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DESIGNING AND INVESTIGATING ERGONOMIC PATTERNS OF DEPLOYMENT
IN IRAN TRACTOR COMPANY

JaffarBeikzad, Assistant Professor of Public Managemistamic Azad Universitypeikzad_jafar@yahoo.coand
Amir Gharifard, MS Student of Public Management (Human Resources), Islamic Azad University,

a.gharifard@yahoo.com

ABSTRACT
The main purpose of thisesearch is recognition and precedence of elements that are

efficient on the ergonomic, for designing and investigating the patteesptdyment in Tractor
Company in Iran. To this end, some books and
studied too. During the study, 62 efficient elements were identified. The statistic society of this
research is all of employers (785 persons) of Tractor Company. The size of the statistic sample,
calculated by KoKran bond, is 258 persons used from stchtdiedom sampling. Factor analysis
was utilized on two ergonomic questionnaires at Aarhus University given to statistic sample after
validity, stability and assurance. Descriptive and illative statistic methods were also used for
analyzing of statistics da.

Descriptive method is used for classification, precis and explanation of statistic data, and
in illative | evel, proportion method is used
anal ysis technique i s us bidg idenfificafio8 BuUesidn® and s o f t v
prioritizing effective elements of ergonomic establishment. LISREL software is used for
endorsement of structural equation modeling. The final results showed the ergonomic
establishment occurred at the acceptable levido 23 elements of main 62 elements, issue
effective elements recognized and classified in 4 groups: person, organization, job and technology.

The establishment of ergonomics method is also designed.

Keywords: Ergonomic, Human Factors Engineers, Anthropometry, 5S
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TIME -DEPENDENT ARC ROUTING PROBLEM: A CASE STUDY IN TURKEY
Mer ve Kayacé ¢odu,fFaculbhAdf Bngineerigniday aeir @at guni . e d Ataturkr Mu st

University, Faculty of Emineering mustafay@atauni.edu.tr

ABSTRACT

Many practical arc routing problems involve finding paths or tours that traverse a set of arcs in a
graph. The aim of solving such problems is to determine a least cost tour which covers all or subset
of arcs n a graph with or without constraints. The Chinese postman problem (CPP) is one of the
most central problem in arc routing. This problem was first solvedKdeKuan, a Chinese
mathematician, in 1962. In practice, there are a lot of applications suddasamtenance, waste
collection, bus scheduling, electric meters reading, snow plowing, salt gritting, patrol vehicle
routing application etc. Most of these studies for arc routing reported in the literature assume
constant travel distance or cost. Clgathe travel time between two nodes is ignored. In time
dependent variant, the travel time is depend on the departure time of theiueitiex time
interval. The objective is to find a route that travelling all arcs with the minimum travel times. In
this study, the timelependent mathematical model for the CPP is proposed. The proposed model
is applied to a case study in Turkey and resaife discussed.

Keywords: Time-Dependent Arc Routing
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FOOD BEHAVIOR OF MANAGERS

Hossein Fdahi, Kharazmi University,

ABSTRACT

Food behavior of managers have direct impacts on their bodies, meetings results, lectures and
feedbacks.Manager, men or women, must have a special charisma and fit bodies. Eating less is
good in all nations. I BN SINA says that: ALow
According to the research on bosses and administrators of 50 facekig$s are surprising and
troubling, only 2% of this population in working meetings use herbal tea and healthy drink and
98% use black tea. Black tea has short and long effects. For instanceéeshaetfects of black

tea are creation of dizziness amdrieased gastric acid. Therefore, it is necessary to change the
pattern of drinks at meeting. By combination of herbal and medicinal plants (herbal tea such as
Thyme/ Cinnamon/ Roseater/ Borage/ Citrus Aurantium/ Elettaria, and even green tea) due to
thesedative neuromuscular, nerve tonic, removing bad breath, and refreshment you can use better
drinks. High mental activity to a supervisor or manager increases the bodys metabolism. The brain
use glucose instead of fat for energy supplies. The brain dd®dalories per minute or 10.8 per
hour.A smart chief or senior managers must know that an employee who drinks plenty of ice or
ice water, perhaps has iron deficiency, or if eating a lot of chocolate has magnesium deficiency
and eating greedily corn prably has deficiency of sodium. Talking on the phone 39 calories,
attending office meeting (including talking and eating at meeting) 59 calories, and also secretary
director approximately 34 calori@san hour, for paperwork 110 calories burn for a noqpeason.

Furthermore, managers must chew more their food to control stress levies during the day.

Keywords: Food behavior, Herbal tea, Smart Chief
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A MODEL OF REVERSE LOGISTICS NETWORK OPTIMIZATION IN CELL
PHONES INDUSTRY IN IRAN

Nasim Sorayaié\zar, Department Of Management, College Of Literature Science, Najafabad Branch, Islamic Azad

University, n.sorayaie@gmail.coandMajid Zamani, Islamic Azad University, majidzamani6é@gmail.com

ABSTRACT

In recent years with the advent of electronic devmgech as cell phones and continuously updated
communications equipment, electronic waste is one of the most vulnerable challenges on
environment. We believe in this paper is to examine the economic and environmental aspects of
returning mobile phones intide cycle to reuse them. The overall goals of plan includes the reuse

of cell phones (at the end of life) by collection centers, avoiding waste further useful materials
such as gold, silver used in mobile phones and during this process (reverse logfistick) will

create employment and entrepreneurship. This paper presents the design of a reverse logistic
network for Endof-Life cell phones in Iran. The deliverables of the proposed mathematical model
includes: routing vehicles to collect delivered pélones, allocating of fixed and operational costs

to collection centers, and considering the transportation cost of returning processes.

Keywords: Reverse bgistics Network, Ermd-of-Life, Transportation Costs, Sustainable
Environment
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THE MOTIVATIONAL CHALLENGES OF ENGINEERS IN OLD INDUSTRIES: A
CASE OF IRAN

Rahman Bakhtiyari, rahman.bakhtiyari@gmail.com Rozita Davoodgavoodi.rozita@gmail.com andSajad
Bakhtiyari, sa.bakhtiari94@gmail.com

ABSTRACT

After the 1979 Islamic Revolution in Iran, the number of engineers has sharply increased in line
with the policy of independence so that the country would rely on its own domestic engineers
among many other technicians and practitioners. Thus, finding age been challenging for
Iranian engineers since the number of engineers outweighs that of the available positions. On the
other hand, those who are employed mostly in old industries find the jobs monotonous, boring and
at times depressing. That is besawsuch old industries have not been modified well. Therefore,
this study tries to investigate the motivational factors among Iranian engineers in 5 different
provinces of Iran. The data comes from sstniictured interviews with 50 engineers. The results

of the study revealed that most of the interviews feel demotivated because of (a) low income, (b)
uncompetitive job atmosphere and (c) routine tasks. Thus, the authors argue that company owners
as well as officials should focus on the needs of the lalboe to come up with more productive

factories. At the end, some recommendations are made.

Keywords: Motivation, Engineers, Job Satisfaction



International Conference on Industrial Engineering and Technology Management
Dallas, Texas- April 7-9, 2017 CONFERENCE PROCEEDINGS- ISSN 2572-1887

INDUSTRIES IN DEVELOPING COUNTRIES AS THE MAIN SOURCE OF
POLLUTION : A CASE OF IRAN

Reza DavoodiTehranUniversity of Medical Sciencefleza_yello_2000@yahoo.com

ABSTRACT

Pollution is one of the biggest issues that many countries are dealing with these days. In developing
countries, however, the problem is even worse as the economy is not strong enougyid®
financial resources to overcome this important environmental crisis. Therefore, most of the
developing countries are having difficult time regarding pollution in general and air pollution in
particular. The main source of air pollution in develgpicountries is the old industries.
Unfortunately, such industries do not care about upgrading their facilities and moving toward
having more green equipment. Thus, this study tries to investigate the challenges that
environmental agencies have when they @ealing with old industries which produce a lot of
pollutions. To this end, 20 sessiructured interviews were conducted by head of such
organizations in four different cities in Iran. Similarly, 10 CEO of old industries were interviewed
too. The result®f the study revealed that financial issues are the biggest challenge that such
companies have which prevent them from upgrading their facilities. Also, lack of education
regarding the consequences of air pollution created by such factories was andthgrdf this

study. Therefore, the author argues that how private andratatectors can help old industries

to both receive enough education and funding so that they can work together to solve this issue in

developing countries.

