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—Microstructural, Mechanical and Wear Properties

of Friction Stir Welded AA6061/AIN, Composite Joints

- I, Dinaharan, and N. Murugan

Submitted: 28 October 2020 / Revised: 25 July 2021 / Accepted: 12 August 2021

Friction stir welding (FSW) process is an appropriate welding process to successfully join the aluminum
matrix composites (AMCs) reinforced with ceramic particles. Tn this study, AA6061 AMCs reinforced with
10 and 20 weight percentages of aluminum nitride particles (AIN,) were welded by FSW process. The effect
of FSW on microstructure, microhardness and tensile strength of AA6G61/AIN, composite joints as well as
wear behavior of the weld zone (WZ) was analyzed. It was found that reinforcement particles were broken
and fragmented in the weld zone of FS-welded composite joints. Microhardness of the weld zone was higher
compared to other metallurgical zones. Average microhardness at the WZ of AAG6061/20 wt.% AIN;
composite was 134 HV which is 36% higher than that of its base composite. It was observed that grain size
of the AA6061 matrix was refined at the WZ. Average grain size of AAG061 alloy was 138 ym which was
reduced to 3.8 pm at the WZ of AA6061/20 wi.% of AIN, camposite joint. Around 90% of the particles size
in the WZ was reduced to less than 5 pm from the relatively large size existed in the base composite.
Ultimate tensile strength of FS-welded AA6061 alloy was 151 MPa which increased to 231 MPa in FS-
welded AA6061/20 wi.% AIN, composite joint. Wear rate of FS-welded composite joints was less than that

of its corresponding base composites under the same wear testing conditions. Average coefficient of friction
at the WZ of FS-welded AAG061 alloy and AA6061/10 and 20 wt.% AIN, was found to be 0.41, 0.33 and
0.22, respectively. Wear mechanism of FS-welded joint was characterized to be abrasive.

| Keywords aluminum matrix composite, AIN particle, friction stir
welding, tensile strength

1. Introduction

Aluminum matrix composites (AMCs) reinforced with
patticulate form of cerumic reinforcements are extensively
employed in various engineering applications because AMCs
exhibit superior mechanical and tribological properties al room
and elevated temperature. However, it is necessary 1o develop a
welding procedure for AMCs to achieve widespread industrial
applications because fabrication of virtually any complex
structure requires joining of its components. Both conventional
and modem [usion welding processes were applied 1o join
AMCs by several researchers (Ref 1-4). Unforunately, joints
made by fusion welding processes possess many delects and
were not suitable to serve its purposes (Ref 5-7). The problems
are atiributed to heating of aluminum matrix above its melting
point during fusion welding process. Thus, it is essential to
develop a procedure to weld AMCs without affecting its
superior properties so that AMCs can be efficiently employed
in various critical engineering applications.
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Solid state welding provess is an uppropriate process for
joining AMCs 1o avoid the above said probiems. Among
various solid state welding processes, friction stir welding
(FSW) is a low energy. autogenous, hot shear, green technology
that is most suitable for joining AMCs (Ref 8). As the quality of
joints made by FSW process under optimized process condition
is almost compatible with base composite (Ref 9, 10), it s
currently employed in ship building industries, acrospace
applications and so on where there is no compromise in weld
quality (Ref 11, 12).

Dinaharan and Murugan {Ref 13) studied the- influence of
tool rotational speed, welding speed and axial force on tensile
strength on AAG6061/10 wi.% ZrB; composite” joinis. The
maximum tensile strength wus obtained with tool rotational
speed of 1155 rpm. welding speed of 48.8 mm/min and axial
force of 5.9 kN. Defects were found in the joints produced on
either side of these parumeter values. These pattems were
further confirmed by few other researchers (Rel 14-16). In
addition to 1ol rotational speed. welding speed and axial force,
FSW ool geometry is another significant process parameter (0
influence the material flow and joint properties (Ref 17).

Faradonbeh et al. (Ref 18) investigated the effect of different
wol pin profiles {viz., cylindrical, wtiangular, square and
hexagonal), tool transverse and rotational speed on the
microstructure and mechanical properties of FS-welded Al-2
vol.% B.C composite which was fabricated by sccumulative
roll bonding process. The joint made with square profile pin
revealed better microhardness and tensile strenpth as ByC
particie dispersion in the weld zone was homogeneous and
finest in size. Elangovan and Balasubramanian {(Ref 19) studied
the influence of tool pin profile and tool shoulder diameter on
joint strength of FS-welded AAG061 alloy of thickness 6 mm.
They reported that the 18 mm shoulder diameter made defect
free welds regardless of pin profiles. Similarly, the joints made
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Experimental investigations of vibration and acoustics signals
in milling process using kapok oil as cutting fluid -
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Abstract. Vegetable oils are found as the feasible alternative for conventional minerals oils. There has been
many énvironmental and health issues which are spotted with the use of conventional eutting Auids. Theré has
been a great demand for developing new cuvironmentally friendly vegetable based cutting fluids to reduce these
harmful effects. In this present study, vegetable based kapok oil isused as a cutting fluid during milling to study

