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ABSTRACT

Ecologically approachable biodegradable lubrica# been synthesized through cold rolling
processes. The lubricating oil should not be maseous and should not contain any
moisture content beyond its lubricating value. lrs tpaper, attention is focused on recent
research work on the optimization of biodegraddbl@icant based on defects found on
rolled strip. According to the Taguchi quality dgsiconcept, an L9 mixed-orthogonal-array
table was chosen for the experiments. The antidric and anti-wear performance
characteristics were evaluated in terms of surfacghness and chemical wear on rolled
strip using standard test methods. Grey relati@aralysis applied to obtain significant
influence on the rolling parameters i:e rolling figation, the amount of lubricant used per
rolled strip and roller speed. Moreover, the optinadling parameters for minimum surface
roughness and chemical wear can be obtained amdcsitpeificant parameter will show in the
result.

KEYWORDS: Biodegradable lubricant,Grey Relational analyBissign of Experiment.

. INTRODUCTION

Biodegradation represents a major route for remokall from soil and water compartments.

Hence, biodegradability studies are of significafme developing eco-friendly lubricants,
devising corrective measures for clean-up in cdsepdlage and meeting the legislation,
governing the manufacture and use of lubricantsame countries. It is now a common§
practice in lubricant industry to assess the bioagapility of lubricants in the aquatic g

environment, and laboratory data are availableafavide range of products. Out of thes%
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ranges in this work select the best one for rollangcess. Biodegradable lubricating oil that
gives consideration to the environment in terms nednufacturing, distribution and
consumption was therefore included in this prodcoategory. Although cold rolling
lubricants have been widely used since tharlye 1930’'s, research into their
performance was not commenced to any noteworthgnéxintil the late 1940’s. Base on
analyzing the relationship among the main fact@soeiated with roll-bending force in
reversing multi-pass rolling, such as strip widthd aolling force, a present mathematic
model of bending force is developed by geneticratigm [1]. Traditionally cold rolling work
uses lubricant to predict adverse dynamic charatites of rolling mills can prevent severe
problems in dimensional quality in addition to empwe mill equipment damage [2]. In the
present paper, we have discussed the performarimedsgradable lubricants as base oils for
synthesizing rolling lubricating. The performandewhich is obtained low defect in their
parameters will take as optimize lubrication. Befarsystem or any process is developed it
need to go through many experiments and a frugpleriment helps the system or process to
be designed successfully. So Design of ExperimBiF) has a very important role in the
development of any system or a process [8].1t iy waportant to get the most information
from each experiment performed. In addition, a wlelligned experiment will ensure that the
evaluation of the effects that had been identifesdimportant. The experiment has been
performing as per DOE to obtain the responses id&&e roughness by surface profilometer
and chemical wear by SEM analysis. To obtain thestnadfecting parameter on rolling
process optimization technique applied on the nesps.

Il.  REVIEW WORK

Saxena et al. [3] synthesize the biodegradabledair from the seeds of Indian origin. For
our aim to be accomplished we have taken two dijjsviustard Seed Oil (2) Sal Seed Oil.
Through various processes such as seed crushitmgcton, and refining we obtain the pure
form of oil and then lubricating oil. The lubricagj oil should not be more viscous and
should not contain any moisture content beyondultsicating value. So the good lubricant
should be eco-friendly in nature besides being dgoadable. We have gone through
different oils of Indian origin rather than minegal.

Ojolo and Ohunakin [4] investigated the effect afting speed, feed rate, depth of cut and
rake angle on cutting force when cylindrical tugimild steel, brass, and aluminum rods2
with high-speed steel tool using palm-kernel oicating fluid. The impact of lubrication on (C\D{
the coefficient of friction between the chip an#edace during turning operation, assuming?:

a negligible friction between the flank and cutfaoe was measured. The study establisheg
w
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palm-kernel oil as a good metal cutting lubricdhtvas observed that as turning parameters
were varied, the performances of the lubricant veepeally altered in term of the coefficient
of friction. Sukirno et al. [5] studied an enviroamally friendly palm-grease has been
formulated from modified Refined Bleach DeodoriZzédlm Oil as a base oil and lithium
soap as a thickener. Such palm-grease is dedit@temneral application and or equipment
working in areas where biodegradability is requisacth as in agriculture, forestry and
coastal marine, recreation areas