Keywords: Pollution,industries, developing countries.
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PREDICTIVE MODELING OF AIRCRAFT FLIGHT DELAY

Anish M. Kalliguddi, The University of Texas at Arlingtokalliguddianish@gmail.corandAera K. Leboulluec
The University of Texas at Arlingtaraeral@uta.edu

ABSTRACT

Flight delay has been one of the major issues in the airline indasitydy by Frankfurt
based consulting company AAviation Expertso,
in 2014 dueo flight delays worldwide. Domestic flight delays have an indirect negative impact
on the US economy, reducing the US gross dompstiduct (GDP) by $4 billionThis project
investigates the significant factors responsible for flight delays in the year 2016. The data set
extracted from Bureau of Transportation Statistics (BTS) contamiegnillion instances each
having 8attributes is used for the analysis. \Wescribe a predictive modeling engine using
machine learning techniques and statistical models to identify delays in advance. The data set is
cleanedand imputed. Techniques such as decision trees, random forest and multiple linear
regression are used. Vdéempt to put forth a solution to the delay losses incurred by the airline
industry by identifying the critical parameters responsible for flight delay. Not only airlines incur
a huge amount of cost per year, airport authorities and its operations@aedfatted adversely.
This leads to inconvenience to the travelers. Predictive modeling developed in this study can lead
to better management decisions allowing for effective flight scheduling. In addition, the
highlighted significant factors can give msight into the root cause of aircraft delays.
Keywords: - Decision TreesMachine learning technique$jultiple linear regression,
Predictive modelingRandom Forest,light delay.
[. Introduction

Flight delay has been the subject of several studiescant years. With the increase in the
demand for air travel, effects of flight delay have been increasing. The Federal Aviation
Administration (FAA) estimates that commercial aviation delays, cost airlines more than $3 billion
per year(Nicholas G. Rupp2007. According to Bureau of Transportation Statistics, the total
number of arrival delay in 2016 were 860,646. Impacts of flight delay in future are likely to get
worse due to an increase in the air traffic congestion, growth of commercial airlinexerabe
in the number of passengers per year. While air traffic delays are likely to persist in future due to
unavoidable factors such as weather and unpredictable flight maintenance, we seek to identify

11
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operational critical factors responsible for delagd create a predictive algorithm to forecast flight
delay.

There have been many predictive modeling and simulation attempts to forecast flight delays.
Juan Jose Rebollo and Hamsa Balakrishnan (2G#yymarized the results of different
classification and regression models. The study reveals that amongst all the methods used on 100
origin-destination pairs (OD pairs), random forest was found to have superior performance.
However, the predictability miglvary due to factors such as forecast horizon and the number of
OD pairs.Dominique Burgauer and Jacob Pet@@00)develop a multiple regression model and
show that factors such as distance, day and scheduled departure play a significant role in flight
delay. While the model gives the significant factors, the prediction accuracy was found to be poor.
In addition, the model is limited to only one flight route, namely Los Angeles to San Francisco.

Q. L. Qinand H. Y{2014)investigate theverallairlinedata. A comparisonféhe K means
clustering and Faier fit model yielded that Fourier fit model gave a thorough analysis of the JFK
airport in different aspects and could predict the delay trendanliigh pretsion. It is found that

the two metods usd work well for a singlairport and are not suitable for multiple airport analysis.

From the search of literatut@ one may conclude that, to better predict flight delays
irrespective of the route, number of days and forecasting horizon, operatiotua fenust be
modeled. The objective of this paper is to analyze théno@ performance of domestic flights for
the year 2016 and develop a predictive model to forecast flight delay. Background is described in
section 2, Data description and method usedn section 3. Finally, the conclusions are provided

in section 4.

II. Background
A. Multiple Linear Regressio(MLR)

An MLR is a straight forward approach for predicting a quantitative response Y based on
multiple predictor variables. The number of predistarables should be two or more. This model
assumes that there is approximately linear relation between X and Y. Linear relation meaning, as
X increases/decreases, Y also increases/decrease. Mathematically we can write a multilinear
relationship as

y=fTo+B Tixa+ (2.1)

12
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Il n equation 2.1, b 0 m are thetcbnstants that eepresenpthe slapa d b
of the respective variables. They are desdriag the mean change in Y when all other variables
are constant. Many time, it is the case that the predictor variable are dependent on each other i.e.
the effect of xi on y depends on the value gfiXow in this case the simple model as in equation
2.1 is not sufficient. Terms that model tfaxctor interactions must be introduced into the equation.

The linear developed in this project can be represented as a sum of k terms expressed in a
generic formas

Y=T o+T Xa +1 2Xe+e + i1 Xk + (2.2)
where eachikis a distinct term from the complete model. The collection of the chosen terms

is referred as model terms.

B. Decision Tree¢DT)

Decision trees involve stratifying or segmenting the predictor space into several simple regions. To
make a prediction for a given observation, we typically use the mean or the mode of the training
observation in the region to whichlielongs. Decision trees are simple and easy to interpret. In
addition, they can be applied to both regression and classification problems. A DT is composed of
nodes where the topmost node is the root of the tree. Each node is split into two furthendodes a
the nodes that cannot be split furthewdowar e ca
greedy approach. It is Agreedyodo because, whil
rather than looking forward and picking a splitdaw®y to a better tree. Due to this approach pruning

must done, once the tree is formed. An unpruned tree might suffer from overfitting problem and
providing extremely good accuracy when compared to other models.

The algorithm of decision tree recursivelybslivides the training set into homogenous groups.
These groups are created using discriminating variables. This procedure is repeated until all the

data has been divided to belong to a pure subset.

C. Random Forest TredRFT)
Random Forest is a method follassificationand regression which was introduced by
Breimanand Cutler2001) R F 6 s an &xteasion of the decision trees. It consists of a collection

of decision trees that grow in parallel to each other. This helps in reduction of variance in¢he mod

13
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In other word RFT algorithm averages a set of observations to reduce the overall vahaRée
regression, an ensemble of regression trees is gromseparate bootstrap samples of the training
data usinghe CART algorithn.In the random forestlgorithm, the trees are not pruned back and

the descriptor selected for branch splitting is selected from a randomly selected of predetermined

size.

D. Mean Squared Error (MSE)

Themean squared error mean squared deviatigMSD) measures thaverageof the
squares of therrorsor deviation® that is, the difference between the estimator and what is
estimatedThis difference between the estimator and the estimated value is seen because of the
randomness in the data or to put in other wgtds becauséhe estimator does not account for all
the information which would result in a more accurate estimate. It can be stated that the MSE
measures the quality of the estimator or the predictor. The more the value of MSE closer to zero,
the better the qualityf@stimator. Although MSE is a measure of quality of estimator, taking the
root of the MSE give root mean squared error. It basically measures the standard deviation.

If Ris the predicted value anyis the response value, then the MSE of the predictor can be

estimated by
MSE =-B  |i-y)? (2.3)
In the above equatioR in most cases is a vector of N predictions gnid a vector of

observed values or vector of response variable.

[ll. Data Description and Methodologies

A. Data source

The results presented in the study welbéained using the data from the BTS. The period
for which we analyze the data is from beginning of January 2016 to December 2016. BTS data base
provides detailed data for individual domestic flights. The fields used for the analysis of the data
are Depaure delay, Taxi in, Taxi out, Carrier delay, Security delay, Weather delay, Late aircraft
delay, Distance andational air systerdelay.

The data i€leaned and processed to obtain a more robust delay estimate. Impuisitigns

additive regression, bodtapping, andpredictive mean matchingiere done to account for the

14
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missing valuesi Hmi sco package in R studio was used t
spanned for 1 million observations each having 8 attributes. Since the analysis is fodligatl on
delay only nine variables were selected for analysis. Following is the table describing all the

variables:

Sr. no. Attribute Description

1. | Departure Delay| Difference in minutes between scheduled and actual departure time. Earl

departures showegative numbers.

2. | Distance Distance between airports (miles)
3. | Taxiln Taxi in time, in minutes
4. | Taxi Out Taxi out time, in minutes

5. | Carrier Delay Aircraft carrier Delay, in minutes

6. | Weather delay | Weather Delay, in minutes

7. | NAS Delay National air system Delay, in minutes

8. | Security Delay | Security delay, in minutes

9. | Late Aircraft Late aircraft delay, in minutes
Delay

B. Data Analysis

Preliminary analysis

Figure 1l represents th&catterplot ratrix of all variableslt is observedhat depaure delay
has linear relatiowith Carrier Delay, Weather Delay, NAS delay and late aircraft dSiage we
have a somewhat linear relation with four variables, we can use multiple linear regression on the
data. The diagonal of the plot repnetseall the variables. A slight hint of multicollinearity between
variables can be gained from the plot. The relation between Taxi out and NAS delay can have

multicollinearity problems. However further tests should be carried out to confirm the same.

