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processengineer is Important in such a way to reduce the
machining cost ot machining and quality of the machined
product. If the some machining parameters are selected
by a human operator, he needs to refer to a handbook or
his own experience, based on the knowledge in the
machining ormanutacturing processand specificationsof
machine tools (Roo & Parnichkan, 2010). To overcome
those problems, there is a need to develop effective
optimization criteria which will find-out the optimum
processparameters whichwillgive the optimum result.

Multi-criteriadecision making (MCDM)(Roo& Pawar,2010)
methods are most important in solving the problems
related to selection, on occurrence of multiple and
commonly conflicting criteria.MCDM(Roo,2010)methods
have been divided into two categories such as multi·
objective decision making (MODM) and multi-attribute
decision making (MADM). MODM methods induce
decision flexiblevaluesthat are ascertained ina perpetual
or integerdomain witheitheran infinitiveor a large number

INTRODUCTION

Arnolorltvof metal cutting operations need the operator 10
select proper process paramelers to minimize the cost of
Ihe machining. Many researcheswere carried out on the
machinability.SR.cutting force. MRR.and 1001wear during
machining. Amongst metal cutting operation. end milling
machining is most encountered tor material removal.
~Aanyresearchersfocused on surface roughnessinmilling
operations forevaluating the surface quality of machining.
Variousfactors Influence the surface roughness.such as
cutting speed (CS),feed rate (FR),and depth of cut (DOC)
inend millingprocess(A1auddinet 01., 1995:Kadirgama et
01" 2008; Yang & Chen, 2001; Zhong et 01" 2007).
Assessingthe propermachining parameters inend milling,
prediction of proper process parameters (Oktem et 01.,

2006), optimization of the rake angle of the cutler for
minimiZingthe surface roughness (Zainet 01., 2010),etc.,
have been studied. Tomake the machining processmost
successful.selection of proper process parameters by the

Theobjective of the current work is to optimize the end milling process machining parameters in end milling of EN31
steel. Surface Roughness(SR).tumensooot Deviation (DO).and Material Removal Rate (MRR)are some of the crucial
findings of thiswork. In thiswork. the weights are calculated by using numerical tool AHP(Analytic Hierarchy Process)
method. and VIKOR(ViseKriterijumskaOptlmizacija Kompromlsno Resenje)and WASPAS(Weighted Aggregated Sum
Product Assessment)methods are used In analyzing optimum machining parameters. These techniques are utilized for
multi-objective optimization which minimizes SR.DOand maximizes the MRR.Resultsshowed the effectiveness of VIKOR
approach as well asWASPASmethod. both methods are appropriate to any metal cuffing operations on superior with
multi-number of objectives concurrently.

Keywords.Surface Roughness.EndMilling. Multi-Criteria DecisionMaking. VIKOR.WASPAS.

ABSTRACT

Dote Revised.' 15/10/2018Dote Recerved 11/06/2018 Dale Accepted: 16/10/2018

•.••• Asslslant Professor.Deporlment of Mechanical fnglneerlng. Annamocharyo Institute of Technology & Sciences. (Autonomous).
Rajompet. Andhra Pradesh. Indio.

NAKKA NAGARAJU ***D. VISHNUVARDHAN REDDY**VENKATAAJAY KUMAR. G *

By

MULTI-OBJECTIVE OPTIMIZATION OF END MILLING
PROCESS PARAMETERSIN MACHINING OF EN 31

STEEL:APPLICATION OF AHP EMBEDDED
WITH VII<OR AND WASPAS METHODS

- -

RESEARCH PAPERS



The orientation of the fiber in the matrix is an indication of the strength of the composite and the strength is greatest along the
longitudinal directional of fiber. This doesn't mean the longitudinal fibers can take the same quantum of load irrespective of the direction in
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The goals of the design of fiber-reinforced composites many times include high strength and stiffness on a weight basis. Specific
strength and specific modulus are the terms that express these characteristics and correspond to the ratios of tensile strength to specific
gravity and modulus of elasticity to specific gravity. For short fibers, fibers are too short to produce a significant improvement in strength.
The characteristics of a fiber-reinforced composite depend not only on the properties of the fiber, but also on the degree to which an applied
load is transmitted to the fibers by the matrix phase.

