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The Al/SIC composites have received more commercial attention than other kinds of Metal
Matrix Composites (MMCs) due to their high performance. However, a continuing problem
with MMCsis that they are difficult to machine, due to the hardness and abrasive nature of
the SIC particles. Grinding is often the method of choice for machining Al/SIC composites to
acquire high dimensional accuracy and surface finish in large scale production. Based on
the full factorial design (3%, a total of 81 experiments, each having a combination of
different levels of variables, are carried out to study the effect of grinding parameters such
as wheel velocity, work piece velocity, feed and depth of cut on the responses such as
tangential grinding force, roughness and grinding temperature. Modeling and optimization
place a vital role in controlling any process for improved product quality, high productivity
and low cost. In the present work, experimental results are used to calculate the analysis of
variance (ANOVA) which explains the significance of the parameters on the responses.
Based on the results of ANOVA, a mathematical model is formulated using multiple
regression method. A genetic algorithm (GA) based optimization procedure has been
developed to optimize the grinding parameters for maximum material removal by imposing
constraints on roughness. This methodology would be useful for identifying the optimum

grinding parametersin order to achieve the required material removal rate (MRR).
Keywords: metal matrix composites, cylindrical grinding, modeling and optimization,

genetic algorithm

Introduction

Extensive uses of composite materials are the taveed for
different manufacturing processes due to their wmighysical and
mechanical properties. Almost all fields need daepment for steel
and cast iron in mechanical components with lighigh strength
composite materials. The AI/SIC composites possesany
advantages such as low specific density, high gthergood wear
resistance and excellent thermal conductivity. drtipular, they not
only have good mechanical and wear properties, dmet also
economically viable (Kwak, 2008).

Aluminium composites are applied in various autawsot
components like brake rotors and pistons, machicergponents,
structural and electronic applications where a eldémensional
tolerance is required. The effective use of thesg¢erals in such
functional applications demands the machining of @8vvith good
surface finish and low surface damage. Grindinggsaa vital role
to acquire high dimensional accuracy and surfausti However it
is difficult to grind Al/SiC composites, because treinforcement
and matrix of the composite possess widely diffepenperties like
density, co-efficient of thermal expansion, thermahductivity and
young's modulus. This makes the grinding of alunonini alloy
based MMC's an unpredictable process (Anand Roi281d9).

Previous studies on grinding of composites havewshthat
Al/SIC composites exhibit an improved grindabilitjth respect to
non-reinforced aluminium alloy, for the better suwé finish and the
lower tendency to clog the wheel. Despite varimsearch efforts in
Al/SIiC grinding over the past two decades, muchdnée be
established to standardize models for process agatiion for
improving product quality and increasing produdgivio reduce the
machining cost. Models contribute significantlythe process itself,
and form the basis for the simulation of the gmdiprocesses.
They thus create a precondition for increased ieffity while
ensuring a high product quality at the same timmeé\Venu Gopal
and Venkateshwara Rao (2003) studied the selecfiooptimum
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conditions for maximum material removal rate witlrface finish

and damage as constraints in SiC grinding. Thecgupr presented
provides an impetus to develop analytical mode&sed on the
experimental results, to predict the general tresfdground work

piece roughness and percentage area of surfacegdameerms of
the significant parameters under consideration.

Shaji and Radhakrishnan (2003) made the analysigshef
process parameters such as speed, feed, in feedmadé of
dressing as influential factors, on the force congrds and surface
finish developed based on Taguchi's experimentalgiemethods.
Taguchi's tools such as orthogonal array, signaldise ratio, and
factor effect analysis, ANOVA, etc. have been uledhis purpose
and an optimal condition has been found out. Theltg have been
compared with the results obtained in the conveaticcoolant
grinding following the same method. Mohanasundguarand
Sivasubramanian (2007) studied the optimization goinding
parameters to obtain desired roughness in the wolik using
Neural Network-Taguchi approach. In this paper tfeeynd that the
combination of ANN model with Taguchi Technique pelto
predict optimal conditions for obtaining requireslighness value
more accurately while grinding work rolls.