its consequences over other conventional oils. The proe

ess purameters such as spindle speed, depth of cut and

feed rate were optimized with respect to the flank wear (V) and surfuce roughness (R,) respectively with the use
of ventral composite design in respouse surlace methodology (RSM). Further an attempt has been made to
monitor the tool condition by measuring the cutting force, vibration and sound pressure simultaneously. Three
different tool conditions such as dull, fresh and working were analyzed aud their consequences were also
reported. Also, the perfurmance of the kapok oil is compared with the paln oil and mineral oil (SAE 20W 40).
The feed rate has the major contribution for surface roughuess and flank wear, Tt is found that the cutting force
(F), sound pressure (p) and vibration (V) increases with the tool wear. :

Keywords: Cutting fluids / kapok il / surface ro

1 Introduction

Milling is the basic machining process which tends to have
high metal removal rate and mostly used for complex
machining shapes. Cutting fluids have been used in the
machining process to improve the tribological character-
istics of the work piece and tool involved [1]. Cutting fluids
assists in carrying away the heat produced and debris
ejected during machining [2]. These aspects will help to
diminish the tool wear and energy consumption during
machining [3]. Cutting fluids improves the efficiency of
machining process by enhancing tool life, surface finish of
the workpiece, reducing cutting force and vibrations.
Conventional mineral, synthetic and semi-synthetic cut-
ting fluids involved in the ecological cycle with air, soil and
water and their toxicity leads to envirommuental pollution
[4]. Many rescarch works have been undertaken on the
application of vegetable based cutting Huids for machining
applications and most of them were used as a straight
cutting oils [3,6]. It is reported that 320 000 ton per year of
metal working fluids were consumed by European Union

* g.mnil: shankariitn@gmail.com

wness / flank wear / tool condition monitoring / RSM:

alone of which at least two-third need to be disposed as
wastage into the environment {7]. The disposal of waste is
expensive and also it affects the environment. Cutting fluid
processing involves waste treatment as well as pre-
treatment. The cost for the treatment of fluid is higher
than purchasing of new cutting fluids in most cases [8}-
Thus, to reduce the mass usage of conventional mineral oil
cutting flnids and also to minimize their effects on
environment and operators, scveral alternatives are being
extremely explored such as solid lubricants, dry machining,
cryogenic cooling, minimum quantity lubrication (MQL)
9| technique and also by the application of vegetable oils
10-12]. Vegetable based cutting fluids minimizes the
health and environmental effects as compared to the
petroleum based oils which are biodegradable [13]. They
possess good lubrication capability as compared to other
conventional oils.

The effect of vegetable based cutting oil on cutting
forces and power shows that they were equal or dominant
than conventional mineral oil [14]. Vegetable based oils are
considered as environmentally friendly because they are
renewable, less toxic and holds high biodegradability.
The vegetable based cutting fluids have been used for
varions mechanical processes such as drilling, turning,

[4
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Experimental studies on viscosity, thermal and tribological
properties of vegetable oil (kapok oil) with boric acid as an additive

Subramaniam Shankar’ | |M. Manikandan’

Alokesh Pramanik

| G.Raja’ | G.Suganya Priyadharashini |

Abstract

Non-rencwability and damage caused w the eaviconment while using mineral based and
synthetic based lubricants become the greatest concern of this century. Disposal issues
mitiared a global rend to utilize vegembic based lubricants in industries. Vegewble oils are
environmental friendly, have low roxicin and highly biodegradable in nawre. The main
objective of this work is w0 improve the viscosity and reduce the friction and wear rate of
Kapok oil using bornic acid as an additive. The tribological properties of kapok oil with threc
different concentrations (1, 3 and 5 wt%) of boric acid is evaluated and compared with purce
kapok oil using pin on disc tribometer. The worn out surface of the pin are analvzed using
the optical microscope after the wear test. The viscosity and thermal properties of kapok
oil with 5 wis of boric acid possess the better performance compared 1o other samples,