2. FIBER REINFORCED COMPOSITES

inforcerneut: The reinforcement is generally responsible for strengthening the composite and improves its mechanical properties. All of
•. _ different fibres used in composites have different properties and so affect the properties of the composite in different ways. It also
provides stiffness to the composites.

Matrix Phase: The matrix phase generally comprises the bulk part of a composite. Materials in fibrous form are seen to be showing good
stren~h ~erty .and for achieving t~is property the fibres should be bonded by a matrix. Matrix may consist of any of the three basic
J"):!·'~'l'.t·~ s mainly Polymer, ceramics or metals.

I. INTRODUCTION TO COMPOSITEMATERIALS
In recent years, the interest in composite materials is increasing due to its advantages as compared to monolithic metal alloys.

Composites materials can be defined as engineered materials which exist as a combination of two or more materials that result in better
properties than when the individual components are used alone. Composites consist of a discontinuous phase known as reinforcement and a
continuous phase known as matrix. 1n practice, most composites consist of a bulk material (the "matrix"), and a reinforcement of some kind,
added primarily to increase the strength and stiffness of the matrix.

Key Words:Epoxy Resin Reinforcement, Aluminium Oxide,Silicon Carbide,GlassFiber Laminate.

Abstract - Fiber reinforcedpolymer composite have been used as more number of components such as aircrafts, satellite structure, of
jiber reinforcedpolymer, automobile components, wind turbine blades,sportsgoods.Many advantagessuch as relativelylowproduction,
ease to fabricate ami high strengthoblity. Reinforcement polymer is either synthetic or natural. Synthetic jibre such as glass, carbon,

T Kevlar,have high specific strength but theirfields of applicationare limited due to high production cost. In this paper, an investigation
(/(IS beenperformed to make better utilization of Aluminium Oxideand Silicon Carbidefor making value addedproducts. The objective
J- 'he current work is tofabricate and study the mechanical behaviourof epoxy based hybrid compositewith and withoutjiller materials.
Filler materials such as Aluminium Oxide and Silicon carbide which act as all epoxy modifier. Compositesfitted with 4%, 8%, 12%
concentration of A1203 and SiC were fabricated by using ltand layup techniques. Tile fabricated composites are cut into specimens
according to tile ASTM standards as well as superficial mechanical properties such as tensile strength, flexural strength, compression
strength and hardnesstest of tile specimens werefound.
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ANN approach for Identifying the effect of physical and
mechanical properties of AI2024-B.C composites
fabricated by powder metallurgy. The reinforcement
properties had considerable effects on the density,
hardness and tensile strength, as well as the structural
behavior of the composltes. Harlchandran and
Selvakumar (2016) investigated the effect of the addition
of micro and nono boron carbide particles to aluminum
on the composite mechanical characteristics. Byadding
8% B.C wear resistance of the nona cornposltes has
Increased. Bhushan, Kumar, and Dos (2013) fabricated AI
7075 alloy with IOta 15% weight of SiC particles by stir
casting method and studied Itsbehaviour. Microstructure
of 7075 AIalloy, M7075-SiC 10%weight particles (20-40
,um) and M7075- SIC 15% weight particles cornposltes
are found. Ahamed and Senthilkumar (2011) has studied
the compactness, micro structure and micro hardness of
pre-mixed (elemental) Al6063, Al6063/1.5AIP3' and
AI6063!l.5V,O. and AI6063/0.75AI,OJO.75V,o. powders
and has reported that AI,O., and VP. particles were most
Influencing which improved sintering and micro hardness

Discontinuously reinforced Aluminum MMCs are
competing with traditional metals and alloys as emerging
engineering materials. There is on aopreciable need for
advanced materials with improved mechanical
properties accompanied by cost reduction and feasibility
of fabrication In the engineering world. They have high
importance because of higher specific modulus, wear
resistance and specific strength when compared with
metal alloys.