Miracle; (2005) reported a study on metal matrimposites —
from science to technological significance. He estathat the
measurement of grinding force components is higidgential to
analyze more effectively the grindability factors @l/SiC
composites. Obikawa and Shinozuka (2005) made sisalgf
grinding temperature considering surface generatiechanism, in
which they found that the temperature has signifi¢afluences on
metal removal processes in grinding and also rede#hat the
temperature on the ground surface is the most irapbresponse
for predicting and evaluating the integrity of fr@und surface.

Most of the researches (Zhaowei Zhong, 2002; Anmaw
Gopal, 2003; Sun et al., 2006) carried out the expmtal work on
the grindability of Al/SIC composites in surfaceingling to
investigate the effect of grinding variables onpmsses, whereas
this paper focuses the research work on the grilityabf Al/SiC
composites in cylindrical grinding to examine théfeet of
cylindrical grinding variables wheel speed, worleqa speed, feed
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and depth of cut on the responses tangential grindorce,
roughness and grinding temperature. Analysis of iaviae
(ANOVA) technique has been used to find the sigaifice of
grinding variables on the responses In order toloegpthese
relationships mathematical models have also beerlajged. The
mathematical models thus developed are furtheizedilto find the
optimum grinding variables using genetic algorithn{&A)
employing a multi-objective function model.

Nomenclature

C, Cy, C,, C3 = constants in mathematical, tangential grinding
force, roughness and grinding temperature models

respectively

d.o.f = degrees of freedom

MRR = material removal rate, mmg/mmwidth/min

Q = grinding response

w, Wy, Wy, Wwg = wheel velocity exponents in mathematical,
tangential grinding force, roughness and grinding
temperature models respectively

X, X1, Xo, X3 = work piece velocity exponents in mathematical,
tangential grinding force, roughness and grinding
temperature models respectively

Y, Y., Y2, ¥a = feed rate exponents in mathematical, tangential
grinding force, roughness and grinding
temperature models respectively

Z,2,2,23 = depth of cut exponents in mathematical, tangential

grinding force, roughness and grinding temperature
models respectively

Experimental Design and Procedure

The Al/SiC composite specimens with dimensi@a8 X 200 mm
are made from LM 25 aluminium alloys reinforcedhwi3 pum SiC
particles. A vitrified-bonded white aluminium oxidending wheel is
used to grind the MMC specimens LM25AI/SiC/4p (4% Dy
volume). Grinding experiments are carried out ohigh precision

horizontal spindle cylindrical grinding machine attte schematic
diagram of the experimental set-up is shown in Eig.

The mathematical modeling of responses in the rindf
composites involved lots of other factors, suchvask material, type
of wheel abrasives, grain size, etc. However, toiliate the
experimental data collection, only 4 dominant fectare considered
in the planning of the experimentation. The factocosisidered are
wheel velocity (\), work piece velocity (), feed (f) and depth of
cut (d). The experiments are planned using a cdamefactorial
design (Anne Venu Gopal, 2003). Based on this, tal tof 81
experiments, each having a combination of differéstels of
variables are carried out and the details are shiowiiable 1. Before
every grinding experiment, dressing was carried Ausingle point
diamond dresser was used for the dressing ®Alrinding wheels.

Table 1. Grinding variables and their levels.

. Levels
Variables 1 2 3
Cutting velocity of grinding wheel,s(m/s) | 23.57 | 33.7: | 43.9¢
Cutting velocity of work piece, Y (m/min) 6.11 12.72 26.72
Feed, f (m/min) 0.06 0.09 0.17|
Depth of cut, d (um) 10 20 30

The responses measured are tangential grindinge fOFg,
roughness (B and grinding temperature {GThe average values of
F., R, and G are calculated from the three values measurechcin e
ground surface, for each process condition. A \égidrequency
Drive (VFD) is integratedo the grinding wheel motor so that the
wheel is capable of changing speed. The tangegtiating force
(Fy, tangent to the wheel-work contact, when mukiplby wheel
speed (Y) and a constant determines the power used by the
operation (ASMMetals Handbook: Machining, Vol. 16, 1989). The
equation for Power (P) is:

- Fl Vs
33000

@)

RESPONSES
\ (R Y
Vil
\ ":’ GRINDING
GRINDING \\ 11 e »| TEMPERATURE,
WHEEL \\ \| | l'/ INFRA RED G
NON CONTACT
| | LASER
f— STAND OFF THERMOMETER
DISTANCE
_ s ) Y
ROUGHNESS »| ROUGHNESS,
TESTER Ra
GRINDING VARIABLE B
WHEEL FREQUENCY »|  GRINDING FORCE,
MOTOR DRIVE 4

