particle swarm optimization, fuzzy logic,
simulated annealing, ant colony methods have been in the
paper for CA problem.S.Neelima and Dr.P.S
Subramanayam [13] developed a method for CA problem
in DS based on differential evolution.Proposed method is
tested on IEEE 69 bus system and results are compared
with other techniques.It outperforms other algorithms in
terms of losses and cost.E.Dolatdar et al [15] proposed
model based on tree algorithm for load flow in
DS.Genetic algorithm is also used to reduce search space.
Proposed method is tested on IEEE 33 bus system.Test
results show the effectiveness of the suggested technique.

V. CONCLUSION

Application of artificial intelligence techniques in
power distribution system planning optimization has been
inherently evolving for last few decades. Different
evolutionary computation methods whether stand alone
or hybrid in nature have been developed and successfully
applied to distribution system network expansion. In the
current text, an application of artificial computing has
been presented through different contemporary researches
done by investigators in the distribution system planning.
This paper will serve as a benchmark for future
researchers to investigate this area and develop new
techniques which are reliable and lead to optimal
solution.
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Abstract— Induction generators are increasingly used in non-
conventional systems. In modern times, as the population
increases, the demand for electricity also increases. As it is
difficult for developing countries to generate that amount of
electricity, so induction generators are used as standalone system
to provide the electricity to remote areas. But the need for an
external supply of reactive power (to produce a rotating magnetic
flux wave) limits the application of an induction generator as a
standalone generator. The induction machine can be operated as
a Self-excited Induction Generator (SEIG) if capacitors are
connected to the stator terminals in order to supply the necessary
reactive power to achieve generating electrical energy in remote
areas. In this paper, various types of SEIG and methods
involving analysis of self excited induction generator are
presented.

Keywords— Self Excited Induction Generator, Genetic algorithm,
Artificial neural networks

Nomenclature:

R, X, = Rotor resistance and reactance

R,, X, = Stator resistance and reactance

R;, X; = Load resistance and reactance

R. = Core loss resistance

Xm = Per phase Saturated magnetic reactance

Ximu = Unsaturated magnetizing reactance

Xc = Per phase capacitive reactance

F, = Generated frequency

F; = Rated frequency

a = Ratio of generated to rated frequency

b = Ratio of actual rotor speed to synchronous speed
corresponding to rated frequency

I, = Stator current

I = Load current

I, = Rotor current

Ic = Capacitive current

E, = Air gap voltage per phase at rated frequency
Z = Impedance of complete circuit

I.  INTRODUCTION
In recent years, the increased emphasis on renewable
resources has lead to the development of Self Excited
Induction Generator (SEIG) as standalone system. This
emphasis on renewable resources was started during 1970°s
when there is oil crisis. In developing countries like India, the
focus on generation of electricity is mainly based on thermal,
nuclear and hydro plants. [1] But with the crisis, degradation
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of environmental conditions and depletion of conventional
sources, SEIG has attracted attention towards the non-
conventional energy resources. It has many advantages like
brushless construction with squirrel cage rotor, reduced size,
absence of dc supply for excitation, maintenance cost is low as
compared to conventional synchronous generators. This paper
presents a review on steady state analysis by various
researchers on SEIG. A change in the load impedance directly
affects the excitation of the machine because the reactive
power of the excitation capacitors is shared by both the
machine and the load. [2] The self excitation capacitors
connected at the stator terminals of the induction machine
must produce sufficient reactive power to supply the needs of
the load and the induction generator.

II. CLASSIFICATION OF INDUCTION GENERATOR

A. On the basis of excitation process used, induction
generators are of two types

1. Grid Connected Induction Generator (GCIG) - This type of

generator takes the reactive power from the grid and generates

real power with the help of slip control when driven above

synchronous speed.

2. Self- excited Induction Generator (SEIG) - It takes the
power for excitation process from the capacitor bank which is
connected across the stator terminals of induction generator.
The capacitor bank supplies the reactive power to the load.

B. On the basis of prime movers used and their locations ,
these can be classified as under [4]

1. Constant-Speed Constant Frequency - In this type, the
prime mover speed is held constant by continuously adjusting
the blade pitch and characteristics of generators. An induction
generator can operate on an infinite bus bar at a slip of 1% to
5% above the synchronous speed.[3] Induction generators are
simpler than synchronous generators. Induction generators are
easier to operate, control and maintain and are economical.
They do not have synchronization problems.

2. Variable-Speed Constant Frequency - The variable-speed
operation of wind electric system yields higher output for both
low and high wind speeds. This results in yielding the higher
annual energy per rated installed capacity. To obtain constant
frequency from variable speed can be of two types. One is
AC-DC-AC link and the other is Double output Induction
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generator. Bidirectional power flow between the stator and the
rotor through the DC link and so operation at sub and super
synchronous speed with low distortion currents are achieved.
The stator voltage is regulated by controlling the stator flux
magnitude indirectly. The stator frequency is kept constant
with the variable rotor speeds by imposing slip-frequency
rotor currents in the machine. The advantages of DOIG in
wind energy conversion systems is that it is the only scheme
in which the generated power is more than the rating of the
machine. But due to some operational disadvantages, the
DOIG scheme could not be used much. The maintenance is
high, power factor is low and reliability is poor under
abnormal conditions due of the sliding mechanical contacts in
the rotor. As it needs grid supply to maintain excitation, this
scheme is not suitable for isolated power generations.

3. Variable-Speed Variable Frequency- With varying speed of
prime mover, the performance of synchronous generators can
be influenced. For variable speed with respect to the changing
derived speed, SEIG can be extensively used for resistive
heating loads, which are usually frequency insensitive. This
scheme becomes important for stand-alone wind power
application.

III. STEADY STATE ANALYSIS OF SELF EXCITED
INDUCTION GENERATOR

The steady state analysis of induction generator can be done
using steady state equivalent circuit as shown in Figure 1.The
equivalent circuit can be represented in terms of its
impedances. The impedance of stator branch Z; consists of the
stator resistance, stator reactance, load resistance and load
reactance representing the power drawn and excitation
capacitor. [4] The impedance of rotor branch and magnetizing
branch is represented by Z, and Z, respectively and
admittances are Y, Y, and Y,,. Various parameters like Stator
resistance, leakage reactance, rotor resistance, leakage
reactance referred to stator, un-saturated magnetizing
reactance representing core loss branch of the machine are to
be found using various test on the machine such as no load test
, blocked rotor test .

= el=
DO —— AN —— =

-——

=
-
cal

Fig. — 1. Equivalent circuit of SEIG

When we solve the equivalent circuit, it results into a single
loop equationi.e. I(*Z=0
And when solve by nodal equation, it results into

L*Y=0
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For successful voltage build up in SEIG, I cannot be zero
hence Z and Y should be zero respectively in each case. Thus
by separating the real and imaginary components of Z and by
putting all the values of parameters we get two non-linear
equations. These two equations are obtained in terms of
machine parameters, speed, capacitive resistance/reactance,
magnetizing reactance (X,,) and generated frequency (a).[6-9]

Real (X, a) = P X2’ + PoXpa'+ (P3Xn+Py)a’+ (PsX,, +Pg)a’+
(P7Xm+P8)a+ Pg Xm + PlO (1)

Imaginary (Xm, a) = (QiXp+Qu)a'+ (QsX,+Qu)a’+ (QsXm
+Qg)a” + (QX 1 +Qga+ Qg 2)

Where P;- Py and Q- Qg are the coefficients in terms of
various machine parameters. These are shown in appendix.
Now for the analysis, we have to solve these two non-linear
equations. There are various methods involved in the solution
as discussed below:

1. Newton Raphson Method

This method is iterative process. As the non-linear equations
are not easily solvable, some numerical iterative technique has
to be adopted to find the values of capacitance reactance and
the output per-unit frequency for the given values of machine
parameters. Here the Newton- Raphson method has been
found to be very appropriate in solving the two equations. The
Newton-Raphson method provides solution in three or four
iterations. [12] It requires very little computational time and
provides the result to an accuracy of 10, but the iterative
technique has divergence problem .In this method, the
Jacobian matrix [J] is given by:

[]] =J11 Jiz

J21 J22
_ s _or _ 9 _dg
]11 - X ]12 - da ]21 - Xm ]22 - da

The Newton-Raphson method requires the initial guess of the
values of the unknowns, say X0 and ay. The initial value of
Xmo should be well less than unsaturated and a, should be less
than the per unit speed.

Xm0 = X (unsaturated)
a=b

After the first iteration, X, and a will assume the values X, o+
h and ap+ k in the process of satisfying non linear equations
the increments h and k are given in equation

()= (C5)

This iteration process can continue till the desired accuracy is
reached, i.e. when If (X;, a) | < & and when Ig (X, a) | < ¢

A simple computer algorithm can be developed incorporating
the above procedure and steady-state values of X, and a can be
computed for any value of C, b and R;. In the analysis by this
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method, the problems faced are like lengthy and step-by-step
algebraic calculations. Also in this method, partial derivatives
are required.

2. Secant Method

This method is suitable to the system where there is varying
speed. This is an additional iteration method which is
introduced for variable speed nature. Unlike Newton Raphson
method, it do not require complicated derivations and
convergence rate is high and good accuracy. The process of
solving equations is as follows. [13-14] The secant method
requires two initial values for solving equation. From the nodal
equations of equivalent circuit we get

Y+Y +Y. =0 3)
Where Y= 1/R#+jX, = G+ jB, )
Y= a/Re —j/ X = Gt jR 5)
Y, =1/ (R/(a-b) + jX,) = G+ jR, ©)

From (4), (5), (6), we can also deduce the conductance and
susceptance equation as below. Conductance equation (7) is
independent of X, so it can be used to determine a. After
calculating a, X, can be calculated from (8)

G+ G+ G, =0 (N
B+ Byt B, =0 @®)
From (7) and (8), the recurrent formula can be written as:
any =T (ay) ©)

Steps followed in this method are as:

(1) Assume initial values of per unit frequency and we take ay =

b for convenience.

(2) Determine conductance’s.

(3) Determine new value of a using equation (9)

(4) Repeat steps b) and c) until value of a in successive iteration

by small value ¢ .

3. Genetic Algorithm
Genetic Algorithm (GA) is one of the optimization method
which is based on natural selection. This method used the
same non linear equations to solve unknown parameter unlike
in conventional methods of analysis. The two unknowns X,
and a are determined by optimizing the fitness function. There
are other optimization techniques like pattern search, Quasi
Newton but GA has more advantages than others. It does not
require accurate initial guess and is robust in nature. The
genetic algorithm has been implemented to find the optimum
value of the frequency (a) and magnetic reactance (X,),
Equation (3) can be considered to be the objective (fitness)
function for the GA. The objective function is minimized
subjected to constraints that shown in equation (10)
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0.90 all 0.99
960 X, (285 (10)

The first constraint involves that the obtained frequency must
be less than the prime mover’s speed involves and second
constraint that the induction generator must operate in the
saturation region which means the magnetizing reactance is
always less than the unsaturated value. The 1st step comes with
GA optimization started with a population of randomly
generated individuals representing a set of solutions for the
problem. Each individual is composed of the problem variables
the population size is chosen to be 160. The 2nd step comes
with computing the fitness function for the entire available
elements for such parameter. [15-16]The 3rd step select two
parents from a population according to their fitness (the better
fitness, the bigger chance to get selected) which the roulette
wheel selection is applied followed by uniform cross over with
probability of 0.8. The 4th step is the death process eliminate
all population, which have bad fitness according to a crossover
probability of 0.8. The 5th step is the crossover process to
generate offspring to keep up the same number of population
and to have improved parameters values. The crossover
process uses the parents with best fitness, a binary coding is
used to express weight’s magnitudes, and single-point
crossover method is used in our case. The 6th step is the
mutation process with mutation probability of 0.05, finally, the
new population is formed and procedures repeated until
reaching the accuracy € < 0.001.. If the convergence is optimal
then it will stop otherwise fitness function evaluation takes
place again.

4. Particle Swarm Algorithm

The another technique has proposed to solve problems based
on user friendly software. This technique is different from
conventional optimization methods proposed by Kennedy in
1995. This PSA uses the mechanism of swarm behavior in
birds flocking and fish schooling to help the particles to search
for optimal solutions. [17] This particle swarm optimization
algorithm is better than the above explained GA technique. It
is fast in solving non linear equations, easy implementation,
few parameters to adjust, computational time is less and less
memory required. If the induction generator is driven by
constant speed prime mover to supply constant load
impedance with fixed value of X, the equation can be solved
to find the values of unknown values a and X, . In most of the
previous methods of analysis, the determination of a and X,
is tedious and time consuming task. The value of total
impedance is considered as fitness function and the problem
space is two dimension.[18] The various characteristics of the
generator can be obtained from its equivalent circuit but that
requires to run PSO for different possible values of a
particular parameter. Equation (3) is solved using PSO method
to find the values of unknown a and X,, and then determine
the value of the terminal voltage. The objective function of the
system is total admittance Y,

Let Yo (Ys, Y, Y =0
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Subject to 0.9< a <0.99
96< X, <285 11

The value of the total admittance is considered as fitness

function and the problem space is two dimensions a and Xm.

Population size is chosen to be 160, the search will be

terminated if the number of iterations reaches 200.

Steps:

(1) Input SEIG circuit parameters and its magnetization
curve.

(2) Let PSO population size equal to 160 and generation it in
a random set.

(3) Evaluate fitness function.

(4) Update practical velocity and position of the two
unknown (X, and a).

(5) Evaluate fitness function of particle with new particle
position.

(6) Repeat the step till convergence.

5. Pattern Search

PS is a subclass of direct search algorithms, which involve the

direct comparison of objective function values and do not

require the use of explicit or approximate derivatives. Direct

search is a method for solving optimization problems that does

not require any information about the gradient of the objective

function. As opposed to more traditional optimization methods

that use information about the gradient or higher derivative to

search for an optimal point, a direct search algorithm searches

a set of points around the current point, looking for one where

the value of the objective function is lower than the value at

the current point. Direct search can be used to solve problems

for which the objective function is not differential, or even

continuous.

Steps:

(1) Input SEIG circuit parameters and its magnetization
curve.

(2) Initially generated patterns.

(3) Evaluate the fitness function.

(4) Pattern search terminology i.e. pattern, pattern vector,
mesh.

(5) Optimization Convergence test.

6. Artificial Neural Networks

At present, Artificial Neural Networks (ANN) techniques are
towards great importance in field of engineering.[18-21]
These are the computational tools adopted by human brain.
These involve two components i.e. neurons and synapses
(weights).Neurons are present in different layers. There are 3
layers — input layer, hidden layer and output layer. The
number of inputs and outputs contains equal number of
neurons respectively. To get the optimal performance the
number of neurons in hidden layer should be appropriate.
Analysis using ANN’s does not involve any cumbersome
calculations as in conventional methods.. When an input is
applied in the network, based on the given data it will give
training parameters to get the accurate results. The ANN
model is designed to have 8-11-2 structure. Machine
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parameters are taken as eight inputs or we can say that input
layer has 8 neurons and output as X, and a. In this structure,
the hidden layer consists of 11 neurons. The design of the
network and selection of optimum training parameters are
performed by hit, trial and error. So, Levenberg training
function is used which causes lesser epochs as compared to
other training functions. This type of training has been found
to be very effective.
IV.  CONCLUSION

The steady state analysis of self excited induction generator by
various techniques has been presented. Newton Raphson
method and secant method involves iteration process which
made the analysis complicated. To overcome the problems of
these methods and make the analysis simple, methods like
genetic algorithm, particle swarm algorithm have been
proposed and were found more reliable. Among all the
methods discussed for the analysis, ANN technique is latest
and accurate. This technique is simple and most suitable for
the behavior analysis of SEIG. It does not require any
assumptions and complex computations. The accuracy can
further be improved by increasing the number of training
parameters. The future work can be based on the fuzzy logic
approach as neural networks can be used only if training data
is available and there is no guarantee of success and the
learning process is very long in ANN.
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APPENDIX
Coefficients are given as :

Pl =- (X§ XrXL)
Py = (X X; X0)*b
Pi=X*(R#RLARFRLAXF K )+ X (RARAX X+
RS*RL)+XS*(R€*RT+ R e*Rs+ Rs*Rr)
Py = XFRH(XFRL+R*XL)+RAR*X *X
Ps = -X*(Xe* X +RFR)*b- Xi*(RPFRi+ RFRe+ XX )*b-
(Ry*Re*X1)*b
Pg = -X R (R X +X*Rp)*b
P7 = 'Xc*Rr*(Rs"' RL)'XC*Re* (Rs+ RL+ Rr)
Pg=-(R*X* X *(RL+R))-(RFRAXH (X +X)-(RFRFRH Ry )
Po= R*X.* (Re+ Ry)*b
Pio= X * X Re*(R+R)*b
Q1 = XX *(Ret R)+XFXARAXA X *(Ret Ry)
QZ = Xs >k)(r*)(L*Ize
Q3 = -XF(R* X +XHRp)*b-X X *(R+ Re)*b
Q4 =- (Xs*Xr*XL*Re)*b
Qs = -X*RH X+ X+ X0)-RURH(RARD)-RLU* (XX ARHRy)-
Xc*(Rs*Xr"'Xs*Rr"'XL*Rr)
Q6 =-R eXr*(Xs*Xc+ XC*XL+RS*RL)'Rr *Re*(XS*RL+RS*XL)
Q7= RA(XFX X *X o+ *X +R{*Rp)*b+ X * X, *(Re+ Rp)*b
QS = Re*Xr*(Xs*Xc+ XC*XL)*b+ (Xr*Re*RL*Rs)*b

g = RAX * Rr*(RL+Rs)
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To Investigate Stresses and Deformation Analysis in

Skeletomuscular Regions While Sitting Positions using
FEM

Gurudutt Sahni
Leader Valves Ltd Jalandhar
Punjab, India
C Eng (Institution of Engineers India)
drguruduttsahni @ rediffmail.com

Abstract- Stress analysis are one of important consideration
while determining different sitting positions The study is
motivated by the need lor a belter understanding of the design
of wheelchair cushions and the prevention of decubitus ulcers,
The finite element method is used on an axisymmetric model.
Surface pressure distribution, surface friction, hydrostatic
pressures and von Mises stresses are obtained. The finite
element model reveals the three-dimensional state of stress at all
internal locations for a typical human body. Main objectives
are:

¢+ To investigate the deformations and stresses in
skeletomuscular regions of a person when he sits on a
cushion.

*  To see how structural load analysis helps in adopting new
sitting positions for better health

Keywords: Structural analysis; sitting posture; chair positions.
I INTRODUCTION

An estimated 50% of people in the industrialized world
suffer some form of back complaint and many of these are
related to poor seat design. How we sit and what we sit on
affects the health of thespine. The lumbar region is the most
frequently damaged [5, 6].

A Definition - Sitting is a body position in which the weight
of the body is transferred to a supporting area mainly by
the ischialtuberosities of the pelvis and their surrounding
soft tissue,

B. Purpose - to remove weight from the feet and maintain a
stable posture so muscles not directly involved with the
work can relax.

C. TIdeal - There is no single ideal sitting posture, [lustrated
O0-degree person sitting posture is for anthropometric
reference only. Can't design a chair for the best single
way to sit. We need a variety of chairs that allow
different users to each sit in a variety of postures

II.  POSTURE
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The relative orientation of parts of the body in space.

A Best Posture - imposes the least postural stress. Muscles
must do work to counteract the effects of gravity and
other forces as the body stands or moves through space.

B. Postural Strain - adverse conseguences of more than a
lew minutes of postural stress,

C. Fidgeting - is the bodies defense against postural stress of
which discomfort is a sign.

[, Rate of Fidgeting - can be wvsed as an index of char
discomfort. Higher fidgeting rates correspond to higher
discomtort rates,

E. Crossing and uncrossing the legs - is a characteristic way
of re-distributing pressure on the buttocks and also helps
to pump blood through these tissues,

F. Postural Comfort - is defined as the absence of postural
discomfort, it is therefore a neutral state that we cannot
sense [1].

. BIOMECHAMICS OF SITTING
Depending on chair and posture, some proportion of total

body weight is transferred to the floor via the seal pan and
feet, armrests, and backrests [4].

A Lumbar Region - is normally lordotic (concave, toward
the stomach), This reduces the pressure between the
vertebrae. The region is normally lordotic for two
rEASONs;

B. Thickness - Vertebrae and discs are thicker anteriorly
than posteriorly.

C. Sacrum - Upper surface of sacrum is at an angle to the
honzontal plane.

D. Pelvis - The sacrum is fixed to the pelvis, so rotational
movemnent of the pelvis affects lumbar vertebrae.
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E. Forward rotation - of the pelvis leads to increased
lordosis of the lumbar spine, helping to maintain an
upright trunk position.

F. Backward tilt - of the pelvis leads to increased flattening
of the lumbar spine and eventually increases kyphosis. As
shown in fig. 1.

RED PN BONES

S SHOWING STRES

Fig. 2. Design of a chair in solid works
D. Preferred angles for sitting position are as follows

SEATING POSITIONS

Fig. 1. Heading towards preferred sitting positions and its analysis
IV. MODULES OF PROJECT
A Modeling Fig. 3. Preferred angles for sitting position

We can see in figure 3 preferred angles for sitting while
watching anything or relaxing. So we can perform analysis at
these angles and can see results.

3D models of critical components of chair are prepared
using (SOLID WORKS). The detailed dimensions are
taken from its 2D drawings.

B. Importing 3d Model

3D model prepared using SOLID WORKS is imported
into FEA software (ANSYS).

Stress analysis on chair while sitting at angle of 90deg or
less than 70deg in figure 4

C. Preferences:

1. Structural or static analysis method is selected. Pre-
processing: 2. Define element type 3. Apply material
properties

International Multi Track Conference on Science, Engineering & Technical innovations Page | 117



I

W
000 0200 §m} =
L E—] :

a1
Fig.4,  Stress analysis on chair while sitting at angle of
90deg or less than 70deg

Now we have to check the stress level at 135 deg as
shown in figure 5

o
[ e

100

Fig. 5. Stress level at 135 deg

Fig, &. Amalysis

So by performing analysis we can practically find the

better angle for sitting purpose to face less stress.

. SEAT DESIGN CRITERIA
Seat Height - Optimum seat height is controversial.

Traditional Criterion - Seat height should be adjusted 1o
support @ knee angle of Y90-degrees to prevent leg
swelling, However 75% of leg swelling may be due to
low leg muscle activity rather than chair,

Minimum Height - should be 15" (38cm) which designs
to the 5th percentile of women with 1" heels, The seat
should adjust 9" (23cm).

Fixed Height - should be about 17" (43cm). This is a
compromise. A chair that is too high leads to increased
pressure at the popliteal fold (underside of knees)
decreasing blood circulation and increasing pressure on
the nerve. A chair that is too low increases weight on the
ischial wberosities. [2, 3],

There is also an alternative if reguired chair is not available
then we have different postures for different chairs as follow,

Fig. 7. Prefer method while using notebook
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As we can see in figure 7 while using notebook we .
should prefer method which require less stress,

5]

Om a chair with no hack support there is always stress 6]
on bones

Fig. 8. Sitting on chair without back suppon
A few more positions being suggested while sitting or
performing different activities as follows

KL &

Head forward Chest stuck out Ear over shoulder
Palvis tucked Pelvis over-tilted  pelvis slightly
tipped forward

NO 1 MNOL YES!

Fig. 9. Simng on chair without back support

NOT S0 GOOND

Fig. 10, Sitting while typing and bending

While typing and bending forward put strain on back
bone in figure 10,

VL CONCLUSION

Stress Analysis 15 one of important consideration while
determinming different sitting positions.,

Preferred angles for sitting should be adopted in order to
avoid stress problems in bones.
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Abstract— The automobile engine connecting rod is a high
volume production, critical component. It connects reciprocating
piston to rotating crankshaft, transmitting the thrust of the
piston to the crankshaft. Every vehicle that uses an internal
combustion engine requires at least one connecting rod
depending upon the number of cylinders in the engine. The
connecting rod is subjected to a complex state of loading. It
undergoes high cyclic loads of the order of 10® to 10° cycles,
which range from high compressive loads due to combustion, to
high tensile loads due to inertia. Therefore, durability of this
component is of critical importance. Due to these factors, the
connecting rod has been the topic of research for different
aspects such as production technology, materials,performance
simulation, fatigue, etc. For the current study, it was necessary to
investigate finite element modeling techniques, developments in
production technology, new materials, fatigue modelling.Here it
is tried to investigate the performance of connecting rod with
linear static analysis for single cylinder camless engine.The
analysis was performed with ANSYS and it was found that
Maximum total displacement is 1.85085E-07 mm and Maximum
equivalent stress is 6.85006E-03 MPa

Keywords—connecting rod; linear static analysis; ANSYS;
camless engine.

I. INTRODUCTION

Automobile internal combustion engine connecting rod is
a high volume production critical component. It connects
reciprocating piston to rotating crankshaft, transmitting the
thrust of piston to crankshaft, and is subjected to complex
loading. It undergoes high cyclic loads of the order of 108—
109 cycles, which range from high compressive loads because
of combustion, to high tensile loads because of inertia.
Therefore, durability of this component is of critical
importance. Usually, the worst case load is considered in the
design process.

Literature review suggests that investigators [1, 2] use
maximum inertia load as one extreme load corresponding to
the tensile load and compressive gas load producing load
producing maximum torque as the other extreme design load
corresponding to the compressive load. In recent years, more
emphasis has been placed on higher vehicle fuel efficiency.
Optimization of connecting rods in an engine is critical to fuel
efficiency. Proper optimization of this component, however,
necessitates a detailed understanding of the applied loads and
resulting stresses under in-service conditions. Inertia load is a
time-varying quantity and can refer to inertia load of the
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connecting rod or of the piston assembly. Questions are
naturally raised in light of such complex structural behaviour
such as: Does the peak load at the ends of a connecting rod
represent the worst case loading? Under the effects of bending
and axial loads, can one expect higher stresses than that
experienced under axial load alone? Moreover, very little
information is available in the literature on bending stiffness
requirements, or on the magnitude of bending and multiaxial
stresses.

Webster et al. [2] performed three-dimensional finite
element analysis (FEA) of a high-speed diesel engine
connecting rod. They used maximum compressive load which
was measured experimentally, and maximum tensile load
which is essentially the inertia load of piston assemblymass in
their analysis. Load distributions on the piston pin end and
crank end were also determined experimentally. Ishida et al.
[3] measured stress variation at the column center and column
bottom of connecting rod, as well as bending stress at the
column center.

From their study it was observed that at high engine
speeds, the maximum stress in connecting rod column bottom
does not occur at the top dead center. It was also observed that
the stress ratio varies with location, and at a given location it
varies with engine speed. The maximum bending stress over
one engine cycle at the column center was found to be about
25 per cent of the maximum stress at that location.

Another study used FEA with applied loads including bolt
tightening load, piston pin interference load, compressive gas
load, and tensile inertia load [4]. On the basis of the stress and
strain measurements performed on connecting rod, close
agreement was found with loads predicted by inertia theory.
The study indicated that stresses in a connecting rod due to
bending loads are substantial, and that buckling and bending
stiffness are important design factors that must be taken into
account during the design process.

Balasubramaniam et al. [1] used the various individual
loads acting on connecting rod for performing simulation and
obtaining stress distribution by superposition. The loading
consisted of inertia load, firing load, press fit of the bearing
shell, and bolt forces. Athavale and Sajanpawar [5] also
modelled the inertia load in their finite element (FE) model.
An interface software was developed to apply the acceleration
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load to elements on the connecting rod depending upon their
location, as acceleration varies in magnitude and direction
with location on the connecting rod. They fixed the ends of the
connecting rod to determine its deflection and stresses.

This, however, may not be representative of the pinned
joints that exist in a connecting rod. The connecting rod was
separately analysed for tensile load due to piston assembly
mass (piston inertia), and for compressive load due to gas
pressure. The effect of inertia load due to mass of the
connecting rod was also analysed separately. Pai [6] presented
an approach to optimize the shape of the connecting rod
subjected to a load cycle consisting of inertia load deduced
from gas load as one extreme, and peak inertia load exerted by
piston assembly mass as the other extreme and used fatigue
life as the optimization constraint.

In this study, a detailed load analysis under service
loading conditions was performed for a typical forged steel
connecting rod, followed by quasi-dynamic FEA to capture
stress variation over a cycle of operation. Such stress analysis
under realistic operating loads is critical to any durability or
optimization study of a connecting rod and is vastly different
from the typical uniaxial testing and static analysis commonly
conducted for this component. This is because, in a typical
static analysis, the loads acting at the two ends of the
connecting rod are equal in magnitude and are in static
equilibrium. On the other hand, in a quasi-dynamic analysis,
the loads at the two ends need not be equal and the connecting
rod is in equilibrium at any instant in time, only when the
inertia loads resulting from angular velocity and acceleration
(both translational and angular) are accounted for.

Therefore, although the quasidynamic analyses are
repeated at different time points, they are based on time-
varying dynamic input data. For this reason, the analysis is
referred to as ‘quasi-dynamic’. Details of the dynamic load
analysis are discussed in the next section. Optimization
aspects and fatigue behaviour of the connecting rod are
investigated in references [7, 8], respectively. In this article,
FE modeling aspects, resulting stress-time histories, variation
of stress ratio, presence of mean and bending stresses, and
multiaxiality of stress states in various locations of the
connecting rod under service operating conditions are
discussed.

A comparison is also made between results obtained
using static FEA commonly performed, and results using
quasi-dynamic FEA representing more realistic service
operating conditions.

II. ANALYTICAL VECTOR APPROACH TO
KINEMATIC AND DYNAMIC

A. Analysis of The Connecting Rod. (Analytical method )

(a R

LE
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Fig. 1. Vector representation of slider crank mechanism.

The following quantities will be required for performing
FEA to simulate dynamic conditions using I-DEAS: angular
velocity, angular acceleration, loads at the ends, and linear
acceleration of crank end center. Determination of the loads at
the ends requires determination of the inertia load at the center
of gravity of the connecting rod and the inertia load due to
piston assembly.

1) Angular velocity of the connecting rod:

Consider the offset slider crank linkage shown in Figure 1.
The linkage can be described by the following vector
equation:

e+r+1+13=0 (1)

Where, e is constant in magnitude and direction. The bold
letters represent vector quantities. Differentiating Equation 1
w.r.t. time:

ég+fy+tfrtps=0

2)
©;XT + 0, X1~ Vp=0. 3)

Where, dr; / dt = - Vp and t stands for time.Slider velocity Vp
is in x direction and angular velocity vectors are in the z
direction. To eliminate Vp in Equation 3, take the dot product
of each term with j:

O XTI . J+mmXx1.j—V,.j=0.