Ravichandran and Dineshkumar (2014) carried out his
research work on fabrication of aluminum metal matrix
composites by powder metallurgy. In the addition of 5
weight percentage of TIO,to the pure aluminum Improves
the mechanical properties. Baradeswaran and Perumol
(2013) in their experiments, chosen the commercial
grade of AI-7075 alloy as the rnotnx phose, with B.C
particles as their reinforcement. The wear rate of
cornoosltes Is less when compared with pure matrix
material. Varol. Canakci, and Ozsahin (2013) has used

INTRODUCTION

Materials are often selected for structural, aerospace and automotive applications because of better mechanIcal
properties. In recent days development of Hybrid Metal Matrix Composites (HMMCs) has gaIned lot of Interest In
Materials Science field. In view of tnis. the present study focuses on the formation of Alumlnum-SIC-Titanlum dIoxide
HMMC. It was aimed to evaluate the mechanical and metallurgical properties of AI2014T6 alloy In the presence of
silicon carbide, and TItaniumdioxIde ItscombinatIons. Variouscompositions are added and by usingstircasting method
HMMCs are fabricated. Theproperties like tensile strength, elongation, yield strength, hardness and micro structure
were determined. In the presence of Silicon Carbide (SIC)and Titanium dioxide (TIO,)[5%SiC + 5%TlO2'2.5%SIC+7.5%
TlO,and 7.5% SIC+ 2.5% TlO,l with Aluminum. ccxroosnes were prepared. Itwas noticed that newly developed HMMCs
exhIbitsbetter strength, hardness and elongatIon when compared with metal alloy.

Keywords:Aluminum. TItaniumDiOXIde,Silicon Carbide, HMMCs.
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for biodiesel [16, 17]. The biodiesel operation reduces
the harmful emissions viz., CO. HC and smoke but
with little increment of NOx emissions relative to
diesel fuel [2]. The biodiesel blends and neal biodiesel
in diesel engine reduces carbon monoxides about 3-
15% [3] unburnt hydrocarbons about 6-40% [4] and
smoke density to 45% [5] compared to ULSD (ultra
low sulfur diesel). However, the biodiesel blended
fuels operation had shown NOx emissions up to 26%
[6], BSFC increased by 6-15% [7] decreases in brake
thermal efficiency up to 9% [8]. 11was reported that
the NOx reduced in descending order are: CME, PME,
SME, WME, and RME; PM emissions reduction
varies from 53%-69% [9]. 50% jatropha biodiesel
blend showed maximum power with less smoke
amongst all the biodiesels and their blends than diesel
[10). The rice bran biodiesel fuelled engines produced
less CO, unburned HC, and PM emissions when
compared to diesel fuel but higher NOx emissions
[II). The biodiesel blended fuels have strong
beneficial impacts on HC, CO and PM emissions but
adverse effects on NOx emissions [12-14).
Calophyllum lnophyllum (polanga) biodiesel and
additives showed BTE increased and lower in BSFC
than diesel [15]. There was an improvement in BTE,
BSFC and substantial improvements in reduction of
emissions for TRCC operated at higher injection
pressure by improved combustion, due to better air
motion inside the cylinder and high pressure injection
increases the oxides of nitrogen (NOx) [18]. With four
different fuel injection pressures (18, 20, 22, and 24
MPa) diesel engine operation showed that there was
increase in BSFC, CO2, NOx emissions, while HC
and CO emissions were reduced at low injection
pressures where as these values decrease with

2. LITERATURE REVTEW
Most of the researchers reported that the

performance of biodiesel fuelled diesel engine is poor
than perro-diesel operated engine. interestingly, some
of the researchers reported that thermal efficiency was
higher with biodiesel than diesel fuel [I]. Some of the
investigations showed that lower HC, CO and
particulate matter emissions, but higher NOx emission

1. INTRODUCTION

The global concern for air pollution and
depletion of ozone layer has forced to re-evaluate the
use of conventional fuels like gasoline, diesel and coal
as well. In view of continues growth in demand of
energy and rise of fossil fuels cost, it is emerged to
investigate for most appropriate substitute for diesel
fuel. Biodiesel refers to any diesel-equivalent bio-fuel
made from renewable biological materials such as
vegetable oils or animal fats. It is usually produced by
trans-esterification and esterification reaction of
vegetable oil with a low molecular weight alcohols
such as ethanol and methanol. During this process
triglyceride molecule from vegetable oil is remov~d in
the form of glycerin (soap).Once the glycerin IS
removed from the oil, the remaining molecules are, to
a diesel engine somewhat similar to those of
petroleum diesel fuel. Biodiesels are essentially free of
sulphur and aromatics. Biodiesel is a fuel naturally
inbuilt with about 10% of oxygen. The concept of
using vegetable oil as a fuel in 1895 when Or. Rudolf
Diesel developed the first diesel engine to run on
vegetable oil.