Figure 1. Schematic diagram of the experimental set

The equation (1) for power is valid for horse powesing
pounds of force and feet per minute feraRd \ respectively. And
the VFD is utilized to measure the power of thending wheel
motor, so that the tangential grinding force) (éan be calculated
from Eg. (1). The roughness JRof the cylindrical ground
specimens is measured in the direction perpenditulédoe grinding
direction using a roughness tester. The cut-offoi8 mm and
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-up.

evaluation length is 4 mm. An infrared non-contdeiser
thermometer is used to measure the grinding teryeréG) with a
standoff distance of 8 cm from the wheel-work ifagee and
emissivity correction of 0.02. The details of cyliital grinding
machine and measuring equipments are given in Table
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Table 2. Specifications of cylindrical grinding mac hine and measuring

equipment.

Machine and Equipment |Specifications

Used

Horizontal spindle cylindrical grinding
machine (G13P HMT)
Vitrified-bonded white aluminium oxide
wheel (AA60K5V8)
LM25AI/SiC/4p
Matrix- LM25 Aluminium alloy
Reinforcement -13 pum SiC particles (4%
SiC by volume
5.5 KW /7.5 HP Inverter drive
(ABB Make ACS 350- 03E-12A5-4)
Infrared non-contact laser thermomete
(METRAVI MT - 9)

Surfcorder - SE 1200 (Kosaka Make)

Grinding Machine

Grinding Wheel

Work piece

Variable Frequency Drive

Thermometer

Roughness Tester

Methodology

In order to obtain applicable and practical prédecuantitative
relationships, it is necessary to model the griga@asponses and the
grinding variables. These models would be of gnes¢ during
optimization of the cylindrical grinding of Al/SiComposites using
GA. In this work, experimental results are usedcébculate the
analysis of variance (ANOVA) which explains thersfgance of
the variables on the responses. A commerciallylaviai statistical
tool MINITAB is used to provide the ANOVA resultBased on the
results of ANOVA, a mathematical model is formuthtesing
multiple regression method by using a non-linearbétween the
responses and the significant variables. The perpésieveloping
the mathematical models is to relate the grindiegponses to the
variables and thereby to facilitate the optimizataf the grinding
process. Using these mathematical models, the nablfective
function and process constraints can be formulateal the
optimization problem can then be solved with théph&f genetic
algorithms (GA).

Mathematical formulation

The data collected from the experiments are usebuttd a
mathematical model using multiple regression amaly®lultiple
regression analysis is practical, economical amatively easy to
use, and is widely used for modeling and analyzrgerimental
results. The mathematical models commonly usethfcylindrical
grinding with the variables under considerationrem@esented by:

Q = (1) (VSI VWv f, d) (2)

where Q is the grinding responsle,s the response function and

Vs, Vu, f, d are grinding variables. Expressed in nomdinform,

Eq. (2) becomes
Q=CW'V, Yd* 3)

The following mathematical models are formulatethis work:
Tangential grinding force model:
Ft - Cq_ szl wal f yl dzl (4)

Roughness model:
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Ra - Q VsW2 waz f y2 dzz (5)

Grinding temperature model:

Gt Q VSW3 VWX3 f y3d23 (6)
These mathematical models are linearized by penfyna

logarithm transformation to facilitate the deteration of constants

and variables. The above function can be repredeimelinear

mathematical form as follows:

INQ=INnC+win\V+xInV,+yInf+zind )

The constants and variables C,, V,, f and d can then be
solved by using multiple regression analysis witte thelp of
experimental results.