15
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Also, we see that the distribution of all the variables is given in the diagonal of the plot. The
response variable is highly skewed to the left. This can lead to the violation of the normality rule

after the basic regression model is formed.
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Scattemplot matrix of all the variables

The Predictor Plot Correlation

The predictor pl ot gives the Pearsonbs <co
another way of detecting multicollinearity within the variables. In this study, a value greater than
0.5 is considered to have serious multicollin
constant exceeds this value, suggesting all the variables are independent. It is also observed that

linear relation between departure delay and carrieyaelsts.
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DepDelay Distance Taxiln TaxiOut | CamierDelay |WeatherDelay] NASDelay |SecurityDelay| LateAircraftDelay
DepDelay 1 -0.008444647 0.074082215 0.077763781 0.526808035 0.248528239| 0.300320601] -0.016650507  0.467740449
Distance -0.008444641 1 0.07150836| 0.07118311| 0.014189887 -0.027744387 -0.001452409 0.00085407 0.023294442
Taxiln 0.074082214 0.07150836 1 0.066415487 0.008970034 0.039859885| 0.235657187 -0.001850089  0.000618343
TaxiOut 0.077763781 0.07118311| 0.066415487 1 0.010281969 0.092641674| 0.447768289 -0.009421997 -0.02913716
CanierDelay 0.526808035 0.014189887 0.008970034 0.010281969 1 -0.050103383 -0.076364223-0.02547530§  -0.133874366
WeatherDelay | 0.248528239 -0.027744382 0.039859885 0.092641674 -0.05010338 1 0.018261117 -0.006999512  -0.050246439
NASDelay 0.300320601] -0.001452409 0.235657187 0.447768289 -0.076364223 0.018261117| 1 -0.017283281  -0.082314787
SecurityDelay | -0.016650507 0.00085407|-0.00185008%-0.009421997 -0.025475308 -0.006999514 -0.01728328] 1 -0.042449764
LateAircraftDelay | 0.467740449 0.023294442 0.000618343 -0.02913716, -0.13387436¢ -0.050246439 -0.082314787 -0.042449764 1

Si

Multiple Regression Model

An MLR was developed on theainingdata setlt was observed that all the variables were
gnificant with an +square of 0.84A stepwise regression was applied after the main model was

developedThe stepwisaegression gaveame results as the original modehe RMSE for the

MLR model is 21.2 minute§.he MLR equation igivenbelow.

0.
0.

DepDelay = 10.57- (7.95) * (10™4)*Distance - 0.4392*Taxiln- 0.5579*TaxiOut +
9791*CarrierDelay
991*WeatherDelay + 0.9088*NASDelay + 1.119*SecurityDelay + 0.8814*LateAircraftDelay

+

After the main MLR was formed, furtheralgsis like residual analysis, normality test and

constant variance test were conducted.

a) Residual analysis Following is the plot for residual values versus fitted delay values. In the
residual plot, the values are centered at 0 and the reohdiimates the trend of the residuals.
Some points are scattered in the negative and the positive region at the beginning going from
left to right. Most of them come in the horizontal band centered around 0. In addition, three

Residuals vs Fitted outliers ae observed in the Iq.
21 @ However before
§ o conforming that those observations are
§ i ° outliers we need to ddéurthe tests.
g | f:ggq%w‘i This suggests that the MLR model is
’ cln 5clno 1o|oo 15|oo 2o|oo 2500 ~ appropriate
Fitted values

Im{DepDelay ~ Distance + Taxiln + TaxiOut + CarrierDelay + WeatherDelay + N

Figure2
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b) Test for Normality: Figure3 shows the normal probability plot. We see thiet heavily tailed
andcan conclude thahe normality rule is violated.
Normal G- The studentized residual tend to go to the negative side
] on the left of the plot and to the positive side to the right

20 40

of the plot. We see that as the normal score increase as

Standardized residuals

40 -20 0

vt the studentized residuals increaBet this is ot in a

linear fashionThis suggests that therens normality

Theoretical Quantiles
Im(DepDelay ~ Distance + Taxiln + TaxiOut + CarrierDelay + WeatherDelay + N

between the plotted residuals and the expected values.

Figure3
c) Variance Inflation Factor (VIFkFol | owi ng i s a table of all t
Attributes VIF's VIF is a
Distance 1.014873 multicollinearity ~ test  to
Taxiin 1.081754 determinehow each variable
Taxi Out 1.420426 .
is correlated to another
Carrier Delay 1.033722 ) ) _
variable. The idea is, all
Weather Delay 1.077174
NASDelay 1345210 variables should be
Security Delay 1.011125 independent to each other.
LateAircraftDelay 1.034205 However, almost all data in

real world are affeetd by other variables. VIF test helps to identify serious multicollinearity
problems.

The decision criteria is, a serious multicollinearityoplems occurs when VIF value is
greater thad. Inthe above table, we see that all the values are seen to be around one. This suggests

that there are is no multicollinearity between any variables.

d) Ouitliers:- For this test, we must first find the X and the Y outliers. The X outliers are identified
singleverage values (hii) and then they are compared to the average leverage values 2*(p/n).
Where 6pb6 is the number of herotabsewdtians. We ar i ak
know that we consider an X value as an outlier if the (hii)> 2*(p/n). Following is the table of

all the X and Y outliers.
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Observation no. R-student Unadjusted p-value Bonferroni p
233607 -41.01559 0.00E+00 0.00E+00
631453 -40.0481 0.00E+00 0.00E+00
319132 -36.28399 5.49E288 3.72E282
619881 -35.00319 3.50E268 2.37E262
520602 -34.65413 6.59E263 4.47E257
646455 32.81721 5.14E236 3.48E230
481652 -31.97198 3.93E224 2.67E218
615562 -31.72412 1.05E220 7.12E215
491093 -31.23493 5.08E214 3.44E208
58303 -31.06832 9.11E212 6.17E206

The Y outliers are found using the following formula. We identify them using studentized

deleted residuals.

n-p-1

di
ti_v’MSEi(l—hn)_

The decision criteria is whea| >0( 10U /m2 1

e)

observations.

e

Influential Observations:F o | |

Cook's distance
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Figure4

Cookos

Obs. number
Im(DepDelay ~ Distance + Taxiln + TaxiOut + CarrierDelay + WeatherDelay + N

di

Leverage

Im({DepDelay ~ Distance + Taxiln + TaxiOut + CarrierDelay + WeatherDelay + N

stance

Figure5

Leverage graph

gr a

Here we see that observations 233607,319132,520602 are considered as influential

observations. The observation 233607 is also an outlier as seen in Bonferroni test and residual

graph. Influential observations are of a concern because they might tendate des fitted line

towards themThe second graph shows us the leverage values of the outéeesage is defined
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as the distance of a point from the total mass of all the points. A normal thumb rule is that, if the
cooksdistance is greaterthan latp oi nt i s i nfluenti al. But RGOS ¢
with a distance greater than 0.5 and classifies those points as outliers.

Once the outliers are detected, we must remove them due to their effect on the fit of the

model. In this studyhtese outliers are excluded from the data set for further analysis.

Decision Tree
Since the data was not exactly linear, a DT model was developed to analyze tiidéelata.
parameters of the model are chosen such that the error is minimal. Followimg gragahs showing

the rsquare and relative error with respect to the number of splits.

© — Apparent =
o 7| | ---- XRelative

R-sguare
X Relative Error
06
|

02
1

Number of Splits Number of Splits

Figure6 Figure

R- square Vs number of splits Relative error Vs number of splits

It is seen that the-gquare does not increase significantly after 10 splits. Considering the
cross validation error graph, the tree was pruned tee#8 from an original size of 14. The splitting
variables or the significant variable are found to be late aircraft delay, Carrier delay, weather delay
and NAS delay. The package Atreeo was used to
were kepfat the default values. The RMSE for the decision tree model is 26.5 minutes.

Random Forest

Random to forest trees were developed for the data. Folldalhgexplains the parameters

for the RF model:

RF Parameters Values
Number of Trees 500
Independent variable 8
Number of predictions 290247
Mtry (no. of split at each node 2
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R-square 0.94 It is seen that a total of 500 trees were constructed
Split Rule Variance| py the RF algorithm. This number is the default number in

t he #fAr angg.dhmeds qpuaacrkea i s found to be 0.94. As we

over decision trees, bootstrapping and bagging, construction a large number of decision tress can
lead to an improvement in prediction results. Default values were used for pearsasech as
number of trees, mtry, variable importance, minimum node size and sample with replacement. The
prediction error was found to be 153.94 and the RMSE for the RFT model is 12.5 minutes.

IV.  Conclusions

This study develops a predictive modefdoecast flight delays. Models based on multiple
linear regression, decision trees and randiorest algorithms are createahd tested in Btudio
software. Results show that Random forest model outperforms other two models based on the
evaluation criterialn addition, the study also sheds light on the significant factors responsible for
departure delaylhe splitting variables or the significant variable are found to be late aircraft delay,
Carrier delay, weather delay and NAS delay which have the nfest eh departure delay.