O 1. it =0

Wy =- 0 (1 .1)/(r2. 1) 4)
From Figure 1, the following equations can be written:

r;=r1; cosO i+r sind j 5)
I, =1 cosPi+r,sinf j 6)

Substituting Equations 5 and 6 into Equation 4 gives the
magnitude of m,, the angular velocity of the connecting rod:

®; = - (0,1 cosO) / (1, cospP) 7
For the case where the offset e =0, from Figurel:
r; sinf =1, sinn =1, sin(2x —f) = -r; sinf
sinf3 = - (r; sinf) /1, 8)
cosp=r /12 * [ (t,/11)2 - sin*0 ] 7 )
Equation 7 becomes:
Wy =-®; cosO / [(ry/ n) - sinze] 05 (10)
Where, ©,= m, k
2) Angular acceleration of the connecting rod:

To obtain the angular acceleration, consider Equation 3.
Differentiating the equation w.r.t. time, for constant angular
velocity of the crank, we get:

O] X O] XTI+ 0 X Oy XTI+ 0 XTr—a,=0

Y

Since the acceleration of the slider is in the x direction, the last
term in the above equation may be eliminated by taking the
dot product of each term with the unit vector j.
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The result is:
O XOXT.jJ+ X Xh.j+0Xr.j=0
O=(-0XO XI.j-0X0X1r.j)/(kxr.j) (12)

Evaluating each term:

W) XTI =®; kx [r; cosO i +1; sind j]
= 1y cosB (kx i) + o 1y sinf (kx j)
= 11 cosO (j) + o r; sind (-i)
= r; cosO j - @ 1y sinB i

] X ®] XTI = kx[wr; cosd j- 1y sind i]

=-0,° 1y cosO i - > 1y sin6j (13)

. 2 .. 2 . [
SO XO XTI .] = r;cos0i.jt o 1snbj.j

= m,’r sinf (14)
My XTIy =, k x [, cosP i + 1, sinf j]

=, 1, cosP (kx i) + o, 1, sinf (kx j)

=@y 1yc08B j - @y 1y sinf i
M) X My XTI = kx[m; 1, cosP j - m, 17 sinf i]

=1y cosf (k xj) - 0, Ty sinf (k x i)

=- @,  rcosP i - ©,2 12 sinpj (15)
~0y X ) XT3 . ] =(022rzcosBi .j+(022r2 sinfj. ]

=m0’ sinf (16)
kxr.j =k x (r; cosPi+r;sinfj).j
=rycosf (kxi).j+rsinf (kxj).j
=rycosfj.j+rsinf (-i.j)=r,cosp  (17)

Substituting Equations 14, 16, and 17 into Equation 12 gives
the angular acceleration of the connecting rod:

o = (1 /1, cosP) [®,” r1 sinb - 0,7 1, sinf]  (18)

where, o, =a k

3) Absolute acceleration of the C.G. of the connecting rod:

In order to find the inertia forces at the C.G., we need to
find the absolute acceleration of the C.G. This section will
deal with the derivation of absolute acceleration of any general
point on the connecting rod. Substitution of the center of
gravity distance from the crank end center will yield
acceleration of the center of gravity. Absolute acceleration of
any point on the connecting rod is given by the following
equation:

A=+ WIX 0+ BIXBIK P
(19)

Where, w, is angular acceleration of the connecting rod,
which is equal to 0,, and p is the position vector of any point
on the connecting rod (refer to Figure 1). Evaluating each term
in the Equation 19:

an=-1, 0 cos 01i-1; w sin (20)

o =ucosfi+usinfj
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w2X o =y kx[ucosPi+usinfj]
=apucosP (kx1i)+ ap usinf (kxj)
=a2ucosPj+ a2 usinf (-1i)
=oyucosPj-opusinfi (21)
®WrX WX 0 =WMXMX P
™X o0 =mkx[ucosfi+usinfj
]=myucosP (k xi) + @, usinf (k x j)
=myucosfj-musinBi
XX p =0 KX [®ucosPj- musinfi]
=m,” u cosP (k X j) - ;" u sinp (k x i)
=, u cosP (- 1) - ,” u sinP ()
=-m  ucosPi-m’usinpj (22)
Substituting Equations 20, 21, and 22 into Equation 19:

2 . 2 . . . 2 . . 2
a=-1r,® cosOi-w ucosfi-oyusinfi-r; o, sinbj- m,
u sinf j + o, u cosP j

= (-1 @, cos - ®,> u cosP - o, u sinf) i+ (- r; @, sinb - > u
sinf + a, u cosP) j

4) Forces at the connecting rod ends:

Figure 2 (b) shows the free body diagram of the piston. By
applying dynamic equilibrium conditions to the piston we get:
Fx —m, ap - Gas Load =0

The corresponding force in the X direction at the pin end is
given by:

Fgx = — (m,, ap + Gas Load) 24)
Fax X
Crank e.ud PA\ ! %
'\ ’mca: v
\_ Far
~1 ==
B

Piston pin end

@)

: .
P
Gas Load

(b)

Fig. 2. Free body diagram and vector representation. (a) Free body diagram

of connecting rod. (b) Free body diagram of piston.

Figure 2(a) shows the free body diagram of the connecting
rod. Application of dynamic equilibrium conditions to the
connecting rod results in the following equations:

Fax + Fpx — m, a..gx = 0 (summing forces in the X direction)
Fay + Fgy —m, a..gy = 0 (summing forces in the Y direction)
Taking moment about point A:

Fgx 1, sin )+ Fgyrycos n +(- m. a..gx)u sin 7 +(- m, a..gy)u
cosn + (-Izz ay) =0

Solving the above three equations gives:
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Fax = m. a..gx - Fgx

l:‘BY =

(25)

[m, a..gy u cosp - m¢ ac.gx usinB + [zz a, + Fex 12

sinP]/r, cos 3 (26)
Fay = m¢ a..gy - Fpy (27)
From Equation 1 acceleration of the piston is given by:

= XO XTI+ X XTI+ U XTI (28)

0 XTIy =0p KX (r;cospi+rsinfj)=oa,rcosP (kKxi)+ar,
sinf (k x j)

=0 Iy COSP j+ ap 1p sinf (i) = 0 1, cosP j - ap 1o sinfi (29)
Equation 13: O X O X =-0.7cos0i-w’r sinQj
Equation 15: X W XTIy = - 0)22 r, cosPi - 0322 1 sinf j
Substituting Equations 29, 13, and 15 into Equation 28:

a, = (- > 1y cosO - @,° 1, cosP - o, 1y sinf) i+ (- ;> 1y sind -
®)> 1y sinf + a, 1p cosP) j 30)

III. SOFTWARE ANALYSIS

Linear static analysis was performed and the material
was assigned the properties of carbon steel, which showed a
Maximum total displacement of 1.85085E-07 mm and
Maximum equivalent tress of 6.85006E-03 MPa .Its weight
was 6.5743E+07 N.

.
L

wrmmee Loy _wwl S hmrmal el paie

Fig. 3. Model Geometry

The modeling of connecting rod was done in
SOLIDWORKS and the analysis was performed in ANSYS.
peculiarities. For example, the head margin in this template
measures proportionately more than is customary. This
measurement and others are deliberate, using specifications

AN

x
=)

surmect ing_red_thermel analysis

Fig. 4. Finite Element Mesh

TABLE I. DETAIL OF FINITE ELEMENT MESH

S.No. Entity

Number Defined

Description

1. SOLID92

1814

10-Noded Tetrahedron

2 SURF154 262 Surface Element (for Force
Transfer)
3. Nodes 3819
TABLE II. MATERIAL PROPERTY
S.No. Entity Number Defined
1. Modulus of Elasticity [MPa] 7.3000E+04
2. Density [ kg/mm”3 ] 2.7700E-06
3. Poisson's Ratio 0.3300
4, Thermal Expansion Coefficient [ 1/degC ] 2.2700E-05
- ~ m
; v
Fig. 5. Loads and Boundary Conditions
TABLE III. BOUNDARY CONDITIONS FOR ENVIRONMENT
S.No Constraints Type Entity | Direction Coordinate
System
1. Constrained Translation Area 5 XYZ Global
Cartesian
2. Constrained Translation Area 6 XYZ Global
Cartesian
3. Constrained Translation Area 7 XYZ Global
Cartesian
4. Constrained Translation Area 8 XYZ Global
Cartesian
5. Constrained Translation | Area 11 XYZ Global
Cartesian
6. Constrained Translation | Area 13 XYZ Global
Cartesian
7. Constrained Translation | Area 16 XYZ Global
Cartesian
TABLEIV. LOAD CONDITIONS
Values
S (Global
. Loads Cartesian
No . .
Direction
s)
Appli
1 Type Entit X Y z | o
: yp 1y Entiti
es
2. Force [N ] Area -2.500 | 0.000 0.000 2 i614
3. Gravity[mm/s"2 ] Volume 0.000 | 0.000 | 0.000 All
Angular Velocity [
4. RPM | Volume 0.000 | 0.000 | 0.000 All
Uniform (T_ref
5. Temperature [ Volume 0.000 0.000 All
degC ] )
Page | 123

International Multi Track Conference on Science, Engineering & Technical innovations




Displaced Shape

:

MAR 11 2012

"
@
N
@
o
&
°

.206E-07
.411E-07
.617E-07
.823E-07
.103E-06
.123E-06
.144E-06
.165E-06
.185E-06

IE00NEEmN &

Stress Intensity Equivalent Stress
Minimum 0.0000 0.0000
Maximum 7.90804E-03 6.85006E-03

af
Fig. 6. Displaced Shape
i
Fig. 7. Equivalent Stress Contours
TABLE V.  SUM OF REACTION FORCES
Total Reaction Force [ N ]
S.No. X Y Z
1. 2.5000 -3.45100E-07 -1.25608E-06
TABLE VI MOMENT ABOUT THE GLOBAL ORIGIN DUE TO THE
REACTION
Total Moment [ N mm ]
S.No. X Y V4
1. -3.92837E-06 -9.36018E-07 7.20936E-07
TABLE VII.  DISPLACEMENTS
X Y z Vector Sum
-1.82206E-07 -8.43561E-08 5.75514E-08 1.85085E-07
TABLE VIII.  DIRECT STRESSES
Direct Stresses [ MPa ]
X Y Z
Minimum -6.64149E-03 -3.58431E-03 -4.35261E-03
Maximum 6.14042E-03 4.50323E-03 3.45675E-03
TABLE IX. SHEAR STRESSES
Shear Stresses [ MPa ]
XY YZ XZ
Minimum -2.58239E-03 -1.35207E-03 -3.90608E-03
Maximum 3.52021E-03 1.33455E-03 3.91446E-03
TABLE X. PRINCIPAL STRESSES
Principal Stresses [ MPa ]
1st 2nd 3rd
Minimum -3.19285E-03 -3.92738E-03 -6.98645E-03
Maximum 6.75287E-03 4.00470E-03 3.40095E-03
TABLE XI. STRESS INTENSITY AND EQUIVALENT STRESS

Stress Intensity and Equivalent Stress [ MPa ]
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Fig. 8. Degree of Freedom

Fig. 9. Strain

Stress

Fig. 10.

IV. CONCLUSION

Stresses and displacements were observed to be significantly
lower under conditions of assembly (with bearings, crankshaft
and piston pin and bushing), when compared to stresses
obtained from unassembled connecting rod subjected to
loading. The section modulus of the connecting rod should be
high enough to prevent high bending stresses due to inertia
forces, eccentricities, as well as crankshaft and case wall
deformations.
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Microstructural Development in Bentonite Moditied
with Lime and Phosphogypsum
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ABSTRACT: The microstructural development of bentonite
modified with 8 % lime and 8 % phosphogypsum were studied
through techniques like the scanning electron microscope and the
electron dispersive absorption x-ray diffraction to account for the
changes in the structure of bentonite with the addition of lime
and phosphogypsum. The specimens were cured for 7 and 28
days by ASTM method. Scanning electron micrographs of the
bentonite specimens modified with lime showed the presence of
compact matrix which increases with the increase in curing
period. Further, this development led to the improvement in
strength which was also observed in strength test resulis.
Electron dispersive ahsorption x-ray diffraction study shows the
emissions of Ca, Si and hydrates and Ca, Al and S due to addition
of lime and phosphogypsum in bentonite respectively.

Keywords: - Bentonite; Lime; Phosphogypsum: unconfined
compressive strength; SEM-EDAX.

. INTRODUCTION

In India. states like Rajasthan, Madhya Pradesh, Gujarat,
Andhra Pradesh, Kamataka and Tamil Nadu have adequate
deposit of black cotton soil. bentonite, mar and kabar (Ameta et
al., 2007). Bentonite exhibit high swelling, shrinkage,
compressibility and poor strength in contact with water leading
1o cracks in overlying structures. In order 1o utilize the locally
available expansive clays, different treatment technigues have
been developed across the world, The best alternative approach
is to modify the propertics of these soils with some additives
lime and phosphogypsum (a byproduct produced during the
manufacturing of phosphoric acid) 0 make them suitable for
the construction of overlying structures, In the present paper,
scanning electron microscope and the electron dispersive
absorption x-ray diffraction tests were carried out to identify
the microstructural development due to the addition of lime,
phosphogypsum and with the increase in curing period,

1. MATERIALS AND EXPERIMENTAL 5TUDY

The commercially available bentonite were used in this
study and the physical and engineering of the bentonite were as
follows: specific gravity, lguid limit, plastic limit. dry unit
welght and optimum moisture content 2,30, 220 % and 39.74
S0, 13.95 kN/m3 and 27.98 % respectively.. As per Universal

Soil Classification System, the clay was classified as clay of

high compressibility, Hydrated lime and phosphogypsum used
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in this study was procured from the local market at Hamirpur,
Himachal Pradesh, India. The specific gravity of lime and
phosphogypsum was 2.37 and 2.20 respectively. The elemental
composition of the bentonite, lime and phosphogypsum s
given in Table 1.

TABLEL  ELEMENTAL COMPOSITION OF BENTONITE, LIME AND
PHOSPHOGYFSLM
Floment Values (%}
Bentoniie Lime Phosphogypsum

c a7 18.9% 538
N 586 20,31 f.40
0 56,08 47.949 68,57
F ND NI -ND
Ma 2.02 ND XY
Mg 077 it 001
Al 7.61 0415 s
Si 15.01 003 A%
P ND ND 022
ND ND Ul

Cl ND 0.2 04
K 0.19 (.45 104
Ca a3 1224 {100
Cr 002 ND 916
Fe Lbd [1.1K] (104
i ND .24 il
Ph ND ND ND
As (105 NIy N
1 ND ND 09

MNote: NI <+ Not detected

The content of lime and phosphogypsum was varied from
0 to 10 %. Mixes were prepared by adding 2 to 10 % lime and
phosphogypsum to the bentonite. The optimum moisture
content and maximum dry unit weight for the corresponding
mix proportion were obtained from the standard proctor test
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and the specimens were prepared for the unconfined
compressive strength tests and cured for 3, 7, 14 and 28 days in
a desiccator. Failed specimens of unconfined compression tests
were powdered and sieved through a 45 pm sieve for SEM-
EDAX tests.

III. RESULTS AND DISCUSSIONS

A. Scanning Electron Micrograph Study

Scanning electron micrographs (SEM) of the bentonite and
bentonite + 8 % lime (cured for 7 and 28 days) are shown in
Figs. 1-3. Study of Fig. 1 reveals the particles of bentonite. Fig.
2 reveals the formation of compact matrix (cementing gel) in
bentonite with the addition of 8 % lime, cured for 7 days.

Fig. 1. SEM of bentonite

Fig. 3. SEM of bentonite + 8% lime cured for 28 days
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The formation of cementing gel increased with the
increase in curing period to 28 days as evident from Fig. 3. Fig.
4 presents the results of the unconfined compressive strength of
bentonite and bentonite + 8 % lime with the curing period.

1800 - —— B entonite
Z- —I+—EBE+8%L
o e —4—B+8%WML+-8WPGE
=] 1300
%
= 1200
2
.E_ = Q00
3
= 500
e
g 300
& — <
= 1} i i i
0 7 14 21 23
Cunng period. days
Fig. 4. Variation of unconfined compressive strength of the mixes with

curing period

Fig. 5. SEM of bentonite + 8% lime + 8 % phosphogypsum cured 7 days

Fig. 6. SEM of bentonite + 8% lime + 8 % phosphogypsum cured 14 days
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Fig. 7. SEM of bentonite + 8% lime + 8 % phosphogypsum cured 28 days

Study of Fig. 4 shows marginal increase in the unconfined
compressive strength of the bentonite with the increase in the
curing period. However, the increase in compressive strength
with the increase in curing period of bentonite + 8 % lime is
due to the formation of cementing gel. The SEM of bentonite
+ 8 % lime + 8 % phosphogypsum with the curing period is
shown in Fig. 5-7. Study of these figures reveals the formation
of needle like interlocking matrix and formation of pozzolanic
products. The effect of the later is dominant up to a curing
period of 14 days.But, with the increase in curing period to 28
days, the dominant effect of the former gets more leading to
decrease in strength of the bentonite+8% lime+8
%phosphogypsum as evident from Fig. 4.

B. Energy-Dispersive X-Ray Spectroscopy Study

The energy-dispersive X-ray spectroscopy (EDAX) of the
bentonite, bentonite + 8 % lime (cured for 7 and 28 days) and
bentonite + 8 % lime + 8 % phosphogypsum (cured for 7, 14
and 28 days) are shown in Figs. 8-13.

o
22 %
T1HT
| i

———

1.0 T X | 211

EDAX of bentonite

Fig. 8.
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Fig. 13.  EDAX of bentonite + 8 % lime + 8 % phosphogypsum cured for

28 days

Fig. 14 shows the variation of Ca: Si and Si: Al ratio of
the mixes. A close examination of Fig. 8-10 and 14 reveals an
increase in Ca: Si ratio of bentonite with the addition of 8 %
lime as well as with the increase in curing period. The
emissions of Ca, Si and O confirm the formation of cementing
compound like C-S-Hleading to an increase in the unconfined
compressive strength of the bentonite with the addition of lime
as shown in Fig. 4. Further from Fig. 14, the Si: Al ratio of
bentonite decreased with the addition of lime as well as with
the increase in curing period.

—+— B+ 8% L Ca: 8i ratio
—x— B+ 8% L+ 8 %PG Ca 5iratio

- = =B+ 8% L S5i Al ratio
— e =B + 8% L + 8 2:PG Si: Al ratio

1 ;2.4
|
08 [ {
| 22
B “n |
=] = L N =
= 0.6 " h""-.. #_f‘j?.l 5
R ~ - 4 3 o
= N | 2 =
5 04 | ]
iy
D/,__/—-D 1.8
02 [ I
|
o ; s | 16
0 7 14 21 28

Curing period. days

Fig. 14.  Variation of Ca: Si and Si: Al ratio of the mixes with the curing

period

The reduction in Si: Al ratio indicates the improvement in
unconfined compressive strength. A close study of Fig. 11-14
reveals an increase in Ca: Si ratio of bentonite + 8 % lime with
the addition of 8 % phosphogypsum and with the increase in
curing period leading to an improvement in the unconfined
compressive strength. The Si: Al ratio of bentonite + 8§ % lime
was 2.1556 and 1.8765 at a curing period of 7 and 28 days
respectively. The Si: Al ratio changed to 2.1500, 1.9557 and
2.0672 with the addition of 8 % phosphogypsum to bentonite
+ 8 % lime mix at a curing period of 7, 14 and 28 days
respectively. The decrease in Si: Al ratio continued upto a
curing period of 14 days leading to improvement in
unconfined compressive strength. The Si: Al ratio increased
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beyond a curing period of 14 days indicates the reduction in
the unconfined compressive strength due to the formation
ettringitedue to the strong emissions of Ca, Al, S and O. Past
study by Ghosh and Subbarao (2001)also analyzed the
microstructural development through scanning electron
micrograph and energy-dispersive X-ray spectroscopy
microanalysis tests to acquire the information on the
interaction between fly ash-lime and flyash-lime-gypsum. Roy
et al. (1996)alsoconfirms the formation of ettringite in cement-
phosphogypsum mixture.

IV. CONCLUSIONS

The microstructural study revealed the formation of
cementing products in bentonite with the addition of 8 % lime
to be the major factor responsible for the increase in the
unconfined compressive strength. This was documented with
the increase in Ca: Si ratio with the increase in the curing
period showing slow pozzolanic reactions between bentonite
and lime particles. The addition of 8 % phosphogypsum
accelerated the formation of cementing products in the
bentonite + 8 % lime along with minor formation of ettringite
like structures up to 7 and 14 days of curing. The increase in
ettringite formation led to a decrease in the unconfined
compressive strength beyond a curing period of 14 days. This
was verified with the EDAX study revealing a decrease in the
Si: Al ratio after a curing period of 14 days.
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Abstract-In engines two types of cooling system are used, air-
cooling and liquid-cooling. From these two cooling system, liquid-
cooling is widely used due its capacity to transfer large amount of
heat and air-cooling is preferred for small capacity engine in
which cooling system is much simpler in design, low in cost and
lighter in weight. In air-cooling engine fins with different profiles
are used for heat transfer enhancement. So it is very important
for an air-cooled engine to utilize effective fins profiles for better
heat transfer. In this research work, the effect of air cooling was
investigated using the different geometries of fins as variable for
natural convection. Fins offer an economical and trouble free
solution in many situations demanding natural convection heat
transfer. The temperature inside of the cylinder & on the surface
of the fins was measured by using thermocouples. Heat transfer
through the fins was analyzed practically and then comparison
through rectangular and triangular fins was considered. From
the comparison, it proved that the rate of heat release from the
cylinder was more when triangular shaped fin was used.

Keywords: Al-Cu Alloy Cylinder; Rectangular fins; Triangular fins
Thermocouple; Ethylene glycol; Variable Transformer

I. INTRODUCTION

Fins are commonly applied for heat management in
electrical appliances such as computer power supplies or
substation transformers and Internal Combustion engine
cooling, such as fins in a car radiator. The Rate of heat
dissipation from a fin configuration by convection heat
transfer depends on the heat transfer coefficient and the
surface area of the fins. The surface area of the fins can also
be increased by adding more fins to the base material in order
to increase the total heat transfer from the fins. But the number
of the fins should be optimized because it should be noted that
adding more fins also decreases the distance between the
adjacent fins. Using fins is one of the cheapest and easiest
ways to dissipate unwanted heat. It has been observed that
with increase in fin pitch heat transfer increases up certain
extent. Heat release from the cylinder is analyzed at a wind
velocity of O km/h. The trial conducted for 600 s, heat release
by ethylene glycol through cylinder to fins is about 28.5 W
for 10 mm pitch and 33.90 W for 20 mm pitch [1]. In another
research, optimizes the cooling system of scooter engine by
modification in cowl profile and cooling fan blade angle. It
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has been observed that there is significant reduction in
temperature of oil and fin surface with 3.1% reduction in fan
power, while maintaining the same flow rate [2].

In another research, a parametric study of natural
convection heat transfer from the horizontal rectangular fin
arrays has been done. In this it is investigated the effects of a
wide range of geometrical parameters like fin spacing, fin
height, fin length and temperature difference between fin and
surroundings; to the heat transfer from horizontal fin arrays.
However, no clear conclusions were drawn due to the various
parameters involved. Finally they concluded that, it is not
possible to obtain optimum performance in terms of overall
heat transfer by only concentrating on one or two parameters.
The interactions among all the design parameters must be
considered. This study has shown that each of the variables
produces an effect on the overall heat transfer. As a whole, it
can be concluded that the overall heat transfer is enhanced
with the increase in the height (H), of the fin and decrease in
the length (L) the fin [3]. Fins are generally used to increase
the heat transfer rate from the surface.

In the analysis of fins it has been considered that the
steady operation with no heat generation in the fin & assume
the thermal conductivity of material is constant. The heat
transfer coefficient is assumed to be constant over the entire
surface of the fin. The value of h is much lower at the base
than its tip. Because fluid is surrounded by the solid surface
near its base. So by adding too many fins on a surface
decrease the overall heat transfer coefficient when the
decrease in h offsets any gain resulting from the increase in
the surface area [4-5]. The heat transfer through the solid to
the surface of the solid takes place through conduction
whereas from the surface to the surroundings takes place by
convection. Further heat transfer may be by natural convection
or by forced convection. The rate of heat transfer from a
surface at a temperature T, to the surrounding medium at Ty is
given by the Newton’s law of cooling as:

Q=h A (T;-To)

Where: A, - is heat transfer surface area and h -is the
convection heat transfer coefficient. When the temperatures T
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and T, are fixed by design considerations, as is often the case,
there are two ways to increase heat transfer rates:

1) To increase convection average heat transfer coefficient
[ha] &

2) To increase the surface area [A,] [6-8].

There are different fins profiles available but among all the
profiles, which is suitable for better heat transfer in the natural
convection that is analyzed in current research work. In the
previous researches, the aluminum and copper materials were
used as the fins material individually. No one use the alloy of
aluminum and copper. So in this research work, the authors
are used the Al- Cu alloy as the fins material and heat transfer
rate is calculated. If the cooling rate is decreases, results in
overheating leading to seizure of the engine. At the same time,
an increase in cooling rate affects the starting of the engine
and reduces the efficiency.

II. MATERIAL AND METHOD
A. Fins Material

The aluminum has a thermal conductivity of about
205W/mk. The production of aluminum heat sink is
inexpensive. It is also very light. The copper having thermal
conductivity of about 400 W/mk and its weight is very high.
So here the alloys of aluminum and copper materials are used
of making the fins which having thermal conductivity of about
350 W/mk and its weight also low. The individual
compositions of Al-Cu alloys are shown in table 1.

TABLE I. THE COMPOSITION OF AL-CU ALLOYS

Material Compositions (%)
Aluminum 62.9
Copper 33.7
Silicon 1.2
Manganese 0.8
Carbon 0.4
Tin 0.3

B. Experimental set-up

Since conducting an experiment on actual engine is
tedious and costly process. For simplification test rig is
prepared which save the time and cost. The method provides
better control on measured parameter and maintains accuracy.
The experimental equipment in figure 1 was set & the cylinder
was filled with heat storage liquid. The heat storage liquid was
heated using the heater & the stirrer was operated. When the
heat storage liquid reached a temperature of approximately
120°C, the heater was turned off. The temperature of the heat
storage liquid decreased to 100°C by cooling at room
temperature & the temperature was recorded. The temperature
was recorded until it reached room temperature. Ethylene
Glycol is an organic compound which is used as heat storage
due to freezing point -12 °C and boiling point 197 °C. In its
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pure form, it is an odorless, colorless, syrupy, sweet-tasting
liquid. Ethylene Glycol is toxic with molar mass 62.068 g/mol
and density of about 1113.2 kg/m’. Asbestos is used as heat
insulating material at the top & the base of the cylinder. The
asbestos is a good insulator of heat and can resist the
temperatures up to 1500°C. As the heater was in direct contact
with the insulation, the asbestos was used to resist the
temperature of heater and to insulate the passage of heat from
the cylinders. The asbestos sheet 22 mm in thickness was cut
& machined to make the insulating covers for the cylinders.
Two cylinders made of Al-Cu alloys are used to perform the
experiment. The dimensions of the cylinders are shown in
table 2.

Heater =
Heat insulator

Data logger
"\ Compression fitting

Stirrer

Cylinder ™
Packing
Support table

Heat insulator

—

et
Fig. 1. Test Rig set-up

TABLE II. SPECIFICATION OF TEST CYLINDER

Parameters Dimensions
Length 200 mm
Thickness 2.5 mm
Outer diameter 75 mm
Inner diameter 70 mm
Stroke volume 780 to 825 cm’

Fins: Four number of fins made of Al-Cu alloy are used in
each cylinder. Four fins are of triangular shape & four are of
rectangular shape. The Al-Cu alloy used for making fins is
same as used for the cylinders. The spacing between the fins is
10 mm. The dimensions of the triangular and rectangular fins
are shown in table 3 and the diagrams of cylinder with
triangular and rectangular fins are shown in Figure 2 and 3
respectively.

TABLE III. SPECIFICATION OF FINS

Specification Rectangular Triangular
Fin Fin
Length (mm) 50 50
Base thickness 3 3
(mm) 3 3
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9 9
Edge thickness - 2
(mm)
Slope angle (°) - 4

Fig. 2. Cylinder with triangular fins

Fig. 3. Cylinder with rectangular fins

The experimental setup which is performed in heat
transfer laboratory is shown in figure 4.

Fig. 4. Experimental setup

The Closed type variable transformer of input and output
voltage 240 V and 0-270 V respectively was used here to
control the voltage supplied to the heater & to maintain a
constant heating temperature. The current limit was 0-4 A and
frequency 50/60 Hz. An AC motor of RPM 30-36 was used in
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order to connect with the stirrer & to heat the Ethylene Glycol
uniformly. The motor having power 4.5 W and frequency 50-
60 Hz at voltage 220 V. A stirrer was used to rotate the
ethylene glycol while it is heated & to make it uniformly
heated. The stirrer was made from a hollow pipe of 10 mm
dia. with a steel sheet of 1 mm welded with it. The stirrer was
connected to the motor with a screw & hence rotated. The
Pencil type heater was used to heat the ethylene glycol. The
heater of length 6 inch and power 300 Watt was inserted in the
cylinder by making a hole in the insulation cover & inserted in
the ethylene glycol inside the cylinder.

C. Location of Thermocouples

K- Type and J- Type thermocouples were used in this
experiment to measure the temperature of ethylene glycol &
the surface temperatures of fins. The J-Type thermocouple
was used to measure the temperature range of the ethylene
glycol 0° to 900° inside the cylinders are shown in figure 5 &
K-type thermocouples were used to measure the temperature
of the fin surface upto 1300° are shown in figure 6. The
position of J-type & K-type thermocouples are shown in table
4.

TABLE IV. POSITION OF THERMOCOUPLE

Thermocouple Distance (mm) from Base of fin
T, 10
T, 20
T; 30
Ty 40
T;s 50

Fig. 5. J-Type thermocouple

Fig. 6. K-Type thermocouple

Data Loggers: Data loggers or we can say temperature
indicators were used in this project to show & record the
temperatures. Two data loggers were used here as shown in
figure 7. One is connected to the J type thermocouple & one is
connected to K type thermocouples. The 1% logger which is
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connected to the J type thermocouple indicates the changing
temperature of the Ethylene Glycol inside the cylinders & the
2" Jogger which is connected to the K type thermocouples
indicates the surface temperature of the fins.