Optimization using genetic algorithms

Genetic Algorithms (GA) are search algorithms fptimization
based on the principle of genetics and naturalcgete The
searching process simulates the natural evaluatfoiiological
creatures and turns out to be an intelligent ekgtion of a random
search. The simplicity of operation and computatiafficiency are
the two main attractions of the GA approach. A ddaig solution
(chromosome) is represented by an appropriate sequef
numbers. In many applications the chromosome iplgima binary
string of 0 and 1. The quality of its fithess fuoaot evaluates a
chromosome with respect to the objective functioh the
optimization problem. A selected population of soi
(chromosome) initially evolves by employing meclsamé modeled
after those currently believed to apply in genetics

Generally, the GA mechanism consists of three foreddal
operations: reproduction, cross over, and mutatReproduction is
the random selection of copies of solutions frore fopulation
according to their fithess value to create one oreroffsprings.
Cross over defines how the selected chromosomeenfsh are
recombined to create new structures (offspring) fmssible
inclusion in the population. Mutation is a randorodification of a
randomly selected chromosome. Its function is targutee the
possibility to explore the space of solutions fony ainitial
population and to permit the freeing from a zonéoofl minimum.
Generally, the decision of the possible inclusionf o
crossover/mutation offspring is governed by an appate filtering
system. Both crossover and mutation occur at espgrle, according
to an assigned probability. The aim of the threerafons is to
produce a sequence of population that, on the geer@nds to
improve.

Results and Discussions

Effect of grinding variables on responses

The effect of the cylindrical grinding variables the selected
responses tangential grinding forcg)(Foughness (B and grinding

temperature (( are evaluated by conducting experiments and the

results are shown graphically in Figs. 2 to 4.
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Figure 3. Effect of grinding variables on roughnes
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Figure 4. Effect of grinding variables on grinding

It is observed from the results shown in Fig. 2 tha tangential

temperature.

The effect of cylindrical grinding variables on mling

grinding force (B decreases with an increase in wheel velocity (V temperature (( is evaluated by conducting experiments and the
and work piece velocity (. This could be attributed to thermally results are shown in Fig. 4. It is observed from tasults that G

induced softening of the matrix at high speeds.the grinding
wheel velocity increases, the heat generated inl¢fiermation zone
increases and softens the aluminium matrix, anceliyethe force
required to remove the material is reduced.

It is also observed from Fig. 2 that Fcreases with an
increase in feed and depth of cut. When feed apdhdef cut are
increased, the increase in material removal ratd &m chip
thickness accounts for the increase in thedfues. The minimum
value of k obtained is 16N at Mof 43.98 m/s, {, of 26.72 m/min,
f of 0.06 m/min and d of 10 pm. The maximum val@i&@btained
is 39N at \{ of 23.57 m/s, Y\ of 6.11 m/min, f of 0.17 m/min and d
of 30 um.

The effect of cylindrical grinding variables on ghness (B is
evaluated by conducting experiments and the resméisshown in
Fig. 3. This figure shows that roughness decreadthsan increase
in Vg and \{,. This is mainly due to the increase in relativioeity
between the wheel and work piece and the factttieateduction in
contact time reduces the chip thickness. It cam la¢sobserved from
Fig. 3 that the roughness increases with an ineréasfeed and
depth of cut. When feed and depth of cut are irsg@athe increase
in material removal rate and in chip thickness aot® for the
increase in the Rvalues. The minimum value of,Rbtained is
0.171 pm, at Yof 43.98 m/s, Y, of 26.72 m/min, f of 0.06 m/min
and d of 10 um. The maximum value qof dbtained is 0.893 um, at
Vs of 23.57 m/s, Y, of 6.11 m/min, f of 0.17 m/min and d of 30 pum.
The results comply with the trends available in titerature
(Zhaowei Zhong, 2002; Anne Venu Gopal, 2003).
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increases with an increase in the values oMy, f and d. Gvalues

are scattered in the range of 740-856°C at lowdrragher levels of
grinding variables. The temperature measured is $park

temperature and it is a good representative ofgtireding zone

temperature and useful for process monitoring mepoThe spark
temperature is measured at the standoff distan& awh from the

wheel-work interface. Under the given grinding citiods, the

spark temperature is found to increase as the thsemometer is
moved away from the grinding zone along with tharkgstream, up
to a distance of 8 cm; thereafter, it drops offs&h on this, the
stand-off distance is fixed at 8 cm from the wheelk interface

and the temperature is measured.

It is to be noted that, as the chips leave thedgnmzone at high
temperature, they are subjected to an exothernactiom with
oxygen, which causes their temperature to rises&uylently, the
atmospheric cooling effect predominates, leading tdrop in the
temperature of the chips. The results are in lirith the trends
available in the literature (Nee, 1981; Deivanafti&r99).