In the present study polanga methyl ester -diesel
blend (PME20) was selected as test fuel and
investigation was carried out at four different injection
timings.

Abstract- The experimentation was carried out on a single cylinder, water cooled, direct injection dieseloengine
to operate on polanga oil methyl ester-diesel blend(PME20) for different injection timings such as 23 bToC,
20obToC, 26°bToC and 290bToC, at rated speed, under varying loads fr~m.no load to ftl~ll?ad(O%~IOO%).~he
exhaustive tests were carried out to evaluate the performance and enussion charactenst~cs of dlese.1~ng~ne
operated on PME20 (composition of 20% diesel and 80% nea~ PME fuel) . to find op~unum fuel injection
timing(FIT) amongst selected FITs, in comparison with base line data of high speed dieseltl+D) fuelled CI
engine. PME20 has shown overall better performance, and emission characteristics, at 26obToC and at 80% of
full load.
Keywords- PME20; FIT; HD; sroc
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Makanda et al. [12], Hameed et al. [9] and Akinbobola
[II] are contemplated magnetic and heat transfer in a
vertical tube on the peristaltic transport of a second
grade liquid.

The impact of temperature subordinate
viscosity on viscoelastic liquid, for example, second
grade liquid causes changes in the properties of the
liquid. For gases, the viscosity increments as
temperature increments while for fluid it diminishes as
temperature increments. Thus, a lot of research work
has been committed to think about the impacts of many
variable consistency models.
Massoudi and Phuoc [13] utilized Reynolds Viscosity
model to research the impact of variable viscosity in a
completely developed flow of non-Newtonian fluid
down a heated inclined plane. A similar Reynolds law
was utilized in summed up second gradefluid between
two vertical parallel dividers by Massoudi et al. [14].
Ramya et al [15] Studied the impacts of temperature
dependent viscosity on flow and heat transfer in a
viscoelastic liquid in a permeable medium. They
accepted that the viscosity shifts conversely as a
component of temperature. Different unidirectional
transient flows ofa second grade liquid in a space with
one limited measurement are considered by R Bandelli
et al [16].

The development of a viscoud liquid caused
by the sinusoidal faltering of a level plate is named as
Stokes' second issue by Schliching [17]. At first, both
the plate and fluid are thought to be very still. At time t
= 0+, the plate all of a sudden begins oscillating with
the velocity Uoe't»1 . The investigation of the flow of
a viscous fluid over a swaying plate isn't just of
principal hypothetical premium yet it likewise happens

2420

Chauhan and Olkha [Ql ventured to study the
impact of space temperature dependent hear
source/sink whrn heat radiation over porous stretched
sheet was present. Different models of the second
grade liquid issue have been contemplated by Hayat
et al, 00, Baris and Dokuz 111. Khan et al, [10],

I INTRODUCTION
Recently, the study of non- Newtonian fluids

drew considerable attention due to their pragmatic
applications. As the non- Newtonian fluids and its
applications are being vital in modem technology and
industries, research on such fluids are imminent. A
great number of technologically and industrially vital
fluids such as polymers, molten plastics, fossil fuels,
foods and, pulps which may douse in underground
bedsteads, display non-Newtonian behavior. Many
non-Newtonian fluid prototypes have been proposed,
owing to density of fluids and their properties.
Therefore this category of non-Newtonian fluids,
second grade fluid is the modest subclass for an
analytic solution can be practically possible to
discover. If the non- Newtonian fluids correspond to
physically realistic situations, meticulous analytic
solutions for the flows of such fluids are most likely to
find, as they serve a dual purpose. Firstly, they deliver
a resolution to the flow that has technical bearing.
Secondly, the solutions aforementioned can be used as
authorizations against intricate arithmetical cods that
have been brought up for much more complex flows.
Non-Newtonian fluids were studied under different
Physical aspects in the recent past by Hayat et aI., [2],
Fetecau and Fetecau[1], Chen et aI., [3], Tan and
Masuoka, [5], Fetecau and Fetecau, [4].

Keywords: Unsteady Second grade fluid, Porous medium, Thermal.