Although the model gives a very good prediction accuracy, more variable can be used to
develop a predictive model. For example, as we have seen weather delay is one of the significant
factors causing departure delay, Weather datale extracted and used to develop a predictive
model for flight delay. The future scope of this study involves various approaches that can be used
to analyze the data. Principal component analysis or transformation can be done to uncover hidden
relations between variables. In addition, since the data is not exactly linear, artificial neural
networks or Support vector machines can be used to analyze the effect of various variables on flight

delay.
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ASSESSING THE USE OF SOCIAL MEDIA FOR RECRUITING STUDENT -
ATHLETES AT AN INSTITUTION OF HIGHER ED IN SOUTH TEXAS

Dr. Patricia PolastriTexas A&M University Kingsvillepatricia.polastri@tamuk.edu, Dimitrovskéarija, Herrera

Maria Ximena

ABSTRACT
The number of active users of social media continues increasing on a daily basis, having

more people using these sites to stay connected with family and friends. According to Rahmati, 98
percent of American universities have presence on Facebook, and 84 percent are active on Twitter
while 72 percent of incoming high school seniors report rekew their prospective colleges on

a social media sites. Thus, athletic departments are quickly realizing the impact that social media
can have in the recruiting process. A wadlveloped social media strategy can enable coaches to
more easily promote éir schools, athletic departments, and specific programs to potential recruits,
thus allowing them to find athletes that can satisfy their recruiting expectations, needs, and
requirements. This research is based on a survey given the coaches and afiveimistssonnel

within the athletic department at an institution of Higher Education in south Texas. The purpose
of this research was to investigate the social media usage, strategy and proliferation of this media
for the recruitment of potential athletesdatheir knowledge of the regulations established by the
NCAA for social media use.

Introduction
The current trend o$ocial media usagm the process of recruiting student athletes, is

becoming one of the largest tools in finding, and signing prospesttident athletes into collegiate
level sports. The increased use of social media by stuadkletes is a key fact@ehanging the
recruiting process and coaclastrying to keep up with the new trend of recruitatpletesusing
social mediaAccordingto DeShazo, 80% of the interviewed athl€tetal number of 927 student
athleteshad a social media accoyteShazo, 2015)

Social media has forever transformed how recruiting works. For years, the recruiting
process started with the high soch@oach.With the rapid increasef social mediausage, the
recruiting process is able to startich earlier, and much quicker. For coaches social media serves
as an additionathannel for contacting, recruiting, and gathering information about players. For
studen athletespn the other handpsial mediacan be a means of getting recruited, by elevating

their social profile through interactions with local fans, students, coaches, and other recruits, in
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ways unimaginble just a few short years ago (Rahmati, 20I8us,social meda can provide
connectionsamongcoaches, staff, and prospettsan easy and affordable manndowever, if
handled incorrectly, institutionsan face serious penalties and sanctions fromNagonal
Collegiate Athletic AssociatiofNCAA), thememberled organization dedicated to the wiedling
and lifelong success of college athletes.

"Nothing has impacted recruiting more in the last 20 years than social media," Nebraska
director of player personnel Ryan Gunderson g@dnderson, 2016)Whether it's through
Facebook, Instagram, Snapchat, Twitter or some other app, social media has invaded every aspect
of the recruiting procesSocial media has many benefits when it comes to the recruiting process.
It provides incredible reacind oppaunity to coachesathletic departments and their recruiting
efforts.Some ways that athletic departments can immediately begin realizing the benefits of social
media are (Rahmati, 2016):

1 Program awarenegssocial media provides access that cannot beuceghtthrough the
university website,-enails, or brochures.

1 Instant Connectioriscoaches are able to simply connect with a recruit on any social media
platform and start engaging into a conversation.

1 Recruiting insights coaches are able to monitor evevgrd that the recruit shares on
social media. This helps coaches learn more about their potential recruit.

1 Competitive intelligencé coaches and athletic departments have the ability to easily
identify social conversations around top prospects in oodseé how competing schools
are interacting with prospects.

1 Compliancei the current NCAA regulations about social media usage are much less
restrictive than traditional recruiting guidelines.

1 Freei this is one of the most important benefits of sociadia. Social media is free
making the recruiting process very convenient. Athletic departments are able to save
considerable amounts of money using social media as a form of recruiting.

It should be noted that coaches around the country are becoming frequent users of social
media in the recruitment procesdf you want to be a good recruiter in today's college abht
you have to be on social meditowa State director of scoutinghilo Kuceyeski sai@Kuceyeski,

2016) "If you're not doing it, you're going to get beat by somebody that's doing it. You have to be

out there. You have to be different. You have to be completely visible and be accessible, and the
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best way to do that in togla recruiting world is through social mediéWe're using social media
to rebrand lowa State football,” Campbell said. "We have to brand to recruits what's our style of
play, who our coaches are, and what's the culture we're trying to put in placé/&'eeetrying to
create a culture that young people say, '‘Man, | want to be a part of something like that,' or 'Hey,
I'm interested in going to see what's going on," and 'Why is that place special righ{Gsmpbell,
2016). Coaches state that social mddilp them advertise their school and athletic programs in
order to attract prospects easily. Social media helps both the potential student athlete and the coach
to learn more about one another and see if they would be a good fit.

Social media can be velyeneficial to coaches, but it can be detrimental for potential
student athletes. dhy recuits seem to forget that their profiles are public and accessible not just
to their friends but also to the coach€oaches can easily see wtied recruitsareposing, re-
tweeing , their favorites, likes and share, and in many cases they can also see what acpsospe
inner circle of friends ardoing (Rahmati, 2016)Social media might seem harmless and fun, but
it has a | ot of i nf Tharearenamemns examples ¢f recrigts having f u t
scholarships pulled or being completely dropped because of social media entangléments
University of Houston head football coach, Tony Levine, said in a 2014 interview that he has
dropped three recruifsom the 2014 class due toappropriate remarks posted on social media.
Levinestatedi| t hi nk it gives you a I|little insight
becoming a part of your program (Levine, 20&4n. April 2014, Penn State offensiliae coach
Herb Hand issued a tweet indicating that a prospect had been dropped from recruitment due to his
social media presendeeg stated hat vi a soci al media, he had sece
(Associated Press, 2014). Their statementgesstg thaincreasingly, college coaches and athletic
department personnel are using social media to evaluate a future studdnit et eds char
(Associated Press, 2014). Oneadtinceived tweet, post, or comment can result in the loss of a
scholarship \ad future career opportunities with the decismakingresponsibilityresting in the
hands of athletic department administrators or coaches (DiVeronica, B0&@49.t pr ogr ams d
have the recruiting budgets and resources that major Division One insstiithve. Therefore,
smaller schools are doing as much research on recruits as possible before they commit to offering
ascholarshipTher e i s no r datbettdr place te see what a pessan is fieally like
than on their social media account, E n,rCE@ df Recruit Loolsaid(Enright, 2014)
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Methodology

Thus,mar keting and soci al medi a have both a
lives. This also implies to the NCAA programs, and the process of recruiting potential student
athletes As mentioned earlier, it is already knownh at s oci al peadp lad&s i Imipw
grows every day. This means titas very important to find out what recruiting technique coaches
are going to conset. This is especially crucitd programs with smaller budgets, since recruiting
with the help of online marketing can sathem a lot of money knowing the fact that almost every
type of social media is free.

For the purpose of this study, a survey was considered as the appropriate tool to analyze
the use of social media as a recruiting tool used by current coaches. Téewasvgiven to 31
coaches at theollegiate level programi the institution selected for this study. The survey
included 8questions about social medwlated to the process of recruitjimgethods of searching
for potential athletefenefits of usingocial media in the recruiting process, and Bowial media
has changethe wayrecruiting is conducted. The recruiting survey vasided to the selected
group of coaches as a hard copy and then turn&tiémames of the coaches selected alatained
from the official athletics websifgosted onlineAn Informed consent@tument was created and
it wasattached to each survey given t@cbes. An enail was sent to the Athletic Director of the
program in whictpermission to hand out the survey tmchesvas requested. After approval, the
paper survey was left in the offices of the coaches on campus. No identifiable information was
requested in the survey. Thdormationobtained from the surveys watred in computer files
protected with a passwordhis consent form waded securely in an official aredhe questions
asked in the survey revolved around the preferred social media venue for recruitment purposes,
how these tools are used, and the level of knowledge about the regulations about soaial medi
usage stipulated by National Collegiate Athletic Association (NCAA). The survey also asked for
their input about how they think the institution could help them in their recruitment efforts using

social media.
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Results
The collected data from the 31 surveys was analyzed using the Excel software. The data

anal ysis showed that 94 percent of the iIinstit
with potential student athletes. Facebook and Twitter were the mqsefrdy used social media
websites by coaches. Twitter was considered the most frequently used website with 52% of the
coaches using it, while Facebook was favored by 48%. Fourty one percent of the coaches see
social media as a way of getting to know pied student athletes, 28% see it as a way to promote
the team, 17% use social media as a way to offer scholarships, and 14% use social media to
promote the school 6s environment. As previous
athletes dueot their activity in social media. Coaches at the institution stated that 62% of them
have encountered the use of inappropriate language by potential student athletes on social media,
31% have witnessed pictures showing the use of alcohol and drugs, ahdvé%wvitnessed
statements that could be deemed as discriminatory. Even though 94% of the coaches stated that
they are aware of the current NCAA regulations about social media usage, 81% of the coaches
failed to provide the correct answer to the questegarding the number of NCAA regulations
applicable to this area.