Review of Surface defects in rolling

Shen et al [6] have shown the importance of rollingrication and coolant used in the
process of Cold rolling. They have conducted tetidy on laboratory simulation and actual
temper rolling process.Saboonchi&Aghili [7] havesaissed the role of temperature in a
rolling mill and on rolls. The temperature is orfetlee important parameters which is being
constituted by various researchers for analyzirg plerformance of the roll. The study
conducted on the headers having series of noazlash are responsible for the cooling and
expansion of the work rolls. Wendt et al [8] havsecdssed the sticking problem after
annealing process in cold rolled steel. The coilcold rolled steel when uncoiled after
annealing face sticking. The sticking is termedvaling and the cause may be diffusion or
sintering or another adhesion mechanism.

Optimize technique review

Sukhdev and Ganguly[9] has projected grey relatianalysis is implemented to optimize a
set of operational parameters which are calledh@stivariables of any process to achieve the
best result of any performance parameter, whicilse known as the response variable, of
that process. Taguchi based DOE is important agrmaal way of maximizing information
gained while minimizing resources required. It hawe to offer than ‘one change at a time’
experimental methods because it allows a judgmenhe significance to the output of input
variables acting in combination with the other.@reasulu and Rao [10]haveoptimized
control factors for the whole quality was deterndingy using Taguchi - Gray relational
analysis. Cutting speed, feed rate, drill diamegbemt angle and cutting fluid mixture ratio
were considered as control factors, and L18 (3*@hagonal array was determined for
experimental trialsGray relational analysis was leygd to minimize the surface roughness
and roundness error achieved via experimental dggig lubricant aspects of the systemS
may affect the ability to complete the experiméntvell — defined objective will ensure that (C\D{

the experiment answers the gap of review literatufic@med.
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Objective

As observed from past literature, no systematidystias been reported so far to analyze the
interaction effects of process parameters on plimocess with biodegradable lubricant
used. The study is necessary to investigate thierpgnce in a different variation, and to
find the global optimum parameters. It is necessarfind out single optimum parameters
setting to satisfy the requirements of excelleripsturface quality as per the application. In
this paper, an attempt is made to finalize optinparameters grey relational analysis. The
main objective is to find optimum biodegradablericénts for the rolling mills to achieve
desired surface roughness and reduce chemical wear.

[ll.  Design of Experiment

In this study, experiments were designed on théslsthe experimental design technique
which refers to the planning of experiments, cditeg and analysis of data. It is an
experimental method designed and developed fouatiaf the effects of process parameters
on enactment characteristics. During experimematdarge number of experiments have to
be carried out as the number of machining parametereases. The design of experiments
involves proper selection of variables (input fasjoand their interactions. The center
composite design consists of all combinations efitiput parameters taking on three levels.
Accordingly, to L9 orthogonal array, mixed desigkperiments were planned as per the
selected design. The present investigation stuthedresults of the effects of lubrication,
amount of lubrication and rolling spe&tde number of levels for all variables are compatib
as per their requirement i.e DOE techniques usedififierentiation of the number of levels
for each variable as shown in Table 1.

Table 1 Factor and level

Factor Product | Amount of Operating
Name lubricant Speed in
(ml) RPM
Level
1 BD68 20 200
2 BD100 25 300
3 BD150 30 400

Orthogonal arrays are a special standard experahelgsign that requires only a smallg
number of experimental trials to find the main fast effects on outpudn the basis of

)]
factors and their levelL9 orthogonal array hasedalbsigned in Minitab software as shown irfé
7]
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table 2, Where 1, 2 & 3 indicating the level of ttasTaguchi experimental design of

experiments suggests L9 orthogonal array, whepg@raments are sufficient to optimize the

parameters. Based on the main factor, the variaesssigned to columns, as stipulated by

the orthogonal array, Table 2 shows experimentalgdematrix with coded and un-coded

values of nine experimental designs.