SEM analysis of cylindrical ground surfaces

The surface textures of the cylindrical ground spens are
assessed using a scanning electron microscoperanutesented in
Figs. 5 to 9. The SEM micro structure of LM25AI/8I@ in Fig. 5
shows the matrix of the cast specimen preparednietallographic
examination. It shows uniform distribution of tharkl SiC particles
(13 pm) in the aluminium matrix before grinding.daneral, the SiC
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particle distribution is nearly identical in allettspecimens observed. piece velocities and high feed and depth of cuadldo the

The metal matrix composite contains script/spikepsid Al-Si

fragmentation and pulling out of the loosely bousiC particles

eutectic particles, the size of which ranges betwigepum and 50 um. from the surface. It is probable that a castingdeht that location

=

< -
e PZS
Q—»Sic Particles it
Al Matrix

25 “ b - o A
p ALO, Grains of the Wheel

15.0kV 12.1mm x500 SE 2/4/2010 12:14

Figure 6. Rough ground surface of LM25Al/SiC/4p (Vs
6.11 m/min, f 0.17 m/min, d 30 pm).

23.57 m/s, Vw

(J 2
Patigles
LS L4

g
DA Y
SN

Figure 7. Rough ground surface of LM25AI/SiC/4p wit  h high magnification of
1500X (Vs 23.57 m/s, Vw 6.11 m/min, f 0.17 m/min, d 30 pm).

Figure 6 shows the SEM micrograph of rough groundase.

In this figure, the banding on the work piece stefés the effect of
the grinding wheel, due to high feed and depthubf &s a result of
the force of the wheel and depth of cut, theQjlgrains of the
wheel are embedded and also disintegrated on ttiaceuof the
work piece. Figure 7 shows the rough ground suréddbe Al/SiC

specimen at high magnification (1500X). This miceqgh clearly
reveals that the set grinding variables, such aswheel and work

J. of the Braz. Soc. of Mech. Sci. & Eng. Copyright
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might have caused the effect. Figure 8 shows thghoground
surface at higher magnification (2100X). This figushows the
micro cracks that occurred on the work piece serfaod the
fragmentation of the Al-Si eutectic (white globylgnarticles. The
development of the micro cracks on the ground serfa probably
due to the generation of heat with differentialrthal expansion
between the metal matrix and the composites (SiThe
fragmentation of the Al-Si eutectic particles isedo the high feed
and depth of cut.

Figure 8. Rough ground surface of LM25AI/SiC/4p wit  h higher magnification of
2100X (Vs 23.57 m/s, Vw 6.11 m/min, f 0.17 m/min, d 30 pm).

R R
Fragrhbngd‘SiC, Y

. Particles‘and

AlLSj Eutectic

100um

43.98 m/s, Vw

Figure 9. Fine ground surface of LM25AI/SiC/4p (Vs
26.72 m/min, f 0.06 m/min, d 10 pm).

Figure 9 shows the SEM micrograph of fine groundesie. The
fine grinding marks shown on the SiC particles s tfigure
ensured that both the SIiC particles and aluminiutrisn are
removed by cylindrical grinding at high wheel andriv piece
velocities and low feed and depth of cut. During ttylindrical
grinding, the aluminium matrix has undergone ptasieformation
and the SiC particles were covered by the aluminmatrix. This
image is taken at 500X and the size of the Al-Seetic particles
can be compared with Fig. 5, which shows the mdggyoof the
Al-Si eutectic particles in ‘as-cast’ condition bef grinding. This
figure reveals that owing to better grinding parter® the size of
the Al-Si eutectic particles (40 um - 50 um) wasgueed to a finer
size (10 um) by disintegration. There are no craakd defects
found on the fine ground surfaces when observet tie SEM.
Hence, there is a high potential of using,@J wheels for the
cylindrical grinding of Al/SiC composites.

January-March 2012, Vol. XXXIV, No. 1 /37



Thiagarajan et al.