Being aware of current NCAA regulations is very important for coaches at collegiate level.
Since the analysis showed that 81% of the coaches at the institution are not fully aware of the
existing regulations regarding social media usage, it is pivotal to raise awareness of what those
privileges entail. Coaches were asked about diverse forms they would like to receive more
education about social media use in the recruitment process. The shovesd that 58% of the
respondents stated that they would like to receive training in order to feel more confident when
they take the test, 32% of them would prefer handouts containing the relevant regulations and
necessary information. Only 10% of theaches stated that they would feel confident with their
knowledge by simply watching a Power Point presentation explaining the regulations that are most
relevant and that they should be cognizant of. Coaches are tested on a yearly basis, however social

meda use does not seem to be included in the examination.
Conclusion
Some applicable solutions to increment the knowledge of NACC regulations among

coaches would be to include such questions in their yearly examination. Increased knowledge
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duringthetesi g process would facilitate the coaches
violating any possible regulations. Social media can be used as a tool to raise program awareness,
make instant connections, learn more about potential student athhet@sost importantly, it can

be done at no additional cost. Social media is the way several people communicate nowadays,
specially the youth targeted by recruiters. This study showed that 94% of the coaches at the
institution use social media as a way tonoounicate with potential athletes. For coaches and
athletic departments, the key is finding the right strategy for targeting suitable recruits. If the
strategy is using social media, the coaches need to abide with all the current regulations and be up
to-date as these regulations may change overtime. Thus, an important finding of this study was
that coaches at this institution are not fully aware of the current social media regulations. This can
lead to serious problems not just for the Athletic Departimaut also for the entire institution

since their lack of awareness may lead to undesired violations of NCAA rules. This potential
problem can be solved by three applicable solutions. One of the proposed solutions is to provide
training for the recruitingest that coaches need to take every year. Another viable solution is to
create handouts consisting of the regulations they need to know, and provide those as the
regulations change. Finally, a formal Power Point presentation regarding the NCAA rules and

regulations about social media is another solution that could be taken into consideration.
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A BALANCED SCORECARD APPLICATION IN LOCAL ADMINISTRATIONS

Burak Erkayman, Ataturk University, erkayman@mmauni . ed
Temel, Ataturk University

ABSTRACT

When measuring the performance of an institution business usually decide on a set of pre
established and geradlly accepted criteria. The success of performance measurement depends on
the organization of the institutions and the suitability of the selected technique. The Balanced
Scorecard is a performance management system that can be used in different sizzatiorga
Indicators that have a significant share in the performance of the institution but are difficult to
measure should also be evaluated. The Balanced Scorecard transforms an organization's financial
and norfinancial objectives into logical perfomnce measures. Four dimensions; Financial
dimension, customer dimension, internal business process dimension and learning and
development dimension. In this study, a performance evaluation study was conducted for the
Urban Transportation Unit of a Metrojtah Municipality by using Balanced Scorecard method.
The fuzzy AHP method was used to eliminate ambiguities in the application of the method and to

clarify the cases that can not be expressed clearly.

1. Introduction
Performance management is an import@spect for achieving the targets set by local
governments. The methods used in performance measurement and the results obtained from these
methods become increasingly essential. It is important to use multidimensional performance
measurement methods sinoeal governments do not have core financial targets. In a rapidly
developing world, goals must be accurately determined and measured performance must be
managed to achieve the specified goals.

One of the multdimensional performance methods, the Corporate Performance Card method
(Balanced Scorecard method), was first introduced to the literature by Kaplan and Norton with
their published paper in 1992. This method is mainly based on the ideadfiarmance
measurement methods based on financial accounting measurements are now obsolete and lose
their validity. The Corporate Performance Card is not only an advanced performance measurement
system, but also a good management system. The systeitlecsrisur dimensions that must be
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balanced in measuring enterprise performance: financial, customer, internal processes, learning
and growth. In this study, it was aimed to create a Corporate Performance Card for the Urban
Transportation Unit of the Metpolitan Municipality of Erzurum and analyze the factors affecting

the performanceédithin the overall framework mentioned, the second part of the study indicates
the work done by various authors with the Corporate Performance I@dhe third part of the

study, information on performance management and Balanced Scorecard was given. In the same
section, technical information of the fuzzy AHP method used to determine the factor weights of
the performance card created in practice is also includede fouth part of the work, the work

done for the Urban Transportation Unit of a Metropolitan Municipality for performance
measurement was given. In this context, the creation of the Balanced Score Card is explained. In
addition, fuzzy AHP was used in convertitige linguistic variables determined into numerical
results.In the fifth part of the study, the obtained results are briefly summarized and suggestions

were given in the direction of scientific studies to be done in the future.

2. Literature Review

With the increasing demands and expectations of their stakeholders, government agencies
now need to deliver more efficient and effective public services while overcoming the burden of
reduced public budgets and resou(Sesrajah, Irani, & Weerakkody, 2015)

Local self government carries out diverse activities relating to the development of its
managed area and ensuring local inhabitants quality of life. With limited financial, material and
human resources is therefore necessary to carry out their acttiesi|foresight into the future
and their activities implemented thoughtfully and with the expectation of a positive outcomes
(Gec2kovsg§ &01Bmapcunovs§,

The decisiormaking process tends to be similar in all organizations, even if the decisions
concern particular issues either in the public or private sectors. The effectiveness of decision
models depends on the circumstances that shapegaeizatioiiNogueira & Jorge, 2016 he
reforms introduced in the management and accounting structures of puitic aetities, in
response to Public Management requirements, reinforce the role of accountability as a means to
improve economy, efficiency and effectiveness in Public Administration. Accountability is no

longer conceived as merely reporting about conmglyvith norms and procedures, but as the need
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to report on the allocation and use of public resources and the results attained, in order to allow

assessing publ i c (NdgdeirackiJade2016)r esponsi bilities

Here, contingency and institutional theories can be used to explain the reforms in public
sector accounting, particularly to explore factors possiblyctiffg information usefulness in the
decisionmaking process in the context of public sector entities, namely local auth@\iigseira
& Jorge, 2016)Kaplan and Norton (1992) developed the BSC as a new tool including operational
measures, as well as financial ones, for performance evaluation. The BSC provides management
with a set of measures that give a fast amdprehensive view of the business. The aspect of non
financi al assetd800% aocfc oau nftiirnmgd sf owal5u0e supports
approaci{ T¢r ¢d¢go] | u, Sun,Kaplan &Nowoa,2a0&r é m, 2014)

Financial measurement alone does not reflect the organizational mission of governmental
and nonrprofit organizations. Also the greatest difference between bussessl noiprofit
organizations is the achievement of the misgioB k me k - .i Sjnce 2h@ hatanced scorecard
doesndét require the measur e yappliedbythe pliblicrsectorc i a |
and non profit organization§ E k me k - .iThe urbah tradgportation system is generally based
on the ISO LCA standards, requiring inclusion of #le life cycle stages mentioned in
environmental product declarations [13]. The urban public transportation system, considered as a
special industrial product, is composed by three components , namely infrastructure (road and bus
station), fuel and vehies(Meng, Liu, Yang, Hao, & Ulgiati, 2016)

BSC method is not just a grouping of important inthes of performance evaluation. Its
consistent application provides a modern way of management, because it helps to align the
businesses activities with the business processes of coraahye creation and the BSC to a
method of strategic managementighrole is to align the interests of management with the
interests of employees and the strategic goals with the operational managemens & k & v
Dubcov 8., As 2 6tratégjc management tool, the BSC facilitates the translation of the
organi zationdés vision and strategic objective
integration of both financial and nonfinancial performamoeasurement within the four
perspectives contributes to a fAbalancedodo appr
(Zin, Sulaiman, Ramli, & Nawawi, 2013)
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Staying competitive in the global economy needs to move forward new management
practices in areas such as marketing, design, engineering, manufacturing, financeéingcaondn
human resources. The challenge is to implement new management tools so that available resources
are thoroughly utilized in the production of quality products and services, which in turn enhance
organizational competitivengsAf onso & do Ros8rio Cabrita, 201

The BSC comprises four perspectives, namely finance, customer relations, internal
business process and lastly, learning and growhk. fihancial perspective plays a dual role of
defining the financial performance of an organization with the implementation and execution of
the company's strategic plans, as well as eval
as the ROI Return on Investment) and the EVA (Economic Value Added). The customer
perspective is a leading indicator that helps the organization evaluates customer satisfaction with
its brand or services. This is necessary to ensure strong customer loyalty, b&sidésganew
customergZin et al., 2013)