Currespa
T

Fowpmgoring, b

1 I INTRODUCTION

Generally, lubricant plays a vial role in industrial and as well as
in the machine components which are used 1o reduce the fric-
ton between the twao contacts surfaces and also used to min-
imize the hear between the two surfices - The viseosity of
the lubricant has a great influcnce on the quality of the lubrica-
ton of the machine components [7]. The fiquid lubricants are
fassitied into three types that is, svnthetic, mineral and veg-
ctable uil. The synthetic oil is the chemical compositon of the
artibicial made, is manufactured using the chemical reforma-
tion from the petroleum component rather than the complere
crude vil. Mineral oils are mostly used in the motor and engine
applicatons, which are also obuined from the petroleum. based
crude oil. The minerid oil is harmful 1o the environment which
Causes more toxicity and non-biodegradable | 7). The mineral oil
tubricants have hvdrocarbons which eavse those eftecrs and the
tatural lubricanrs are abrained from esrers i+ Vegerable ail is

mostly an environmental Friendly Tubricant, easily biodegradable

T BESEL et 1 i Seens wineh {x

deice Boric acid particles suspension exhibits reduction in friction and wear when compared
with pure kapok oil. Overall, the kapok oil combined with 3 wi%s of boric acid acts as the
bretter bio lubricant oil which would help 1o reduce the global demand of petroleum- based
fubricant sustainability,

and non-toxie |5, 0. Vegetable il has good lubricant praperties
but limited in thermal stability and oxidation stability properties
1" 7). While comparing with the mineral oil, vegetable oil has 4
high pour poiny, enhanced better viscosity index, and low evap-
oration loss [7]. In this work, one such vegetable vil {kapok ail)
is considered and its change in properties are studied using borie
acid as an additive. The friction and wear rate charcreristics of
kapok oil possess mininmum when compared with mineral wil
(SAE 20W 40} and Palm oil [14]].

Lotof works were carried out using Nanoparticles and Nano-
materials as an additive with lubricant oif |11, 12]. Depending
upan the characteristics of nanoparticles such as size, shape and
concentration, the friction and wear between the two contact.
ing surfaces were reduced |13 The labricating properties of
boric acid (H1BO) were studied which was c ymmercial gvail-
able in the marker and environmentally safe [19]. The enviran-
mental protecuon agency act established thar boric acid does
not cause any harm or pollution. In arder to reduce Friction and
wear, various additives were added in the lubricating oil [13],

fen Mok % Seaw Bdom hebiadd o e Tiisrinuman o | aptaeringe and Tochaead

PRINGIPAL
Nandha Engineering College
)

(Autonomous
Ernda - 020 aca




) SpringerLink ! ; | : ' seach (O Login

Original Article | Published: 04 March 2021

Investigations on the tribological behaviour, toxicity, and
biodegradability of kapok oil bio-lubricant blended with (SAE20W40)
mineral oil

5. Shankar &M, Manikandan, |p. . Karupannasamy, €. Jagadeesh, Alokesh Pramanik & Animesh Kumar
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Abstract

Vegetable oil becomes a viable alternative to mineral or synthetic oils due ta its biodegradable

nature, In this work, one such vegetable-based non-edible oil (kapok oil) is blended with a

mineral-based oil (SAE20W40) at 15 and 30% ratio (by volume), and its changes in thermal,

tribological, and corrosive properties were evaluated. Four-ball tribometer is utilized to assess

its dynamic friction coefficient and the wear scar diameter of the worn out area on the ball.

Biodegradability and toxicity test of kapok oil were examined and compared with the palm

and mineral oil through bacterial growth and brine shrimp assay methods, respectively. The

results showed that the dynamic friction coefficient and specific wear rate of the blended oil

were lesser than the mineral oil. The mineral oil produced a higher roughness average (R,)

value than that of the blended oil. Kapak oil shows an adequate tribological properties (anti- | v

friction and anti-wear) in contrast to the other vegetable oils. Overall, kapok oil had a high - PRINCIPAL
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biodegradability nature and lower toxicity than the mineral oil. bl (Autonommﬂ .
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A Study of Added SiC Powder in Kerosene for the Blind Square Hole
Machining of CFRP Using Electrical Discharge Machining
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Abstract

Carbon Fiber Reinforced Polyimers (CFRPs) have been applied potentally for various application components owipg 1o their
lightweight and better mechanical propertics, However, the machining of CERP has been abserved o be poor machinability due
to the properties of the CFRP composites, Micro-feature fabricating on CFRP macra-component is a challenging task due 1o the
selection of inadequate process patameters and machines, However. mieron-level blind square hales are required in CFRPs for
proposing the applications of micro-robotics, micro-vibration measurements. and micro-detection of cracking. These square
holes produced on CFRP have the difficult task of being machined using the Clectrical Discharge Machining (£DM) process. 1
this research, the effects of concentration of silicon carbide, pulse duration. duty cycle, and current on squareness, hole depth, and
surface roughness of CFRPs arc analyzed using Electrical Discharge Machining (EDM) with the square copper electrode. The
input parameters. the various percentage of concentration of silicon carbide. pulse duration. duty evele, and current for EDM are
selected. The responses, squareness. hole depth. and surface roughness are considered. Alsian electiode wear leaneth and surfice
defects have been analyzed, The modelis 1g hits been perfonmed for selected responses. Additive Rato A ssessmienl tARAS) 15
used for obtaining optimum parameters. The overall arialysis found that the silicon carbide concentsation sd pulse duwation arc
greatly affected all the responses. Also. the square clectrodes produced unstabie spark phenomena in the EDM process.