ANOVA and Modeling of Responses Table 4. ANOVA for Roughness (R ).
The experimental results are used to calculateatiadysis of | source | d.of SSU’QrZL SMe;rés Fer | Foos| Remarks
variance (ANOVA) which explains the significant mgling qu qu
variables affecting the responses such as tangegnmiraing force Ve 2 | 0.679609] 0.339805 476.38
(Fy), roughness (R and grinding temperature {GThe ANOVA Vw 2 | 0.587223| 0.293617 411.65% 63 Significant at
results for the responses are shown in Table$3 to f 2 | 0.396096| 0.19804§ 277.65™ 95% Cl
d 2 0.449710] 0.22485% 315.23
. Lo ViV 4 0.006956] 0.001739 2.44
Tangential grinding force (F;) model VE; 4 1 0.005276] 0.001319 1.85
Accurate measurement of the grinding force hast gesearch x‘: 2 8'8823524 888?2833 Zl'g’é 3.01 ";St'gg'of/'c?:?t
value and practical significance on studies infigld of grinding. The = : - - - 0
LY . : X Vad 4 0.004676/ 0.00116¢ 1.64
measurement of grinding force is highly essentiabihalyze more
. . - . . fd 4 0.005476[ 0.001369 1.92
effectively the grindability factors of Al/SIC coropites. The results [ ¢ 8 1 0.012605] 0.00157¢ 51
of ANOVA for tangential grinding force are shown Trable 3. It I \; 77 8 [ 0.006186 0.000773 1.0 5 5| Insignificant
indicates that all the four grinding variables afgnificant at 95% Vdd 8 | 0.004863 0.000608 084 < at 95% Cl
confidence interval and the interactions betweeamthare not V. fd S | 0.007435 0.00092d 1.30
significant at the same confidence interval. The-leear fit between |[ERROR| 16 | 0.011413] 0.000713
response and significant variables is expressed as: TOTAL | 80 | 2.187180
Fy=464.054 ()0 (V,,) 0% (2178 (d)f**° 8 The multiple correlation Ris 0.995. It could be seen from the
model that the roughness decreases with increasééel velocity
Table 3. ANOVA for Tangential grinding force (F ). and work piece velocity, but increases with inceeas feed and
depth of cut.
Source| d.o.f Sum of Mean Fea | Foos| Remarks
Sdrares | sauares Grinding temperature (G;) model
Ve 2 732.321 366.160] 227.49 rinding P t
Vw 2 41.210 20.605 12-83%63 Significant Grinding temperature is one of the most importaattdrs
f 2 376.025 188.012| 116. at 95% Cl affecting the quality of a ground surface. The rtigs of a ground
d 2 1075877 | 537.933 334.21 surface depend on the grinding temperature, ansvleuge of its
VeV | 4 16.47: 4.21¢ | 2.6z magnitude is important to establish the grindingditions. Hence,
\\//SL 1 112%%‘6 4;14(7)89 2';‘549 ianifi the development of analytical model between thendimng
: : : 493,01 Insignificant | yemperature and the  significant variables providesreliable
Vuf 4 17.068 4.267 2.65 at 95% ClI L -
Vod 7 18 224 1556 > 83 prediction of grinding performance. The results ANOVA for
fg 2 13.780 3'445 2'14 grinding temperature are shown in Table 5. It intés that all the
VAV B >1.80; > 7ot T6¢ four grinding variables are significant at 95% ddafice interval
VV.d| 8 6.32] 0.79¢ 0.4¢ |, o| Insignificant and the interactions being insignificant at the saconfidence
Vdd ) 12.025 1.503 0.932°9 at95% I interval. The non-linear fit between response anghificant
V,fd 8 19.802 2.475 1.54 variables is expressed as:
ERROR| 16 25.753 1.610
TOTAL| 80 2410.62 G, = 411.579 (\) ®%6%(v,,) O-0%7 (f) 0-026 () 0022 (10)
The multiple correlation Ris 0.989. It could be seen from the Table 5. ANOVA for grinding temperature (G o).

model that the tangential grinding force decreagiéls increase in
wheel velocity and work piece velocity, but increasvith increase Source
in feed and depth of cut.