Abstract- This paper tosses light on the impact of thermal in Stokes second problem for unsteady second grade liquid
move through porous medium. The expressions for the temperature field and the velocity field are acquired
scientifically. The impacts of different rising parameters on the velocity field and the temperature field are considered
through graphs in detail.
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Modern development and economical progression of Indian society resulted in increase of factories and industries.
Due to space constraints material handling is the main problem is the major problem faced in most parts of the country.
Present study aims for development of a system to reduce the turning radius of a vehicle. The indigenously developed system
consists of Ackerman steering and various mechanism with arrangement of the various kinematics links. In this system at
first vehicle is stopped and wheels are then turned in the required direction with the help of steering system. It has turning
radius nearly equal to negligible of the length of car itself.

OBJECTIVE:

Many modern cars use rack and pinion steering mechanisms, where the steering wheel turns the pinion gear; the
pinion moves the rack, which is a linear gear that meshes with the pinion, converting circular motion into linear motion along
the transverse axis of the car (side to side motion). This motion applies steering torque to the swivel pin ball joints that
replaced previously used kingpins of the stub axle of the steered wheels via tie rods and a short lever arm called the steering
arm. The rack and pinion design has the advantages ofa large degree of feedback and direct steering "feel". A disadvantage
is that it is not adjustable, so that when it does wear and develop lash, the only cure is replacement. A rack and pinion is
commonly found in the steering mechanism of cars or other wheeled, steered vehicles. Rack and pinion provides a less
efficient mechanical advantage than other mechanisms such as recirculating ball, but less backlash and greater feedback, or
steering "feel". The mechanism may be power-assisted, usually by hydraulic or electrical means. A rack and pinion is a type
of linear actuator that comprises a pair of gears which convert rotational motion into linear motion. A circular gear called
"the pinion" engages teeth on a linear "gear" bar called "the rack"; rotational motion applied to the pinion causes the rack to
move relative to the pinion, thereby translating the rotational motion of the pinion into linear motion.

Four wheel steering is a method developed in automobile industry for the effective turning of the vehicle and to
increase the manoeuvrability. In a typical front wheel steering system the rear wheels do not turn in the direction of the curve
and thus curb on the efficiency of the steering. In four wheels steering the rear wheels tWTIwith the front wheels thus
increasing the efficiency of the vehicle. The direction of steering the rear wheels relative to the front wheels depends on the
operating conditions. At low speed wheel movement is pronounced, so that rear wheels are steered in the opposite direction
to that of front wheels. At high speed, when steering adjustments are subtle, the front wheels and the rear wheels turn in the
same direction.

INTRODUCTION:

Keywords: Bearing, Chain drive, DC motor, Sprocket, Steering and wheel.

ABSTRACT: The design and fabrication of 180 degree wheel rotation vehicle using DC motor and steering is done to reduce
time to turn from one direction to other direction. This vehicle can move in all direction at a same position by used of
steering, sprocket, DC motor, bearing and chain drive. Main function of this vehicle is easy to move from one direction to
other direction. Modem development and economical progression of Indian society resulted in increase of people on railway
platform, increase of vehicle on the road, due to space constraints, in hospital is major problem of the country. Present study
aims for development of a system to reduce the turning radius of vehicle. In this system at first vehicle is stopped and wheels
are then turned in the required direction with help of steering system and DC motor. It has turning radius nearly equal to
negligible of length of the vehicle itself. This vehicle used to carry the goods in various areas such as, railway platform,
hospital, industries and market.
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Abstract 

Despite rapid changes in the way the things are being 

manufactured, we are still used to the age of techniques of 

manufacturing. The reasons are multifold ranging from 

inertia, rejection of the new technologies, lack of engineering 

aptitude, lack of skill & technical know-how and most 

importantly fear of losing employment opportunities. This 

project aims at developing a mechanism for easy 

transportation of heavy loads over stairs. The need for such a 

system arises from day-to-day requirements in our society. 

Devices such as hand trolleys are used to relieve the stress of 

lifting while on flat ground. However, these devices usually 

fail when it comes to carrying the load over short fleet of 

stairs. In the light of this, the project attempts to design a stair 

climbing hand cart which can carry heavy objects up the stairs 

with less effort compared to carrying them manually. In 

present project, the trolley is equipped with Tri-Star wheels 

which enable us to carry load up and down the stairs and also 

eases the movement of trolley in irregular surfaces like holes 

and bumps. 