Keywords CFRP - EDM - Silicon carbide - Squareness - Depth

1 Introduction

Carbon Fiber Reinforced Polymers (CFRPs) are used in
aerospace, satellite, electronic field. and commercial parts
The reasons for using these CFRPs are low density, high
strength. low friction coefficient. high toughness, and good
wedr resistance. Square holes are required in CFRPs for pro-
posing the applications of micro-robotics, micro-vibration
measurements. micro-detection of cracks. micron-level
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relative humidity medsurements. micron-level - thermal
Strain measurements. micro - level -femperature measure-
ments. detection of miero - defamination, and micro-fiber
uptics. Thereby. the square holes were Tubricated on CERP
by using EDM [1-3]. Faser machining [4]. mechanical dril
ling [5. 6], and micro-EDM [71. Also, the square hole is
mostly used m the precision mamiacturing sccior for
muanufacturing the micron-level square in the 3D micro-
components for microfluid fransportation purposes and
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Effect of nanoparticles on the droplet combustion of rice bran ol
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Abstract :

The present study is dealt with the phenomenon of combustion for rice bran oil (RBO) methyl ester blends with diesel along with
nanoparticles of magaelium. Nanoparticles composition of 25 ppm, 50 ppm., and 75 ppm are added to blends of B20, B40, and
B60 in the study. A conversion rate of 89.64 & 2.8% is ebserved during the transesten fication reaction performed at § wi% of
potassium hydroxide (KOH) catalyst, 10:1 aleohol to oil ratio (methanol), 75 °C reaction lemperature, and 60 min reaction time.
During the combustion study, few samples displayed the puffing characteristics, which are caused by popping of bubbles at lower
pressure. The summary of the present study suggested that blend B20 with 25 ppm nanoparticles has the potential to be used us
fucl and further proposed that the fuel will be more economical if the injection droplet diameter is 0.77 mm. Other blends like B20
with 75 ppm are also likely to be used as fuel due to its exhibition of lesser threat towards combustion. Bubble formation followed

© by micro-explosion is observed in B&0 with 25 ppm blend. The present study hoped to enrich future researchers working in

similar arca for signifying the importance of understanding droplet combustion of biofuels.

Keywords Droplet combustion - Biodiesel - Rice bran oil - Magnelium - Nanoparticles

Abbreviations ppm Parts per million
RBO  Rice bran oil ALO;  Aluminum oxide
B20 204 methyl ester with 80% diesel Si0; Silicon dioxide
B40 40% meihyl ester with 60% diesel TiO; Titanium dioxide
B60 60% methyl ester with 40% dicsel K Kelvin

KOH Potassium hydroxide B Boron

Highlights

- Rice bran o1l (RBO) is tmnsesterified using KOH (o produce methyl
esters and the conversion rate is achieved 1o be 89.64 + 2.8%

- Rice bran oif methyl ester is blended  with mineral diesel to produce
B20, 1340, and B60 blend.

» Magnelium naneparticles are aidded to the blend 21 25 ppm, 50 ppm, and
75 ppm.

~ + Droplet combustion study of the fucl mixturcs are conducted, and

the sununary of results are obtained.
« The characteristics of puffing, which are caused by the popping of
bubbles at lower pressure are observed in few samples,
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Performance and ecological parameters of a diesel engine )
fueled with diesel and plastic pyrolyzed oil (PPO) at variable B

working parameters
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ARTICLE |INFO ABSTRACT
Article history: Plastics are one of the major pollutants to the environment. An investigation is carried
Received 10 February 2020 out in converting low density polyethylene (LDPE) to oil by pyrolysis methad with the
Received in sevised form 3 March 2021 aid of catalyst for the use in internal combustion engines. Experiments were conducted
Accepted O March 2021 at different speeds (1200, 1500 and 1800 rpm) and variable loads (low, medium and
Available online 13 March 2021 full} with constant compression ratio engine to evaluate the performance and ecological
Keywords: parameters. Plastic pyrolyzed oil (PPO) is blended with diesel fuel in 20:80 volume
Biofuels proportion to get DEOPO20 blended mixture which is employed in engine in order to
Energy from waste assess its characteristics. Encauraging outcomes have been obtained as cylinder pressure
Plastic pyrolyzed oil in combustion is of same order as that of diesel fueled engine. The results showed
Kitrogen axide that increasing engine speeds resulted in higher cylinder pressure and brake thermal
i:?;:ﬁ‘:;g:m"e‘m efficiency. Also, high nitrogen oxide (NOx) and low brake specific energy consumption
¥ (BSFC) has been identified. Lower smoke (BSN) and NOy emissions are noticed from

engine tail pipe with DBOPO20 biended mixture.
£ 2021 Elsevier B.V. All rights reserved.