Table 2DOE in Minitab

Amount of | Operating
Product . .
lubricant Speed in
Name
(ml) RPM
1 1 1
1 2 2
1 3 3
2 1 2
2 2 3
2 3 1
3 1 3
3 2 1
3 3 2

Once the orthogonal array is selected, the expetsnare selected as per the level

combinations. It is important that all experimeate conducted. The performance parameter

(output) is noted for each experimental run forlggiaand the set of the nine experiments to

be performed to obtain their responses as showmalnie 3respectively. The Specimen

dimension before and after has shown in Fig 2.sarfaughness and chemical wear is

measured of each specimen is tabulated in Table 3.

100

Before Rolling

119-120

After Rolling
All dimension are in mm

5

j 0

3

:| 13-14

Fig. 2 Specimen dimension
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Table 3Response to L9 Orthogonal Array experiment of égrddable lubricant

Amount of Operating Surface Chemical
Product Name | lubricant Speed in Roughness Wear
(ml) RPM Rain um in um
BD68 20 200 0.46 1.8
BD68 25 300 0.52 1.7
BD68 30 400 0.63 1.6
BD100 20 300 0.47 1.2
BD100 25 400 0.44 1.6
BD100 30 200 0.41 14
BD150 20 400 0.68 1.9
BD150 25 200 0.63 1.6
BD150 30 300 0.59 1.3

GREY RELATION ANALYSIS
In the grey relational analysis, the data pre-pgerwy is the first step performed to normalize
the random grey data with different measurementsuoi transform them to dimensionless
parameters. Experimental data i.e. measured featidirguality characteristics of the product
are first normalized ranging from zero to one hydothe better relation because in this work
need to reduce surface roughness and chemical seetre responses value should be low to
reducing the defects. This process is known aseg glational generatiorkor lower-the-
better criterion, the normalized data can be exae@by equation (1)

max(y); — (¥);

XN, =
¢ max(y); — min(y),

. (1)

wherei=1,2....1

Based on normalized responses data, grey relatam@dficient is calculated to signify the
correlation between the desired and actual expetahelata. Then overall grey relational
grade is determined by averaging the grey relakionafficient corresponding to selected
responses. The overall performance distinctivdnefrultiple response processes depends on
the calculated grey relational grade. This approechverts a multiple-response process
optimization problem into a single response optation situation; the single objective \©
function is the overall grey relational grade. To@imal parametric combination is thent?{

evaluated by maximizing the overall grey relatiogiade.
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The calculation of the grey relational coefficiamd the weight of each quality characteristic

is determined by equation (2):
—- Lmin + EL?‘J‘IEI

.=
E Li(kj—l_sf'mrzx

.(2)

Where, Lnin is the global minimum, kax is the global maximum and is distinguish

coefficient which is taken in between 0 to 1 ifstbase 0.5 weight is taken. Grey relation

grade can be calculated by equation (3)

Grg; =—

1

22,

i=

G:(J)

- (3)

Where n is the number of process responses? Ther lealue of the grey relational grade

represents the reference sequence Grgi. As medtioefere, the reference sequence Grgi is

the best process response in the experimental tagaaken whose grey relation grade is

maximum.

RESULT AND DISCUSSION

It can be seen clearly that biodegradable lubri&Di00 is directly proportional to the

responses as shown in Fig 6. In other words, tisesedirect effect of changing lubricant, on

the responses.The inputs for the normalized arsutace roughness and chemical wear data

which is obtained from their lubricant property.eThormalized value of lubricant response,

grey relation coefficient and grey relation gra@&kG) is shown in Table 4.

Table 4 Optimize table of biodegradable lubricant

NRa NCw LRa LCw GiRa GiCw GRG
0.814815 0.142857 0.185185 0.857143 0.72973 0.368420.549075
0.592593 0.285714 0.407407 0.714286 0.55102 0.4117160.481393
0.185185 0.428571 0.814815 0.571429 0.380282 064666 0.423474
0.777778 1 0.222222 0 0.692308 1 0.84615
0.888889 0.428571 0.111111 0.571429 0.818182 064666 0.642424
1 0.714286| O 0.285714 1 0.636364 0.81818
0 0 1 1 0.333333 | 0.333333] 0.33333
0.185185 0.428571 0.814815 0.571429 0.380282 064666 0.423474
0.333333 0.857143 0.666667 0.142857 0.428571 078777 0.603175

4

2

2016

The leading step of Grey Relational analysis in cwhihe output responses are firstw~

normalized, ranging from zero to one which is degaldn fig 3. Based on this above obtainecﬁ
7]
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value grey relational coefficient is evaluated gxinstep in order to find out the interaction

between actual and desired experiment value whagahgs shown in fig 4.
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Fig 3 Normalized graph of Biodegradable Lubricant Respsn
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Fig 4 Grey Relation Coefficient graph of Biodegradabidticant Responses
The GRG calculation is the ultimate step of GRAahhsignifies its approach of converting a
multiple response process optimization problems énsingle response optimization problem
and is used in determining the optimal combinabbparameters which is generally the one

with higher GRG value as shown in table 4 and tyeph in fig 5.