Keywords:  Tri-Star wheel, Wheel frame, Hybrid stepped 

motor, Step angle, Step length. 

 

INTRODUCTION 

Stair Climbing is a key functionality desired for robots 

deployed in Urban Search and Rescue (USAR) scenarios. A 

novel compliant modular robot was proposed earlier to climb 

steep and big obstacles. This work extends the functionality of 

this robot to ascend and descend stairs of dimensions that are 

also typical of an urban setting. Stair Climbing is realized by 

equipping the robot’s link joints with optimally designed 

passive spring pairs that resist clockwise and counter 

clockwise moments generated by the ground during the 

climbing motion. ] Sonukumar Krishnaprasad Singh 

et.al[2017] are presented a paper on Design & Fabrication of 

semi-automatic stair climbing trolley. 

P.JayPraveenrajet.al.[2016] are given the modifications in the 

trolley design of their paper on Design and Fabrication of stair 

climbing trolley. M.M.Mogaddam and M.M.Dalvand [2005] 

have submitted a paper on Stair climbing mechanism for 

Mobile Robots. A.S.Shriwaskar and S.K.Choudary[2013] are 

presented an article on  Synthesis,Modeling ,Analysis and 

Simulation of stair climbing mechanism. M.-S. Wang and Y.-

M. Tu,  [2008] are presented  a paper on  the Design and 

implementation of a stair-climbing robot. Q. Zhang, S. S. Ge, 

and P. Y. Tao  [2011] are considered Autonomous stair 

climbing for mobile tracked robot in their project to develop 

the robotics . Murray J. Lawn [2003] has investigated the 

Modeling of a stair-climbing wheelchair mechanism with high 

single-step capability. Luc Jaulin  [2007] are presented a 

paper on the Control of a wheeled stair-climbing robot using 

linear programming. Sri Harsha Turlapati [2015] are 

submitted an article on Stair Climbing Using a Compliant 

Modular Robot. Md. Farhad Ismail [2012] are proposed the 

Fabrication of a Stair Climbing Vehicle for Industrial and 

Rescue application Using Appropriate Technology in their 

article. Jinguo Liu  [2005] are presented a paper  in 

proceedings on Analysis of Stairs-Climbing Ability for a 

Tracked Reconfigurable Modular Robot. 

 

THEORY & COMPONENTS 

In day-to-day life we need to carry some goods and objects 

through stairs especially in offices, schools, colleges, hotels, 

industries, apartments etc. where the lifts may not be 

available, may be crowded with people or under repair .It is 

difficult to carry various objects through stairs manually for 

higher floors. A stair climber is a type of trolley fitted with 

rotating wheels or tracks so that it can be pushed or pulled up 

or down steps or a stairway. Stair climbers can be manual or 

battery-powered, and are commonly found in wheel, track, 

and push arm or walker variants. 

 

Tri-Star Wheel  

The Tri-Star wheel was designed in 1967 by Robert and John 

Forsyth of the Lockheed Aircraft Corporation. They were first 

developed as a module of the Lockheed Terrastar, a 

commercially unsuccessful amphibious military vehicle. A 

Tri-Star wheel functions as an ordinary wheel on flat ground, 

but has the ability to climb automatically when an impediment 

to rolling is encountered. This wheel design consists of three 

tires, each mounted to a separate shaft. These shafts are 

located at the vertices of an equilateral triangle. The three 

shafts are geared to a fourth, central shaft (to which a motor 

may be attached). When geared in this quasi-planetary 

fashion, these triangular sets of wheels can negotiate many 

types of terrain, including sand and mud; they can also allow a 

vehicle to climb over small obstructions such as rocks, holes, 

and stairs. The wheel assembly may be gear-driven, with two 

wheels in rolling contact with the ground. The third wheel 

idles at the top until the lower front wheel hits an obstruction. 

The obstruction prevents the lower front wheel from moving 

forward but does not affect the motion of the driving axle. 

This causes the top wheel to roll forward into position as the 

new front wheel. This wheel usually lands on top of the 

obstruction and allows the rest of the assembly to vault over 

the obstruction. Tri-Star wheel in motion is shown in 

figure2.1. 