. 1. Introduction

Diminishing of plastic pollution has been consistently one of the major strategies for many central bodies and
climate authorities since last two decades. In the modern society, lack of awareness about the increasing pollutian
caused by plastics, the general population continues to practise irresponsible dumping to the environment. Although
there are various policies adapted for controlling waste, a popular method includes solid waste management through
rigorous collection from respective households and correspondingly landfill. This eventually cause pollution of land and
contamination to the water and environment. From the various methods of plastic waste handling, pyrolysis technique
has been found to be a potential ene as this method is able to perform with and without the aid of catalysts, This method
transforms left-over plastic to oil (liquid), gases and char (solid residue) with the aid of high temperatures (300-900 “C).

An investigation is carried out to pyrolyze empty fruit bunch (EFB) with activated carbon by utilizing microwave
heating. The outcome of this investigation has enhanced bio-oil portion by 36.37 wt. % at 500 °C (ldris et al, 2021).

» Carms-ponding author.
FEmail address; veimatikksegmailoam (TN, Verma)

hitps:iidoioe 10 1016]Leti 202 1101451

2352-1864/2 2021 Elsevier BV. All rights reserved.




Proceedimgs 45 (2021 118 187

Contents lists available at ScianceDirect

journal homepage: www.elsevier.com/locate/matpr

The development of fuel cell electric vehicles — A review
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INFO

The natural petroleum by-product will come into in-existence and unavailable in future. The emission
from IC engine vehicles is also a critical problem. So the new technologies depending on electrical pow-
ered conveyance are developing. In that way, a fuel cell concept has been introduced for various applica-
tions along with electric vehicles. The various efforts are being taken to implement the fuel cell systems
in automobiles. Still there is a technological gap in success of such fuel cell electric vehicles due to the
problem in handling hydrogen, high cost of battery and fuel celi components, water management efc.

Keywords: In this paper. the type of fuel cell used in automebile, various supporting components and flow diagram
:?:3::1 powercd of fuel cell systems, the impiementation of fuel cell systems in automobiles, the design and development
Fuel coll of Fuel Cell Electric Vehicles (FCEV) by various automobile companies are discussed. Further the related
Antemobiie issues in FCEV and the methods to improve performance of FCEV are discussed,

FCEV © 2021 Elsevier Ltd. All rights reserved.

Performance Selection and peer-review under responsibility of the scientific committee of the International Conler-

ence on Advances in Materials Research — 2019,

1. Introduction

The fuel cell is producing the electricity. It consists of anode and
cathode where the chemical reaction takes place. The basic fuels
mainly hydrogen and oxygen are required that produce electric
energy with very less amount of pollution. The current produced
from the fuel cell is Direct Current {DC). If we require Alternate
Current (AC), a conversion device called inverter is required. The
fuel cell electric vehicles are having fuel cell system, DC-DC con-
verter, charging system, energy storage device, motor, drive sys-
tems and control systems. The battery is used to manage the
dynamic response of the vehicle under varying load conditions.

. Abbrevictions: AWDEV, four wheel drive electric vehicle; AC, alternate curmrent:
APFCT, Asia Pacific fuel cell rechnology; BEY, battery electric vehicles; cx, cubic
centimeter; DC, direct current; SVM-DTC, space vector modulation-direct torque
control; EMS, energy management sirategy; FC fuel cell; FCHEV, fuel cell hybrid
electric vehicles; FCE, fuel cell engine; FCEV, fuel cell electric vehicles: FCS, Muel cell
systems: FES, fiywheel energy systems: FOV, fuel cell wehicles: IC intemnal
combustion: ICE, internal combustion engine; ICEV, internal combustion engine
vehicles: PEM. proton exchange membrane: PEMFC, proton exchange membrane
fuel celi; PFCEY, plug-in fuel cell electric vehicles: MDIEC, multi-device interieaved
boost converter; MHV, Mingdao hydrogen vehicle; UC, ultracapacitor.

* Corresponding author,
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2027 Elsevier Lid, ARl rights reservied,
Selection and peer-review under responsibility of the scientific committee of the International Conference on Advances in Materials Research - 2019,

2214-7853)

The DC/DC converter is used to convert the output of fuel cell into
required voltage and current to supply to battery/motor, Brushless
DC motor is used to run the vehicles. As there is no moving partin
fuel cells, the noise and heat generations are very less compared to
internal combustion engine vehicles (ICEV). A Ragone chart (Fig. 1)
is comparing the performance of varicus energy devices such as
fuel cell, battery, SC etc. The fuel cell is having much higher energy
density than other types of energy storing devices. As the Energy
density of fuel cell is higher than other typé energy-storage
devices, the fuel cell can be used for fong time applications. Due
to many advantages, the fuel cell electric vehicles are under devel-
opments by various automobile companies and are successfully
tested. Even though many advantages are in the fuel cells, due to
some practical issues, there is a gap in the implementation of the
fuel cells in on-road vehicles.