Fig. 7.
III. RESULT AND DISCUSSION

Data logger

Heat release from the cylinder was obtained by
multiplying the Mass and heat storing capacity of the Ethylene
Glycol by the difference between 100°C and the temperature
after 10 minutes from the start of recording, then dividing it by
the measurement time. The experiment was carried out at an
ambient temperature of 25°C, because ambient temperature
has a significant effect on temperature measurement of heat
storing liquid.

Mass of Ethylene glycol = 0.66792 Kg
Heat capacity of Ethylene Glycol =  3789.054 J/Kg
Temperature after 10 minutes= 48°C

Total Time Taken
= 1500 Seconds Heat Release from the Cylinder
= Mass*Heat capacity*(100-48)/Time
=0.66792%3789.054*52/1500 J/Sec
= 87.732 Joules/Second

Temperature Distribution of Rectangular & Triangular
Fins for thickness of 3 mm, 5 mm, 7 mm and 9 mm are shown
in table 5, table 6, table 7 and table 8 respectively. The graph
of temperature distribution for the rectangular and triangular
fins for thickness 3, 5, 7 and 9 mm are shown in figure 8, 9, 10
and 11 respectively in which the temperature is decreased as
distance increased from base to outer edge of the fin. But the
rates of temperature decreasing are so fast in triangular fin as
comparison to rectangular fin.

TABLE V. TEMPERATURE DISTRIBUTION OF RECTANGULAR &
TRIANGULAR FIN FOR 3 MM THICKNESS

Distance from
Base (mm)

Rectangular Fin
Temp. (°C)

Triangular Fin
Temp. (°C)

10

66

62

20 64 60
30 62 59
40 60 58
50 58 56

TABLE VI. TEMPERATURE DISTRIBUTION OF RECTANGULAR &

TRIANGULAR FIN FOR 5 MM THICKNESS

Distance from | Rectangular Fin | Triangular Fin
Base (mm) Temp. (°C) Temp. (°C)
10 70 65
20 68 63
30 66 61
40 64 59
50 62 57

TABLE VII. TEMPERATURE DISTRIBUTION OF RECTANGULAR &

TRIANGULAR FIN FOR 7 MM THICKNESS

Distance from Rectangular Fin Triangular Fin
Base (mm) Temp. (°C) Temp. (°C)
10 71 67
20 69 65
30 67 63
40 65 61
50 63 59

TABLE VIII. TEMPERATURE DISTRIBUTION OF RECTANGULAR &

TRIANGULAR FIN FOR 9 MM THICKNESS
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Distance from | Rectangular Fin Triangular Fin
Base (mm) Temp. (°C) Temp. (°C)
10 72 69
20 70 67
30 68 65
40 66 63
50 64 61
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Comparison of Both Fins for thickness 3 mm

Temperature (Degree Celsius)
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Comparison of temperature distribution of both fins for thickness 3

mm

Comparison of Both Fins for thickness 5 mm
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Comparison of temperature distribution of both fins for thickness 5

mm

Comparison of Both Fins for thickness 7 mm
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Comparison of temperature distribution of both fins for thickness 7

mm

Comparison of Both Fins for thickness 9 mm
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Fig. 11.  Comparison of temperature distribution of both fins for thickness 9
mm

IV. CONCLUSION

From the experimental study it is found that the heat
transfer rate in triangular fin is more than the rectangular fin.
If the thickness of triangular fins is increased, then rate of heat
transfer is decreased. So to increase the cooling of engine
cylinder, keep the thickness of fins low. Also the Al-Cu alloy
fins gives more heat transfer rate than the aluminum or copper
fins. In this study, the natural convection are considered
because in some cases like motor vehicles are stopped at red
light but the engine are start. So in this case heat is transferred
through the natural convection. The authors are considered
one another case for using natural convection that is air
cooling system in 4-stroke engine which are used in the field
by farmers for extract the water from earth. In future scope in
this study, we can change the shape of fins as trapezoidal etc
and analyze the heat transfer rate.
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Abstract- The paper presents the swelling characteristics of the
reference mix containing bentonite + 8 % lime + 4 % gypsum
reinforced with sisal fibres. Sisal fibre content was varied from 0.25 to
2 % by dry weight of bentonite. The results of this study revealed an
increase in the strength ratio of bentonite with the addition of lime-
gypsum-sisal fibres. The swelling characteristics of bentonite were
markedly reduced with the addition of 8 % lime, 4 % gypsum and 1
% sisal fibres. The end-time of primary swelling of bentonite + 8 %
lime + 4 % gypsum + 1 % sisal fibres in duration of 40 days was 80 %
less than that reached by bentonite. This accelerated reduction in
swelling of bentonite brings new hope for the construction activities
on such problematic areas.

Keywords- Bentonite, Lime; Gypsu; Sisal fibre; Compaction; Unconfined
compressive strength; Swelling Characteristics.

I. INTRODUCTION

In a developing country like India, infrastructural investment
is up to the tunes of thousands of crores. The fulfillment of
continuous demand for suitable construction site is becoming hard
mainly due to the ever-increasing population. In such a scenario,
shifting the focus on areas covering problematic soil shows good
hope for engineers to build structures using stabilization
techniques. Many researchers stabilized the expansive soils using
additives like lime or gypsum or in combination in the pastto
improve the unconfined compressive strength (Al-Rawas et al.,
2005, Kavak and Akyarli, 2007; Khattab et al., 2007; Abdelmadjid
and Muzahim, 2008;Yilmaz and Civelekoglu, 2009;Seco et
al.,2011; Neeraja, 2010; Ramesh et al., 2010; Sabat, 2012).Ferber
et al. (2009)reported the influence of nature of clay fraction and
mineralogy, the dry density and water content, and the amount of
water intake as major parameters for the soil swelling deformation
leading to non-negligible maintenance costs for the overlying
structures.Muntohar (2004)reported the swelling pressure of
montmorilloniteas high as 981 kPa. Research community is always
in search of materials and techniques to arrest the swelling of
expansive soils. Various types of natural fibres were used to
stabilize the expansive soils(Rajan and Abraham, 2006; Ramesh et
al, 2010, 2011; Sebastian et al, 2011; George at el, 2013) in the
past. However studies related the addition of sisal fibres to the
lime-gypsum stabilized expansive soils has not been investigated
so far. Hence this research is taken up and the results obtained
from the swelling potential has been presented and discussedin the
present paper.
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II. MATERIAL USED AND EXPERIMENTAL
PROCEDURE

Bentonite used in this study was procured from Ludhiana,
India. The physical and engineering properties of bentonite are
given in Table 1.

TABLE I. PHYSICAL AND ENGINEERING PROPERTIES OF
BENTONITE (AFTER TILAK ET AL., 2014)

Property Value
Specific gravity 2.30
Liquid limit, % 220
Plastic limit, % 39.74
Optimum moisture content, % 27.98
Maximum dry density, kN/m* 13.95
Type CH

Hydrated lime and gypsum, and sisalfibres were procured
from the local market at Hamirpur, Himachal Pradesh, and
Patna, India respectively. The specific gravity of lime, gypsum
and sisal fibre was 2.37, 2.89 and 1.4 respectively. The
standard proctor compaction tests and unconfined compressive
strength tests were conducted as per the relevant standards on
bentonite-lime,bentonite-lime-gypsum and bentonite-lime-
gypsum-sisal fibresmixtures by varying the content of lime,
gypsum and sisal fibre from 2 to 10 %, 0.5 to 8 % and 0.25 to
2 % respectively and water was added as needed to facilitate
the mixing. The specimenswere placed in air tight polythene
bags and kept in the desiccator for curing for 3, 7, 14 and 28
days. Free swell test were conducted using 100 cc graduated
glass jar using distilled water in one and kerosene in the other
jar. About 15 g of bentonite was mixed in distilled water and
stirred thoroughly before pouring the mix in the jar and was
allowed to swell. The observations were recorded after 24
hours from the start of the test.For the swell potential tests, the
specimen was prepared in the conventional odometer by
compacting the mix into three layers using a rubber tamper in
the consolidation ring of 60 mm internal diameter and 25.9
mm height in three layers and was applied a seating load of 5
kPa. The oedometer was then placed in a container filled with
water and was allowed to swell for 40 days.

III. RESULTS AND DISCUSSIONS
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A. Compaction and unconfined compressive strength tests

The variation of maximum dry unit weight with optimum moisture
content of bentonite with the addition of varying percentages of
lime is shown in Fig. 1.A decrease in maximum dry unit weight
and increase in optimum moisture content of bentonite was
observed with the increase in the lime content. Detailed study is
reported in Tilak et al. (2014).To decide the optimum bentonite-
lime mix for further study, unconfined compressive strength test
was conducted on the lime-bentonite mixes. The change in the
strength ratio with the increase in the lime content is shown in the
Fig. 2. Study of Fig. 2 shows the increase in the strength ratio of
bentonite with the increase in the lime content. The increase in the
strength ratio is also observed with the increase in the curing
period. A close study of the Fig. 2 shows the maximum increase in
the strength of the bentonite occurred with the addition of 8 %
lime. Hence, bentonite + 8 % lime was chosen for further study.
The compaction studies were continued with the addition of
varying percentage of gypsum to the bentonite + 8 % lime mix.The
variation of maximum dry unit weight and optimum moisture
content with the increase in the gypsum content is shown in the
Fig. 3.
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Fig. 2. Variation of strength ratio of bentonite with varying percentage of lime

and curing period
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Fig. 3. Variation of maximum dry unit weight and optimum moisture
content of bentonite + 8 % lime with varying percentage of gypsum

To decide the optimum bentonite-lime-gypsum mix for further
study, unconfined confined compressive study was conducted
on the bentonite-lime-gypsum mixes. The change in the
strength ratio with the increase in the gypsum content is
shown in the Fig. 4.Study of Fig. 4 shows the increase in the
strength ratio of bentonite + 8 % lime with the increase in the
gypsum content. A close study of the Fig. 4 shows the
maximum increase in the strength of the bentonite + 8 % lime
occurred with the addition of 4 % gypsum. Hence, bentonite +
8 % lime + 4 % gypsum was chosen as the “reference mix”
for further study. The compaction studies were continued with
the addition of varying percentage of sisal fibers to the
reference mix.
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Fig. 4. Variation of strength ratio of bentonite + 8 % lime with varying

percentage of gypsum and curing period

Fig. 5 shows the variation of maximum dry unit weight and
the optimum moisture content of the reference mix with
varying percentage of sisal fibres. The decrease in the
maximum dry unit weight of the reference mix with the
addition of sisal fibres is due to the replacement of lighter sisal
fibres with the heavier bentonite, lime and gypsum particles.
The increase in the optimum moisture content with the
increase in the addition of sisal fibers to the bentonite-lime-
gypsum is due to the moisture absorption capacity of the
fibres. A close study of the Fig. 6 shows the maximum
increase in the strength ratio of the reference mix occurred
with the addition of 1 % sisal fibres.The increase in strength
ratio with the addition of sisalfibres up to a fibre content of 1.0
% 1is attributed to the fact that the cementing gel formed due to
the reaction of bentonite with lime, binds the sisalfibres with
the bentonite particles leading to enhancement strength ratio.
The decrease in strength ratio beyond a fibre content of 1.0 %
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is attributed to the fact that formation of lump of fibres due to
excessive adhesion and poor contact of fibres with bentonite
particles. Hence, reference mix + 1 % sisal fibres were chosen for
studying the swelling characteristics.
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Fig. 5. Variation of maximum dry unit weight and optimum moisture content of
bentonite + 8 % lime + 4 % gypsum with varying sisal fibre content
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Fig. 6. Variation of strength ratio of the reference mix with varying percentage

of sisal fibres and curing period

B. Swelling characteristics

Swelling characteristics was determined for bentonite, bentonite +
8 % lime, reference mix and reference mix + 1 % sisal fibres. Free
swell index and swell potential were determined.

1. Free swell index

The variation of free swell index for the mixes is shown in
Fig. 7. A study of Fig. 7 reveals that the free swell index of the
bentonite was 795.45 % which decreased to 100 % when the
bentonite is mixed with 8 % lime. The free swell index of the
bentonite + 8 % lime mix further decreased to 20 % with the
addition of 4 % gypsum. There was a decrease of % with the
addition of 1 % sisal fibres.
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Fig. 7. Variation of the free swell index with varies mixes
2. Swelling potential

The swell potential is defined as thepercentage swell of a
laterally confined sample,which has soaked under a surcharge
pressure  of3.89 kPa after being compacted to
maximumdensity at optimum moisture content accordingto the
compaction test(Muntohar,2004). The swell is expressed as
apercentage increase in sample height. The variation of
swelling deformation in reference to the original volume of the
compacted specimens with time is shown in the Fig. 8 for the
mixes and the variation of total swell of the mixes with time is
shown in Fig. 9.
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Fig. 9. Variation of percentage of total swell of varies mixes

Study of Fig. 8 reveals the high swelling behavior of the
bentonite. A 93 %, 79 % and 85 % reduction of swelling is
observed with the bentonite + 8 % lime, reference mix and
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reference mix + 1.0 % sisal fibresrespectively. The increase in the
swelling behavior of bentonite + 8 % lime with the addition of
gypsum is due to expansive action of sulphates. The inclusion of 1
% sisal fibres slightly decreases the swelling of the reference
mix.A study of Fig. 9 shows an increase in swelling with log time
being slow initially for all mixes, increased steeply, and then
reached anasymptotic value. The time required to reach
anasymptotic value varied considerably, dependingupon the
percentage of bentonite and the amount of additives.
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Fig. 10.  Variation of primary swell and secondary swell of reference mix + 1.0 %

sisal fibres

Fig. 10 shows the close occurrence of the two stages in
swelling namely, the primary swell and secondary swell. The first
phase shows hydration of drybentonite particles, in which, water is
adsorbed in successivemonolayers on the surface of bentoniteapart
which referred to as interlayer orinter-crystalline swelling. The
second phase ofswelling shows large volume changes due to
double-layer repulsion. However, initial swellingis less than 10%
of the total swelling(Muntohar,2004). A close study of Fig. 10
reveals the point corresponding to the end of primary swell for
reference mix + 1.0 % sisal fibres. A reduction of 80 % in the end-
time of primary swell is observed with the addition of sisal fibres
to the reference mix.

IV. CONCLUSIONS

The study shows the increase in the strength ratio of bentonite
with the addition of lime-gypsum-sisal fibres.The swelling
characteristics of bentonite were markedly reduced with the
addition of 8 % lime, 4 % gypsum and 1 % sisal fibres.The end-
time of primary swelling of bentonite + 8 % lime + 4 % gypsum +
1 % sisal fibresin duration of 40 days was 80 % less than that
reached by bentonite. This accelerated reduction in swelling of
bentonite brings new hope for the construction activities on such
problematic areas.

V. NOTATIONS

B = Bentonite
L = Lime

G = Gypsum
SF = Sisal fibre
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Abstract—The three-dimensional finite element models was
constructed and an analytical modal analysis is then performed
to generate natural frequencies and mode shapes Modal Analysis
of crank shaft for single cylinder camless engine is done by using
Visual Nastran 4DFEA software as an analysis tool.Modal
analysis evaluates normal modes and natural frequencies and it
does not consider damping.Issues like,how stiffness and mass
affect frequency of crankshaft are also considered and the
solution for a single DOF model demonstrates that frequency is
proportional to stiffness (K) and inversely proportional to the
mass (M). The modal analysis gives us different modal shapes at
its natural frequencies.Modal analysis is done in order to
understand the pattern of shape change so as to decide the
criticality at the same working frequency of the whole assembly.
The software automatically adapts the default settings and run
the analysis to give different modes.In this case we request the
software for 10 modal outcomes.

Keywords— Finite element analysis (FEA), Experimental modal
analysis (EMA), crankshaft,modal,frequency,camless

I.  INTRODUCTION

History shows that the idea of a camless internal
combustion engine has its origins as early as 1899, when
designs of variable valve timing surfaced. It was suggested
that independent control of valve actuation could result in
increased engine power [1]. More recently, however, the
focus of increased power has broadened to include energy
savings, pollution reduction, and reliability.To provide the
benefits listed above, researchers throughout the previous
decade have been proposing, prototyping, and testing new
versions of valve actuation for the internal combustion
engine. Their designs have taken on a variety of forms, from
electro-pneumatic to electro-hydraulic [2,3]. These designs
are based on electric solenoids opening and closing either
pneumatic or hydraulic valves. The controlled fluid then
actuates the engine valves.

Much of the available documentation deals with the either
the control of the solenoids or the computer modeling of such
control systems [4,5,6]. The research on the control of the
solenoids is crucial since their precision and response is a
limiting factor to developing a reliable camless valve
actuator.
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A comprehensive project using solenoid control of
pneumatic actuators was completed in 1991 . This research
included the development of the actuators, a 16 bit
microprocessor for control, and comparative testing between a
standard Ford 1.9 liter, spark ignition, port fuel injected four
cylinder engine and the same engine modified for camless
actuation. Testing compared the unmodified engine to that of
the same engine, altered to include eight pneumatic actuators
in place of the standard camshaft. As Gould et al states, their
work cannot be considered feasible for implementation due to
the high power requirements of the actuator. Furthermore,
concerns related to the lack of research for the gas flow
dynamics in variable valve timing designs were raised by the
authors. The altered flow dynamics may have contributed to
inconsistently favorable results.

Since the new research proposed by the University of
South Carolina utilizes the emerging field of piezoelectric
devices to replace solenoids in previous designs, a literature
review of piezoelectric — hydraulic actuators was completed.
Through this search, it was found that the combination of
accuracy, force, and displacement were the greatest challenges
facing such actuators.  Recent research completed by Mauck
et al [7] indicates that the need for “smart wing” technology is
centered around the ability of a hybrid piezo-hydraulic pump
to produce large displacements (0.1 to 10 mm) with high
forces (10 to 2000 N). This is in line with this proposal;
however, the actuation frequency of (1) is limited to low or
intermediate frequencies (0.1 to 200 Hz). This is not
compatible with the high frequency requirements of a camless
engine. Earlier work by Yokota and Akutu [8] results in an
on-off poppet-type valve that operates at higher speeds.
However, actuation is limited to 2 kHz and simple binary
function — open or closed. This is also not compatible with the
requirements of variable timing and lift needed for the camless
engine.

Another, more recent, advance in high operating frequency
piezoelectrically-driven hydraulic actuators was completed by
Roberts et al [9]. Their system provides actuation at
frequencies up to 24 kHz, but valve stroke is limited to 40 pm.

II. CRANKSHAFT

Crankshaft is one of the most important moving parts in
internal combustion engine [10]. It must be strong enough to
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take the downward force of the power stroked without
excessive bending. So the reliability and life of internal
combustion engine depend on the strength of the crankshaft
largely. And as the engine runs, the power inpulses hit the
crankshaft in one place and then another. The torsional
vebration appeas when a power impuls hits a crankpin toward
the front of the engine and the power stroke ends. If not
controlled, it can break the cuankshatft.

Srength caculation of crankshaft becomes a key factor to
ensure the life of engine. Beam and space frame model were
used to calculate the stress of crankshaft usually in the past.
But the number of node is limited in these models. With the
development of computer, more and more design of crankshaft
has been utilized finite element method (FME) to calculate the
stress of crankshaft. The application of numerical simulation
for the designing crankshaft helped engineers to efficiently
improve the process development avoiding the cost and
limitations of compiling a database of real world parts. Finite
element analysis allows an inexpensive study of arbitrary
combinations of input parameters including design parameters
and process conditions to be investigated [11-14].

Crankshaft is a complicated continuous elastomer. The
vibration performance of crankshaft has important effect to
engine. The calculation of crankshaft vibration performance is
difficult because of the complexity of crankshaft structure, the
difficult determinacy of boundary condition. Dynamic matrix
method and dynamic substructural method combined with
FME were used to calculate the vibration of crankshaft. The
method of three-dimensional finite element was carried to
analysis dynamical characteristic of diesel crankshaft [15-18].

III. MODAL ANALYSIS

In the paper, 3-D finite element analyses are carried out on
the modal analysis of crankshaft and the stress analysis of
crankpin. And the FME software NASTRAN was used to
simulate the modal analysis .The results of natural frequencies
and mode shape were obtained. The results are regarded as a
theory basis to optimize the design of crankshaft and analysis
the structure dynamics of crankshaft. The experimental modal
analysis (EMA) means the extraction of modal parameters
(frequencies, damping ratios, and mode shapes) from
measurements of dynamic responses.Basically, it is carriedout
according to both input and output measurement data
throughthe frequency response functions (FRFs) in the
frequency domain,or impulse response functions (IRFs) in the
time domain. For mechanical engineering structures, the
dynamic responses (output) are thedirect records of the
sensors that are installed at several locations .The finite
element analysis (FEA) is currently a common way toperform
an analytical modal analysis of crankshafts. However,some
problems always occur when establishing an accurateFE
model of the existing structure. The problem arises not
onlyfrom the errors resulting from simplified assumptions
made inmodeling of the complicated structures but also from
parametererrors due to structural damage and uncertainties in
the materialand geometric properties. The FEA is analytical,
the EMA is experimental and modes are the common ground
between the two. In fact the EMA is still used to validate FEA
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models, but it is also heavily used for troubleshooting noise
and vibration problems in the field. Once an FEA model has
been validated, it can be used for a variety of static and
dynamic load simulations

IV. FINITE ELEMENT MODELING.

Now that the geometrical and mechanical properties of the
crankshaft are decided, we can proceed with the finite element
modeling. Three-dimensional linear elastic finite element
model has been constructed using Visual Nastran 4D FEA
software.The crankshaft is modeled using solid ten-noded
tetrahedral elements (each node has 3 degrees of freedom
UX,UY and UZ).Maintaining the Integrity of the
Specifications.

TABLE 1.

Environment Summary

Environment NX NASTRAN - Structural

Analysis Structural

Problem abstraction Simple

Time dependency Steady state

Solver NX NASTRAN

TABLEIIL 1

Mesh Summary
Total number of elements in the part 5884
Total number of nodes in the part 1762
Number of Tetra4 elements 5884
Minimum element label used 1
Maximum element label used 5884
Minimum node label used 1
Maximum node label used 1762

TABLE III.
Physical Property
Name PSOLID1
Type PSOLID
Label 1
Material Steel
CORDM Definition User Defined
CORDM Absolute
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TABLE IV.

Physical parameters Values

Tensile strength ( MPa) 1080
Yield strength (MPa) 930
Elongation (%) 12
Reduction of cross sectional area (%) 5
Impacting energy (J) 63
Notched bar impact strength ( J/cm2) 78
Rigidity (HB) 217
Modulus of Elasiticity (GPa) 210
Poisson ratio 0.3
Density (g/cm3) 7.9

Fig. 1. Modal of camless engine shaft

Modal evaluates normal modes and natural

frequencies. It does not consider damping. The modes respond

analysis

to the natural frequency of the body are.

Fig. 2. Meshing Modal of camless engine shaft
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Fig. 3. Meshing Modal of camless engine shaft
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The solution for a single DOF model demonstrates that

Fig.4 Solver output graph

frequency is proportional to stiffness (K) and inversely

proportional to mass (M).

The modal analysis gives us different modal shapes at its
natural frequencies. Modal analysis is done in order to
understand the pattern of shape change so as to decide the
criticality at the same working frequency of the whole
assembly.

There is no boundary condition applies in this analysis. The
software automatically adapts the default settings and run the
analysis to give different modes. In this case we request the
software for 10 modal outcomes.

V. RESULTS

The result below shows different modal displacements and
stress:

Fig.5 mode 1, stress and Displacement of calmless engine shaft

Page | 141



e
(e -

s

-

wae -
19 - A -

+ N .

'ml -

-

:mln

Fig. 6 Mode 2, Stress and Displacement of camless engine shaft
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Fig. 7 Mode 3, Stress and Displacement of camless engine shaft

Fig. 8 Mode 4, Stress and Displacement of camless engine shaft

Fig. 9 Mode 5, Stress and Displacement of camless engine shaft
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Fig. 10 Mode 6, Stress and Displacement of camless engine shaft

Fig. 11 Mode 7, Stress and Displacement of camless engine shaft

Fig. 12 Mode 8, Stress and Displacement of camless engine shaft
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Fig. 13 Mode 9, Stress and Displacement of camless engine shaft
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Fig. 14 Mode 10, Stress and Displacement of camless engine shaft

VI. CONCLUSION
In this paper, the crankshaft model and crank throw modal

|

were created by pro/engineer software. Then the model
created by pro/engineer was imported to NASTRAN
software. The maximum deformation appears at the center
of crank neck surface. The crankshaft deformation was
mainly bending deformation under the lower frequency and
the maximum deformation was located at the link between
main bearing journal and crankpin and crank cheeks. So this
area prones to appear the bending fatigue crack. Base on the
results, we can forecast the possibility of mutual
interference between the crankshaft and other parts. The
resonance vibration of system can be avoided effectively by
appropriate structure design the results provide a theoretical
basis to optimize the design and fatigue life calculation
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Abstract— Axiomatic design (AD) is a design theory that was
created and popularized by Professor Suh of the Massachusetts
Institute of Technology (Suh 1990, 2000). It is quite a new design
theory dating back for not more than twenty five years ago. Since
1990, many researchers are working on AD, defining and
detailing even the smallest aspect of AD. Thus, there is a
tremendous need of gathering all the corollaries and theorems of
AD under the same roof. This paper solves the problem by
collecting almost all corollaries and theorems of AD in it and
explaining them in the simplest possible way.

Keywords— Axiomatic Design; Corollaries;
Independence Axiom; Information Axiom.

Theorems;

1. INTRODUCTION

From the Oxford Dictionary, the word ‘Axi-o-matic’ is an
adjective and means ‘Self-evident or unquestionable’ or
‘Relating to or containing axioms.” The method gets its name
from its use of design principles or design Axioms (i.e., given
without proof) governing the analysis and decision making
process in developing high quality product or system designs.
Axiomatic design is a systems design methodology using
matrix methods to systematically analyze the transformation
of customer needs into functional requirements, design
parameters, and process variables (Deo & Suh, 2004).
According to Prof. Nam P. Suh, “Axiomatic Design (AD) can
be used to establish a scientific basis to improve design
activities by providing the designer with a theoretical
foundation based on logical and rational thought process and
tools (Suh, 1990). The primarily goal of AD is to provide a
thinking process to create a new design and/or to improve the
existing design (Suh, 2001).”

AD is a general design framework, rather than a design
theory. As the word “framework” indicates, it can be applied to
all design activities. It is well known that the word “axiom”
originates from geometry. An axiom cannot be proved and
becomes obsolete when a counterexample is validated. So far,
a counterexample has not been found in axiomatic design.
Instead, many useful design examples with axioms are
validated. Design is the interplay between “what we want to
achieve” and “how we achieve it”. A designer tries to obtain
what he/she wants to achieve through appropriate interplay
between both sides. The engineering sequence can be classified
into four domains as illustrated in Fig. 1. Customer attributes
(CAbs) are delineated in the customer domain. In other words,
CAs are the customer needs. CAs are transformed into
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functional requirements (FRs) in the functional domain. FRs
are defined by engineering words. This is equivalent to “what
we want to achieve.” FRs are satisfied by defining or selecting
design parameters (DPs) in the physical domain. Mostly, this
procedure is referred to as the design process. Production
variables (PVs) are determined from DPs in the same manner.
The aspects for the next domain are determined from the
relationship between the two domains, and this process is
called mapping. A good design process means an efficient
mapping process.

It consists of two axioms. One is the Independence Axiom
and the other is the Information Axiom. A good design should
satisfy the two axioms while a bad design does not.

- - - -

Mapping Mapping Mapping

[Ca) (FR) (DF) (2]

Qustomer Comain Functional Domain Physical Doman Protess Domair

Fig. 1. Graphical representation of the four domains of AD and the

process of Mapping.

II. THE TWO-AXIOMS
A. The Independence Axiom

The independence of Functional Requirements (FRs) must
be always maintained, where FRs are defined as the minimum
number of independent functional requirements that
characterize the design goals (Suh NP, 1990). It is also known
as The Maximize Independence Law.

Alternate Statement 1: An optimal design always maintains
the independence of FRs (Albano LD, Suh NP, 1992, 1993).

Alternate Statement 2: In an acceptable design, DPs and
FRs are related in such a way that a specific DP can be adjusted
to satisfy its corresponding FR without affecting other
functional requirements (Albano LD, Suh NP, 1992, 1993).

Using vector notations for FRs and DPs, the relationship is
expressed as the following design equation:

{FR} = [A] {DP}

Matrix A is called a design matrix. The characteristics of

matrix A determine if the Independence Axiom is satisfied.

Page | 144



Suppose we have three FEs and DPs, then Matrix A 1S as
follows:

FRI "_11 1 ‘_1‘ 2 "-‘I"l 3 ‘D‘Pl
FRE = +‘!21 '4]2 A'_}3 .DPE
‘F‘R3 "-13-1 "‘131 ""133 DP]-

If the design matrix is a diagonal matrix. it is an uncoupled
design (D). Because each DP can satisfy a corresponding FR,
the uncoupled design perfectly satisfies the Independence
Axiom,

When the design matrix is tiangular, the design is a
decoupled design (DD). A decoupled design satisfies the
Independence Axiom if the design sequence is correct.

When a design matrix is neither diagonal nor trianguolar, the
design becomes a coupled design {CD). In a coupled design. no
sequences of DPs can satisfy the FRs independently, Therefore,
an uncoupled or a decoupled design satisfies the Independence
Axiom and 4 coupled design does not,

TABLE I. MATHEMATICAL AND GRAPHICAL REPRESENTATION OF
UD. DD AND CTx

Uncoupled Decoupled Counpled
Design Idesign Design
L8] 1] DIy (CD)
it F2 e oot
Graphical " ?
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(far 1w DPs
comesponding
Lo twir FR=) L oM
i (131 FEl
Ibewbgai euguintson i prigasis
FR [, @O [0 T FRy = dyy = EHE
lllulgi.nn|>|hl Fit, il by (V] Fao FRs i3y = 2P
=z |FRy | | @ 0 s || oey Flty = Ay, = D,
] Tay @ o Tary TR keER
¥ | s ] - W _- .
1;;.,..-,1...|.r..| Fi. | My ey o £3Fe FR, gy = LA & iy, = L0
e t L b j
Frnl e ot cAu s | TR = ey = D+ e = D
B I Al B 4 iy = P
FRy = Ayy = LA+ Ay = DO,
e TR 3 . # oy = IR
MR, Ay g Ay I3 . -
Censpaled rﬁ'l | -:.I. gy l.l n.r'l s Sl el T
£ : : . ey
TN Pl Gy n e o + gy = FAF,
FiRly = iy = IR + Ay = DP,
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B. The Information Axiom

Among those designs that satisfy the Independence Axiom.
the design that has the smallest information content is the best
design (Suh NP, 1990). Viclating Axiom | results in a coupled
design, whereas, Violating Axiom 2 results in svstem
complexity, It is also known as The Minimize Complexity
Law.