Sum of Mean
squares | squares

o
o
T

Fea | Foos| Remarks

\A 2 18651.28 9325.64| 112,90
Vw 2 16196.47 8098.23 98'(%63 Significant at
Roughness (3) model f 2 389.06 194.53 9.16 95% ClI
d 2 1525.21 762.60 9.28
The dimensional accuracy and surface finish of any vy, 4 362.57 90.64 1.1
manufacturing process have become critical becafisacreased Vf 4 474.86 118.72 1.44
quality demands. There are various factors thaegosurface finish vd 4 446.04 1151 1.3"3 o1 Insignificant af
in grinding and, hence, the development of anaytimodel Vf 4 350.24 87.56 1.06™ 95% Cl
between roughness and significant grinding varmlgeovides a Vud 4 52331 130.83 | 158
reliable prediction of grinding performance. The ®MA results for fd 4 | 4227 105.6¢ | 1.2¢
roughness are shown in Table 4. It indicates thatibteractions | VsVuf | 8 | 898.72 112.34 | 1.3 o
between the grinding variables are not significar@5% confidence |—YVud | 8 688.54 86.07 | 1.04, g '”s'g”(')f'cgm at
interval when compared to individual variables vwhige significant \\// ]E 2 f36397‘2§8 1177'5;3 g'g() S%Cl
at 95% confidence interval. Hence, while developtimg model for ERWROR 16 1321'60 32 60 —t
roughness, only the individual variableg V,,, f, d are considered TOTAL | 80 44045.8! -

and that is given by:

The multiple correlation &s 0.973. It could be observed from
the above model that,@creases with increase in wheel velocity,
work piece velocity, feed and depth of cut. Herteese analytical
models could be employed to maximize the mateeiaaval rate by

Ra: 424113 (\Q-O.SSS(VW)-OBQ:Q(.D 0.342 (d) 0.402 (9)
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selecting proper grinding parameters. The mathealatmodel
equations developed for all the responsesRE G) are valid only
for the experimental conditions used in this study.

optimal inputs and the corresponding output vablesined by the

GA are presented in Table 6.

Table 6. Optimization results of GA at various valu es of R,.

Optimization of Al/SIC cylindrical grinding using genetic . values of constraints
algorithms (GA) Constraints Output of GA using output of GA
Optimization analysis of machining parameters isallg based (Ra) max | Vs Vi f d (Ra) 3MRR .
Lo . ] . . pm m/s | m/min | m/min tm pm_ | (mm“/mm/min)
on maximizing productlon.rate or finest possibleface quality by 0.150 | 43.983526.7181 0.0552] 9.1082] 0.1492 0.5028
using the empirical relatlor?shlp_bet_ween_thg respsnand the 0.180 | 43.969924.5863 0.0693]10.9024 0.1784 0.7555
process parameters. Hence in cylindrical grindamgeffort has been 010 | 43.950823.0861 0.0814|12.5067 0.2036 1.0180
made to estimate the tangential grinding force,ghmess and 0.240 | 43.935821.5667 0.0962|13.9629 0.2306 1.3432
grinding temperature using experimental data. I¢ latgso been 0.270 | 43.932820.972d 0.1273|14.8862 0.2629 1.8950
attempted to optimize the grinding process using iGArder to 0.300 | 43.909619.4472 0.1385[16.8710 0.2921 2.3366
achieve good surface finish. 0.330 | 43.897517.6571 0.1458(20.0232 0.3291 2.9194
A simple GA code is used in the present study. $teps 0.360 | 43.882916.9752 0.1572|22.5663 0.3592 3.5474
involved in the optimization of Al/SiC compositeirgling process 0.390 | 43.860015.9967 0.1611|25.0124 0.3854 4.0295
using GA can be stated as follows: 0.420 43.840914.8763 0.1670|27.7625 0.4172 4.6363
0.450 | 43.807%13.0124 0.1692[29.3577 0.4488 4.9673
Sepl: The GA parameters are initialized. This involves ) o o
specifying the maximum number of generations, thag Itis observed from the optimization results of @t it will be
length of each variable, the mutation probabildi;. The More advantageous to grind Al/SIC composites atelhrelocity
upper and lower limits of each of the process weimare 43.9833 m/s, work piece velocity 26.7181 m/min wéttfeed of
specified. The maximum allowable roughness is als8-0552 m/min and depth of cut of 9.1082 pum. Itisodound from
defined. the table that higher wheel and work piece velesitre required for
Sep2:  Aninitial feasible random population is genedate all the values of roughness constraints to obtamdgsurface finish.
Step3: The fitness of each individual in the population The results of optimization show that the materioval rate
evaluated. increases by 10 times, by increasing the roughoesstraint from
Step4:  Once the fitness of all the individuals is aviaiéeg GA  0-15 to 0.45 um. Hence, it is concluded from thevabresults that
operations are performed. A new set of procesablms the MRR is influenced more by the roughness coimstend this
is then created which is possibly better than tfathe ~Methodology would be useful for identifying the iomtm grinding
previous generation. parameters in order to achieve the required MRR witonstraint
Sep5:  The generation number is incremented. If the emtrr ON roughness.