In this paper, the development of the fuel cell electric systems
and their supporting components for two wheeler and four
wheeler applications by various automobile companies and educa-
tional institutions are reviewed. Further the advantages, issues and
applications of FCEV are discussed.

Working principle of the fuel cells the working principle of the
fuel cell is following electrolysis technique. The fuel cells have two
electrodes where the electrolyte process takes place between
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Effects of Different Membranes
on the Performance of PEM Fuel Cell

| M. MuthukumarJA. Ragul Aadhitya, N. Rengarajan, K. Sharan,
and P. Karthikeyan

Abstract Nowadays, air pollution prevails as one of the major problems all over
the world. Fuel cell is the recently developed technology to counteract air pollution.
Fuel cells are electrochemical devices that produce electricity by the reaction of
two gases such as hydrogen and oxygen. Proton exchange membrane (PEM) fuel
cell is the most economical one. The advantage of using PEM fuel cell is that they
can operate at low temperature of about 50 °C to 80 °C, and there is no emission
of harmful gases to the atmosphere, thereby maintaining eco-friendly environment,
The performance of the fuel cell is mainly influenced by various factors like material
properties of components (like gas diffusion layer, membrane, catalyst layer), flow
channel designs, operating conditions and water management. The main function
of membrane which is made of polytetrafluoroethylene is to allow only the protons
from anode to cathode and not allows electrons. So the membrane is called as PEM.
The performance of the fuel cell is affected by different types of membranes. In
this paper, the performance of PEM fuel cell with two different membranes such
as Nafion 117 and Nafion 212 is analyzed. The serpentine flow field is chosen on
both cathode and anode sides, The PEM fuel cell having active area of 11.6 cm’
is designed and analyzed with best-operating conditions. The results show that the
PEM fuel cell with Nafion 212 membrane generates more power.

- Keywords Emission - Eco-friendly - Membrane * Nafion - Power
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Performance Studies of Proton Exchange
Membrane Fuel Cells with Different
Flow Field Designs — Review

IMmhulwma.r Mara.ppmt“ Karthikeyan Palaniswamy,” Thiagarajan Velumani,"
" Velayutham," Praveenkumar Shivakumar,™ and

m
Senthilarasu Sundaram*™

Abstract: Proton Exchange Membrane Fuel Cell (PEMFC) is majorly used for power generation
without producing any emission. [n PEMFC, the water gencrated in the cathode heavily affects
the performance of fuel cell which nveds better water management. The flow channel designs,
dimensions, shape and size of the rib/channel, effective area of the flow channel and marerial
properties are considered for better warer management and performance enhancement of the
PEMEC in addition to the inlet reactant’s mass flow rate, flow dircctivns, relative humidity,
pressure and emperature. With the purpose of increasing the output energy of the fuel coll,
many flow feld designs are being developed continuously. In this paper, the performance of
various conventional, modified, hybrid and new flow ficld desigas of the PEMFC is studicd in
detail. Fusther the efiects of channel tapering, channel bending, landing to chanuels width ratios,
channel cross-sections and insertion of bafles/blockages/pin-fins/inserts are reviewed. The puwer
density of the Mow field designs, the physical paramerers like active area, dimensions of channel/
1ib, number of channels; and the operating parameters like temperature and piessure aie also
abulared.

Keywords: channel design, flow fickd, fuel cells, PEMFC, water management
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Abstract: Flooding of the cathode flow channel is @ major hindrance in achieving maximum perfor-
mance from Proton Exchange Membrane Fuel Cells (PEMFC) during the scaling up process. Water
accumulated between the interface region of Gas Diffusion Layer (GDL) and rib of the cathode flow
field can be removed by the use of Porous Sponge Inserts (P51 on the ribs. In the present work,
the experimental investigations are carried out on PEMFC for the various reaction areas, namely
25, 50 and 100 em?. Stoichiometry value of 2 is maintained for all experiments to avoid variations
in power density obtained due to differences in fuel utilization. The experiments include two flow
fields, namely Serpentine Flow Field (SFF) and Modified Serpentine with Staggered provisions of
4 mm PSI {dmm x 2mm % 2 mm) Flow Field (MSSFF). The peak power densities obtained on MSSFF
are 0.420 W/cm?, 0.298 W /em? and 0232 W /cm? compared to SFF which yields 0.242 W/em?,
0.213 W/cm? and 0.171 W/cm? for reaction areas of 25, 50 and 100 cm? respectively. Further, the
reliability of experimental results is verified for SFF and MSSFF on 25 em? PEMFC by using Electro-
chemical Impedance Spectroscopy (EIS). The use of 4 mm PSLis found to improve the performance
of PEMFC through the better water management.