A wide range of research documenting the application of B3@althcare, education,

banking and retailing has been reported. The evolving applications of BSC and strategy
map in the healthcare sector in Ontario, Canada, have been illustrated. A number of innovative
approaches adopted by healthcare organizatodshealth systems in their implementation of
Kapl an and Nortondbs strategy map and bal anced
Hospital i n Brampton, Ontari o, BSC provided w
and evaluation; the abiit t o transl ate the organizationos
performance measures; the alignment of seemingly disparate elements with organizational

objectives and a focus on accountability at all lelessooq & Hussain, 2011)

3. Method
3.1Balanced Scorecard
This approach has been used extensively in developing a strategic plan that incorporates
more realistic goals and initiatives for achieving the outlined goals. The BSC enables managers to
have a formalized mechanism that will achieve the balance betwescial and nonfinancial
results in the short and long term and is also a means to evaluate the performance of an organization
through four traditional perspectives: financial, internal business process, customer and learning

and growth . Following the iddification process, the BSC is applied to these metrics with the
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intention of evaluating clearly the performance of SC. Each of these perspectives should be
translated into corresponding metrics and measures that reflect the strategic objectives. These
perspectives should be periodically reviewed and updated as necessary and may even be extended
in number. Measures included in the BSC should be monitored over time and integrated explicitly

in the strategic processes of the SC. In order to make the B®Cemsiul approach, organizations
should articulate goals for time, quality, performance and services and finally translate these
objectives into specific performance measures. It makes no sense for organizations to have only
financial measures, but rathe@rcombination of these with operational measifdsnso & do
Ros8rio Cabrita, 2015)

Kaplan and Norton (1996) present the Balanced Scorecardnasdal that provides
executives with a comprehensive framework tha
into a coherent and linked set of performance measures. The model views the organizational
performance from four perspectives: customer, firgn internal processes and learning and
growth(  vanov & Avasilcti, 2014)

a. Customer perspective

Chuck Hannabarger, Frederick BuchmaneP&conomy agreed that all four Balanced
Scorecardds perspectives have the same 1|1 mport
existence for any organization. They think that employees from many organizations do not know
what customers need andwhich extent their activity affects them. The main concerns of the
customers can be classified in four categories: time, quality, performance and service.

b. Internal business perspective

This perspective focuses on all activities and processes that are critical for the organization
in providing the expected value for the customers. The main condition in obtaining the desired
results from process improvements is to assess the organipatifmmmance, to identify the
possible problems that affect the quality of the products.

c. Financial perspective

It is very important to know from where to get your money and how to invest them to
become profitable. The financial indicators that are aealydiffer from company to company.

The most common mistake that most of the organizations do is to focus too much on the financial

indicators ignoring totally or partially the other perspectives.
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d. Learning and growth perspective

Organizations must learthat employees are very important not only for their specific
tasks, but also for their creativity and ability of developing new ideas. The need for employee
knowledge, skills and abilities can be very important especially when new technologies and
processes come to the market.

3.2Fuzzy AHP Method

The analytic hierarchy process (AHP) is a mattteria decisiormaking tool developed by Saaty.
AHP is a systematic procedure to represent elements of any problem in a hierarchical way. Since
decisionmaking in the field of strategy formulation have aajrdeal of uncertainty associated,
managers should be able to express some degree of confidence in their judgments. The hierarchy
is structured from the top, usually the main objectives set by management, through the intermediate
levels to the lowest leVeusually the alternatives. These judgments are then translated into
numbers. This method uses paiiise comparison in the same hierarchy elements in each level
using a scale indicating the importance of an element in relation to another. In the obntext
performance evaluation of SC, the AHP can be the best tool for prioritizing and selecting the best
measure of performance in a given situai@fon s o & do Ros8ri o Cabrit a,

The Fuzzy AHP Method. AHP is one of the most extensively used MCDM analysis tools for
modeling the unstructured problems iraelient areas such as politics, economic, social, and
management sciences. AHP assumes thdua&ian criteria can be completely expressed in a
hierarchical structure. The data acquired from the decision makers are pairwise comparisons
concerning the relative importance of each of the criteria, or the degree of preference of one factor
to another vith respect to each criterion. In the conventional AHP, the pairwise comparison is
made by using a ratio scale. Even though the discrete scale has the advantages of simplicity and
ease of use, it does not take into account the uncertainty associated withtma ppi ng of
perception (or judgment) to a number. In order to deal with the uncertainty and vagueness from
the subjective perception and the experience of human in the demialong process, many fuzzy

AHP methods are proposed by various autfoEsr k ay ma n , Gundogar, & Yel

4. lllustrative Example

Financi al di mensions criteriads
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DIMENSIONS GOALS
] f1 | Research and developmesttidies need to be done
Z
JZ> 2 Increasing business capacity
@ .
> f3 Increasing Return on Investment
P2
) f4 | Increasing income
E f5 | Increase resource efficiency
2 Increasing the budget realization rate and making efforts to ensure
% f6 | the budget is realized
n
7 Shortening the return period of the investment
f8 Use of income for the right investment purposes
fg | Increase revenue per employee

Cust omer

di

mension criteriads

cl Increasing service quality
=¥e)
% % c2 Increasing customer loyalty
Z =
g g c3 Increasing customer satisfaction
> m
TR c4 Reduction of customer complaints
c5 Meeting or even exceeding customer expectations
Il nternal Processes Dimension Criteriads

ipl

Providing fast, easy, transpareatonomical, secure and-altound e
localgovernment applications

ip2

Applying the digital document and archive system

Increasing operational efficiency and productivity

ip4

XdD NOMSNINMNA
S3SS3D0dd TVNY3LNI

S

@

Reduce error and repeat rate in business processes

Learningandl evel opment di mension criteriats
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E Improving and enhancing employee skillg
¥ d _
o 2 % Assigning at least 15 staff members to
g E Z Id2 outside seminars every year
% — GZ) Determining and ensuring training needs
> % > personnel by carrying out training needs
mS 1d3 analysis
(% Increasing Employees' Participation to
(;3 Id4 Management
Id5 Increasing employee satisfaction
Refinement Process Outcome
FINANCIAL DIMENSIONS 9,0%
CUSTOMER DIMENSIONS 50,7%
INTERNAL PROCESS DIMENSION 11,2%
LEARNING AND DEVELOPMENT DIMENSION | 29,1%

5. Conclusion
As a result of the meticulous work carried out in the public transport branch, it was decided that

the Corporate Performance Card method could be most suitablehianthdticulous work
continued in the design process. Working with a group of experts who have fully mastered the
process within the organization has increased the accuracy of the information obtained as a result
of the study. One of the important pointseach success in establishing the corporate performance
card is created for the institution and none of the important points are missed. The application of
a specific method from the literature directly to the firm causes misconception in the studg becaus
the focus of each firm is vital and accordingly their purpose will be different. The work is based
on this awareness and is specifically designed for the corporate performance card for

The vision and mission statements as well as strategies have been clarified before the
dimensions of the corporate performance card are determined. The dimensions to be worked on
after this phase are determined as: finance dimension, customer dimensroaj processes and
learning development dimension. Critical success factors have been identified for each of these
dimensions. Performance criteria were established in order the institution to measure them in line

with the objectives set for these succéactors and to see the activities of the work done. After
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the objectives prepared for each dimension, these goals were to determine the contribution to the
main dimension performance and to set the priority order.

In doing this study, the literature selarwas meticulously conducted and it was decided
that it was most appropriate to translate the linguistic expressions given by the experts into a
mathematical system by translating them into meaningful numbers. The most suitable method for
this purpose ishe fuzzy AHP because the appropriate method for weighting each of the linguistic
expressions is the fuzzy AHP. In this method, it is advantageous to use it in more uncertain
situations where definite expressions can not be determined and to evaluateriheby means
of a binary comparison method.

As a result of the study, the order of importance of the four dimensions determined.
Customer dimension is the most important dimension with 50.7%, followed by learning and
gaining dimension (29.1%), internalocess dimension is 11.2% and financial dimension has 9%
designation. Once the weights of the objectives set in the customer dimension have been identified,
the order of priority for these objectives has also been determined. The first two of thevedbjecti
that impact success are: meeting or even anticipating customer expectations (34.2%) and
increasing service quality (30.8%). On the level of learning and development, the increase in
employee satisfaction (54,3%) and the development of employee tE@mso) took priority.