Alternate Statement |; The best design is a functionally
uncoupled design that has minimum information content. The
selection process is based on criterion. which states that the
design resulting in the highest probability of FR success is the
best design (Albano LD, Suh NP, 1992, 1993 ),
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It the probability ol success for a given FR is p, the
information content is caleulated by Equation 1;

1
I = ILEIF'

If there are more than one FR, the information content is
as follow;

litem = —10g; Pim) (1

Lontem = —log; (.ﬁ P.)
-l 2)

Where "ASR’ is the Area under System Range, and "ACR’
15 the Area under Common Range as illustrated in fig. 2:

(2)

A

£ Design

E Rangs - System

3

& Range

E ¥

& >

FR Scale

Comman g
Range

Fig. 2, Caleulation of the Information Content using the Proboability
Density Function.

OI. DESIGNING STEPS AND FLOW CHART

Obtain complete list of Customer needs (CNs)
Translate into functional requirements (FRs)

Perform project leaming on key technologies

Match design parameters (DPs) with FRs

Muximize independence between DPs

Convert DPs to Process Variables (PVs) (via
experiments,  drawings,  purchased  parts  and
manufacturing plans)

*  Decompose FRs, DPs and PVs by zigeagging

- & & & & @

Fig, 3. chart of the application of Axiomatic Design
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| Amnalysis of design |

*

Find desigas that satisfy the ‘

Independence Axiom

ﬂi of designs sufficient?
Yes

Multiple designs? Find the best design with

the Information Axiom

No

Determine the final design |l‘

IV. COROLLARIES AND THEOREMS
[2,10,12,16,19,21,22,23,24,25,26,28]

A. Corollary 1 [Decoupling of Coupled Designs]
Decouple or separate parts or aspects of a solution if FRs
are coupled or become independent in the designs proposed.

B. Corollary 2 [Minimization of FRs]
Minimize the number of FRs and constraints.

C. Corollary 3 [Integration of Physical Parts]
Integrate design features in a single physical part if FRs can
be independently satisfied in the proposed solution

D. Corollary 4 [Use of Standardization]
Use standardized or interchangeable parts if the use of these
parts is consistent with FRs and constraints.

E. Corollary 5 [Use of Symmetry]
Use symmetrical shapes and/or components if they are
consistent with FRs and constraints.

F. Corollary 6 [Largest Design Ranges]
Specify the largest allowable design range in stating FRs.

G. Corollary 7 [Uncoupled Design with Less Information]
Seek an uncoupled design that requires less information
than coupled designs in satisfying a set of FRs.

H. Corollary 8 [Effective Reangularity of a Scalar]
The effective reangularity R for a scalar coupling “matrix”
or element is unity.

1) Theorem 1 [Coupling Due to an Insufficient Number of
DPs]
‘When the number of DPs is less than the number of FRs,
either a coupled design results or the FRs cannot be satisfied.

2) Theorem 2 [Decoupling of a Coupled Design]

When a design is coupled because of a larger number of
FRs than DPs ( i.e., m>n), it may be decoupled by the addition
of new DPs so as to make the number of FRs and DPs equal to
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each other if a subset of the design matrix containing n X n
elements constitutes a triangular matrix.

3) Theorem 3 [Redundant Design]
When there are more DPs than FRs, the design is either a
redundant design or a coupled design.

4) Theorem4 [Ideal Design]

In an ideal design, the number of DPs is equal to the
number of FRs and the FRs are always maintained
independently of each other.

5) Theorem 5 [Need for a New Design]

When a given set of FRs is changed by the addition of a
new FR, by substitution of one of the FRs with a new one, or
by selection of a completely different set of FRs, the design
solution given by the original DPs cannot satisfy the new set of
FRs. Consequently, a new design solution must be sought.

6) Theorem 6 [Path Independence of an Uncoupled Design]

The information content of an uncoupled design is
independent of the sequence by which the DPs are changed to
satisfy the given set of FRs.

7) Theorem 7 [Path Dependency of Coupled and Decoupled
Design]
The information contents of coupled and decoupled designs
depend on the sequence by which the DPs are changed to
satisfy the given set of FRs.

8) Theorem 8 [Independence and Design Range]
A design is an uncoupled design when the designer-
specified range is greater than

n( gFR, |

5 IADP.
_}:z L aDP i J =
J=l

in which case the off-diagonal elements of the design
matrix can be neglected from the design consideration.

9) Theorem 9 [Design for Manufacturability]

For a product to be manufacturable with reliability and
robustness, the design matrix for the product A (which relates
the FR vector for the product to the DP vector of the product),
times the design matrix for the manufacturing process B
(which relates the DP vector to the PV vector of the
manufacturing process), must yield either a diagonal or a
triangular matrix. Consequently, when either A or B represents
a coupled design, the independence of FRs and robust design
cannot be achieved. When they are full triangular matrices,
either both of them must be upper triangular or both must be
lower triangular for the manufacturing process to satisfy
independence of functional requirements.

10) Theorem 10 [Modularity of Independence Measures]

Suppose that a design matrix A can be partitioned into
square sub matrices that are nonzero only along the main
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diagonal. Then the reangularity and semangularity for A are
equal to the product of their corresponding measures for each
of the nonzero sub matrices.

11)Theorem 11 [Invariance]

Reangularity and semangularity for a design matrix A are
invariant under alternative orderings of the FR and DP
variables, as long as the orderings preserve the association of
each FR with its corresponding DP.

12) Theorem 12 [ Sum of Information]

The sum of information for a set of events is also
information, if proper conditional probabilities are used when
the events are not statistically independent.

13) Theorem 13 [Information Content of the Total System]

If each DP is probabilistically independent of other DPs,
the information content of the total system is the sum of the
information of all individual events associated with the set of
FRs that must be satisfied.

14)Theorem 14 [Information Content of Coupled Versus
Uncoupled Designs]

When the state of FRs is changed from one state to another
in the functional domain, the information required for the
change is greater for a coupled design than for an uncoupled
design.

15) Theorem 15 [Design—Manufacturing Interface]

When the manufacturing system compromises the
independence of the FRs of the product, either the design of the
product must be modified or a new manufacturing process
must be designed and/or used to maintain the independence of
the FRs of the products.

16) Theorem 16 [ Equality of Information Content]

All information contents that are relevant to the design task
are equally important regardless of their physical origin, and no
weighting factor should be applied to them.

17)Theorem 17 [Design in the
Information]
Design can proceed even in the absence of complete
information only in the case of a decoupled design if the
missing information is related to the off-diagonal elements.

Absence of Complete

18)Theorem 18 [Existence of an Uncoupled or Decoupled
Design]
There always exists an uncoupled or decoupled design that
has less information than a coupled design.

19) Theorem 19 [Robustness of Design]

An uncoupled design and a decoupled design are more
robust than a coupled design in the sense that it is easier to
reduce the information content of designs that satisfy the
Independence Axiom.
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20) Theorem 20 [Design Range and Coupling]

If the design ranges of uncoupled or decoupled designs are
tightened, they may become coupled designs. Conversely, if
the design ranges of some coupled designs are relaxed, the
designs may become either uncoupled or decoupled.

21)Theorem 21 [Robust Design when the System Has a Non-
uniform pdf]
If the probability distribution function (pdf) of the FR in the
design range is non-uniform, the probability of success is equal
to one when the system range is inside the design range.

22)Theorem 22 [Comparative Robustness of a Decoupled
Design]

Given the maximum design ranges for a given set of FRs,
decoupled designs cannot be as robust as uncoupled designs in
that the allowable tolerances for DPs of a decoupled design are
less than those of an uncoupled design.

23)Theorem 23 [Decreasing Robustness of a Decoupled
Design]
The allowable tolerance and thus the robustness of a
decoupled design with a full triangular matrix diminish with an
increase in the number of functional requirements.

24)Theorem 24 [ Optimum Scheduling]

Before a schedule for robot motion or factory scheduling
can be optimized, the design of the tasks must be made to
satisfy the Independence Axiom by adding decouplers to
eliminate coupling. The decouplers may be in the form of a
queue or of separate hardware or buffer.

25)Theorem 25 [ “Push” System vs. “Pull” System]

When identical parts are processed through a system, a
“push” system can be designed with the use of decouplers to
maximize productivity, whereas when irregular parts requiring
different operations are processed, a “pull” system is the most
effective.

26) Theorem 26 [Conversion of a System with Infinite Time-
Dependent Combinatorial Complexity to a System with
Periodic Complexity]

Uncertainty associated with a design (or a system) can be
reduced significantly by changing the design from one of serial
combinatorial complexity to one of periodic complexity.

V. CONCLUSIONS AND DISCUSSIONS

The field of AD is a broad one that transcends specific
engineering fields and encompasses such areas as management
and business. The basic concept of AD theory is presented as a
scientific base. The basic concepts and methodologies of AD
include the concepts of domains, mapping, the two design
axioms, decomposition, hierarchy, and zigzagging. Several key
terms, such as functional requirement (FR), design parameter
(DP), and process variable (PV) are defined. The acceptance of
these definitions is a pre-requisite in applying the axiomatic
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principles for design. Mapping between the domains generates
design equations and design matrices. The design equation
models the relationship between the design objectives (what
the design is trying to achieve) and the design features (how the
design goals are to be satisfied).Uncoupled and decoupled
designs are shown to satisfy the Independence Axiom and thus
are acceptable. Coupled designs do not satisfy Independence
Axiom and thus are unacceptable. The Independence Axiom
states that the functional requirements must be maintained
independent of one another by choosing appropriate design
parameters. The Information Axiom deals with information
content, the probability of satisfying the FRs, and complexity.
To be able to satisfy the functional requirements, the designer
must always think in terms of FRs before any solution is
sought. Robust design is a design that satisfies the functional
requirements easily, although large tolerances are given to DPs
and PVs. The various Corollaries and Theorems governing AD
are explained.
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Abstract-This paper is review of Technologies which ean be
implemented in future to save energy, it gives a  brief
introduction about the fast developing solar techmologies, but
alse how it may help us avoid long term switching cost in the
industry. Most of the power generated nowadays is produced
using fossil Tuels, which emil tons of carbon dioxide and other
pollution every second. More importantly, fossil fuel will
eventually run out. The solar energy industry is one of the
Fastest growing forces in the market, which can also be used in
industries as well.

Nowadays there are several major directions for solar
technology development. Photovoltaic systems directly convert
the solar energy inte electrical energy while concentrated solar
power systems first convert the solar energy into thermal energy
and then further convert it into electrical energy through a
thermal engine.

In order to choose the right solar system for a specific
geographic location, we want to understand and compare the
basic and general operation & functions of several solar
technologies that are widely studied.

Keywords— SPV-Solar Photo Voltaic, CSP-Concentrated Solar
Power, EAI- Energy Alternatives India, CIGS- Copper Induim
Gallium Selenide, CdTe- Cadmium Telluride, LED-Light Emiting
Diodes, A-55c- Amorphous Silicon Solar Cells,

E INTRODUCTION

Our sun produces 400,000,000,000,000,000,000,000,000
walts of energy every second and the belief is that it will last
tor another 5 billion years. Solar energy is genesis for all
forms of energy. This energy can be made use of in two ways
the Thermal route i.e, using heat for drving, heating, cooking
or generation of electricity or through the Photovoltaic
route which converts solar energy in to electricity that can be
used for a myriad purposes such as lighting, pumping and
generation of electricity. With its pollution free nature,
virtually inexhaustible supply and global distribution- solar
energy is very atlractive energy resource.
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The sun is the most plentiful energy source for the earth,
All wind, fossil fuel, hydro and biomass energy have their
origins in sumlight, Solar energy falls on the surface of the
carth at a rate of 120 petawatts, {1 petawatt = 1015 watt).
This means all the solar energy received from the sun in one
days can satisfied the whole world’s demand for more than
200 vears.

We are able to calculate the potential for each renewable
energy source based on today’s technology. Future advances
in technology will lead to higher potential for each energy
source. However, the worldwide demand for energy is
expected to keep increasing at 5 percent each year. Solar
energy is the only choice that can satisfy such a huge and
steadily increasing demand.

II. EASE OFUSE

Chver 70% of India’s households experience significant
power cuts every vwear. That eguates to about 14 Cr
houwseholds that suffer from darkness at least partially, Of
this, about 5 Cr households do not have power most or all the
time,

Off grid solar power is a much needed solution for this
massive market. With costs of solar coming down to near-
affordable levels, EAL estimates the potential for the off grid
solar in India to be upwards of Rs 3500 Cr per year.
Interestingly, this market has few branded players having
robust sales channels, making it an attractive niche for
entrepreneurs and businesses.

A Solar for grd connected electricity:

Grid interactive solar energy is derived from solar
photovoltaic cells and CSP Plants on a large scale. The grid
connection is chosen due to following reasons:

e Solar Energy is available throughout the day which is the
peak toad demand time
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*  Solar energy conversion equipments have longer life and
need lesser maintenance and hence provide higher
energy infrastructure security

*  Low running costs & grid tic-up capital returns (Net
Metering)

e Unlike conventional thermal power generation from coal,
they do not cause pollution and generate clean power

Abundance of free solar energy throughout all parts of
warld (although gradually decreasing from  equatorial,
tropical, sub-tropical and polar regions). Can be utilized
almost everywhere

B. Solar for Of-Grids Solutions

While, the areas with easier grid access are utilizing grid
connectivity, the places where utility power is scant or too
expensive 1o bring, have no choice but to opt for their own
generation. They generate power from a diverse range of
small local generators using both fossil fuels (diesel, gas) and
locally available renewable energy technologies (solar PV,
wind, small hydro, biomass, etc.) with or without its own
storage (batteries). This is known as off-grid electricity,
Remote power systems are installed for the following
FEasOns:

*  [esire to use renewable - environmentally safe, pollution
free

* Combining various generating options available- hybrid
power gencration

®  Desire for independence from the unreliable, fault prone
and interrupted grid connection

*  Available storage and back-up options
e  Nooverhead wires- no transmission loss

e  Varied applications and  products:  Lighting,
Communication Systems, Cooking., Heating, Pumping,
Small scale industry utilization etc.

Captive power generation is done mainly considering the
replacement of diesel with solar.

1L BASIC TECHNIQUES FOR UTILISING SOLAR
ENERGY

Both photovoltaic and  solar  thermal are the two
established solar power technologies. Photovoltaic use semi-
conductor technology 1o directly convert sunlight into
electricity. Photovoltaic, therefore, only operate when the sun
is shining, and must be coupled either with other power
generation mechanisms to ensure a constant supply of
electricity, The most common semiconductor materials are
mono crystalline silicon, polyerystalline silicon, amorphous
silicon, and cadmium telluride and copper indium sulphide.
Solar thermal works by using mirrors to concentrate sunlight.

The concentrated sunlight is then used either directly as a
source of heat, as in solar water heating, or to drive a heat

International Multi Track Conference on Science, Engineering & Technical innovations

cycle such as a sterling engine. Additionally, since solar
thermal only directly produces heat, it can store thermal
energy various mediums., Some plants, in fact, can store
enough energy for 7.5 hours of generation in lieu of sunlight.
Therefore, solar thermal can potentially generate power 24
hours a day.

A Solar Photovoltaic

Solar photovoltaic (SPV) cells convert solar radiation
{sunlight) into electricity. A solar cell is a semi-conducting
device made of silicon and/or other materials, which, when
exposed to sunlight, generates electricity. Solar cells are
connected in series and parallel combinations to form
modules that provide the required power

= (Crystalline Silicon solar cells (C-Si) Mono-crystalline
and Polycrystalline

*  Thin-Hlm solar cells: A-Si, CIGS, CdTe

PV muodules are manufactured by assembling the solar cells
after stringing, tabbing and providing other interconnections.

B. Sclar Thermal

Solar  Thermal Power systems, also known as
Concentrating Solar Power systems, use concentrated solar
radiation as a high temperature energy source to produce
electricity using thermal route. High temperature solar energy
collectors are basically of three types:

Fig. 2.

#  Parabolic trough system: at the receiver can reach 400°
C and produce steam for generating electricity,
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Power wwer system: The reflected rays of the sun are
always aimed at the receiver, where temperatures well
abave 1000° C can be reached.
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Parabolic dish systems: Parabolic dish systems can
reach 1000° C at the receiver, and achieve the highesi
efficiencies for converting solar energy to electricity.

Fig. 3.

V. UNIQUE PROPOSITION OF INDIA

Economic WValue: The generation of solar electricity
coincides with the normal peak demand during daylight
hours in most places, thus mitigating peak energy costs,
brings total energy bills down, and obviates the need to
build as much additional generation and transmission
capacity as would be the case without PV,

Geographical Location: India being a tropical country
receives  adequate  solar  radiation  for 300 days,
amounting to 3,000 hours of sunshine equivalent to over
5.000 willion kWh. Almost all the regions receive 4-7
kWh of solar radiation per sq meters with abour 2,300
3.200 sunshine hours/year, depending upon the location.
Potential areas for setting up solar power plant can be
analyzed vsing Solar irradiation map of India. Our State
wise analysis of Sclar resource. Business Opportunities
and Latest trends in

Power Shortage: Electricity losses in India  during
transmission and distribution have been extremely high
over the years and this reached a worst proportion of
about 24.7% during 2010-11. India is in a pressing need
lo tide over a peak power shortfall of 13% by reducing
losses due to thefi. Theft of electricity, common in most
parts of urban India, amounts to 1.5% of India’s GDP.
Due to shortage of electricity, power culs are common
throughout India and this has adversely affected the
country’s ecconomic growth.
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V. CURRENT PROJECTS (INCLUDES BOTH-
INSTALLED AND UNDER INSTALLATION

PROJECTS)
SNo  State  Photovoltaic  Solar
Capacity  Thermal
(MW) Capacity
| W)
. Rajasthan 43 | 400
i Gujarat 722 [ 45
3. | Maharashira 133 |
| 4. | Kamataka | 10 !
5 Andhra | 20.5 |
Pradesh
G | Uttarakhand 4 [
7. | Punjab | 5 I
| 2 Hnryarla ' 7.8 [
9. | Uttar Pradesh 11 |
' 10. | Tharkhand | 16 |
' 11. | Chhattisgarh | 4 i N
| 12. | Madhya | 725 | -
Pradesh
13. | Odisha | 1 !
04| TamilNeds | 12| -
TOTAL 1006.55 | 445

Gujarat. Punjab, Haryana, Karnataka, Kerala, Madhya
Pradesh. Maharashira, Orissa, Rajasthan, Uttar Pradesh,
West Bengal, Andhra Pradesh

A, Solar Comparison

Both photovoltaic and  solar thermal are the two
established solar power technologies. Photovoltaic use semi-
conductor  technology  to directly convert sunlight into
electricity. Photovoltaic, therefore, only operate when the sun
is shining. and must be coupled either with other power
generation  mechanisms to ensure a constant supply of
electricity.

Solar thermal works by using mirrors to concentrate
sunlight, The concentrated sunlight is then wused either
directly as a source of heat, as in solar water heating, or to
drive a heat cycle such as a sterling engine. Additionally,
since solar thermal only directly produces heat, it can store
thermal energy various mediums, Some plants, in fact, can
store enough energy for 7.5 hours of generation in lieu of
sunlight. Therefore, solar thermal can potentially generate
power 24 hours a day.

There is a long history ol wtility scale solar thermal
generation. Plants were built in the American Southwest
throughout the last 30 years. As of 2004 there is 418 MW of
installed solar thermal power capacity installed in the US. All
told, solar thermal energy costs between 19-35 cents per
KWh. Photovoltaic are a popular energy source both on the
utilities side and for residential home use. Phoiovoliaic
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capacity has blown past solar thermal power generation
capacity. As of 2008, there was 800 MW of grid-connected
photovoltaic capacity, or nearly double the amount of solar
thermal generation capacity. Cost per watt for this technology
is currently 18-43 cents per KWh.

B. Basic Applications in SSI’s
1. Water heating solar thermal system

The average cost of a typical home PV system may twice
as much as a home solar thermal system. However, the PV
system enables a saving of two times more than with the solar
system. The decision of which system best suits is dependent
of the incentives. There is a range of federal and local
incentives in each country, which should be checked before a
decision is made. In some countries, such as in the UK,
incentives may be of as much as £300 (around USD 480) for
the installation of solar thermal panels.(Source: Department
of Energy & Climate Change, UK)

Fig. 4.
2. Light Application

Solar driven LEDs lights epitomize the advantages
offered by solar technology for domestic, respectively public
scale standard applications

Fig. 5.

Advantages: Low-cost installation. No trenching, no
heavy cable, quick and easy installation anywhere have lights
in days not months. Ultra-low maintenance and long product
life. Long warranty on solar panels, LED/Induction lighting

International Multi Track Conference on Science, Engineering & Technical innovations

fixture. Green light source. 40-70% less power consumption
than traditional light sources. LED/Induction lights emit no
light pollution, provides bright white light which improves
colour recognition and improves night visibility from 400%-
1000% over traditional light sources.

Flexible configuration. Solar lights can be easily configured
to suite your requirements with solar module, wind module
and battery of various sizes. 3-5 days backup power for rainy,
cloudy days.

VI. CONCLUSIONS

Currently, there is not much difference between
photovoltaic and solar thermal energy. Photovoltaic may
become more affordable as more photovoltaic move to utility
scale installations. Solar thermal power, however, still has the
advantage that it can store power and further used in many
basic applications in industry which can further reduce the
billing cost of electricity.

Another challenge for solar thermal is the amount of
space required for efficient production of energy. Not only
space, but space that gets a consistent amount of direct
sunlight. Solar thermal power plants typically require 1/4 to 1
square mile or more of land.

One silver lining of global climate change and human
impact on the land is that more and more farmland is
becoming unsuitable for agricultural production. This land
presumably originally chosen for its sun exposure, begs to be
used for solar thermal energy production. Utilization of
desertification can prove to be a boon for solar thermal real
estate procurement and growth.
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Abstract: In this research work, the variation in the
mechanical properties with different austempering temperatures
was investigated. The SGI alloy was used, known for its good
tensile strength but have the low elongation property. The
mechanical properties studied were tensile strength, hardness and
elongation. The different austempering temperatures of 250’ and
300 C for the quenching time period of 30 minutes were
considered. The result showed that the tensile strength and
hardness has more value at austempering temperature 250° C but
the values for elongation were increased at 300" C.

Keywords: Spheroidal Cast Iron (SGI); Austempering Temperatur;,
Tensile Strength; Hardness; Elongation.

I. INTRODUCTION

The casting is simple and cheapest production method. The
cast iron demote to family of ferrous alloy composed of iron,
carbon and silicon (up to 3.5%) and also different alloy
compositions. Cast iron is usually differing according to their
solidification and by their structure ferrite, pearlite, quenched
and tempered or austempered (1). Ductile cast iron is widely
used alloy due to its properties. It is called spheroidal cast iron
or nodular cast iron because the free graphite this metal is in the
form of tiny balls (spheroids or nodules) rather than the flakes
as present in grey cast iron. The spheroidal cast iron has good
tensile and elongation properties. The mechanical property of
SGI diverges corresponding to different percentage of alloy
addition. The mechanical properties of ductile iron are differing
from 350/22 (tensile strength / percentage of elongation) to
900/2 with respect to different alloys presents in molten metal.
The percentage of Silicon (Si) affects the impact strength and
promote strengthen ferrite in SGI. Manganese (Mn), and
Copper (Cu) are pearlite promoters and improves yield strength
and hardness. Nickel (Ni) helps in increasing the U.T.S without
affecting the impact values. Molybdenum (Mo) is a mild
pearlite promoter and increases proof stress and hardness.
Magnesium (Mg) works as the modifier in the matrix and
nodularizes the graphite so as to increases the ductility and
yield strength (2).

Many engineering material can be characterized not by a
single set of properties but by an entire spectrum of possibilities
that can be selected and varied at will. Heat treatment is the
term used to describe the controlled heating and cooling of
material for the purpose of altering their structure and
properties. The same material can be made weak and ductile for
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ease in manufacture, and then retreated to provide high strength
and good fracture resistance for use and application. Because
both physical and mechanical properties (such as strength,
toughness, machinability, wear resistance, and corrosion
resistance) can be altered by heat treatment and these changes
can be induced with no concurrent change in product shape,
heat treatment is one of most important and widely used
manufacturing process(3). Austempering is a kind of tempering
process which consists of holding the iron in a molten salt bath
having temperature of 250° to 500° C above the critical
temperature when the structure consists purely of austenite.
Then it is held at the quenching temperature for a sufficient
time to give complete transformation to an intermediate
structure referred as bainite followed by a cooling to room
temperature. (4).

II. LITERATURE REVIEW

From past few decades, it is found that research on
mechanical properties of ductile iron have been carried by
many researchers but still a lot of work needs to complete the
effect of pearlite structure on mechanical properties of
spheroidal cast iron. R.A.Gonzaga et.al, studied the comparison
of different pearlite content in pieces with similar shape and
dimensions and to analyse the variation of mechanical
properties as pearlite content increase. It was concluded that
ferrite — pearlite microstructure was obtained without using
heat treatment. And also if pearlite formation alloying element
are carefully added, a mixture microstructure of ferrite and
pearlite or a full pearlite microstructure with good mechanical
properties could be obtain (5). Prof. P. M. Ingole et.al,
investigated about effect of chemical composition in SGI. It
was found that basic alloying element such as C, Si, Mn, Mg,
Co etc. plays an important role in SGI casting process. In
ductile iron (SGI) these elements plays a different mechanical
and chemical properties (6). Carmen Dumitru et.al concluded
from their research work that austempered heat treatment
process to a temperature situated in austenitic domain, right
away after ending of austeninte holding time is an austempered
structure finishing factor. Ausforming by pressing in time of
heat treatment had a positive effect on austempered ductile
irons hardness only for ausforming grade between 20-30% (7).
Amar Kumar Das et.al, had found the variation of mechanical
properties of austempered ductile iron with the effect of copper
along with the process variables on the properties and
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microstructure of ductile iron. Austempering ductile iron with
copper was showing some higher and lower elongation than the
austempered ductile iron without copper. In microstructure
ferrite was increasing with increasing austempering time and
austenite was increasing with increasing austempered
temperature in both the grades (8).

III. EXPERIMENTAL PROCEDURE
A. Chemical Composition:

To attain the required mechanical properties, the chemical

composition of the sample was varied. The chemical
compositions of the sample used are shown in Tablel.

TABLE 1. CHEMICAL COMPOSITION OF SPECIMEN

Alloy

s C Si Mn S P Mg Cu

% 3.6 2.7 0.2 0.018 | 0.03 | 0.04 0.1

B. Preparation of the specimen:

The casted specimens were austenite at two different
temperatures (at 900 and 950°C respectively) in muffle furnace
for 2 hours. Then the samples were kept in to muffle furnace
only to reduce the temperature up to 600°C by annealing
process. Once the temperature reach 600°C the samples were
transferred to the salt bath (combination of salt water is 50%
NaNO; and KNO;) at two different 250°, 300°C temperature for
30 minutes. The Salt water temperature monitor by digital
temperature meter. At last, the samples were allowed to cool in
still air up to room temperature.

After this operation samples were moved to machine shop.
In machine shop, the turning operation was done on the
samples as per the international ductile iron testing specimen.
Tensile test bar dimensions are given in Figure 1.

A1 TINAENRINS ART IH "o

Fig. 1.
C. Specimen Testing:

Tensile test bar dimension

Using a vernier caliper the thickness and the total length of
the specimen was measured. The diameter of the specimen and
the gauge length which was fixed at 50mm was fed to the
testing machine. The distance between the jaws was fixed
according to the gauge length of the specimen. The specimen
was gripped by the jaws and axial load was applied to it. The

International Multi Track Conference on Science, Engineering & Technical innovations

broken parts of the specimen are taken and joined together and
the length of the specimen was measured.

final length—initial length

Elongation = X 100

initial length

The elongation of the specimen was measured and the %
elongation calculated by above calculation. The broken
specimen after the testing is shown in Figure 2.

HARDNESS TESTING AREA

Fig. 2. Specimen after testing

The hardness of the specimen as received as well as that of
the entire ADI specimen was measured using Rockwell
Hardness tester. Hardness was measured in Rockwell B scale.
The Rockwell B scale utilizes a ball indenter and a major load
of 50 kg. The hardness testing specimen measuring face was
polished with a grinding machine. The measuring face of the
specimen which remains in contact with the specimen holder
should be parallel to the surface of the holder. Now, a holder
lift to the ball indenter until the reading on the display is zero.
After that, load of 50 kg is applied on the specimen by lever.
After given load should be wait for 30 sec. time measured by
stop watch. After 30 sec the lever was released and noted the
hardness value. For every specimen, hardness value was found
out on three different places and the average value was taken as
the hardness of the specimen. The hardness measuring location
located on Figure 2.

IV. RESULT AND DISCUSSION
The result of all specimens before and after austempering
process tested in laboratory are given below in Table II and III.

TABLE II. VALUES OF SPECIMENS BEFORE AUSTEMPERING
PROCESS

F| Tensile strength (MPa) Elongation (%) Hardness (HRB)

567 4.5 48
TABLE IIL RESULT OF SPECIMENS AFTER AUSTEMPERING
PROCESS
Austenite Austempering Tensile Elf)nga Hardness
temperature temperature strength ton (HRB)
0 () (MPa) (%)
250 951 7 64
900
300 922 7.6 61
950 250 943 6.9 62
300 910 7.3 59
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The hgure 3, 4 and 5 shows the variation of tensile
strength, elongation and hardness with different austenite and
austempering temperature. It is seen that the tensile strength
and bhardness reduced with increase of the ausitempering
temperature. Because when specimen temperature reduces from
mufile furnace temperature 600°C to salt bath temperature 250"
and 300°C. the guenching happened with two different time
period. At 300°C temperature is having low quenching rate than
250°C temperature so the material get harden immediately.
Whereas in case of elongation, it increases with an increment of
austempering temperature. Because we kept the specimen in
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furnace 9NFC and 950°C 1o coolupto 600°C for anncaling. For
that annealing process the time taken is more at 950°C, so the
malerial gets soft at high austenite temperature,

V. CONCLUSION

From this research work it is concluded that when the
specimens were examined for austempering temperatures 250"
and 300" € respectively under constant time period
(30minutes), the tensile strength and hardness has a more
values at 250" C whereas the elongation property is more at
300° C.