generation number is greater than the maximum numbe

of generations allowed, then the process is ter@iha
Otherwise, the process is repeated from step 3.

The problem of optimization of Al/SIC compositesingling
process can be described as maximizing the MRRestdy to the
criteria of a set of constraints on roughness apdtivariables.

In order to optimize the present problem using GA:

(a) Following parameters are specified by practice,gt

optimal solutions with less computational effort:
¢ Maximum number of generations = 800
e Total string length = 60
e Mutation probability = 0.1
e Cross over probability = 0.65
(b) Constrained optimization problem is statedadiews:
¢ Maximize MRR subjected to

R (Ra)maxand

XX <

MRR = fd

R 424.113 (\Q-O'SSS(VW)-O'339(f) 0.342 (d)0.402
23.57 m/s< V< 43.98 m/s
6.11 m/min< V,, <26.72 m/min
0.06 m/min< f<0.17 m/min
10 um<d<30 um

where (R)max i the maximum allowable value of roughness afid x

and x are the lower and upper bounds on grinding vaeik)

The GA program has been written
environment. The maximizing function is written ifdating the
user to set the constraints. The optimization isi@@& out for
different values of constraints on roughness (@¥% pm). The

J. of the Braz. Soc. of Mech. Sci. & Eng. Copyright
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Consolidation of the results and the

phenomenology in detail

explained

» Better surface finish and damage free surfaceslaeened due
to low grinding force at high wheel and work piaadocities.
The tangential grinding force §Fdecreases with an increase in
wheel velocity and work piece velocity. As the glimg wheel
velocity increases, the heat generated in the oheftton zone
increases and softens the aluminium matrix, thetbbyforce
required to remove the material is reduced.

» The roughness ({Rvalues decrease with an increase in wheel
velocity and work piece velocity. This is mainly elto the
increase in relative velocity between the wheel #red work
piece and the reduction in contact time reduces dhip
thickness.

» The tangential grinding force and roughness ineraash an
increase in feed and depth of cut. When the feedddepth of
cut are increased, the increase in material remmataland the
increase in chip thickness account for the incredgbe Fand
R, values

» The grinding temperature {Gincreases with an increase in

wheel velocity (\), work piece velocity (Y), feed (f) and

depth of cut (d). The Qralues are scattered in the range of
740°C-856°C at the lower and higher levels of grigd
variables. The temperature measured is the spergemture
and it is a good representative of the grindingeztamperature
and useful for process-monitoring purposes. Itoisé noted
that as the chips leave the grinding zone at highperature,
they are subjected to an exothermic reaction wiygen, due
to which their temperature rises. Subsequentlyath®spheric
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cooling effect predominates,
temperature of the chips.

» The results of ANOVA for tangential grinding fordé),
roughness (B and grinding temperature {QAndicate that all
the four grinding variables are significant at 95¥nfidence
interval and the interactions between them aresigmtificant at
the same confidence interval. The analytical modefs
responses agree with the general trends of grinfiimge,
roughness and grinding temperature.

> It is observed from the optimization results of @#at it will
be more advantageous to grind Al/SiC compositesiiael
velocity 43.9833 m/s, work piece velocity 26.718/mim with
a feed of 0.0552 m/min and depth of cut of 9.1082 |it is
found from the results of optimization that the em&l removal
rate increases by 10 times, by increasing the noesth
constraint from 0.15 to 0.45 um and this ensurasttie MRR

leading to a drop ime t

Thiagarajan et al.

of low fracture toughness composite materials. Thethodology
establishes the optimization of Al/SIC composite;ding and
hence facilitates the effective use of Al/SIC cosipes in
industrial applications.
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