The dimensions of finance and internal processes with close percentages in terms of major

dimensions are also measured in terms ofahjbctives.
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PARAMETRIC INFLUENCE AND OPTIMIZATION OF WIRE -EDM ON HOT DIE
STEEL

Nixon Kuruvila, Sahrdaya College of Engg & Tech, email:nixonkuruvilak@gmail.com

ABSTRACT

Wire-cut Electro Discharge Machining (WEDM) is a special fafrconventional EDM
process in which electrode is a continuously moving conductive wire. The present study aims at
determining parametric influence and optimum process parameterseEVifel usi ng Taguc
technique and Genetic algorithm. The variatiorthef performance parameters with machining
parameters was mathematically modeled by Regression analysis method. The objective functions
are defined as Dimensional Error (DE), Surface Roughness (SR) and Volumetric Material
Removal Rate (VMRR). Experimentew e desi gned aQthogmal Arreya(@QA) c hi 0 s
where in Pulsen duration, Current, Puls®f duration, Bedspeed and Flushing rate have been
considered as the important input parameters. The matrix experiments were conducted for the
material HotDie Steel (HDS) having the thickness of 40 mm. The Heat Affected Zone (HAZ)
characteristics of the eroded materials was assessed by Scanning Electron Microscope (SEM) and
the microhardness of the material was tested using Vickers microhardness testesuliheof
the study reveal that among the machining parameters, it is preferable to go in for smaler pulse
off duration for achieving over all good performance. Regarding ymrsguration, higher values
are recommended for error constrained machiniitg wigher MRR and constrained/limited
values for attaining good surface texture. Smaller current is suggested for better surface
finish/texture control, medium range for error control and high value for MRR. Finally, the
validation exercise performed withe optimum levels of the process parameters. The results
confirm the efficiency of the approach employed for optimization of process parameters in this

study.

Key words: Genetic Algorithm, Regression, Taguchi Analysis, Wire Cut Electro Discharge
Machining (WEDM).
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1. Introduction

The mechanism of material removal in a conventional EDM process has been well
documented. By choosing the electrode as a continuously moving conductive wire, the capability
of the machining can be augmented.

A wire cut EDM can machine exotic material and complex shapes. Higher productivity,
desired accuracy and better surface finish are the stay features of WEDM. Researchers have
conducted studies on the performance of WEDM and concluded that even a skilled labourer finds
it difficult to obtain optimal performance due to operational constraints. An effective way to tide
over this problem is to determine appropriate relationship between the performance indicators of
the process and its controllable input parameters such ssgouduration, current, pulsaf
duration, beespeed and flushing rate. In this present study of WEDM, the effect of controllable
input parameters on HDS are investigated.

Since Wirecut EDM is an essential operation in several manufacturing procesgesals
research work have been carried out to improve the machining performance of WEDM; namely
surface finish, accuracy and material removal rate. Because of its complex and stochastic nature
and the increased number of variables involved in the operafierfull potential utilization of
this process is not completely solved. Number of authors has performed their research related to

optimal parameter setting in this process.

Lin, et al, [1] presented the use of grey relational analysis based on arooghagay and
the fuzzybased Taguchi method for the optimization of EDM process with multiple process
responses. Both approaches can greatly improve process responses such as the electrode wear ratio,
material removal rate and surface roughness. Howéveeems that the method based on the
orthogonal array with the grey relational analysis method is more straightforward than the fuzzy
based Taguchi method for optimizing the EDM process with the multiple process responses.

Ki yak and Adrirout h &Jdy om amfluence of EDM parameters on surface
roughness for machining the tool steel (AISI P20) which is widely used in the production of mold
and die. It was observed that surface roughness of workpiece and electrode were influenced by
pulse curent and puls®ff duration. Higher values of these parameters increased surface
roughness. Lower current, pulse off duration and relatively higher-Bfilsme produced a better

surface finish.

43



International Conference on Industrial Engineering and Technology Management
Dallas, Texas- April 7-9, 2017 CONFERENCE PROCEEDINGS- ISSN 2572-1887

S. S. Mahapatra & Amar Patnaik [3] identified the relaiop between the control factors
and responses by means of nonlinear regression analysis, resulting in a valid mathematical model.
Genetic Algorithm is employed to optimize the WEDM process with multiple objectives. The
study demonstrates that the WEDM gees parameters can be adjusted using these techniques to

achieve better metal removal rate, surface finish and cutting width simultaneously.

K.H. Ho et al [4] investigated the interrelationship between the various factors affecting
the process and identihg the optimal machining condition from the infinite number of
combinations. Several monitoring and control algorithms based on the explicit mathematical
model s, expertodés knowledge or intelligent sys

causedy the vibration behavior and static deflection of the wire.
2. Experimental Details

The experimental studies were performed on a CONCORD DK7720C WEDM machine.
Different settings of five controllable factors such as polséuration, current, Bed spegdyse
off duration, and flush rate were used in the experiments, while wire tension and Servo voltage
were kept constant throughout the experiment. The value of wire tension is fixed to 1500gf and

value of servo voltage is fixed to 100V.

Molybdenum wie with 0.18 mm diameter was used as wire electrode in the experiments.
A block of square cross section having di mens
thickness/ height of the wor k pi?)anwdéheanglsaud 0 mm
was vertical. The gap between wire and work piece was 0.02 mm and was (constantly) maintained
by a computer controlled positioning system. After considering the machining conditions, control

factors and their four levels were chosen as shown in Table
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Table 1 Control factors and their levels

Control Factors Level
I Il [l v Unit
Pulseon (Pon) | 16 | 20 | 24 | 28 Os
Current (C) 3 4 5 6 A
Bed speed (BS)| 15 | 20 | 25 | 30 Om/ g
Pulseoff (Poff) 5 7 9 11 Os
Flush Rate(FR)| 1.2 | 24| 3.6 | 4.8 | Lit/min

The dimensional accuracy was measured using a digital micrometer having least count
0.001mm (1 micron). By measuring the dimensions of the machined part at three different

positions along the length of the work piece, the error was calculated. The maximatrodasi

considered as the response variable. To evaluate the volumetric material removal rigggmm

the machined volume was calculated and divided by the elapsed machining time.

Vol umetri

c

Mater.

a l

Re moval

Diameter of the Molybdenum wire = 0.18 mm.

Spark gap = 0.02 mm.

Wire entry & exit length = 1.5 mm.

The

absolute deviation from the average surface level using aydarf E35A portable surface

measuring unit. Among various parameters available in the surface measuring instrument, the

aver age

surf ace

roughness

v al

ue

R a.5) éTime take@ . 0 9

R a

(

+

0

parameter Ra was considered in the present study. Surface roughness along the length and across

the length was measured. Generallyfatg roughness is measured parallel to movement of the

wire. In the present study, roughness was measured along both parallel and perpendicular to the

direction of the wire movement in machining. The maximum dimensional deviation and surface
roughness areonsidered for the analysis. The traverse length considered for the measurement of
surface roughness was 12.5 mm along the length and 6 mm across the width of the work sample.

The dimensional error is checked on points along Y1Y2 direction and the stotapmess is

measured along X1X2 direction over a sampling length of 6 mm as shown in Figure 1.
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Figure 1 Measuring directions

For microstructure analysis, JOEL 6510LV Scanning Electron Microscope (SEM) was

used.
3. Multi -Objective Optimization Problem (MOOP) & Genetic Algorithm (GA)

As the name suggests, a Muibjective Optimization Problem (MOOP) deals with more
than one objective function. A mulbbjective optimization problem has a number of objective
functions which are to be minimized or maxindz&here are several mulbibjective optimization
techniques used for this purpose. It was decided to select Genetic Algorithm (GA) for the present
work. They operate on a randomly generated population in the search space simultaneously and
perform aglobal optimization by the three genetic operations, ie., selection, cross over and
mutation. According to evolutionary theory, only the fittest suited elements of a population can
survive and generate offsprings, there by transmitting their biologicadifyeto new generations.
The evolution starts from an initial population of completely random individuals represented in
binary strings of 06s and 16s and are invol ve
target is to minimize the Dimensial Error and Surface Roughness and maximize the material
removal rate. Accordingly, the objective function for the optimization problem considered here is
defined as f (objective) = DE+SMRR [5].