V1. FUTURE WORK
Further research can be done with different chemical
composition and  different  austempering  temperature  (i.e.,
350"C and 400°C) and with different time period (i.e., 45 min
and 60 min).
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Abstract-The friction stir welding is a dynamically developing
version of pressure welding processes. High-quality weld can be
created by this process. The mixing the material flow conditions
specifically affect the quality of the weld, so the tool geometry is
very important. Tool design and selection of process variables
are critical issues in the usage of FSW process. The development
of cost effective and durable tools, which lead to structurally
sound welds, is still awaited. Material selection and design
intensely affect the performance of the tools. Here we review
several important aspects of FSW tools such as tool material
selection, its importance, geometry and load bearing ability,
mechanisms of tool degradation and process economics for
applications in this article.

Keywords: Friction stir
material; Toolgeometry;speed.

I. INTRODUCTION

welding; Tool

Friction stir welding is a solid state joining process using
a rotating tool moving alongthe joint interface, generating
heat and resulting in a re-circulating plasticized material flow
near the tool surface. This plasticized material is subjected to
extrusion by the tool probe rotational and linear movements
leading to the formation of stir zone. This stir zone formation
is affected by the material flow behavior under the action of
rotating tool [1]. It was developed in England by The
Welding Institute (TWI) in 1991[2]. The friction stirring tool
consists of a pin, or probe, and a shoulder. Contact of the pin
with the workpiece creates frictional and deformational
heating and softens the workpiece material; contacting the
shoulder to the workpiece increases the workpiece heating,
expands the zone of softened material, and constrains the
deformed material. Figure 1 shows the most important tool
parts and Process principle of friction stir welding. Naturally,
there are important effects to the tool during welding:
abrasive wear, high temperature and dynamic effects.
Therefore, the good tool materials have the following
properties: good wear resistance, high temperature strength,
temper resistance, and good toughness. So there are two
important aspects of friction stir welding tool design: tool
material and geometry [2].Most important Challenges of
Friction Stir Welding are application of high temperature
materials, Tool material selection, Development of Tool
Materials, Tool design and Complex geometries and
dissimilar materials.
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Fig. 1. Schematic drawing of friction stir welding

II. INFLUENCE OF TOOL MATERIAL AND GEOMETRY ON WELD
QUALITY

The tool of FSW is composed of two parts: a tool body
and a probe. The tool technology is the heart of friction stir
welding process. The tool shape determines the heating,
plastic flow and forging pattern of the plastic weld metal. The
tool shape determines the weld size, welding speed and tool
strength. The tool material determines the rate of friction
heating, tool strength and working temperature, the latter
ultimately determines which materials can be friction stir
welded [8]. Two different tool pin geometries (square and
hexagonal) and three different process variables, i.e.
rotational speeds and welding speeds were selected for the
experimental investigation of AAG6101-T6 alloy. It was
observed that square pin profile gave better weld quality than
the other profile. Besides, the electrical conductivity of the
material was maintained up to 95% of the base metal after
welding [1].Arora et al [3] proposed and tested a criterion for
the design of a tool shoulder diameter (considered three
Shoulder diameters (mm) 15, 18, 21) based on the principle
of maximum utilization of supplied torque for traction. The
optimum tool shoulder diameter computed from this principle
using a numerical heat transfer and material flow model
resulted in best weld metal strength in independent tests and
peak temperatures that are well within the commonly
encountered range. The optimum shoulder diameter of 18
mm at 1200 rpm has resulted in superior tensile properties in
independent tests. Elangovan and Balasubramanian[4] have
also reported that the tool with an 18 mm shoulder diameter
provided the best weld joint strength at a rotational speed of
1200 rpm, as shown in Table 1.
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TABLE 1. THE MECHANICAL PROPERTIES OF WELDS MADE
USING A CYLINDRICAL PIN PROFILE [4]

Diameterimm) Yield Ultimate tensile strength
strength(MPa) (MPa)
15 | 15 1317
18 130.3 161.7
21 94.0 12000

TABLE . WELDING TEMPERATURE RANGE OF VARIOUS ALLOYS

15

Alloy Group Tempetature range, °C
Alurrtum dll oy 44010 550
Magresum alloys 230 10 350
Copperalloys 60 to %00
Carbon and low-alloy steels 6150 to &0
Tibanuum all oys 700 10 950
tainless sted 600 1o &75

TABLE . TOOL MATERIALS USED IN FSW FOR SOFT ALLOYS [5]

Tool Matend Wk Fiece Metenal
Il stesd Iagneaumalioy
High carbon deel MMagneaumalloy
Stainless ster| Magnesumalloy
Armour seel Magneaumalloy

4181 0nl hardened Tod sesl Al rabriz cormpoate matenals
AS14H40 dsarlar metenals
Tool Skeel Hlupmmrnalloy, dissimlar atanals

High speed steel Magnegumalloy

SKD 6] Tool sled th soirml ar el erials

H13 sleet Magnesumalloy
High Carban begh chromiim Steel Magnedum atloy, Al metny conpoate
miatenals, disgrdar metenals

Materials such as aluminium or magnesium alloys, and
aluminium matrix composites (AMCs) are commonly welded
using steel tools. Steel twools have also been used for the
joining of dissimilar materials in both lap and butt
configurations. Tool wear during welding of metal matrix
composites is greater when compared with welding of soft
allovs due to the presence of hard, abrasive phases in the
composites, Total wear was found to increase with rotational
speed and decrease at lower traverse speed, which suggests
that process parameters can be adjusted to increase tool life
[5]. LakshmanRao et al [6] highlight the role of tool
seometry in their investigation, because tool geometry plays
a major role in FSW, Proper selection of a tool material and
shape of the pin reduces number of trials and tooling cost. In
addition this study also highlights the wear effect due to
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friction between sliding surfaces, The elfect of Friction Stir
Welding process parameters on the mechanical properties of
the AA 20014-T6 alloy joints produced by friction stir welding
have been discussed by Vagh and Pandya [7]. Effects of tool
design, tool rotation speed & ool travels speed on
mechanical properties have been analysed using Taguchi
orthogonal array design of experiments technique. There are
three different tool rotation speeds (1000, 1400 & 2000 rpm)
and three different tool traverse speeds (14, 20, 28 mm/min).
For each combination of tool rotaton speeds and tool
traverse speeds three different types of tool pin profiles
(threaded cylindrical pin, Stepped pin and Threaded cone
pin} have been used. The study indicates that Tool design is
the main process parameter that has the highest statistical
influence on mechanical properties,

. l = T
i . | |
Li" L'Jr |/ A "
. @ m' A
-8~ :

O -0

Straight Tapered
Cylindrical Cylindrical

Teapeznidal

Fig. 2. Differemt FSW ool geometries used in the experiment [§]

Prasanna et al [9] studied the effect of four different tool pin
profiles on mechanical properties of AA 6061 aluminum
alloy. Four different profiles have been used to fabricate the
butt joints by keeping constant process parameters of tool
rotational speed [200rpm, welding speed l4mm/min and an
axial force ThN. Different heat treatment methods like
annealing, normalizing and quenching have been applied on
the joints and evaluation of the mechanical properties like
tensile strength, percentage of elongation, hardness and
microstructure in the friction stirring formation zone are
evaluated. OF the four tool profiles, the maximum lensile
strength and % of elongation of 210 MPa and 209
respectively was observed on Hexagonal pin profile tool with
annealing process. The tensile strength and percent of
elongation of the hexagonal wol profile with annealing
process has reached about 90% and 80% respectively of the
parent metal. Lee et al[10] welded Al-Mg alloy with low
carbon steel in lap joint configuration using ool steel as ol
material without its excessive wear by placing the softer Al—
Mg alloy on top of the steel plate and avoiding direct contact
of the tool with the steel plate. Tungsien based alloys have
also been used for the welding of both low and high melting
point alloys [11].For example, Edwards and Ramulu [12]
used a W-La alloy tool to study FSW of Ti—6A1-4V alloy.
Tools made of a tungsten alloy Densimel (composition not
reported) were used by Yadava et al [13] to weld AA 6111-
T4 aluminium alloy,
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TABLE IV. PROPERTIES OF COMMON TOOL MATERIALS [11]

Coefficient of Thermal
thermal conductivity

expansion’ 10-§ K-1 Won-1 KA1

Tield Hardness HV

strength VPa

Remarks

peBN 4618114 109250
i14f

JE00—3500
26003500

Pros: high hardness:
high temperature strength
Cons: susceptible to crack:
wear may be enhanced by
chemical reactions with Ti;

high cost

cp-W ~4.6 at 20-1000C 167 at 20uC
a7 e8]
111 at 1000C

~100 at 360300

1000C [13] 7

Pros: high temperature
strength
Cons:low toughness
at room temperaturs:
less strong than W allove,
W, orpcEN

W35 5563 [13]

wt-2oRe

~500-800 at

1000C [13]

Pros: higher strenzth than W

tousher and easier to machine

than ceramics

W 4.8-5.1[14] 85 [14)

13001600 Pros: high temperature
[14] strength: high hardness
Cons: wear due to oxidation
at high temperamires; addition
of Cr3C2 prevents oxidation

TiC 8.31718] 3-31[18]

2B00—3400 Pros: hizh hardness: high
18 temperature strength
Cons: susceptible to crack

4340 11.2-143 [14] 15[14]
Steel

280 [14] Pros: low thermal conductivity
Cons: high tempetature
strength is not very high:
possible alloyving with Ti

Si3N4 3.9at 20C
6.7 at 1000C

[29]

20-T0[19]

1580 Pros: high hardness: high
temperature strength
Cons: susceptible to crack:

decomposes at high temperatures

A. Tool geometry

Tool geometry affects the heat generation rate, traverse force,
torque and the thermo-mechanical environment experienced
by the tool. The flow of plasticised material in the workpiece
is affected by the tool geometry as well as the linear and
rotational motion of the tool. Important factors are shoulder
diameter, shoulder surface angle, pin geometry including its
shape and size, and the nature of tool surfaces [11]. It was also
observed from the previous data that the friction stir weld tool
geometry has a significant effect on the weldment
reinforcement, microhardness, and weld strength.

B. Shoulder diameter

In order to determine the optimum tool geometry, thetwo
components of the torque are plotted inFigure 4 forvarious
shoulder diameters. As the shoulder diameter increases, the
sticking torque, MT, increases, reaches amaximum and then
decreases[3]. This behavior, which shows that two main
factors affect the value of the sticking torque. First, thestrength
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of the material, T decreases with increasing temperature due to
an increase in the shoulder diameter.Second, the area over
which the torque is applied increases with shoulder diameter.
As a result, the productof these two components shows the
trend indicated inthe figure. The sliding torque, ML, increases
continuously with increasing shoulder diameter due to the
largercontact area. With the increase in shoulder diameter
thetotal torque increases continuously even when the sticking
torque decreases for large shoulder diameters.
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Fig. 3. Total torque required during FSW of AA6061 as afunction of the
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Fig. 4. The computed values of sticking, sliding and
total torque for various shoulder diameters at 1200rpm[3]

C. Pin (probe) geometry

Friction stirring pins produce deformational and frictional
heating to the joint surfaces. The pin is designed to disrupt the
faying, or contacting surfaces of the workpiece, shear material
in front of the tool, and move material behind the tool. In
addition, the depth of deformation and tool travel speed are
governed by the pin design [2].

D. Tool cost

While the energy cost for the FSW of aluminium alloys is
significantly lower than that for the fusion welding processes
[24]the process is not cost effective for the FSW of hard
alloys. Tools made of pcBN are often used for the welding of
hard materials. However, pcBN is expensive due to high
temperatures and pressures required in its manufacture [11].
Santella et al[21] did an approximate cost benefit analysis for
FSW with a pcBN tool versus resistance spot welding (RSW)
of DP 780 steel. The equipment and utility costs for FSSW
were assumed to be 90 and 30% respectively of the costs in
RSW; however, they did not report the dollar amounts of these
costs.They further assumed that a typical RSW tool tip lasts
5000 welds and costs $0.65 per tip [11]. Considering the costs
involved with equipment, utility and the tool, they estimated
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that in order for the FSSW to be cost competitive with respect
to RSW, each FSSW tool, costing ~$100, needs to make 26
000 spot welds. Since the cost of each pcBN tool was
significantly greater than $100 and typical tool life was
between 500 and 1000 welds, they suggested lowering tool
costs as an important need. Feng et al [23] produced over 100
friction stir spot welds on dual phase steel (ultimate tensile
strength 600 MPa) and martensitic steel (ultimate tensile
strength 1310 MPa) without noticeable degradation of the
pcBN tool. The costs of Si3N4 and TiB2 tools were less than
25% of the cost of pcBNtools [22]. Tools of W—Re or W—La
alloys are relatively less expensive than that of pcBN tool but
suffer considerably more wear compared with super abrasives
due to their relatively lower high temperature strength and
hardness [11].Mohanty et al [8] investigated the effects of
different friction stir welding tool geometries on mechanical
strength and the microstructure properties of aluminum alloy
welds. Three distinct tool geometries with different types of
shoulder and tool probe profiles were used in the investigation
according to the design matrix. The effects of each tool
shoulder and probe geometry on the weld was evaluated.

—a— Trapezoidal
. —e—Tapered cylindrical
54 o —a—Tapered cylindrical

T 52 - —&—Straight cylindrical
g 50 —*=Straight cylindrical
g .
T 48+
@ 46
143
5
£ 42

40

iz

0 1 2 3 4 5 6 7 8
Distance from weld centre/mm
Fig. 5. Micro hardness profile for various tool geometry [8]

The microhardness of weld nugget TMAZ obtained with
different tool profiles is shown in Fig.3. It is observed that the
weld nugget exhibits a higher microhardness compared to the
thermo-mechanically affected zone (TMAZ) and the base
metal [8].

III. CONCLUDING REMARKS

The joints of different tool pin profiles like straight
cylindrical, Taper cylindrical, triangular, square, trepezoidal
and hexagonal tool etc., with different rotational speeds, weld
speeds and axial force were reviewed in this paper. The
following important conclusions were made:Based on the
literature survey, Tool shoulder-to-pin diameter ratios play an
important role in stir zone development. The diameter of the
pin is equal to the thickness of the parts to be welded and its
length is slightly shorter than the thickness of the part.Tool
material properties such as strength, fracture toughness,
hardness, thermal conductivity and thermal expansion
coefficient affect the weld quality, tool wear and performance.
Heat generation rate and plastic flow in the workpiece are
affected by the shape and size of the tool shoulder and pin.
Although the tool design affects weld properties, defects and
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the forces on the tool. The pin cross-sectional geometry and
surface features such as threads influence the heat generation
rates, axial forces on the tool and material flow. Tool wear,
deformation and failure are also much more prominent in the
tool pin compared with the tool shoulder. There is a need for
concerted research efforts towards development of cost
effective durable tools for commercial application of FSW to
hard engineering alloys.
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Abstract—Electrical Discharge Machining (EDM) is a non
conventional machining process, especially used for the
manufacturing of intricate, complex and hard material parts.
These materials are extremely difficult-to-machine with
conventional machining processes. The main intention of this
paper is to present the reviewed research work carried out by
various researchers for the automization of EDM technology &
to highlight it’s advances in terms of applications. Various
processes are suggested for the EDM technology to improve the
machining characteristics and to achieve high-level automation.
Clearly die sinking EDM can be easily integrated with the
environment of Computer Integrated Manufacturing System
(CIMS) as a need of futuristic manufacturing systems. This
integration of computer systems with EDM technology broadens
the applicability and efficiency of the process.

Keywords—EDM, automation, CNC devices
I INTRODUCTION

EDM is a non-conventional process originally observed by
English Scientist Joseph Priestly in 1770. In 1943, Lazarenko
and Lazarenko [1], soviet scientists presented and also further
optimize the reversal process for the removal of metal with
electric circuit breakers. Generators used in 1950s were of
relaxation type which have charging condensers in which
discharge energy can be stored and further defined. Simple
servo control circuits were developed so that to find and hold
the given gap in between the tool electrode & work piece
automatically and to control pulse times through these circuits.
Technological advancement of EDM had significantly
affected by the utilization of CNC devices with advanced
power supplies. 3D shapes should be developed by CNC EDM
machines so that motion of servo controlled tool on four axis
should be generated with the help of part programs. According
to a market survey, ‘toolmakers’ do not use these strong CNC
machining capabilities as to much extent. Multi-axis CNC
capabilities are overlooked by using Traditional EDM
machines in which plunging formed tool along Z-axis is
responsible for the designing and making of 3D shaped work
pieces. Multi-axis CNC capabilities of CNC EDM machines
includes the X, Y, Z and rotational directions. According to
the published work till today, four types of tooling i.e. 3D
form, ball ended cylindrical, frame and plate can be
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functional. CNC EDM utilizes these four types of tooling to
manufacture 3D shaped work piece cavities.

A. Mechanism of EDM process

EDM is known as spark machining. Spark discharge takes
place between tool electrode and work-piece to form a
replication of desired shape of tool on work-piece. During the
process, there is no physical contact between tool electrode
and work piece as erosion is produced by electrical discharge.
A liquid dielectric is used in this process. Dielectric
breakdown is initiated when tool electrode moves towards
work-piece and form plasma channel [2]. Breakdown
generally occurs in between the inter electrode gap. Voltage
falls and current rises because of dielectric breakdown which
causes numerously repeated spark ignitions, which help to
form the crater on work piece. Due to ionization the plasma
channel has been created, this leads the conductivity of gap
and because of applied current heat is generated around a
range of 8000 to 20,000°C [3,4,5]. The size of a crater is
determined by discharge energy, which can be set on the
machine by setting the discharge current and the discharge
duration [6,7,8,9]. Heating of the work piece and tool material
occurs, which rapidly creates a small molten metal pool at the
surface [10,11,12]. A small quantity of metal is vaporized and
flushed by dielectric in the form of debris.

B. Some applications and characteristics of EDM

Since EDM is a thermal process, it can also machine hard
materials i.e. quenched steel, cemented carbide, and
electrically conductive ceramics. Complicated shapes can also
be machined by EDM. Rotation of tool electrode does not
required for material removal processes such as milling,
grinding; which facilitates easy machining of irregular
contours & holes with sharp corners, as well insignificant
reaction forces are generated in the EDM gap due to which
there is ease in machining of difficult to machine components
(i.e. thin and flexible parts, deep grooves and holes) by
milling. In general, we can say that EDM has very high
accuracy in machining in several micrometers and
improvement in surface roughness i.e. Rz 0.4um. However,
when compared to other machining processes the MRR of
EDM is low. EDM is used to machine complicated shapes of
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hard materials with high precision in the processes of die and
mold making. In spite of the development & advancement in
the technology of high-speed milling, EDM applications are
preferred & expanded applications in the field of micro-parts.

C. Influence of flushing

For steady machining, the flushing of debris particles &
the cooling of the working gap is required so that they cannot
be concentrated on the discharge locations. For this, the
contaminated dielectric fluid is replaced periodically with
fresh di-electric fluid periodically. Masuzawa et al. [13]
introduced rotary electrode movement during the lifting
motion to improve the pumping motion of dielectric fluid.
Cetin et al. [14] considered the suspended debris particles to
calculate the 3-D fluid flow in the gap and the relationship in
between the tool lifting velocity and height and the flushing
capability is generated. Sinking EDM machines equipped with
linear motor [15] realized the increase in material removal rate
particularly in the machining of narrow and deep grooves. As
the lateral gaps of the groove became narrower and more
uniform, machining accuracy was also enhanced. Nozzles can
be placed adjacent to the discharge gap from which a fresh
dielectric fluid jetted to flush the working gap. Masuzawa et
al. [16] proposed that flushing from both sides (alternate
flushing and sweep flushing) is preferable, as flushing from
one side by jetting of di-electric fluid causes increased density
of debris particles in downstream which results in uneven
distribution of gap width which effects the accuracy of
machining process. As the holes are provided in the electrode
or work-piece, the pressure or suction flushing through these
holes is considered one of the most efficient methods which
prevents harm to the work-piece. Also, it can be stated that
one from both (pressure and suction flushing) can examine
larger gap width at the outlet point compared with the inlet
point, and also it facilitates lower electrode wear [17].
Tsukahara et al. [18] realized the fact that when oxidized
dielectric oil is used, this oxidized oil reacts with the metal
elements in the tool electrode and work piece, thus form
organometallic compounds. So to make the process more
stable they presented a dielectric liquid mixed with a fatty acid
containing carboxylic acid, by which debris particles are
dissolved as organometallic compounds to some extent instead
of releasing in the gap anymore.

II. ADVANCED EDM APPLICATIONS
A. Coating and alloying by EDM

EDM is considered to be a removal process. But EDM is
also sometimes utilized as a method of surface treatment
and/or an additive process. When EDM is done to machine
steel work piece uses hydrocarbon as dielectric, white layers
generated have high resistance to abrasion and corrosion than
base material due to high carbon content on those layers [19-
22]. These white layers absorb the carbon emitted by gases
produced from the hydrocarbon dielectric in the discharge
column at high temperature. High oxygen and carbon content
built up the discharge column, as WEDM usually takes place
in deionized water. Density of alloys (i.e. chromium and
nickel) should be enhanced by the decarbonisation of the
surface of the material metal caused due to oxygen. It provides
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assistance to the surface to resist corrosion [20]. Narumiya et
al. [21] proposed that machining of work piece by using
powdered (Si, SiC or Al) particles have improved surface
finish as well as better resistance to corrosion compared to the
machining done without powder. Masui et al. [23] concluded
that an alloyed layer is formed over the surface of positive
polarized work piece by mixing dielectric fluid with fine
tungsten powder. This alloyed layer enhances surface
properties such as hardness and resistance to corrosion along
with improved surface roughness. Mohri et al. [24] studied
that using tool electrode of partially sintered or green
compacted materials (Cu, Al, WC-Co and Ti) shows great
positive impact on alloying speed due to high wear ratio of
such materials. Similar results were concluded by Goto et al.
[25]. Ti eroded from the electrode is carbonized in the oil
dielectric, thus forming a hard layer of TiC over the work
piece material [27]. Coating of hard and thick layer having
high bond strength should be done in less time by the usual
EDM like processes compared to conventional methods i.e.
CVD and PVD. Cross-section of a TiC layer is practically
formed on carbon steel in 8 minutes [26]. Longer tool life is
indicated by the applications of this process towards cutting
and blanking of tools [25,27]. Work piece materials and
alloyed layers propose variety of powders and compact for
different applications like steel rolls, molds, dies, cutting tools,
turbines and aero engine components [28-30]. Tool electrode
which is polarized negatively and long discharge duration are
essential for the successful implementation of this process. By
these circumstances, we can say that, the MRR of the anode
(work piece) is lower than MRR of the cathode (tool
electrode), as there is deposition of carbon on anode which
comes from the hydrocarbon dielectric. TiC coating is formed
from the reaction in between the deposited carbon and the
material removed from electrode (Ti). Hayakawa et al. [31]
used deposition of EDM in air and create a micro structure.
Short analysis on the temperature of the tool electrode and
work piece concludes conditions which make suitable
discharge in this process. The polarity was set to the positive
to increase the wear of tool electrode than negative polarized
coating and alloying methods. It is because the anode has high
removal rate compared to cathode in the air.

B. Colouring by EDM

By using WEDM process, a new method of coloring
titanium alloys was proposed by Minami et al. [32]. WEDM
normally uses deionized water, so, due to electrolysis there is
a formation of an oxide layer over the surface of anode work
piece. It is recognized that the coloring of stainless steel and
the surface of titanium alloy is done by anodic oxidation,
occurred by the interference of light in the oxide film formed
by electrolysis. During the process of cutting finish on the
WEDMed surface, the surface is given an arbitrary colour.
Oxide layer thickness determines the colour, so, by varying
the open voltage or by controlling the wire-electrode’s feed
rate the colour can be changed. On products of titanium, fine
and multicolored pattern can be drawn in sinking EDM by
using a simple electrode controlled by an NC system [33].
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C. EDM of non conducting materials

It has been supposed that EDM can machine only
electrically conductive materials. However, EDM can also
machine diamond by introducing the coating of graphite on it.
Diamond should be heated in a pyrolitic atmosphere
comprised with a carbon compound or in a non oxidizing
flame, until it reaches the temperature of conversion to
graphite. The discharge spot’s temperature should be greater
than the conversion temperature of diamond-graphite’s
conversion temperature when there is the occurrence of
discharge between the coating of graphite and the tool
electrode, as the newly formed graphite-coating is done on the
bottom of the crater, then there is repetition of this same
process [34,35]. Fukuzawa et al. [36-38] discovered a way by
which nonconductive ceramics are EDMed totally. For
machining, a metal plate/ mesh is placed over the ceramics.
Initially, in between the metal plate and tool electrode, there is
production of discharge. There is erosion of metal plate and
thermal decomposition of working oil and deposition of
pyrolitic carbon on the positive polarized work-piece. As, in
die sinking the carbon is deposited on tool electrode by the
above mentioned phenomenon. Further, electrically
conductive carbon layer covers the ceramics surface after the
erosion of metal. Hence, till discharge maintains the carbon
deposition, there is continued occurrence of discharge on the
ceramics. 3D shapes of materials such as Si3N4, ZrO2, SiC,
Al203, AIN, glass, old ceramics, and diamond are machined
by EDM process with this method. WEDM facilitates the
machining of a chair-shaped product of Si3N4 [38]. Taniguchi
et al. [39] machine diamond and alumina ceramics by using
micro wave. Work pieces of these materials were placed in the
gap between a pair of needle electrodes and the axis of these
electrodes was oriented parallel to the electric field of the
micro wave standing in a micro wave tube. Dielectric heating
inside the material melts the alumina ceramic, whereas the
discharge column developed between the surface of diamond
and the tip of the needle electrode generates the heat flux
which evaporates the diamond as the dielectric hysteresis loss
of diamond was insignificant. The high electric resistivity of
the silicon single crystal generates a large voltage drop which
is one of the difficulties produced during the process of EDM
slicing of silicon wafers [40-42]. One of these authors also
stated that this large voltage drop is also produced by the high
contact resistance at the point of contact in between the silicon
wafer and metal electric feeder. In general, when two smooth
surfaced plates are made to be in contact with each other, the
area of real contact is very small, and as in this small area
density of concentrated electric current is very high which
signifies the voltage drop. Hence, there would be enormous
drop in voltage when interface is developed between metal
and high-electric-resistivity material, while voltage drop due
to interface by the contact of two different metals is ignorable
when it is compared with the voltage drop in the discharge
channel. Thus it is concluded that to improve the machining
rate, formation of a low electric resistivity layer over the
silicon wafer service is done. The contact resistance is caused
by the small area of real contact along with the differences in
work function between contacting materials due to which the
Schottky barrier is created. The effects of the Schottky barrier
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in metal-silicon contact was eliminated by the process of
electroplating the silicon surface with metal like Ni, Al and
Sb-Au [42,43]. This was done to minimize the contact
resistance in the EDM of the silicon single crystal and to alter
the rectifying contact to an ohmic one.

D. Cutting non linear holes

To reduce the forming cycle time, it is essential to cool the
mold surface in plastic injection molding and aluminum die-
casting. Curved surfaces of the mold are provided with proper
channels for the passage of coolant. However, mechanical
processes such as cutting, grinding, etc. are unable to
effectively machine curved holes. Thus, curved holes are
effectively machined by performing several novel electrical
machining methods [44-47]. Hollow space of a straight pipe
was introduced by a coil spring made as similar to the
curvature of the hole in order to guide the coil. The end of the
coil spring is attached with a spherical tool electrode. Initially,
both the coil spring and the guide pipe were fed together to a
certain depth by machining the work piece. Then the coil
spring is allowed to feed alone as the position of the guide
pipe is fixed. Goto et al. [45] proposed the curved hole.
Uchiyama et al. [47] also introduced an electrochemical
machining method.

E. Surface integrity machining for EDM

In sinking electrical discharge machining (EDM) while
processing cemented carbide, low surface integrity is resulted
due to typical surface defects such as cracks, micro-craters and
recast layer, which causes shortening of tool life. To overcome
this problem, basically re-polishing of the damaged layer is
done, but alongside there is increase in production cost and
duration of the machining. Thus, a method of on-the-machine
surface modification technology in EDM was introduced to
overcome these surface defects. To eliminate those surface
defects, sinking electrical discharge machine was introduced
with surface integrity machining for EDM (SIME) [48]. SIME
is performed by the application of voltage to the de-ionized
water to the constant gap between electrode and work-piece,
as the removal of recast layer along with other surface defects
is done by the disbanding of cobalt based on the electrolytic
action. So by the incorporation of SIME into EDM, there
could be a complete elimination of surface defects generated
by EDM.

III. RESEARCH APPROACH

Fig. 1 shows, the current trends of reviewed research
publications performed in various areas of EDM process. 21%
of the research is done to describe the working principle of
EDM, 20% research is carried out to describe abrasive powder
mixed EDM in dielectric, 18% work is done to describe the
process parameter optimization, 16% work is carried out
towards servo control, 8% reviewed research is done on pulse
discrimination, 5% on multi-spark for the improvement of
performance of the machine.
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Fig. 1. Percentage Distribution of Reviewed Research Publications.

As, it can be observed from this figure very less (3%) work
is attempted towards high level automation of EDM process. It
is the need of the generation to integrate the CIM environment
to die sinking EDM with a flexible machine controller to
minimize the dependency on operators to minimize the errors.