GRG
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3 06 / \/\ ——GRG
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e 04 \/ \ /
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0.2
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12 3 456 7 89 S
No. of experiment )
5
Fig 5 GRG graph of Biodegradable Lubricant Responses g
h
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It is to emphasize here that the GRG value refldogs multi optimization value of the

Downloaded from www.jusres.com

multiple experimental output or performance. l&aliso to note here that higher value of GRG,

the closer the parameter to its optimum value.Tthezethe parameter combination having

higher GRG value is closer to optimal.The procesmmeters are selected as optimized

factors which are recommended for further procése Fig 6 shows the higher values of

each parameter is a major factor. Out of theseetlp@ameter categories “A” denoted

lubricants, “B” denotes amount of lubricant, “C"ri#es Speed of rollers. In these factors

category “A” showing higher value so the lubricatie the major factor in between all

parameters.

Table 5 Rank of biodegradable lubricant

2 8

Amount of fluid Operating Speed
Product Name | in ml applied on perating >p GRG
in RPM
roller
BD68 20 200 0.549075
BD68 25 300 0.481393
BD68 30 400 0.423474
BD100 20 300 0.846154
BD100 25 400 0.642424
BD100 30 200 0.818182
BD150 20 400 0.333333
BD150 25 200 0.423474
BD150 30 300 0.603175
Main Effects Plot for Means
Data Means
A B
0.8 +
0.7
0.6 - __—"
% 0.5 - / \/
H5 1 2 3 1 2 3
8 0.5- S
=
0.7 4
0.6 - ./\
0.5 1 \.

Fig 6 Effect Plot of Parameters
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Study of the ANOVA table for a given analysis detegres, whether a factor requires control
or not. Once the optimum condition is determinedsiusually a good practice to run a
confirmation experiment. The analysis of variane@&QVA) test establishes the relative
significance of the individual factors and theiteraction effects. The P values which are less
than 0.05 are considered significant and the maalteladequate to represent the relationship
between response and the parameters [9]. The @nhalfsvariance can be used as an
exploratory tool to explain observations of an expent in multiple parameters. In this
machining work ANOVA result has shown in Table éower P (probability)value indicating
more effective parameta&rlubricant in all groupslt is observed from the adequacy test by
ANOVA lubricant is significant. To analyze the dathecking of the goodness of fit of the
model is very much required. The model adequacgkihg includes the test for significance
of the regression model, test for significance ofdel coefficients, and test for lack of fit. For
this purpose, analysis of variance (ANOVA) is peried.

Table 6 Analysis of Variance for Means

Source DH Seq SS AdjSS |AdjMS | F P
A 2 |0.181391| 0.181391 0.090695 40.70 0.024
B 2 | 0.014990| 0.014990 0.007495 3.36 0.229
C 2 | 0.050595 0.050595 0.025297 11.35 0.081
Residual 2 | 0.004456| 0.004456 0.002228
Error
Total 8 | 0.251432

CONCLUSION

Grey Relational Analysis is especially suitable ifofustrial use, but it can also be used for
scientific research purposes and it emphasizesaa performance characteristic value close
to the target value rather than a value withinaerspecified limits, thus improving the
product quality.DOE was performed by L9 orthogoaaby was chosen by considering three
factors and three levels were employed to analleeirifluence of process parameters by
using grey relation analysis and analysis of vaeato get the optimal conditions and
performances that mean the best parameters icéuibrBD100 is obtained the experimental
results. The results show the importance of inflizéfactors based on lubricant BD100 will
give the highest value of GRG,ANOVA also indicatkdt lubricant is a major factor in three8

parameters so it will take as optimize lubricant.
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