Keywords: proton exchange membrane fuel cells (PEMEC); scaling up; porous sponge; MSSFF; EIS;
water management

1. Introduction

Effective management of water produced as a product of Oxygen Reduction Reaction
(ORR) on the cathode side is important to obtain maximum performance from PEMFC [1].
The cell performance is reduced due to the water flooding which effectively blocks the
passage of protons through the membrane [2]. Increase in flooding of flow fields causes
reduced performance in PEMFC at higher current densities. However, the low amount of
water present causes the dehydration of the membrane which reduces the performance
of the PEMFC [2]. Flow fields that produce uniform distribution of reactants and lower
pressute drop due to shorter flow length yield better performance compared to serpentine
flow channel [1—5]. The SFF produces non-uniform flow due to the presence of bends in the
flow channel. The presence of bends causes a lower velocity near the bends compared to
the central region of flow where the velocity is higher. Similarly, the length of the serpentine
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Experimental investigation on serpentine, parallel and novel zig-zag flow fields
for effective water removal and enhanced performance on 25 cm? PEMFC

. | Muthukumar Marappan®] Magesh Kannan Vijayakrishnan®, Karthikeyan Palaniswamy™*,

Karthikeyan Manoharan®, Thanarajan Kumaresan® and Jyothis Arumughan®

“Fuel Cell Research Lab, Department of Mechanical Engincering. Nandha Engineering College. Evode-638052, India

Fuel Cell Energy Systen: Laboratory, Department of Automobile Engineering, PSG College of Technology, Coimbatore 641004,
" India

“Department of Mechanical Engineering, Assam Engineering College. Guwahati - 781013, India

Water management is decisive in the commercialisation of Polymer Electrolyte Membrane Fuel cells (PEMFCs) as poor water
managenient leads to reduced performance and reliability, Hence, this work deals with effective water management and
physically examines water removed at cathode outlet in 25 em® PEMFC of land width by channel width of 2 x 2, Six
combinations among flow fields such as parallel without slope, parallel with slope, serpentine and a novel parallel zigzag with
slope are used for experimentation. Experimental results disclose that inducing cross flow among reactants, increasing
exposure areq of uncompressed MEA with reacting gases and backpressure increases the performance while slape at cathode
increases the water remaval rate of PEMFC. The novel flow field when used at the cathode with the serpentine flow field at
anode accumulutes advantages of the flow fields considered and enhanced the performance by about 23% than conventional
serpentine flow ficlds duc to the induced flow non-uniformity, under rib convection and better water removal rate.
Additionally, to enhance the water removal and performance a silicon dioxide based ceramic ink is spray coated on the
graphite plate to increase its hydrophobicity. As the electrical conductivity of silicon dioxide, a key constituent in the
hydrophobic coating is limited, a blend of 2% graphene by weight with the ceramic ink is also attempted along with the
durability of these flow fields for twelve hours of continuous aperation.

Keywords: Zig Zag Flow Field, Back Pressure, Slope in Flow Field, Cross Flow in Reactants, Ceramic ink coating, Durability Studies.

Introduction power (poor performance) of the PEMFC. Accumulation

of water is due to electro-osmotic drag from anode to

Diminution of conventional fossil fuels and ecological cathode vide the membrane and back diffusion of water

contamination has turned the focus of research on from the cathode flow ficld 1o catalyst sites causes

altiemate power generation systems. A large number of flooding, Proper water management ensures that the

researchers are working on alternate fuels and power membrane remains fully hydrated and maintains good

generation systems like fuel cells. Fuel cells are ionic conductivity [3] leading to enhanced performance,

capable of producing green energy with little pollution Considering these facts a few pieces of research
and hence can be considered as a potential power relevant to this work are discussed below. ;

generation device. When weighed against other types Parallel and serpentine flow fields are predominantly

of fuel cells. Polymer Electrolvte Membrane Fuel Cells used in PEMFC, efforts are made to enhance their
(PEMFCs) are more efficient and have high power performance by modifying their land width, number of
density. Additionally, they are easy to install, can aperate channels, the shape of the flow path, orientation, etc.

on relatively low operating temperature and pressure, Diverse techniques have been adopted to tackle water
respond dynamically to load and have a longer lifetime management issues, out of which the flow field design
however the cost of PEMFC [1]is a major hindrance to is most noteworthy. Innovative flow channels were
commercialization. Also, water formed as a by-product designed and tested to improve water management in
of the electrochemical oxidation and reduction reactions PEMFC and demonstrated that channel cross-seetion
- is to be balanced [2] reasonably to avoid flooding and design can be used to improve their performance [4, 5].
dehydration of membrane as they cause a reduction in The il effect of water accumulation was established by

visualizing oxygen distribution and water blockages in
an operating 3 pass-parallel-serpentine PEMFC {6].