A. Why automation?

Zeng et al. [49] presented a case study in which 4500 —
7500 electrodes are used for different cavities of mould, in the
making of mobile phone mould. To perform various finishing
operations on each cavity, different tools are required. Single
machine operator has to perform various tasks such as i.e.
machining, program editing, feeding of parameters, changing
of tool, tool off set, etc. To ease this process or to avoid
human errors, automated systems are essentially useful which
can be operated by skilled operators. The concept of CIM
integrated EDM have been proposed by many [50,51] authors.
Moreover, Rajurkar & Wang [52] utilized the capability and
ability of CAD/CAM resources and high level automation to
share with manufacturing facilities incorporation with EDM
into future agile manufacturing systems which requires the
EDM control system. Operator’s skill is responsible for the
performance of die sinking EDM, as its increased use in
manufacturing industries. Data base (of all EDM process
parameters) is to be prepared for eliminating the dependency
on operator’s skill. Chakrabarti et al. [53] has introduced a
minimal management information system (MIS) through
design and implemented it for handling AWIM, EDM and
WEDM data with suitable design enhancements to handle
different manufacturing systems. For other non conventional
machining process developed MIS system recommended by
the author. To develop MIS, various experimentations would
be carried out by different combinations of materials of work
piece & tool electrode to generate statistical data. Further from
this statistical data, there is determination of optimized process
parameters (i.e. discharge current, pulse on time and pulse off
time) which would further be validated. Controller is needed
to simplify optimized parameters in process from MIS to
EDM. Die sinking EDM integrated with flexible controller
(PLC) is introduced to minimize the dependency on the
operator and to successfully implement automation.

B. Automization with PLC

Programmable logic controllers (PLCs) are used
extensively in each and every aspect of industry for the
expansion and enhancement of production [54]. A single PLC
can be programmed or preferably used over the older
automated system in which hundreds or thousands of relays
are used. The functions of PLCs include sophisticated motion
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control, process control, distributive control systems, and
complex networking. PLCs are implemented with
controllers/computers to improve the communication
capability so as to get effective performance of functions i.e.
supervisory control, data gathering, monitoring devices and
process parameters also it helps to reduce response time and
effective troubleshooting. Other benefits of PLCs are increase
in reliability and flexibility and reduction in cost. As shown in
Fig. 2, in EDM-PLC interface, inputs to PLS are given by
capacitor bank in the form of D.C. Power supply and die
sinking EDM’s tool position. Discharge current, pulse on and
pulse off time are used as process parameters, which is fed in
PLC with the use of computers. RS232 cable is used to
connect PLC with computer serial port, as system used to
communicate with PLC is named as Supervisory Control and
Data Acquisition (SCADA). LAN and WAN are distributed
according to their functions by the standard protocols used for
communication by SCADA. Electrodes require surface finish
and finishing depth which will be selected/fed manually by
machine operator on the user screen designed specially using
Human-Machine Interface. Three machining operations i.e.
rough, semi-finish and finish operations are assisted with
optimized EDM process parameters generated from database
of SCADA which is linked with HMI. Parameters will be
changed according to the requirement by the operator. A
single button is used to feed the parameters to the controller.
Depending upon the depth of incursion of tool electrode in
work piece material, Operations from rough machining regime
— semi finish — finish regime will be switched over
automatically by controller. CAD/CAM software and CIM
system is linked with separate die-sinking EDM in subsequent
research work.
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Fig. 2. Schematic diagram of EDM-PLC interface.
C. Five axis NC machines

Rapid developments are noticed in the technology of EDM
in last years [55,56]. Five-axis NC machine was introduced
which have character of discharging machining & Multi-
spindle linkage, by which this machine can get hold of
complex spatial trace i.e. aerospace, automotive industry and
surgical components [57]. Thus the problem of intervening
flexibly was solved. Five-axis NC machine also facilitates the
machining of complex curved surface work pieces along with
the machining of difficult-to-machined materials.

D. Servo scanning EDM

A servo-scanning 3D micro EDM (SS-3D MEDM) method
[58-60] is proposed to compensate micro electrode wear at
high discharge rate. In this (SS-3D MEDM) method, 3D
scanning process is integrated with servo control of discharge
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cap to compensate micro electrode wear [61]. By this, the
varying electrode wear can be adjusted by feeding modified
speed of micro electrode, thus, high machining efficiency is
expected, Furthermore, scanned paths designed by CAM
software such as Pro/Engineer can be used by 55-3D MEDM
for complex micro cavities. In this method, depth errors for
complex 3D cavities are reduced by proposing a layer depth
constrained algorithm (LDCA) and an S-curve accelerating
algorithm (SCAA). The main objective of the algorithms are as
follows: LDCA is used to avoid the errors occurred by over-
culting by monitoring the depth of machining of every
scanned spot, & SCAA is used to reimburse the inadequate
machining errors by accelerating the start and end of scanned
paths [61].

V. CONCLUSIONS

e Use of PLC based flexible controller reduces operator
dependency during EDM.

e  Today high level configuration computers can be used to
achieve high level automation in EDM.

* CAD/CAM software may be developed to simulate and
optimized rate of flushing.

*  Augtomization system may be developed o adjust input
parameters (current, voltage. etc.) to achieve highest
surface finish.

s Augtomatic system by the use of computers may be
developed to  achieve high  productivity  without
compromising surface quality in EDM.
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Fusion of Metal Powder using Microwave Hybrid
Heating for Joining of Metals — A review
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Abstract: Selective heating in microwave processing of
materials is relatively new technology. Microwave heating
receives considerable attention due to its major advantages such
as high heating rates, reduced processing time, and low power
consumption and less environmental hazards. This paper presents
a review of microwave technologies for fusion of metal powder
using fixed and variable frequency microwave applicators for
metal joining. Joining was effected through fusing and
metallurgical boding of the sandwich layer of metal powder slurry
between the metal pieces. It is observed that the porosity
measurement in the joint are revealed negligible porosity and
mechanical properties of joint such as tensile strength are
compared on the bases of literature.

Keywords: Microwave heating; Metal powder; Joining.
I INTRODUCTION

Microwave processing of materials is a relatively new
technology that provides a new approach to improve the
physical properties of materials, an alternative method for
processing materials that are hard to process, a reduction in the
environmental impact of materials processing, economic
advantages through energy, space, and time savings, and an
opportunity to produce new materials and microstructures that
cannot be achieved by other methods. Use of microwave
irradiation for materials processing has the potential to offer
similar advantages in terms of reduced processing times and
energy savings [1]. In many cases, the energy consumption in
microwave heating is less than that of other heating processes
and the processing time is shorter [2]. Microwave assisted
processes are shown to have a high heating rate as well as a
high reaction rate whereas it is not so for samples subjected to
conventional processes [3]. Recently, there is an interest in
characterizing the process of metals such as sintering [4],
brazing [5], joining [6] and melting using microwaves [7,8].
Conducting materials such as metals do not efficiently convert
microwave energy to heat since they reflect microwaves [9].
Microwave processing of materials has emerged as one of the
fastest material processing techniques and is being recently
investigated in surface engineering applications [10-12].
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Microwave processing of materials is different from the
conventional thermal processing methods. In microwave
heating, the electromagnetic energy is transferred at molecular
level by dipole rotation and ionic conduction. Hence, there is
an energy conversion rather than energy transfer as in the
conventional processing of materials [13—15].which eventually
leads to uniform bulk heating. As the heating originates at the
molecules through-out the bulk, the heating process is
essentially faster than the known modes heating in which
heating of the entire volume of the material depends on the
conventional modes of heat transfer .In conventional heating
systems, the material gets heated from the surface to the
interior with associated thermal gradient [16, 17] which results
in changes in microstructure with varying mechanical
properties. Microwave heating, on the other hand, is well
characterized by volumetric heating owing to which reduced
thermal gradient, less residual stresses and thermal distortion
on the target material have been observed while compared to
other thermal processes. Thus, application of microwave
energy as a source of heating in joining, sintering, cladding
could be a cost effective option in the material processing
industry. Studies on processing of ceramics and ceramic
composites using microwave energy have been widely reported
edges of microwave processing of such materials over
conventional processing techniques have also been well
illustrated [18-22]. Such processing includes several surface
engineering applications as well [10]. Microwave processing
of materials is mainly used for ceramics, ceramic composites,
polymers and semiconductors because they are good absorbers
of microwave [23, 24]. Osepchuk has explained the basics of
microwave heating and presented a brief history of the
applications of microwave energy [25]. Later, the same author
further explored the possible areas of applications of
microwave power in details [26]. Significance of microwave
heating and its applications in processing of ceramics were
then analyzed by Sutton in a landmark publication in 1989
[27]. The unique features of processing materials with
microwave were lucidly presented. Later, Clarke et al. have
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shown the potentials and challenges of using microwave
energy in materials processing [18]. Subsequently, application
of microwave energy in material processing was reported in
many areas including the new and unusual application like
glazing of sprayed ceramic composite surfaces [16].
Microwave energy has been effectively used in the processing
of different materials. However, majority of these applications
was limited to processing of microwave absorbing materials
(mostly, bio-materials, hydrocarbons etc.), ceramics and
ceramic composites. Successful sintering of alumina with
nearly full density at 1350°C after 50 min has been achieved
using 2.45 GHz microwave and its comparison with
conventional heating shows only 62% density at this
temperature [28].

IL MICROWAVE PROCESSING

Microwaves are a segment of the electromagnetic (EM)
wave spectrum, which comprises forms of energy that move
through space, generated by the interaction of electric and
magnetic fields [29]. In the EM spectrum, microwaves in the
frequency band from 300 MHz to 300 GHz are found to be
very effective in material processing applications [31]. In
microwave processing, heating is not dependent on surface
area but rather upon volume; hence, an inverse heating profile
is present [32] Industrial applications of heating by microwave
radiation such as in melting, smelting, sintering, drying, and
joining have been prompted, and a large amount of research
carried out [33] Bulk materials reflect microwave at room
temperature because of low skin depth .The metallic materials
can be processed using microwave in powder form by making
powder particle size equal to skin depth of microwave. Roy et
al. [34] reported that in a powdered and un-sintered form all
metals and alloy can be processed very efficiently and
effectively using microwave energy. The characteristics of
microwave processing of materials include: (a) selective
heating, (b) rapid heating, (c) controllable electric field
distribution, (d) penetrating irradiation, and (e) self-limiting
reactions [30]. Heating a material using EM energy is based on
a material’s capacity to absorb the applied energy efficiently
[36]. However, using EM energy, it is possible to heat a range
of materials more quickly than using conventional heating
methods, since the efficiency of conversion of EM radiation to
heat is 100 % [37]. In microwave processing, by transferring
energy via EM waves, heat transfer is not limited to the surface
of a material but is transferable to all particles, which increases
the heat transfer rate [38]. Many commercial powder metal
components and their alloys have been sintered using
microwaves. It has been reported that the powders with a
composition of iron (Fe), copper (2%) and graphite (0:8%)
have been sintered in a microwave field at 1200 °C for 30 min
with excellent density [39]. The same authors also reported
microwave sintering of cobalt metal powder in pure H2
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environment with one atmospheric pressure at various
temperatures-ranging from 900 to 1200 °C for 10 min. The
densities reported were 8700 kg/ m3 at 900 °C to 8880 kg/m3
at 1000—-1050 °C and near theoretical density of 8890 kg/m3 at
1100-1200 °C. Rodiger et al. had carried out sintering of hard
metals through 2.45 GHz microwave heating and reported
sintering temperature of 1300 °C in microwave process was
achieved in 1.5 h with 1 kW power whereas conventional
process took nearly 5 h to reach 1400 °C with 4.5 kW. Platelets
microstructure embedded in a fine-grained hard metal matrix
with an average size of 0.6 Im was obtained [34]. Prabhu et al.
had examined the comparative sinterability of as received
powder and activated tungsten powder in microwave. It was
observed that the activated tungsten powder shows better
densification because of reduced particle size and higher
specific surface energy [40].Gupta and Wong reported the two-
directional microwave assisted rapid sintering of aluminum,
magnesium and lead free solder. The results revealed that the
density of the microwave sintered and conventionally sintered
samples are same whereas the marginal increase in
microhardness with superior ultimate tensile strength of the
microwave sintered aluminum and magnesium [41].
Microwaves have been efficiently employed for joining of
ceramic materials. It has been reported that sintered alumina
and 30% zirconia ceramic composites were successfully joined
by microwave hybrid heating at 2.45 GHz frequency and
power 700W [42]. The joints were fabricated with and without
sodium silicate glass powder as an interlayer. The flexural
strength of such joints (with interlayer) was reported in the
range of 28 MPa. However, adaptability of microwave energy
in processing metallic material is challenging owing to the fact
that microwave absorption coefficient for metals at 2.45 GHz
radiation is significantly less at room temperature [43]. This
makes it extremely difficult to achieve heating in metallic
materials without using hybrid-heating (conduction and/or
convection + microwave) technique [44,45]. In microwave
hybrid heating (MHH), a passive heating is used through
microwave absorbing material, called susceptor. In 1999, an
US research group reported sintering of metallic materials.
Later, several authors have reported sintering of metallic
materials through microwave heating [42,46-48]. Cho and Lee
[49] reported metal recovery from stain-less steel mill scale
using microwave heating. Takayama et al. [51] have reported
production of pig iron by microwave processing of mixed
magnetite and carbon powder at 2.45 GHz and 30 GHz
microwave frequency. Sharma et al. [52] have reported joining
of bulk metallic materials using microwave irradiation.
Borneman and Saylor reported coating of friction reducing
alloys using CuNiln powder on Ti—-6Al-4V substrate using
microwave radiation. Borneman and Saylor’s [53] work has
been the pioneering work in processing metal-based materials
using microwave energy for surface engineering application.
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The microwave joining of thin metallic sheet having a
thickness of 0.1 to 0.3 mm was successfully reported by Siores
and Rego[54] using microwave heating. The authors reported
that the localized arcing was enough to melt such thin sheets
by using a 2 kW multimode microwave magnetron. Bulk
metallic material however cannot be processed using this
method due to reflection of microwaves by metal and spark
produced is large which is harmful to waveguide of
microwave. The joining of bulk metallic materials was first
reported by Sharma et al. [55] in the form of a patent using
MHH. Srinath et al. [S6-57] reported joining of similar as well
as dissimilar metallic materials using MHH. The authors
reported joining of Cu to Cu by placing Cu powder between
two interfacing surfaces, SS to SS by placing Ni powder
between two interfacing surfaces, and mild steel (MS) to
stainless steel (SS) by placing Ni powder between the
interfacing surfaces. In general, the best properties in a welded
joint can be achieved by using filler metal of the same
composition as that of base metal to be joined. In this work,
joining of SS-316 to SS-316 has been successfully achieved by
using SS-316 powder of approximately same composition
using MHH. The developed joints were characterized through
X-ray diffraction (XRD), field emission scanning electron
microscopy (FE-SEM), Vicker's microhardness tester and
universal testing machine.

III. TESTING AND MATHEMATICAL MODELING

In microwave based surface engineering methods,
uniformity in  processing  including = homogeneous
microstructure, reduced porosity, reduced level of stress
cracking, and enhanced microhardness have been reported by
many authors]. Srinath et al. [57] investigated the
microstructural and mechanical properties of stainless steel
(SS-316) joined to mild steel by microwave processing under
atmospheric conditions using a multimode applicator at 2.45
GHz and 900 W. A nickel-based metallic powder was used as
a sandwich layer between the bulk pieces. The resulting joints
were characterized using field-emission scanning electron
microscopy (FESEM), X-ray diffractometry, Vickers
microhardness testing, and tensile testing. Microstructure study
showed that the faying surfaces were well fused and were
bonded on either side of the base material, and formation of
cementite and metallic carbides was also observed. The
average Vickers microhardness of core joint area was observed
to be 133 HV with 0.58 % porosity. The ultimate tensile
strength of the joint was found to be 346.6 MPa with
percentage elongation of 13.58 %. Microwave joining of 48%
alumina—32% zirconia—20% silica ceramics through suitable
temperature control has also been reported which yielded joint
strength in excess of about 107% of the base material [58].
Bartmatz et al. in the year 2000 have reported in the form of
patent on brazing of titanium carbide tip to diamond cutter to
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enhance the properties of the cutter [59]. Braze powder was
used as interface layer with microwave temperature upto
1000°C. In continuation of the previous study, Sallom et al.
have reported the brazing of Gamma TiAl with Ag-based filler
metal by microwave heating between 925 °C to 1050 °C in 5
min with 1 MPa load [60]. Budinger have reported brazing of
nickel based superalloys with nickel based metallic powders in
a multimode microwave cavity [61]. Particle size used in this
work was about 44 Im. Results show the finer particle attained
maximum temperature of 1140° C, whereas coarser particles
were heated upto 827°C. This evidence shows that microwaves
have greater susceptibility towards finer particle size.
Successful joining of thin steel sheet in the thickness range of
0.1-0.3 mm using microwave was reported by Siores and Rego
[54]. The authors showed that the localized arcing was enough
to melt such thin test sheets by using a 2 kW multimode
magnetron. Agrawal, on the other hand, has reported joining of
regular steel and cast iron in a microwave field within 2—3 min
using a braze powder [62]. Srinath et al. [6] also presented a
new approach for joining of bulk copper using microwave
energy under conditions similar to those mentioned above. A
sandwich layer of copper powder with approximately 0.5 mm
thickness was introduced between the two candidate surfaces
(copper in coin and plate forms), which were successfully
joined by microwave heating within 900 s exposure time.
Near-complete melting of the powder particles in the sandwich
layer took place during the microwave exposure, leading to
metallurgical bonding of the bulk surfaces. Characterization of
the joints was carried out by microstructure study, elemental
analysis, phase analysis, microhardness and porosity
measurements, and tensile testing. The X-ray diffraction
(XRD) pattern indicated that some copper powder particles
were transformed into copper oxides. A dense uniform
microstructure with good metallurgical bonds was obtained
between the sandwich layer and the interface. The hardness of
the joint area was observed to be 78 £ 7 HV, while the porosity
in the joint was observed to be 1.92 %. Colombini et al. [63]
applied microwave energy to ignite combustion synthesis (CS)
of Ni , Al (50:50 at.%) powder mixtures to join dissimilar
materials at high temperature. Experimental and numerical
simulation results demonstrated that joining can be obtained
rapidly by microwave ignition of CS, characterized by
minimum extension of heat-affected zones in the joined
substrates. Gupta et al. [64] joined mild steel and stainless steel
by microwave welding at 2.45 GHz and 900 W. The joint was
formed in 600 s exposure time. Ni-based powder was used to
join the metals. Joint characterization was carried out through
microstructural analysis and tensile strength, elongation, and
microhardness measurements. The tensile strength, elongation,
and microhardness were observed to be 340.16 MPa, 11.67 %,
and 130 HV, respectively. E. Colombini, R. Rosa performed
numerical simulation of the MW ignited CS of AI-Ni powders
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compacts by using the commercial software Comsol

Multiphysics 3.5a.
IV.  CONCLUSION

It is expected that use of metal powder for joining by using
microwave energy improves mechanical and micro-structural
properties of the joint. It is also expected that by varying the
particle size of powder it directly affect the heat transfer rate,
strength, porosity at the joint surface. The use of microwave
energy for melting of metal powder used for joining consumes
less energy as compare to other joining process and also less
environmental hazards.

REFERENCES

[11 R.Benttez, A. Fuentes, K. Lozano, Effects of microwave assisted heating
of carbon nanofiber reinforced high density polyethylene. J. Mater.
Process. Technol. 2007; 190, 324-331

[2] P. Rattanadecho, N. Suwannapum, Drying of dielectric materials using a
continuous microwave belt drier (case study: ceramics and natural
rubber), J. Manuf. Sci. Eng.

[3] S. Chandrasekaran, S. Ramanathan, T. Basak, Microwave material
processing—a review, AICHE J. 58 (2) 2012; 330-363.

[4] K. Saitou,Microwave sintering of iron, cobalt, nickel, copper and
stainless steel powders, Scr. Mater. 54 (5) 2006; 875-879.

[5] C. Eijk, Z.K. Sallom, O.M. Akselsen, Microwave brazing of NiTi shape
memory alloy with Ag-Ti and Ag—Cu-Ti alloys, Scr. Mater. 58 (9) 2008;
779-781.

[6] M.S. Srinath, A.K. Sharma, P. Kumar, A new approach to joining of bulk
copper using microwave energy, Mater. Des. 32 (5) ,2011; 2685-2694.

[71 A.F. Moore, D.E. Schechter,
20030089481, 2003.

M.S. Morrow, U.S. Patent No.

[8] S. Chandrasekaran, T. Basak, S. Ramanathan, Experimental and
theoretical investigation on microwave melting of metals, J. Mater.
Process. Technol. 211 (3) ,2011; 482—487.

[91 D.E. Clark, D.C. Folz, J.K. West, Processing materials with microwave
energy, Mater. Sci. Eng., A 287 (2) 2000 ;153—158.

[10] Sharma AK, Krishnamurthy R. Sliding wear characterization of
microwave-glazed plasma-sprayed ceramic composites. Proc IMechE J J
Eng Tribol2010;224 (J5):497-511.

[11] Sharma AK, Krishnamurthy R. Performance enhancement of plasma
sprayed ceramic composite coatings through microwave glazing. In:
Proceedings of Indo-Japan conference on damage tolerant design and
materials. 2004. p.316-20.

[12] Dheeraj G, Sharma AK. On development and performance of microwave
induced metal-ceramic composite cladding. In: Proceedings of
conference on processing and fabrication of advanced materials XIX.
2011. p. 90-101.

[13] Clark DE, Folz DC, West JK. Processing materials with microwave
energy. Mater Sci Eng A 2000;287:153-8.

[14] Thostenson ET, Chou TW. Microwave processing: fundamentals and
applications. Compos A 1999;30:1055-71.

[15] Ku HS, Siores E, Taube A. Productivity improvement through the use of
industrial microwave technologies. Comput Ind Eng 2002;42:281-90.

International Multi Track Conference on Science, Engineering & Technical innovations

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Sharma AK, Aravindhan S, Krishnamurthy R. Microwave glazing of
alumina—titania ceramic composite coatings. Mater Lett 2001;50:295—
301.

Sharma AK, Krishnamurthy R. Microwave processing of sprayed
alumina composite for enhanced performance. J Eur Ceram Soc
2002;22:2849-60.

Clark DE, Sutton WH. Microwave processing of materials. Annu Rev
Mater Sci1996;26:299-331.

Cheng J, Agrawal D, Zhang Y, Roy R. Microwave reactive sintering to
fully trans-parent aluminum oxynitride (ALON) ceramics. J Mater Sci
Lett 2001;20:77-9.

Fisher JG, Woo SK, Bai K. Microwave reaction bonding of silicon
nitride using an inverse temperature gradient and ZrO2and
Al203sintering additives. ] EurCeram Soc 2003;23:791-9.

Abhijit C, Sudip D, Susmita B, Amit B. Microwave sintering of calcium
phosphate ceramics. Mater Sci Eng C 2009;29(4):1144-9.

Fang CY, Randal CA, Lanagan MT, Agrawal DK. Microwave processing
of elec-troceramic materials and devices. J Electroceram 2009;2:125-30.

Sutton WH. Microwave processing of ceramic materials. Am Ceram Soc
Bull 1989;168:376-86.

Rajkumar K, Aravindan S. Microwave sintering of copper—graphite
composites. ] Mater Process Technol 2009;209:5601-5

Osepchuk John M. A history of microwave heating applications. IEEE
Trans Microwave Theory Technol, MIT 1984;32(9):1200—-24.

Osepchuk John M. Microwave Power applications. IEEE Trans

Microwave Theory Technol 2002;50(3):975-85.

Sutton WH. Microwave processing of ceramic materials. Am Ceram Soc
Bull 1989;168:376-86.

Brosnan Kristen H, Messing Gary L, Agrawal DK. Microwave Sintering
of Alumina at 2.45 GHz. ] Am Cer Soc 2003;86(8):1307-12.

P.K.D.V. Yarlagadda, T.S. Chong, Characterisation of materials
behaviour in microwave joining of ceramics. J. Mater. Process. Technol.
1998; 84(1-3), 162-174

Oghbaei M, Mirzaee O. Microwave versus conventional sintering: a
review of fundamentals, advantages and applications. J Alloys Compd
2010;494:175-89.

A. Olofinjana, P.K.D.V. Yarlagadda, A. Oloyede, Microwave processing
of adhesive joints using a temperature controlled feedback system. Int. J.
Mach. Tools Manuf. 2001;41(2), 209-225

B.B. Balzer, J. McNabb, Significant effect of microwave curing on
tensile strength of carbon fiber composites. J. Ind. Technol. 2008; 24(3),
1-9

J.M. Hill, T.R. Marchant, Modeling microwave heating. Appl. Math.
Model. (1996),20(1), 3—-15

Roy R, Agrawal D, Cheng J, Gedevanishvili S. Full sintering of
powdered metals parts in microwaves. Nature 1999;399:668—70.

C. Leonelli, P. Veronesi, L. Denti, A. Gatto, L. Iuliano, Microwave
assisted sintering of green metal parts. J. Mater. Process. Technol.
(2008), 205(1-3), 489-496

H.S. Ku, T. Yusaf, Processing of composites using variable and fixed
frequency microwave facilities. Prog. Electromagn. Res. (2008) B 5,
185-205

Page | 171



[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

International Multi Track Conference on Science, Engineering & Technical innovations

D. Gupta, P.M. Bhovi, A.K. Sharma, S. Dutta, Development and
characterization of microwave composite cladding. J. Manuf. Process.
14, 2012; 243-249

P.K. Bajpai, I. Singh, J. Madaan, Joining of natural fiber reinforced
composites using microwave energy: experimental and finite element
study. Mater. Des. 35, 2012;596-602

Rodiger K, Dreyer K, Gerdes T, Porada Willert M. Microwave Sintering
of Hardmetals . Int J Refract Met Hards Mater 1998;16:409—16.

Prabhu G, Chakraborty Amitava, Sarma Bijoy. Microwave sintering of
tungsten. Int. ] Met Hard Mater 2009;27:545-8.

Gupta M, Wong WLE. Enhancing overall mechanical performance of
metallic materials using two-directional microwave assisted rapid
sintering. Scripta Mater 2005;52:479—83.

Aravindan S, Krishnamurthy R. Joining of ceramic composites by
microwave heating. Matt Let 1999;38:245-9.

Leonelli C, Veronesi P, Denti L, Gatto A, Iuliano L. Microwave assisted
sintering of green metal parts. J Mater Process Technol 2008;205:489—
96.

Thostenson ET, Chou T-W. Microwave processing: fundamentals and
applications. Composites A 1999;30:1055-71.

Bykov YuV, Rybakov KI, Semenov VE. High-temperature microwave
processing of materials. J Phys D Appl Phys 2001;34:R55-75.

Panda SS, Singh V, Upadhyaya A, Agrawal D. Sintering response of
austenitic(316L) and ferritic (434L) stainless steel consolidated in
conventional and microwave furnaces. Scr Mater 2006;54:2179-83.

Saitou K. Microwave sintering of iron, cobalt, nickel, copper and
stainless steel powders. Scr Mater 2006;54:875-9.

[22] Chhillar P, Agrawal D, Adair JH. Sintering of molybdenum metal
powder usingmicrowave energy. Powder Metall 2008;51(2):182—7.

Mondal A, Upadhyaya A, Agrawal D. Microwave sintering of W-18Cu
and W-7Ni3Cu alloys. J Microwave Power Electromagn Energy
2009;43(1):11-6.

Cho S, Lee J. Metal recovery from stainless steel mill scale by
microwave heating.Met Mater Int 2008;14(2):193—6.

Takayama S, Link G, Matsubara A, Sano S, Sato M, Thumm M.
Microwave fre-quency effect for reduction of magnetite. Plasma Fusion
Res 2008;3:1036.

Sharma AK, Srinath MS, Kumar P. Microwave joining of metallic
materials.1994/Del/2009, Indian Patent; 2009.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Borneman KL, Saylor MD. Microwave process for forming a coating.
US0138533A1, US Patent; 2008.

Siores E, Rego D. Microwave application on material joining. J Mater
Process Technol 1995;48:619-25.

Sharma AK, Gupta D, A method of cladding/coating of metallic and non-
metallic powders on metallic substrates by microwave irradiation.
527/Del/2010, IndianPatent; 2010.

Srinath MS, Sharma AK, Pradeep K. Investigation on microstructural
and mechanical properties of microwave processed dissimilar joints. J
Manuf Process 2011;13:141-6.

Srinath MS, Sharma AK, Pradeep K. A novel route for joining of
austenitic stainless steel (SS-316) using microwave energy. Proc
IMechE B J Eng Manuf 2011;225(7):1083-91.

Ahmed Ammar, Siores Elias. Microwave joining of 48% alumina—
32%zirconia 20%silica ceramics. J] Mater Process Technol 2001;118:88—
95.

Barmatz Martin, Jackson W, Radtke P Robert. Microwave Technique for
Brazing Materials. US patent 2000; 6054693.

Sallom ZK, Akselsen OM, Zhang J. Brazing of gamma TiAl with Ag
based Filler metal. Euro mater 2005:1-30.

Budinger David Edwin. Microwave brazing process. US Patent 2008;
0290137.

Agrawal DK. Microwave sintering, Brazing and melting of metallic
materials of metallic materials. Sohn Int Symp, Adv Process Met Mater
2006;4:183-92.

E. Colombini, R. Rosa, P. Veronesi, M. Cavallini, G. Poli, C. Leonelli,
Microwave ignited combustion synthesis as a joining technique for
dissimilar materials: modeling and experimental results. Int. J. Self-
Propag. High-Temp. Synth. 2012; 21(1), 25-31

P. Gupta, S. Kumar, A. Kumar, Study of joint formed by tungsten
carbide bearing alloy through microwave welding. Mater. Manuf.
Process. 2013;28(5), 601-604.

Page | 172



Fundamental Aspects into the Electrical Discharge
Machining Technology with Current Innovative
Techniques: A Review

Vikas Kumar Paramyjit Singh
Dept. of Mechanical Dept. of Mechanical
Engineering Engineering

Amritsar College of
Engineering and Technology,
Amritsar, Punjab, India
vikas_cadcam@rediffmail.com

Amritsar College of

Amritsar, Punjab, India
er_pannu266 @ yahoo.com

Abstract—Electrical discharge machining (EDM) is a non-
conventional machining process widely used for manufacturing
complex geometry or hard to cut materials e.g. (super alloys,
ceramics, and composites). These materials are very difficult-to-
machine with conventional machining processes. Many
researchers have showed a significant amount of research
interests in EDM process due to its wide application in defense,
automotive, aerospace, and manufacturing of tool and dies and
tremendous role in the progress of least cost products with more
trustworthy quality assurance. The main intention of this paper
is to presents the scenario of the EDM technology with newly
developed advanced application technologies through the
achievements in the fundamental aspects on EDM process.

Keywords—EDM; Fundamental aspects; New techniques
I. INTRODUCTION

All Last five decades technology of EDM process has
played an essential role in manufacturing industries and
became crucial in manufacturing applications such as die and
mold making, micro-machining, machining of composite
ceramics and prototyping, etc. The phenomena of Electrical
discharge or spark machining in EDM process takes place over
a very short period of time in a very narrow space (10-100pm)
known as inter electrode gap between electrode and work
piece, which is filled with dielectric liquid involving melting
and evaporation of the tool electrode as well as work piece
material. However, an EDM gap phenomenon is very complex
and hence not yet fully understood. Earlier in 1770, Joseph
Priestly an English scientist discovered the erosive effect of
electrical discharges. In 1930s, attempts were made for the first
time to machine metals and diamonds with electrical discharge.

A Disintegrator was developed by V.E. Matulaitis and H.V.
Harding [1] of Elox US to remove the broken taps from
expensive work piece materials e.g. (high speed steel and
cemented carbide) through erosion process which was caused
by arc discharges occurring in inter electrode gap connected to
a D.C. power supply. Short mechanical contacts initiated the

International Multi Track Conference on Science, Engineering & Technical innovations

Engineering and Technology,

Gaurav Tejpal Gurigbal Singh
Dept. of Mechanical Dept. of Mechanical
Engineering Engineering
Amritsar College of Anmritsar College of

Engineering and Technology,
Amritsar, Punjab, India
gaurav_tejpal @acetedu.in

Engineering and Technology,
Amritsar, Punjab, India
guriq_ghumman @yahoo.com

arc discharges like welding arcs which was interrupted by
retraction using vibration of the tool electrode. An equipment
was developed by AEG [2] capable of eroding diamond using
the heat generated by arc discharges occurring at high
frequencies in the inter electrode gap. In 1943, soviet scientists
B. R. Lazarenko and N. I. Lazarenko [3] reversed the effect of
metal removal from electric circuit breakers and optimized this
phenomenon for material removal purposes. In 1950s,
relaxation type generators (resistance—capacitance charging
condensers to store and define discharge energy) were used. It
became possible to make a simple servo control circuit to
automatically find and hold a given gap between electrodes
(Tool electrode & work piece) and moreover to control pulse
times through these circuits. In 1980s, Computerized
Numerical Control (CNC) machines came into the picture and
the efficiency of EDM process is further enhanced. In the last
two decades, researchers have carried out a lot of research
work to enhance the productivity of EDM process. EDM
machine tools are able to work round the clock under the
monitoring of adaptive control systems. Moreover, latest
developments in computer technology, measuring and
analyzing instruments are enhancing new findings and
conclusions. Furthermore, applications of the phenomena of
EDM process other than material removal are also being
developed. This paper presents the scenario of the EDM
technology by linking recent achievements in fundamental
aspects with newly developed advanced application
technologies. The mechanism of erosion of material from work
piece mainly conversion of electrical energy into thermal
energy through a series of sparks occurring into inter electrode
gap between tool electrode and work piece immersed in a
dielectric fluid [4]. Generation a plasma channel between the
cathode and anode is done by the thermal energy [5] at a
temperature in the range of 8000 to 12,000 °C [6] or as high as
20,000 °C [7] resulting in a significant amount of heating and
melting of material at the surfaces of work piece
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and tool electrode shown in figure 1. The plasma channel
breaks down when the pulsating DC supply is turned [8]
resulting in rapid cooling allowing the circulating dielectric
fluid to flush the molten material from the inter electrode gap
in the form of debris. The range of volume of material removed
per discharge is typically lie between 10_6 to 10_4 mm3 and
the material removal rate (MRR) is usually between 2 and 400
mm3/min [9] since the shape of the tool electrode defines the
area in which the spark erosion will occur.

II. FUNDAMENTAL ASPECTS IN EDM TECHNOLOGY
A. Phenomena of Inter Electrode Gap
1) Single pulse discharge columns

The diameter of arc column is shown in figure 2, which is
smaller than the width of inter electrode gap and surrounded by
the debris particles like dust and minute bubbles. The inter
electrode gap is occupied with tar and size of debris particles
shown in figure 3. The boundary between bubbles is occurred
due to breakdown of dielectric by consecutive pulse discharges
where debris particles are condensed or inside the bubble as
well. The area of discharges spots where the diameter of arc
column is considered to increase with the passage of time [10-
12] and became equal to the generated discharge crater’s
diameter [10]. Somehow if it happens then the arc column
diameter is observed larger than the gap width. At this stage the
material of tool electrode and dielectric liquid are evaporated,
molecules are dissociated, and atoms are ionized hence resulted
in a rapid bubble expansion. The inertia and viscosity of the
dielectric liquid restricts the expansion of bubbles, the
extremely high pressure inside the bubble expands the
boundary between the bubble and liquid with the velocity of
several tens m/s [13, 14]. Dielectric liquid plays an important
role in material removal because the high pressure and velocity
field in the bubble may serve as the dynamics of the material
removal in EDM process [15, 16]. Ions and electrons are
recombined after the end of the discharge duration and the
dielectric breakdown strength is recovered. Hydrogen and
methane gas which are generated by the dissociation of the
working oil are left to form a bubble and the evaporated atoms
and molecules are solidified or condensed to form debris
particles. The sizes of the bubbles are in several tens of times
larger than the gap width.
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The gap becomes filled with gas in typical EDM processes
since pulse discharge occurs several thousand times or more
per second [16]. Debris particles are generated per single pulse
discharge stops at the boundary of the bubble due to the
viscosity of the dielectric liquid and blown off through the
bubble generated by the discharge [17]. Debris particles
melted, evaporated and cooled by the dielectric liquid and
solidified to form spherical. Thus dielectric liquid flushes the
debris particles from the inter electrode gap and further not
reattached on the electrode surfaces. Furthermore the surfaces
of tool electrode and work piece cooled by heat convection in
the boundary layers of the dielectric liquid and maintain the
machining stability.

2) Plasma in EDM Process

Earlier the ultraviolet ray, x-ray, cosmic ray and radiation from
the earth crust generated the initial electrons. These electrons
were accelerated by the electric field and ionize the neutral
species due to collision resulting in an electron avalanche. Thus
discharge was established by distorting the electric field, Hence
streamers are developed toward both the anode and cathode
[18]. In EDM process, the established discharge becomes an
arc discharge when the discharge duration reaches over several
ps and current density is 108 - 109A/m2. An electron emission
sustains the arc discharge from the cathode spot which is due to
the both secondary emission, thermionic and field emissions.
Until the temperature and electrical field both are strong, this
emission process is fully dependent on both variables (T-F
theory) [19]. Thus the high current densities depend on highly
ionized plasma with comparatively low discharge voltage of
about 20 V. The value of discharge voltage is slightly changed
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depending on type of dielectric fluids, materials of tool
electrode, gap width and pulse conditions. Discharge voltage
composed of an anode, cathode and channel voltage drop.
Precise analysis of the EDM plasma is quite difficult just
because of the complex physical phenomena occurring in the
inter discharge gap. Eubank et al. [20] investigated the
cylindrical plasma expansion considering the water dielectric’s
evaporation and the increase in enthalpy in plasma due to
dissociation and ionization of water as dielectric. The
subtracting of the fractions of the energy transfer developed the
distribution of plasma to the anode and cathode. Comparison
between the measured material removal per pulse discharge
and molten material volume and expansion of circular heat-
source on anode model calculated using the point heat-source
on cathode model creates the fractions of the anode and
cathode [21, 22]. However, the analysis of plasma was not
done. Hayakawa et al. [23-25] analyzed the magneto
hydrodynamics between parallel plane copper electrodes using
the steady state of a DC arc assuming in air under a constant
discharge current and gap width as used in EDM process. They
also assumed that the species in high-temperature air copper
electrode vapor are (N2, O2, NO, N, O, Cu, NO+, N+, O+,
Cu+, N2+, 024, Cu2+4) and electrons. The temperature
dependence of the thermo physical properties of the plasma
also Considered, the calculation of electromagnetic field,
temperature, pressure, and velocity distributions was done for
the regions including both the electrodes and discharge gap and
solved the conservation equations of mass, momentum and
energy, Ohm’s law and Maxwell’s containing the Joule
heating, conduction, convection, and radiation terms. It was
investigated that the discharge power is almost negligible when
distributed in the electrodes, and heat transfer due to
convection and radiation. It was also found that after the end of
the discharge duration the plasma extinguishes within a few
microseconds [23, 25].

3) Distribution of Energy

The removal of material from anode and cathode quite
different and depends on the discharge duration even the
materials of tool electrode and work piece are the same. The
amount of removal of material per pulse and discharge duration
while using copper for both (anode and cathode) [26]. The
material removal amount of anode is more for discharge
duration shorter than 20us and lesser with the discharge
duration longer than 20us as compare to cathode. Motoki and
Hashiguchi [27], and Van Dijck [28] described on the basis of
the T-F electron emission theory that this phenomenon is
caused by the variation of the energies distributed into the
anode and cathode with the discharge duration and also
proposed the importance of energy distribution measurement
between the anode, cathode and dielectric fluid. Koenig et al.
[29] measured the temperatures of the electrodes and dielectric
fluid for the measurement of the energy distribution. Xia et al.
[26, 30, 31] experimented using calculation model for the
measurement of the energy distribution by comparing the
temperatures of the electrodes with the calculated results
obtained under the assumed ratio of the energy distributed. The
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estimated energy distribution was correct when the calculated
temperature agreed with the measured one. The energy
distribution was obtained by Xia et al. Copper was used for
both anode and cathode under the same pulse conditions. They
reported that the energy distribution to anode and cathode is
about 40% and 25% respectively and rarely affected by the
discharge duration, in both single discharge [26] and
continuous pulse discharges [26]. It was also reported that the
energy distribution cannot fully explain the difference in
amount of material removal between electrodes. Xia et al. [26,
30] and Natsu et al. [32] studied the effect of carbon adhesion
on the material removal amount under different machining
conditions i.e. (discharge duration, polarity, and flushing flow
rate of dielectric) at anode. It was concluded that the
phenomenon of carbon adhesion onto the anode surface causes
the difference in material removal amount between anode and
cathode not by energy distribution with hydrocarbon dielectrics
for both anode and cathode with same material i.e. copper.
Motoki et al. [33] and Ikai et al. [34] explained that the rate of
reduction of material removal of tool electrode is less due to
the protective effects of carbon layer with high boiling
temperature and high thermal resistance. The catalysis and
structure of the carbon layer generated in the EDM process
were examined by Mohri et al. [35]. Kunieda et al. [36] used
spectroscopic analysis for the measurement of copper vapor
density in the arc plasma. It was concluded that the copper
anode was protected by carbon layer from wear based on the
fact that the deposition of thicker carbon layer on the copper
anode. This was resulted in lower copper vapor density. Xia et
al. [31] measured the energy distribution in the inter electrode
gap in the continuous pulse discharge. Van Dijck [28]
explained that ratio of energy used for removal of electrodes is
significantly low (1%), moreover 90% of the heat is conducted
into anode and cathode and that the ratio of the volume of
metal ejected to the volume of metal melted is only 1 to 10%.
In the magneto hydrodynamics analysis of the steady state arc
The 18% of the energy goes to the discharge gap, however,
Hayakawa et al. [25] investigated that almost all the discharge
power is conducted into the anode and cathode and the
negligible heat dissipated by convection and radiation. This is
because convection and radiation both are insignificant in the
narrow gap between parallel plane electrodes and arc column is
established in steady state. When discharge duration was
several thousand times longer than the duration actually used in
EDM. This result agrees with the distribution measured [25].
The distribution of power into the inter electrodes gap is
considerably higher than that in the steady arc with the actual
discharge duration. It was concluded that during the actual
discharge duration in EDM process, the gap condition is not in
equilibrium and 18% of the discharge power is consumed in
the formation of plasma through ionization, excitation,
dissociation, and polymerization.

III. EXTENDING EDM TECHNOLOGIES
A. Magnetic Field Assisted EDM

A new technique of Magnetic Field Assisted EDM has
been introduced by R. Teimouri et. al [37] in which researchers
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improved flushing of the debris from the inter electrode gap in
electrical discharge machining (EDM) process by a rotary tool
with rotary magnetic field. Moreover they designed two
adaptive Neuro-fuzzy inference system (ANFIS) models 1o
compare the EDM parameters to material removal rate (MRR)
and surface roughness (SR} by using the data generated based
on experimental observations, Further, to select the best
process parameters for maximum MRR and specified SR, a
technigue of continuous ant colony optimization (CACO) has
been vsed. The process parameters are used (magnetic field
intensity, rotational speed and product of current and pulse on-
time}, Moreover, the objective and constraint functions for
CACO are ANFIS models of MRR and SR, respectively. Three
main regimes of low energy, the middle energy and the high
energy have been divided for Experimental trials. The resulis
proposed successful optimization for the input conditions of the
magnetic field assisted rotary EDM process by using the
CACO technigue which used the ANFIS models as objective
and constrain tunctions. Teimouri and Baseri  [38,39]
investigated the effects of rotation of tool and wvarious
intensities of magnetic field on EDM performance of
X210Cr12, Researchers proposed that the MER and SR and
increase the EWR and overcut by the applying a rotational
magnetic field around the inter electrode gap. Researchers
proposed that magnetic field has encouraging effects on MRR
and SR.

B. EDM of non-conducting materials

EDM can alse machine diamond by introducing the coating
of graphite on it. Diamond should be heated in a pyrolitic
atmosphere comprised with a carbon compound or in a non
oxidizing flame, until it reaches the temperature of conversion
to graphite. The discharge spot’s temperature should be greater
than the conversion temperature of diamond-graphite’s
conversion temperature, when there is the occurrence of
discharge between the coating of graphite and the tool
electrode, as the newly formed graphite-coating is done on the
bottom of the crater, then there is repetition of this same
process [40, 41]. Fukuzawa et al. [42-44] discovered a way by
which nonconductive ceramics are EDMed totally. For
machining, a metal plate/ mesh is placed over the ceramics.
Initially, in between the metal plate and tool electrode, there is
production of discharge.

C. Strip EDM

Strip EDM 1s basically a similar process like wire EDM. In
strip EDM a continuously moving brass strip Brass sirip
(width: 10 mm, thickness: 0.1 mm) is provided as an electrode.
The waste or worn stip s removed by winding reel and a new
one is supplied continuously. Hence no tool electrode wear
happens during the machining process. The strip EDM method
was applied to EDM milling as well as EDM turning. Author
has used a commercial wire EDM machine. The strip electrode
can move relatively to the work-piece material, The power
source generated bipolar pulses that consisted of +140 V and -
80 V. The pulse conditions were 12.8 kHz with a duty ratio of
30%. De-ionized water vsed as a working fluid and a nozzle
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injected into a machining gap. Problem of corrosion caused by
water to work-piece during the EDM process can be prevent by
the bipolar pulse due to the low average voltage between the
work-piece and the electrode [45],

IV. CONCLUSION

e  EDM physics invalved transitions like solid, liquid, gas,
and plasma, chemical reactions, mass transfer efc.
occurring in inter-electrode gap at a very fast rate
Theoretically  analvzing these mechanisms are very
complicated. However, researchers are siill trving 1o
elaborate these mechanisms. This needs further work to
elaborate these fundamentals,

* A rotary tool with rotary magnetic field improves the
flushing rate of debris. Hence, higher MRR can be
achieved.

o Farlier, EDM process was used to machine conductive
materials. But now a day. non-conducting material like
diagmond can also be machined through EDM process by
introducing coating of graphite on the swface of non-
conductive material,

* In strip-EDM, no cusp is produced due to flat strip
electrode as compare to EDM turning process in which
wire electrode is used. Moreover the large area of the strip
electrode increases MRR as compare to wire electrode.
which 15 small in diameter,
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Abstract- Experimental investigations were carried out to study
the influence of heat input and post-weld heat treatment on the
tensile and impact properties of gas tungsten arc welded 5 mm thick
martensitic stainless steel (AISI 410 SS) joints. Metallurgically
compatible filler was used to weld these plates using a suitable
combination of gas tungsten arc welding parameters such that
sound quality in these joints was achieved. Corresponding to each
joint two heat inputs from the operating envelope of the GTA (gas
tungsten arc welding) process were used to fabricate joints. These
welded joints were further subjected to post weld heat treatment
(PWHT) of 740°C for 90minutes each followed by furnace cooling.
Experimental results obtained from this research work indicate that
variation in the heat input exerts a significant influence on the
tensile and impact energy absorption behaviour of these joints. It
was found that in the post weld heat treatment condition, weld joint
made using low heat input possessed maximum UTS.

Keywords- Heat input, post weld heat treatment, tensile test,
impact test, GTAW.

I.  INTRODUCTION

Martensitic stainless steels have good mechanical strength
and moderate corrosion resistant. Because of their excellent
corrosion resistance and mechanical strength, martensitic
stainless steels are used for manufacturing the steam turbine
blades, heat exchangers, automotive components and structures,
petrochemical & process piping. Properties of martensitic
stainless steel can be changed by the heat treatment. Increasing
productivity of any welding process while maintaining or even
improving the weld quality has been the task of researchers in
the field of development of welding processes. Over the years
welding methods and techniques have developed to great extent
[3]. Now it is feasible to weld starting from thin metal sheets of
fraction of mm to very thick plates of virtually any thickness.
The quality of welding is not restricted only to work done by the
welder but depends on many other factors, viz. welding
technique and its parameters, welding equipment shielding
medium, working environment, etc.

The heat input rate is one of the most important
variables in fusion welding, since it governs heating rates,
cooling rates and weld pool size. In the welding of steel, this is
important relationship since increased cooling rates increase the
risk of hydrogen-induced cracking. The other metallurgical
feature that is directly affected by the heat input rate is grain size
in the heat affected zone (HAZ) and in the weld metal. In steel
welding it is necessary to seek a heat input rate that gives the
optimum combination of grain size and cooling rate [11]. Before
the actual welding is done, all the earlier steps such as layout,
plate edge preparation, fit up and alignment should be well
planned with regard to achieving desired product quality.
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II. EXPERIMENTATION

Experimentation section discusses about the procedural
steps that were used for experimental investigation in a
systematic manner so that the formulated objectives of this work
could be achieved, thus leading to clear and meaningful
conclusions.

A. Base metal and fillers used

In the present research work rolled plates of Martensitic
stainless steel (AISI 410 SS) were cut to length from the flats
and each plate was cut to dimensions length 200mm, width
75mm and thickness Smm. During welding of the base plates
metallurgically compatible filler wire AISI 410 SS was used to
fill the groove volume. AISI 304L SS solid filler wire was used
for giving root pass for each plate and the welding parameters for
giving root pass were kept same for each joints. The composition
of base metal and filler wires is shown in Table I.

TABLE 1. CHEMICAL COMPOSITION OF BASE METAL AND
FILLER WIRES
Elemen C S Mn Cr Ni Si P Fe
ts
Base 0.0 0.00 0.34 12.2 - 0.34 | 0.02 | Balance
Metal 31 4 1 63 4 1
(AISI
410 SS)
Filler 0.0 0.02 1.35 17.6 9.1 1.00 | 0.03 | Balance
Metal 26 9 2 29 2 2 9
(AISI
304LSS
)
Filler 0.1 0.03 0.58 12.6 - 0.43 | 0.02 | Balance
Metal 19 5 2 03 2 9
(AISI
410 SS)

B. Pre-cleaning and Joint design

Prior to welding, pre-cleaning of the surface of the base
plates and groove edges was done so that dust, oil, rust and other
unwanted particles could be removed from the weld area,
otherwise these particles may lead weld metal contamination
thus resulting into some kind of weld defect. Figure 1 shows the
single V-groove design used in the present work, which was
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selected according to the thickness of the base material.

.

5 \ i 15 ‘
A

Fig. 1. Schematic showing the geometry of the single-V groove design used

C. Welding of base plates

The root pass was made with the help of AISI 304L SS solid
filler wire in each joint. The diameter of the filler wire is 1.6mm
and the welding parameters used for each joint during the root
pass were kept constant. After the root pass to fill the groove
volume three main weld passes were made with 1.6 mm diameter
AISI 410 SS (ER 410) filler wire on each joint. Welding
parameters are mentioned in the Table 2. Preheating was done
before starting the welding operation so as to reduce the cooling
rate and consequently the chances of cracking or distortion
during welding. Preheating was done with the help of gas
burners and temperature maintained was 150°C approximately.
During the deposition of weld beads the inter-pass temperature
was 250°C approximately.

III. RESULTS

This section presents the results of the experimentation,
mechanical testing (tensile test and impact test) of different
welded specimens. The results thus obtained have been analyzed
and discussed under appropriate headings.

A. Transverse tensile testing

The results of the transverse tensile testing of different
welded specimens are mentioned in Table III. These specimens
were prepared according to ASTM E-08 (Tension testing of
metallic materials). The values reported correspond to the
average of three tensile specimens for each joint in the as welded
and subjected to post weld heat treatments. The observations
recorded after carrying out tensile testing on these specimens
were ultimate tensile strength (UTS), percentage elongation and
location of fracture. Each specimen was tested on a hydraulically
controlled universal testing machine. It is observed from the
results of transverse tensile testing that the location of fracture in
all the specimens was in the base metal which indicates that the
joint efficiencies of more than 100%.

TABLE IIL TRANSVERSE TENSILE TESTING RESULTS
Heat Specimen UTS value %
input condition (MPa) Elongation
Low As welded 791.56 13.15
PWHT 829.67 7.04
High As welded 718.81 16.22
PWHT 732.87 9.07

TABLE II. WELDING PARAMETERS
Conditi | Weld Welding Arc Heat input per unit
on length of the weld
pass Current Voltage (kJ/mm)
(Ampere) (Volt)
Root Root 70 12 0.865 kJ/mm
pass/ER pass

-304L
Cover ™ 120 12 0.972

pass/

2 120 12 0.972

Low

heat 31 120 12 0.972

input
Cover ™ 160 13 1.435

pass/ .

2" 160 13 1.435

High

heat 31 160 13 1.435

input

D. Post Weld Heat Treatment

The welded specimens were then subjected to post weld heat
treatment (PWHT) to analyze the effect of post weld heat
treatment on the mechanical performance of the welded joint. In
post weld heat treatment the specimens were heated at 740°C for
90min. in insulated muffle furnace followed by the slow cooling
in furnace.

E. Mechanical Testing of the Welded Joints

This section discusses the details about the mechanical
testing of different welded samples in as welded as well as post
weld heat treatment condition. In order to determine the
mechanical properties of the welded specimen two types of tests
were used viz. tensile testing and impact testing. All the
specimens were prepared using a wire-cut EDM process.
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However the maximum UTS value obtained was 829.67MPa
but with a reduced % elongation of 7.04% corresponding to low
heat input welded specimen in post weld heat treatment
condition. Maximum ductility was 16.22% recorded of the high
heat input welded specimen in as welded condition with 718.81
MPa UTS value. The main trend as indicated by these joints is
that low heat input and PWHT as used in the present work
improves the tensile performance of these joints. However this
strength increase occurs at the expense of reduced ductility. The
main reason for this trend followed by the joints is that,
corresponding to joint fast cooling rate, thus resulting into fine
grained microstructure of the weld zone which increases the UTS
value of this joint. Further, tempering effect is induced into the
welded joint by the PWHT which forms the tempered martensite.

B.  Analysis of Charpy impact testing results

Charpy V-notch impact test was conducted at room
temperature. Specimens (three specimens in the as welded
condition and three specimens subjected to post weld heat
treatment) were taken from each welded plate and were prepared
in accordance with ASTM E-23 standard (Impact toughness
testing for notched bar specimens) which is used for Charpy V-
notch testing of metallic materials. V-notch was prepared in the
weld metal on the cover pass side (top side) so as to make an
assessment of the impact toughness of the weld metal. The
Charpy V-notch (CVN) values indicating the impact energy
absorption by each of the welded specimens were recorded.

The results obtained from this testing are mentioned in

Table IV.
TABLE IV. IMPACT TESTING RESULTS
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Heat input Specimen condition CV¥N Value at room
femp. (Joules)
Laovw As welded 115
PWHT 127
High As welded 7
PWHT 112

The maximum CVN value was 127 Joules recorded. which

is possessed by low heat input welded specimen in post weld
heat treatment condition. And the high heat input joint in as
welded condition possessed by the minimum CVN value of 107
Joules.

IV. CONCLUSIONS

Based upon the present research work the following

conclusions could be drawn:

[1]

131

[4]

[51

[a}
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The weld joint made using the low heat input possessed the
maximum ultimate tensile strength (791.56 MPa).

It is investigated that in the present experiment work,
maximum UTS increased by 38.11 MPa for the joints
fabricated with low heat input and subjected to post weld
heat treatment.

Perceniage elongation (ductility) of the joint decreased due
Lo the post weld heat treatment.

From the results of the Charpy V-notch impact test, it is
found that the maximum CYN valee in as welded condition
of low heat input combination is 115 Joule, and it is
increased with the post weld heat treatment.

Comparing the joints welded with two different heat inputs,
concluded that the ultimate tensile strength (UTS) and
impact toughness of the welded joints decreases with
increases the heat input.
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Recent Development in PVD Coatings for High
Performance Cutting Tools- A Review

Sanjeev Kumar
Dept of Mechanical Engineering
CT Institute of Engineering
Management and Technology,
Jalandhar, India.
sanjeev144211 @gmail.com

Abstract—Now a days the manufacturing industries are
trying to decrease the cutting costs, increase the quality of the
machined parts and machine more difficult materials. For that
different methods of machining are used along with new
inventions in the cutting tool materials. Present paper gives an
insight about the latest PVD coatings that are being used in the
industries to improve the overall quality of the product along
with reduced cost of machining. Paper gives a brief survey of
different types of coatings and their effects on cutting tools. New
type of coatings called Triple coatings®® are being used in the
industries and are performing well as compared to simple,
multilayered and in some cases to nano coatings as well.

Keywords—PVD; nano coating; triple coating; tool; tool life.
1. RECENT TRENDS IN MANUFACTURING BY MACHINING

The recent developments in science and technology have
put tremendous pressure on manufacturing industries. The
manufacturing industries are trying to decrease the cutting
costs, increase the quality of the machined parts and machine
more difficult materials. Machining efficiency is improved by
reducing the machining time with high speed machining. When
cutting ferrous and hard to machine materials such as steels,
cast iron and super alloys, softening temperature and the
chemical stability of the tool material limits the cutting speed.
The majority of cutting tools in use today employ chemical
vapor deposition (CVD) or physical vapor deposition (PVD)
hard coatings.

II. PHYSICAL VAPOR DEPOSITION

Physical vapor deposition (PVD) describes a variety of
vacuum deposition methods used to deposit thin films by the
condensation of a vaporized form of the desired film material
onto various work piece surfaces (e.g., onto semiconductor
wafers).The coating method involves purely physical processes
such as high-temperature vacuum evaporation with subsequent
condensation, or plasma sputter bombardment rather than
involving a chemical reaction at the surface to be coated as in
deposition. The term physical vapor deposition originally
appeared in the 1966 book Vapor Deposition by C. F. Powell,
J. H. Oxley and J. M. Blocher Jr., (but Michael Faraday was
using PVD to deposit coatings as far back as 1838). Physical
vapor deposition coating is a product that is currently being
used to enhance a number of products, including automotive
parts like wheels and pistons, surgical tools, drill bits, and
guns. The current version of physical vapor deposition was
completed in 2010 by NASA scientists at the NASA Glenn
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Research Center in Cleveland, Ohio. This physical vapor
deposition coating is made up of thin layers of metal that are
bonded together through a rig that NASA finished developing
in 2010. In order to make the coating, developers put the
essential ingredients into the rig, which drops the surrounding
atmospheric pressure to one torr (1/760 of our everyday
atmosphere). From there, the coating is heated with a plasma
torch that reaches 17,540.33 degrees Fahrenheit. In the
automotive world, it is the newest alternative to the chrome
plating that has been used for trucks and cars for years. This is
because it has been proven to increase durability and weigh
less than chrome coating, which is an advantage because a
vehicle's acceleration and fuel efficiency will increase. Physical
vapor deposition coating is gaining in popularity for many
reasons, including that it enhances a product’s durability. In
fact, studies have shown that it can enhance the lifespan of an
unprotected product tenfold. Variants of PVD include, in
alphabetical order:

A.  Cathodic Arc Deposition: In which a high-power electric
arc discharged at the target (source) material blasts away
some into highly ionized vapor to be deposited onto the
work piece.

B. Electron beam physical vapor deposition: In which the
material to be deposited is heated to a high vapor pressure
by electron bombardment in "high" vacuum and is
transported by diffusion to be deposited by condensation
on the (cooler) work piece.

C. Evaporative deposition: In which the material to be
deposited is heated to a high vapor pressure by electrically
resistive heating in "low" vacuum.

D. Pulsed laser deposition: In which a high-power laser
ablates material from the target into a vapor.

E. Sputter deposition: In which a glow plasma discharge
(usually localized around the "target" by a magnet)
bombards the material sputtering some away as a vapor for
subsequent deposition.

PVD is used in the manufacture of items, including
semiconductor devices, aluminized PET film for balloons and
snack bags, and coated cutting tools for metalworking. Besides
PVD tools for fabrication, special smaller tools (mainly for
scientific purposes) have been developed. They mainly serve
the purpose of extreme thin films like atomic layers and are
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used mostly for small substrates. A good example 15 mini e-
beam evaporators which can deposit monolayer’s of virtually
all materials with melting points up to 3500 °C. Common
coatings applied by PVD are Titanium nitride, Zirconium
nitride, Chromium nitride; nitride. The source material is
unavoidably also deposited on most other surfaces interior to
the wacuum chamber, including the fixturing to hold the
parts.Some of the techniques used to measure the physical
properties of PVD coatings are;

e Calo tester: coating thickness test
e Manocindentation: hardness test for thin-film coatings
e Pin on disc tester: wear and friction coefficient test

*  Scratch tester: coating adhesion test

A Advantages:

*  PWYD coatings are sometimes harder and more corrosion
resistant than coatings applied by the electroplating
process. Most coatings have high temperature and good
impact strength, excellent abrasion resistance and are s0
durable that protective topeoats are almost never
necessary.

*  Ability to utilize virtually any type of inorganic and some
organic coating materials on an equally diverse group of
substrates and surfaces using a wide variety of finishes.

*  More environmentally friendly than traditional coating
processes such as electroplating and painting.

e More than one technigue can be used to deposit a given
film.