e Studies on flooding cathode channels of PEMFC and
Fax. +01 4222562277 concluded that water accumulation in the flow field
E-mall: apkasthipsp@ gmail comn; spk suto@psgtech.ac.in significantly reduces the performance [7]. Despite these
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Analysis of Shrinkage Defect in Sand Casting by Using Six Sigma
Method with Taguchi Technique

M A Omprakas'f. M Muthukumar', S P Saran', D Ranjithkumar', C M Shantha
IR Mpathi Venkatesh' and M Sengottuvelan®

! Department of Mechanical Engineering, Nandha Enginecring College. Erode - 638052,
Tamilnadu, India.

? Department of Mechatronics Engineering, Bannari Amman Institure of Technology,
Sathvamangalam - 638401, Tamilnadu, India

omprakasangappani@gmail.com

Abstract. Casting industnies play a major role in the field of manufacturing. The production of
complex shape and size products 15 manufactured i a single provess, which cannot be produced in
other manufacturing processes, Beeause the other process needs more than ane step 10 convert a raw
material into o product. When producing the casting, the guality of the casting should be mmmained
without defects. This is not possible as we can’t produce a cent percentage of accuracy. But the
percentage of defects can be reduced with the help of certain quality control tools and techniques. In
this paper, the main focus is 1o reduce the shrinkage defiect which occurs in the External Bearing Ring
of ductile cast iron which is produced in the leading casting industry in Coimbatore. The das have
been coliected from the industry for the six months and the defects have been identified with the help
of the Six-Sigma DMAIC (Define, Measure, Analyze, Improve, Controli technique The quality
control wols are applicd in different stages of the DMAIC techmique for denuiying and controlling
the defects. Also, the Tuguchi technique is applied for creating the L9 orthogonal army from the
Minitab software, Finally, the best possible solution is obtained and it is sugeested 1 the wadustry for
defzets reduction.

Kevwords: Casting defects: Six-sigma: DMAIC process; Taguch ductile iron.

1 Introduction :
Casting is one of the oldest techniques in the days around 4000 B.C. The casting process was used for W
manufacturing of gold omaments. Few years later, it was used for the production of weapons and tools with
metals like copper as materials. Then after, the casting has heen used for the production of products which
were having different shapes from small to complex shape and size of products and different materials fike
cast iron and ductile iron, ete. Due to its major benefits and needs, the casting production plays a major role
in the field of manufacturing The occurrence of defects in the casung affected the casting industry
economically. So, the defect occurrences should be reduced and the quality of the casting should be
improved for which the application of some techniques like six-sigma and quality tools can be used. The
defect in the particular arca is identified and some changes are made to reduce the defects. In this paper,

cow+. % the External Bearing Ring made of ductile cast iron which is the one of the main components in the windmill
wo <o eis cohsideréd br analysis. The leading casting industry in Coimbatore are facing this shrinkage defect on

s . this particular product as high in numbers. So, this shrinkage defeets are reduced by applying the six-sigma

2 technique and quality control tools. with the help of Minitab software

-
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A comparative study of performance and emission
characteristics of a diesel engine using various
non-edible extracts
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Abstract: In this study. the performance and emission characteristics of a
diesel engine fuelled with bicdiesel such as cottonseed  oil. castor oil,
Calophytium inophy llum oil and mustard oil by transesterification are
investigated. All biodiesels are mixed together on mass basis and allowed 1o
transesterification is muned as totally mixed esterified (TMEx), Separately
transesterified and mixed together on mass basis becomes separately esterified
mixer {SEMx). The biodiesel samples are prepared by a volume propuortions
such as 10% (SEMxI0. IMEXTO) and 20% (SEMX20. TMEx 20). The
experiment is conducted on a single-cylinder, water-cooled, direct injection
diesel engine foaded by eddy current dynumometer at different loads. Resull
shows that brake thermal elficiency and specific fuel consumption of TMEx
blends are closer 1o diesel compared with SEMx blends, Also. the emission
characteristies of TMEX20 are less in comparison with other blends and it is
sugpested as a promising replacement for diese! without engine modification.

Keyvwaords: biodiesel: methyl ester: diesel engine; exhaust emission.

Reference 10 this paper should be made as follows:  Rajkumar, R.
Kannan. K.G. and Mohanraj, M. (2020) A comparative study of performance
and emission charactenstics of a diesel engine using various non-edible
extracts. Progress in Industrial Ecology - An Interaational Jowrnal. Vol. 14,

Ne. 2, pp.91-103.
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