B. Disadvantages:

s Specific technologies can impose constraints; for
example, line-of-sight transfer is typical of most PVD
couating technigues, however there are methods that allow
full coverage of complex geometries.

o Some PVD technologies typically operate at very high
temperatures and vacuums, requiring special attention by
operating personnel,

*  Requires a cooling water system to dissipate large heat
lovaads,

C. Application:

As mentioned previously, PYD coatings are generally
used to improve hardness, wear resistance and oxidation
resistance. Thus, soch coatings use in a wide range of
applications such as:

*  Acrospace

*  Automotive

o Surgical™ledical

¢ Dies and moulds for all manner of material processing

*  Cutting tools
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Fig. 1. PVD Coating
[1l, PERFORMANCE OF COATED TOOLS IN MACHINING

S. PalDey et al [1] have discussed the wear resistant
properties of (TLADN for various machining applications as
compared with coatings such as TiN, THC.N) and (Ti,Zr)N.
They have found that the high hardness (28_32 GPa), relatively
low residual stress (/5GPa), high oxidation resistance, high hot
hardness, and low thermal conductivity make (Ti, AN
coatings most desirable in dry machining and machining of
abrasive alloys at high speeds. Multicomponent coatings based
on different metallic and nonmetallic elements such as, Cr and
Y drastically improve the oxidation resistance, Zr and V
improve the wear resistance, whereas, Si increases the
hardness, boron improves the abrasive wear behavior and
resistance 1o chemical reactivity of the film. The presence of a
large number of interfaces between individual layers of a
multilayered structure results in a drastic increase in hardness
and strength. So it is possible to design new wear resistant or
functional coatings based on a multilayer or a multi component
system to mect the demanding applications of advanced
materials.

J.G. Lima et al [2] have evaluated the machinability of
hardened steels at different levels of hardness and using a range
of cutting tool materials, They have proved in their result that
turning of AISI 4340 sieel using low feed rates and depihs of
cut. the forces were higher when machining the softer steel and
that surface roughness of the machined part was improved as
cutting speed was elevated and deteriorated with feed rate.

LA, Arsecularatne et al [3] described an experimental
investigation on machining of a difficult-to cut material, AISI
D2 steel of hardness 62 HRC with PCBN tools. They have
found that most of the tested PCBN tools reached the end of
life mainly due to flank wear. The highest acceptable values of
tool life and volume of material removal were obtained at the
lowest speed tested (70 m/min) but the highest feed used
resulted in the highest volume of material removal, lower feeds
resulted in higher tool life values.

C.H. Che Haron et al [4] investigated the tool life and wear
behavior at various machining parameters. Coated carbide (KC
9125} and uncoated carbide (K 313) were used in turning tool
steel AISI D2 bar with hardness of 25 HRC and have found
that the wear progression for both type of carbide tools
experienced three stages of wear rate, namely; initial, gradual
and abrupt stages of wear mechanism. Slow wear rate and
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uniform flank wear were observed at low feed rate of 0.05
mm/rev. Generally, coated tool performed better as compared
to uncoated tool. A good surface finish and longer tool life
were achieved using coated tool.

Vishal S Sharma et al [5] investigated the machining AISI
52100 steel using a carbide-coated tool. It was found that the
cutting force increases with the feed rate and depth of cut. The
approach angle has little effect on the cutting force, and
increasing the speed causes the cutting force to decrease
slightly. The feed force increased with increasing depth of cut
and decreased with increasing approach angle, speed, and feed
rate.

CH.R. Vikram Kumar et al [6] studied the comparative
performance of TiCN and TiAIN coated tools in machining of
AISI 4340 hardened steel under dry, wet and minimum fluid
application conditions. Both the tools performed better with
minimum fluid application when compared with wet and dry
machining. The performance of the TiAIN tool was observed to
be better; this is particularly true with reference to wear
resistance of the tools and better surface finish on the
components.

P. Roy et al [7] studied the compatibility of cutting
materials in dry machining of Aluminum and Al-Si alloys.
They have shown that chemical inertness of diamond towards
aluminium was principally responsible for outperforming an
uncoated tool along with other tools coated with hard coatings
like TiC, TiN, TiB2, A1203, and AION.

M.A. El Hakim et al [8] They have presented the
performance of four cutting tool in the machining of medium
hardened HSS: polycrystallinec-cBN (c-BN-TiN), TiN coated
polycrystallinec-cBN  (c-BN-TiN), ceramic mixed alumina
(AI203-TiC), and coated tungsten carbide (TiN coated over a
multilayer coating (TiC/TiCN/AI203)) and have found that the
high chemical and thermal stability of AI203 tribo-films
protects the tool substrate because it prevents the heat
generated at the tool/chip interface from entering the tool core.

IV. SINGLE AND MULTI LAYER COATED CUTTING TOOLS

J. Rech [9] found out that various coatings deposited on a
carbide insert has shown the sliding properties of the TiN and
(Ti, AI)N+MoS2 coatings, compared to uncoated tools in the
context of high-speed dry turning of steels. TiN and (Ti,
ADN+MoS2 coatings reduce the tool—chip contact area, the
thickness of the secondary shear zone and the temperature at
this interface, which reduce the heat flux transmitted to the
cutting tool substrate.

Renato Franc oso de A vila et al [10] tested the
performance of uncoated and coated carbide tools (ISO grade
K10) with a 3 _m thick monolayer of TiN (produced by PVD)
when continuous turning AISI 8620 steel. Their results indicate
that two distinct crater wear rates are present when machining
using coated cutting tools, whereas a higher and single wear
rate was identified for the uncoated inserts.

J. Rech [11] found out that coatings exhibit to the best
tribological improvements compared to uncoated tools. Four
complementary methods were used to qualify the performance
of the tribological system with the purpose of reaching a better
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global understanding of the capability of coatings, chip
formation mechanisms, cutting forces, and interface
temperature. TiN and (Ti,Al)N+MoS2 coatings have shown the
best tribological improvements compared to uncoated tools.

A. Devillez et al [12] studied the elementary orthogonal
cutting process by taking different coated tools and different
cutting conditions. They have used the energy dispersive X-ray
analysis and white light interferometer to observe the wear
mechanisms and the AITiN coating was seems to be the best
coating. Its good tribological behaviour limits welding and
unstable built-up-edge phenomena, abrasive wear is also
reduced by its very high hardness due to its ultra-fine
crystallinity.

Recep Yigit et al [13] have done an experimental
investigation on the effect of cutting speed in turning nodular
cast iron with coated and uncoated cutting tools. The test
showed that uncoated WC/Co tool was the worst performing
tool with respect to tool wear and the worst with respect to
surface finish. The multilayer TiICN+TiC+TiCN+AI203 +TiN-
coated carbide tool with external TiN layer is the most suitable
one for turning nodular cast iron, especially at high cutting
speeds.

A.K. Chattopadhyay et al [14] studied the wetting
characteristics of aluminum towards different cutting tool
materials by using uncoated carbide (94%WC+6%Co) and
mono or multi-layer coated carbide tools with top coating of
TiC, TiN, AI203 and diamond. observed that aluminum had a
tendency to wet uncoated carbide (94% WC+6%Co) inserts.
However, wetting was more pronounced when surface was
enriched with cobalt. Coatings like TiC, TiN or AI203 could
not show pure non-wetting characteristics for aluminum.
Turning test with aluminum indicated heavy material built up
on uncoated (94%WC+6%Co) tool. Abhay Bhatt et al [33]
presented the results of an experimental investigation on the
wear mechanisms of uncoated tungsten carbide (WC) and
coated tools (single-layer (TiAIN) PVD, and triple-layer
(TiCN/AI203/TiN) CVD) in oblique finish turning of Inconel7
18. It was found that the abrasive and adhesive wear were the
most dominant wear mechanisms, controlling the deterioration
and final failure of the WC tools and the triple layer CVD
coated tools exhibited the highest wear resistance at high
cutting speeds and low feeds and the uncoated tools
outperformed the single and multi-layer coated tools in the low
range of cutting speeds and intermediate feeds.

Kyung-Hee Park et al [15] have analyzed the flank wear
on the multi-layer (TiCN/AI203/TiCN) coated carbide inserts
while turning AISI 1045 steel using advanced microscope and
image processing techniques including wavelet transform, they
have obtained the flank wear profiles and analyzed the surface
roughness and groove sizes on the coating layers. The
dominant wear mechanism was found to be the abrasion by the
cementite phase in the work material. They concluded that the
hardness of the coating is the most important requirement to
resist flank wear due to its high wear resistance against
abrasion.

R. Suresh et al [16] have analyzed the effects of process
parameters on mach inability aspects by using multilayer hard
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coatings (11CMTICNAALZOE) on cemented carbide substrate tor
machining of hardened AISI 4340 and have found that the
optimal combination of low feed rate and low depth of cut with
high cutting speed is beneficial for reducing machining force.
Higher values of feed rates are necessary to minimize the
specific cutting force, The machining power and cutting tool
wear increases almost linearly with increase in cutting speed
and feed rate. The combination of low feed rate and high
cutting speed is necessary for minimizing the surface
roughness. Abrasion was the principle wear mechanism
observed at all the cutting conditions.

G. Stmad et al [17] has compared thr performance of
different types of PVD coatings in case of drilling in heat
treated steel with different types of coatings deposited on tool.
After comparison with the standard coatings the hardness
decreases upon annealing o 500, F000Chut monoblock
coatings.multilayer coatings and nanocomposite  coatings
remain stable up to high temperatures of 110KLthey find that

Y. EFFECT OF COATINGS ON TOOL LIFE

Yong Huang et al [18)] have evaluated tool performance in
terms of tool life based on the Mank wear criterion as a function
of cutting conditions, that is, cutting speed, feed. and depth of
cut. They found out that cutting speed plays a dominant role in
determining the tool performance in terms of tool life, followed
by leed and depth of cut, and overall tendencies agree with
predictions from the general Taylor tool life equation as well as
experimental observations.

Reginaldo T, Coelhoa, et al [19] analysed ool wear, when
turning hardened AISI 4340 with coated PCBN tools using
finishing cutting conditions. They have shown the results of
tool wear, cutting force and surface finish obtained from the
turning operation on hardened AISI 4340 using PCBN coated
and uncoated edges. Due to a combination of high hardness in
the cutting temperature range and the presence of an oxidizing
layer, TiAIN-nanocoating performed better in terms of tool
wear and surface roughness,

R.F. Avila et al [20] analyzed cutting tool life used for
cemented carbide tools is the depth of the crater (KT) located
on the rake face, given as a function of the feed rate. The result
brought a new approach and confirms the importance of the
coating 10 the crater wear resistance, even if the coating has
already been delaminated on the rake face,

Jeong Suk Kim et al [21] investigated that hard coatings
improve the performance of cutting tools in aggressive
machining applications, such as  high-speed machining.
Additionally, the relationship between the machining
characteristics and the Si contents were investigated under
various high-spindle speeds. It has shown that the tool life was
improved up 1o 30% for the Si content

V1. TRIPLE COATINGS™

T.Cselle et al [22] has introduced a new generation of
Physical Vapor Deposition coatings . These coatings have the
advantages of conventional and nanocomposite coatings. These
are applicable for general purpose use, but particularly for high
performance  culting  tools. They have compared the
performance of Triple coatings3® in industry for tuming,
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milling .drilling and hobbing and found that for turning at
traditional cutting speed Triple coatings™ nACo” shows
similar result to different versions of AlTi-based coatings and
at higher speeds TiAl-Based coatings are no longer usable. For
milling cutting inserts with Cr based coating are successful for
milling. for drilling the wriple structure makes greater thickness
possible, which is extremely useful for drilling and low scatter
of the results improves the reliability of the production. In
hobbing the hobs must be heated up fast and homogenously,
The hobs which are expensive are normally re-ground, re-
coated and re-used. To improve the coating process the coaters
must make use of all advantages of all important components.

VII. CONCLUSIONS
From the literature review, it may therefore be concluded that

*  Multicomponent coatings based on different metallic and
nonmetallic elements  improves the oxidation resistance,
wear resistance, and  hardness, boron improves the
abrasive wear behavior and resistance (o chemical
reactivity,

o Most of the PCBN tools reached the end of life mainly due
to flank wear. The highest acceptable values of tool life
and volume of material removal were obtained at the
lowest speed tested (70 m/min) but the highest feed used
resulted in the highest volume of material removal, lower
feeds resulted in higher tool life values.

*  Hard coatings improve the performance of cutting tools in
aggressive machining applications .also the tool life was
improved up to 30% for the 5i content.

*  For wrning at raditional cutting speed Triple coatings™
nACo" shows similar result to different versions of AlTi-
based coatings and at higher speeds TiAl-Based coatings
are no longer usable. For milling cutting inserts with Cr
based coating are successful for milling, for drilling the
triple structure makes greater thickness possible, which is
extremely useful for drilling and low scatter of the results
improves the reliahility of the production
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Abstract- Gas metal Arc Welding (GMAW) process is widely
used for fabrication of wide variety of materials. This process is
versatile because it can be applied for all welding positions.
Industries as well as researchers are in full swing to improve the
properties and quality of the welded joint. The selection of the
shielding gas is a very tedious work because it effect the mode of
metal transfer, arc heat, melting rate of electrode, current
setting etc. Lot of research work has been done regarding the
effect of shielding gases on the welded joint characteristics on
the GMAW process. Based on the study of various works, the
present paper provides a review of the effect of Ar+CO, and
Ar+CO,+0, (different proportions) on the mechanical
properties, inclusion and microstructure.

Keywords: GMAW process; shielding gas; mechanical properties;
inclusion and microstructure.

Nomenclature

GMAW Gas Metal Arc Welding CO, Carbon Dioxide

UTS Ultimate tensile strength 02 Oxygen
YS Yield Strength FZ  Fusion zone
Ar Argon HAZ Heat affected zone

. INTRODUCTION

The gas metal arc (GMA) welding process is a welding
process that yields coalescence of metals by heating with a
welding arc between continuous filler metal (consumable)
electrode and the work piece. Molten weld pools and
electrode wire are protected from contaminants in the
atmosphere by a shielding gas obtained from various
combinations (Kim et al.).

The quality, efficiency and overall operating acceptance
of the welding operation are strongly dependent on the
shielding gas, since it dominates the mode of metal transfer.
The shielding gas not only affects the properties of the weld
but also determines the shape and penetration pattern as well.
The shielding gas also affects the residual contents of
hydrogen, nitrogen and oxygen dissolved in the weld metal
(Liao et al.).

Various techniques such as gas, slag, gas and slag,
vacuum and self-protection can be used to protect the weld
pool during the fusion welding. Obviously, different
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protection techniques provide different degrees of weld pool
protection (Kacar et al.).

The composition of a shielding mixture in arc welding
depends mostly on the kind of material to be welded. The
selection of the shielding gas should, by all means, take into
account chemical-metallurgical processes between the gases
and the molten pool that occur during welding (Ates et al.).

Increasing the parameters value of welding current
increased the value of depth of penetration. Other than that,
arc voltage and welding speed is another factor that
influenced the value of depth of penetration (Ebrahimnia et
al.).

The neural networks can be used as an alternative way
for calculating the gas mixture according to the presented
conventional calculation method. Gas mixtures (Ar, O, and
CO,) were used in the input layer and, tensile strength,
impact strength and elongation of the weld metal hardness
were used in the output layer (Karadeniz et al.).

From the previous study with an MIG or GMAW
welding process, it observed that the depth of penetration
increased when the welding current is increased but
decreased with decrease in voltage and the penetration
increased when arc travel rate decreased until it attained a
minimum value depends on the arc power (Ibrahim et al.).

The experimental results showed that activating flux
aided GMAW increased the weld area and penetration and
tended to reduce the angular distortion of the weldment. The
MgCO; flux produced the most noticeable effect.
Furthermore, the welded joint presented better tensile
strength and hardness (Huang et al.)

Lot of search work has been done in this area. The
present paper provides a review on the effect of combined
shielding gases on the mechanical properties after study of
various research works done in the field. An effect of
shielding gas compositions (Ar+CO,+0O;) on HSLA steel
determines the inclusion characteristics, microstructure and
mechanical properties. The influence of variation in the
shielding gas composition (Ar + CO,) on the weld properties
of the steel ST 37-2 was investigated. The compositions of
the test materials are presented in the table 1. Four shielding
gas compositions were 97.5% Ar + 2.5% CO,, 90% Ar +
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10% CO,, 82% Ar + 18% CO,, 75% Ar + 25% CO, used for
ST 37-2 material. For HSLA steel the composition of the
shielding gas was 80% Ar + 18% CO, +2%0,, 80% Ar +
17% CO, +3%0,, 80% Ar + 16% CO, +4%0,, 80% Ar +
15% CO, +5%0,. For both of the base metal materials, ER70
S-6 filler metal was used whose composition is given in table
2.

TABLE 1 COMPOSITION OF TEST MATERIALS

Chemical Composition, max wt %
Designat
-ion

ST 37-2 0.113 0.417 0.007 0.01 0.024 Bal

HSLA 0.14 1.33 0.026 0.005 0.44 Bal

TABLE 2 CHEMICAL COMPOSITIONS OF ER 70S-6

. Chemical Composition, max wt%
Designat-
ion
%C %Mn %Si %P %S
1.40- 0.80- 0.025 0.035
ER 70S-6 | 0.06-0.15 1.85 L15 max max

TABLE 2 CHEMICAL COMPOSITIONS OF ER 70S-6

(CONTINUOUS)
Chemical Composition, max wt %
Designat-
ion
% Ni % Cr Mo v Cu
ER 70S-6 0.15 0.15 0.15 0.03 05
max max max max max

For welding of ST 37-2, the flow rate of the shielding gas
was set steadily at 10 L/min. The welding was performed in
constant voltage mode with automatic wire feeding. Welding
voltage, welding current and arc travel speed were 20 V, 180
A, 30 c/min respectively.

II. EFFECT OF CO, ADDED TO THE SHIELDING GAS
ON THE WELD METAL TOUGHNESS

According to the fig 1, toughness of the samples first
increases for both of the temperature and then remains
constant at room temperature but there is a slight fall in value
at -10°C. This variation in charpy absorbed energy by the
samples corresponds to the microstructure and inclusion and
porosity in the weld metal.
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Fig 1 Charpy absorbed energy

Oxide inclusions are the reasons for promoting accicular
ferrite and it leads to improvement for the toughness of the
material. The energy absorbed by the specimen increases
with the increase of volume fraction of accicular ferrite in the
weld metal. There are three types of phase structures were
formed namely accicular ferrite (AF), widmanstatten ferrite
(WF) and polygonal ferrite (PF). Among these AF has the
higher toughness. The interlocking nature of accicular ferrite
together with its fine grain size provides the maximum
resistance to crack propagation by cleavage. Increasing of
CO, tend to reduction in the amount of inclusion
compensates the effect of decreasing of the accicular ferrite.

III. EFFECT OF CO, TO THE SHIELDING GAS ON
MICRO HARDNESS

Fig 2 shows that all the samples have higher toughness
in the Heat affected zone (HAZ) compared to fusion zone
(FZ) and base metal. As the percentage of the CO, increased,
the value of micro hardness lowered successively. Sample
numbered 1 has shown maximum hardness compared to
sample 2 and this trend was followed for the sample 3 and
sample 4. Decrease in the value of hardness is due to lower
amount accicular ferrite and more amount of WF and PF. As
the percentage of CO, increased, it leads to lower amount of
inclusion which can be the reason for lower hardness of
fusion zone for sample 3 and 4.
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Fig 2 Hardness profile along the cross section

IV. EFFECT OF CO, ADDED TO THE SHIELDING GAS
ON THE WELD POOL SHAPE

The picture of depth of weld pool depicts that with the
increase of amount of CO, of the shielding gas, it is stated
that depth of penetration increases with the increase of
carbon dioxide.

a b

Fig 3 Cross-section of the weld pool samples

The temperature of the arc will increase due to higher
dissociation and ionization potential of the carbon dioxide in
the shielding gas.

V. EFFECT OF CO, & O, ADDED TO THE SHIELDING
GAS ON INCLUSION

In micrograph of unetched samples, the black spot are
inclusions and porosity. It decreases with increase of carbon
dioxide in the shielding gas composition.
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in different

Fig 4 Comparison between the amounts of inclusion
samples

The volume fractions of inclusion in four samples which
are welded by solid filler wire are presented in the fig 5. The
figure elaborates that increasing the oxygen percentage in the
shielding gas from 2% to 5%, the size of the inclusion
increased from 0.4 to 0.8 um and volume

2.5

15
1 -
0.5 -
0 - T T T
S1 S2 S3 S4

Sample Number

Vol. fraction of inclusion

Fig 5 Volume fraction of inclusion of weld metals

fraction increased from 0.0012 to 0.0022. The varying levels
of manganese, silicon, aluminium, titanium, etc. in the
inclusions are evident. Increasing the oxygen activity of the
shielding gas increased the weld metal shielding content, as
represented by the volume fraction of inclusion. Since most
of the oxygen will combine with other elements to form
oxides due to its low solubility in iron.

VI. EFFECT SHIELDING GAS MIXTURE ON TENSILE
PROPERTIES OF THE WELD

The yield strength of the weld metal progressively increased
with increasing oxygen content (up to 5%) in the shielding
gas. On the other hand, Ultimate tensile strength (UTS)
increased with increasing oxygen content up to 4% oxygen
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and then decreased with further increasing oxygen content.
A similar pattern can be observed for the toughness that
when the oxygen content is increased up to 4% promotes
toughness at both of the temperature and then its values falls
at 5% oxygen content.

Charpy impact toughness (1}
Sample ,:;:ﬂ ;j{: rEL AT C At <307 C
M )
3 50 2 4 3

5 26 1S3 I il |
52 217 243 14 87 iz
s3 | 287 | 0 | w 98 37
54 289 e Y] b il

Increase in ¥YS and UTS with oxygen content increasing
from 2% to 4% could be attributed to the increase in the
proportion of AF due to its fine grain size and high
dislocation density. However, a decrease in UTS and %
elongation at 5% oxygen content, despite having a high
proportion of AF, probably indicates that long ferrite veins
which decorate the prior austenite grain boundary acts as a
preferential crack path through the microstructure

VIL CONCLUSION

In view of the results presented, the following points can be
concluded

o The value of wughness first increases and then remains
constant with the increase in the amount of carbon
dioxide in the shielding gas. The oxygen content has also
increased the toughness but up to 4% oxygen and
thereafier its wvalue went down. Osxide inclusions
considered to be the reasons for higher toughness
because it promotes accicular ferrite.

=  The weld metal micro hardness decreases with the
increase of carbon dioxide content, Decrease in the value
of micro hardness accompanied by the lower amount of
accicular fernte.

e The depth of penetration increases with the increase of
carbon dioxide content and this is due 1o increase of
temperature of an arc.

e Increase the content of oxygen increases the amount of
inclusion but decreases with increase of carbon dioxide.

o Yield strength and UTS increases with  increasing
oxygen content from 2% to 4%. However, a decrease in
UTS at 3% oxyegen content,
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Abstract- Machining is a flexible shaping process of major
importance for component manufacturing industries. The
importance of machining in modern automated manufacturing
systems has in fact increased due to the significant increases in the
production times and the need to offset the high capital investment
in these modern systems. When accuracy is of major factor in
machining components, Electrical Discharge Machining (EDM) is
widely used in to machine conductive materials in desired shape.
Selection of optimum machining parameter combinations for
obtaining higher accuracy is a challenging task in EDM due to the
presence of large number of process variables and intricate
stochastic process mechanisms. In this paper, the effects of various
process parameters of die EDM like peak current (IP), pulse on
time (TON), machining time (MT) and polarity have been
investigated to reveal their impact on material removal rate of
HCHCr (D2 steel) using Taguchi’s L 18 Orthogonal Array (OA)
designs. The optimal set of process parameters has also been
predicted to maximize the material removal rate. The experimental
result reveals that the significance factors of material removal rate
(MRR) are Polarity, Peak Current and Machining Time whereas
Pulse on time is not much significant.

Keyword: EDM, MRR, Ty, Ty, Peak Current, polarity.
I. INTRODUCTION

Extensive study, analysis and research work has been done
in the field of EDM. The basis of EDM can be traced as far
back as 1770, when English chemist Joseph Priestly discovered
the erosive effect of electrical discharges or sparks. However, it
was only in 1943 at the Moscow University where Lazarenko
and Lazarenko exploited the destructive properties of electrical
discharges for constructive use. They developed a controlled
process of machining difficult-to-machine metals by
vaporizing material from the surface of metal. The Lazarenko
EDM system used resistance—capacitance type of power
supply, which was widely used at the EDM machine in the
1950s and later served as the model for successive
development in EDM.
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Fig. 1.

Material Removal Mechanism

There have been similar claims made at about the same time
when three American employees came up with the methods of
using electrical charges to remove broken taps and drills from
hydraulic valves. Their work became the basis for the vacuum
tube EDM machine and an electronic-circuit servo system that
automatically provided the proper electrode-to-work piece
spacing (spark gap) for sparking, without the electrode
contacting the work piece. Since then a lot of research has been
done in this field. Various theories have been put to explain the
process thoroughly, but mechanism of EDM is still arguable. In
the following the important work related to the surface quality
improvement, surface alloying in EDM process has been
reviewed.

A two-dimensional axi-symmetric numerical (FEM) model
of single spark EDM process developed based on more realistic
assumptions such as Gaussian distribution of heat flux, time and
energy dependent spark radius, etc. to predict the shape of crater,
material removal rate (MRR) and tool wear rate (TWR). A
comprehensive ANN based process model was proposed to
establish relation between input process conditions (current,
discharge voltage, duty cycle and discharge duration) and the
process responses (crater size, MRR and TWR) .The ANN
model was trained, tested and tuned by using the data generated
from the numerical (FEM) model. It was found to accurately
predict EDM process responses for chosen process conditions.
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The developed ANN process model was used in conjunction
with the evolutionary non-dominated sorting genetic algorithm II
(NSGA-II) to select optimal process parameters for roughing
and finishing operations of EDM (Joshi and Pande (2011).
Regular cutting experiments were carried out on die-sinking
machine under different conditions of process parameters. The
system model was created using counter-propagation neural
network using experimental data. This system model was
employed to simultaneously maximize the material removal rate
as well as minimize the surface roughness using simulated
annealing scheme. Finally consistency of the method was tested
with several initial trail values. (Seung et. al.(2009). The model
and optimization of process parameters in Electro-Discharge
Machining (EDM) of tungsten carbide-cobalt composite (Iso
grade: K10) using cylindrical copper tool electrodes carried out.
Four independent input parameters, viz., discharge current (A:
Amp), pulse-on time (B: ps), duty cycle (C: %), and gap voltage
(D: Volt) were selected to assess the EDM process performance
in terms of material removal rate (MRR: mm3/min), tool wear
rate (TWR: mm3/min), and average surface roughness (Ra: pm).
Response surface methodology (RSM), employing a rotatable
central composite design scheme, was used to plan and analyze
the experiments. For each process response, a suitable second
order regression equation was obtained applying analysis of
variance (ANOVA) and student t-test procedure to check
modeling goodness of fit and select proper forms of influentially
significant process variables (main, two-way interaction, and
pure quadratic terms) within 90% of confidence interval (p-
value<0.1) It was mainly revealed that all the responses are
affected by the rate and extent of discharge energy but in a
controversial manner. The MRR increases by selecting both
higher discharge current and duty cycle which means providing
greater amounts of discharge energy inside gap region. The
TWR can be diminished applying longer pulse on-times with
lower current intensities while smoother work surfaces are
attainable with small pulse durations while allotting relatively
higher levels to discharge currents to assure more effective
discharges as well as better plasma flushing efficiency. The
outcomes of present research prove the feasibility and
effectiveness of adopted approach as it can provide a useful
platform to model and multi-criteria optimize MRR, Ra, and
TWR during EDMing WC/6%Co material. (S. Assarzadeh and
M. Ghoreishi (2013). Authors studied metal transfer from the
powder compact tool electrode in EDM by cross-sectional
examination, electron spectroscopy for chemical analysis and X-
ray diffraction analysis of the work surface. The associated
changes in the surface topography were analyzed by scanning
electron microscopy and the harmonic contents of the surface
profiles. (Gangadhar A., et al 1991). Authors presented a new
method of surface modification by electrical discharge
machining using composite structured electrode. Surface
modifications on work pieces of carbon steel or aluminum were
carried out in hydrocarbon oil using composite electrodes.
Copper, aluminum, tungsten carbide and titanium were used as
electrode material. It was revealed that there is electrode material
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in the work surface layer and the characteristics of' the surface of
work material remarkably changed. These surfaces have fewer
cracks, higher corrosion resistance and wear resistance.( Mohri
N., et al 1993). Authors investigated the effect of Titanium
Nitride (Ti-N) coating by physical vapor deposition (PVD) on
the fatigue life of AISI D2 tool steel. The specimen coated by
Ti-N exhibited considerably increased hardness, a better surface
finish, and decreased super facial tensile residual stress on the
surface, increasing their fatigue limit (Guu Y.H., et al.2005).
Authors described a new method of surface modification by
EDM. By using an ordinary EDM machine tool and kerosene
fluid, a hard ceramic layer can be created on the work piece
surface with a Ti or other compressed powder electrode in a
certain condition. This revolutionary new method is called
electrical discharge coating (EDC). The process of EDC begins
with electrode wear during EDM, and a kind of hard carbide is
created through the chemical reaction between the worn
electrode material and the carbon particles decomposed from
kerosene fluid under high temperature. The carbide is piled up
on a work piece quickly and becomes a hard layer of ceramic of
about 20 pm thickness in several minutes. This paper studies the
principle and process of EDC systemically by using a Ti powder
green compact electrode. Experiments and analyses show that a
compact Ti-C ceramic layer can be created on the surface of the
metal work piece. The hardness of the ceramic layer is more
than three times higher than that of the base body, and the
hardness changes gradually from the surface to the base body.
This method can find wide application in the fields of surface
modification, such as the surface repairing and strengthening of
cutting tools and molds (Wang Z. L., et al, 2002). Authors
reviewed published work on deliberate surface alloying of
various work piece materials using EDM and have given the
details of operations involving PM tool electrodes and use of
powders suspended in the dielectric fluid, typically aluminum,
nickel, titanium, etc (Simao J., et al., 2002). in this paper the
author has studied the surface characteristics and machining
damage caused by EDM on AISI D2 tool steel work piece. This
indicates that thickness of recast layer and surface roughness are
proportional to the power input.( Guu Y.H. et al., 2003). A
multiple regression model and modified Genetic Algorithm
model were developed as efficient approaches to determine the
optimal machining parameters in electric discharge machine. In
this , working current, working voltage, oil pressure, spark gap,
Pulse On Time and Pulse Off Time on Material Removal Rate
(MRR) and Surface Finish (Ra) were studied. Emp