4.Results and Discussions

The data pertaining to paranmetmfluence on dimensional deviation, surface roughness

and material removal rate are presented in the Table 2.
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Table 2 Parametric influence on DE, SR and MRR

Run | Pulseon | Current| Bed Speed| Pulseoff duration Flush | Dimensional | Surface MRR
duration| (A) ( Om/ ¢ ( 0s) rate Error Roughness (mm?® min)
( Os (lit/min) (Om) |Ra (0§
1 16 3 15 5 1.2 2 2.08 3.338
2 16 4 20 7 24 10 2.27 3.926
3 16 5 25 9 3.6 22 2.35 4.8
4 16 6 30 11 4.8 24 2.48 6.08
5 20 3 20 9 4.8 28 2.36 3.338
6 20 4 15 11 3.6 30 2.44 3.204
7 20 5 30 5 24 3 243 7.023
8 20 6 25 7 1.2 8 25 6.407
9 24 3 25 11 24 16 2.49 4.76
10 24 4 30 9 1.2 10 2.6 5.002
11 24 5 15 7 4.8 6 2.7 3.4
12 24 6 20 5 3.6 4 2.7 6.086
13 28 3 30 7 3.6 10 2.85 7.4
14 28 4 25 5 4.8 6 2.47 6.389
15 28 5 20 11 1.2 16 3.06 5.186
16 28 6 15 9 24 12 3.02 4.337

The values indicated are the average of 3 readings (trials). With lower levels of machining

parameters, the experimental value shows the least deviation.
4.1 Parametric Influence on DimensionaError (DE)

Response plots on dimensional deviation are shown in Figure 2. Higher Signal to Noise
(S/N) ratios are for minimizing the target (dimensional deviation) ie, minimum deviation in

dimension can be obtained with higher S/N ratios.
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Main Effects Plot (Data means) for SN ratios
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Figure 2 Respae plot on Dimensional Error

Among the machining parameters, Puideduration and Flush rate influence most on
dimensional deviation. With smaller Puls# duration and Flush rate, greater control on
dimensional deviation can be obtained. Also with I#naBed Speed, an improvement in
dimensional deviation control can be obtained. Regarding#®ulseration and Current, medium

range exerts better control.
4.2 Micrographic Observation

Basic microstructure of HDS (before machining) and the cross sadftispark eroded
HDS materi al with conditions | eading to highe
and 4 respectively. The basic microstructure clearly shows finely dispersed carbides with Ferrite

boundary ensuring medium hardness.
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fine & uniform distribution of carbides gradation of coarser structure Hr; ‘

Figure 3 Microstructure of HDS (before machining) resolidified layer
Figure 4 Typical HAZi Micro structure of

sample6 (conditions leading to higher

dimensional error)

Figure 4 shows relatively thicker (20 €& m)
resolidified layer is relatively neoniform containing solidified loops Also relatively coarser
structure below the resolidified material can be seen, accounting for the heat affected, coarsening
of the material. This results in reduction of hardness/strength of the material in the surfammal reg
(below the white layer). Typical micro hardness variation over the cross section of the eroded

specimen machined with conditions leading to higher dimensional deviation is shown in Figure 5.

SPECIMEN NO. 6(HDS)

400
375
350
325

300 -} \\,\\ — "
275 ~

250
225
200 T T T T T T T T

50 100 150 200 250 300 350 400 450 500
Distace from the surface in micro

—e— Micro Hardness e

Micro Hardness HV
(kaf/mif)

Figure 5 Variation in Microhardness

The surface has been spark hardened with the substrate experiencing a reduction in
hardness possibly due to coarsening of the material and over heating. This gradient in hardness
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affect the performance of this material. Medium pweeduration, current @ahhigh pulseoff

duration result in such a variation.

4.3 Parametric Influence on Surface Roughness

Typical monitored response plots on surface roughness are shown in Figure 6.

Main Effects Plot (Data means) for SN ratios
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Figure 6 Response Plot on Surface Roughness

It is seen thapulseon duration and current exert visible influence on surface texture,
followed by pulseoff duration. Bed speed and flush rate are seen to influence only marginally.
Comparing the optimized parameters for controlled dimensional deviation and suxface, te
distinct difference in the value of pulsea duration, bed speed and flush rate can be seen. While
higher pulseon duration is recommended for error control, minimum patse&luration is for
surface control, smaller current value for texture contaoer bed speed and flush rate for texture
control. Thus it can be inferred that unlike the dimensional tolerance control/error toleranced
machining, for attaining good surface texture preference is for smallerquuidearation, smaller
current, smallepulseoff duration and higher flush rate.

4.4 Parametric Influence on MRR

The response plots indicating the parametric significance with regards to MRR are shown

in Figure 7.
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Main Effects Plot (Data means) for SN ratios
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Figure 7 Response Plot on MRR

The parameters that influence materenoval rate are pulsen duration, current, bed
speed and flush rate. Flush rate exerts a moderate influence on material removal rate while bed
speed has a direct influence in a positive manner. fotiisiration has a negative influenthe

optimized paameters on DE, SR and MRR are illustrated in Table 3.

Table 3 Optimized parameters on DE, SR and MRR

SI No. Control Factors Optimum level | Optimum level |Optimum level on Unit
on DE on SR MRR
1 Pulseon 24 16 28 Os
2 Current 5 3 6 A
3 Bed Speed 15 25 30 Ol s
4 Pulseoff 5 5 5 Os
5 Flush rate 1.2 4.8 3.6 ltrs/min

The values are typical for rough machining conditions facilitating higher MRR. It is seen

that upper bound values of MRR tend to progressing rise with high-palsembination, which

lower bound values tend to increase marginally. Comparing the optinaages for dimensional
deviation, surface roughness and material removal rate, it is seen that for control of dimensional
deviation and higher MRR, relatively higher puts®duration is recommended, while for surface
finish medium pulsen duration is resmmended. Also higher current is recommended for
dimensional deviation control and higher MRR. All criteria call for least poifis@uration. Higher

Flush rate is recommended for surface finish; it can be inferred that higher beam intensity is for
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MRR anderror control while medium intensity and higher flush rate (facilitating debris/shorting

free electrode gap) for finish control.

4.5 Regression Model

The statistical analysis of data pertaining to parametric influence on dimensional deviation,
surface raghness and material removal rate results in equation 1, 2 and 3 respectively. The
regression coefficient (R squared = (Residual Sum of Squares) / (Corrected Sum of Squares))

for the above said equations are 0.889, 0.882 and 0.880 respectively.

DE = 7. 976-on?™ T C%¥] 03B E  -off 10T FRO¥ - (1)

SR 0498 -on%¥f] 015 01809  offP?0% T  0R  (2)

MRR =0.0861 P-on %# 1 C %3] BS 083 | poff 025 FRO% - (3)

Regression analysis on dimensional deviation (equation 1) shows thabRuseation
and Flush rate exert positive/direct influence on dimensional deviation, whiled?tuthgration,
current and Bed Speed exert an inverse influence. From the regrasalgsis on S/R (equation
2), it is seen that all the parameters barring flush rate exert a direct/positive influence on surface

roughness.
4.6 Multi -Objective Optimization Using Genetic Algorithm (GA)

The dependant parameters/performance evaluation ptmare Dimensional Error
(DE), Surface Roughness (SR) and Material Removal Rate (MRR) which are the functions of
independent parameters Putseduration (Pon), Current (C), Puls#& duration (Poff), Beespeed
(BS) and Flushing Rate (FR). So a functlmas been generated in relation between the various

dependant and independent parameters of the following form.ie.,
DE =F1 (Pon, C, Poff, BS, FR),
SR = F2(Pon, C, Poff, BS, FR) and
MRR = F3 (Pon, C, Poff, BS, FR).

This functional relabn is obtained by performing multiple linear regression analysis. In
this problem, the target is to minimize the dimensional deviation, surface roughness and maximize
the material removal rate. Thus the problem formulation becomes aabjdttive optimzation
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considering the above three objective functions [6]. The robjgctive optimization is done using
genetic algorithm in which the objective function is defined as a composite functions of the above
three, defined as obj = DE+S9RRR. The objectiveudnction is minimized by executing the GA.

The convergence history or fitness characteristics of the GA is illustrated in Figure 8. It is clear
from the figure that no substantial change in the fitness value is observed after 40 generations. This
indicatesthat, the parameters have reached the optimum values ensuring minimum dimensional
error, surface roughness and maximum material removal rate. The values are shown in Table 8. In

executing the GA, the following values of input parameters are used [7].

Popuhtion size = 100

Number of variables =5
Probability of crossover = 75%
Probability of mutation = 5%.

The lower and upper bound/level of these process variables used in the optimization

procedure are respectively given by

IB= [16 3 15 5 1.2
UB= [28 6 30 11 4.8]

The convergence history of the fitness value is regularly monitored as the generation
proceeds and the algorithm is terminated when the fithess value reaches at threshold consistent
value for a certain number of generations. However the optimized parameter values can change if
any of the desired performance indicators (DE, SR or MRR) is given weightage. The optimized
parameters for the function with equal and more weighting forefigonses are shown in Table
4.
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Table 4 Optimized values and attainable values

SI No. Dependant Equal weighting for | weighting for | weighting for
parameters weighting DE SR MRR
1 Pulseon 27.995974 27.997039 16.25252 28.002
duration
2 Current 5.999558 5.997720 3.099925 6.0070
3 Bed speed 29.992016 29.987529 15.25652 30.003633
4 Pulseoff 5.012633 5.002980 5.652555 5.002408
duration
5 Flush rate 4.754172 1.201789 1.205286 4.800906
Attainable DE =3.76 DE =217 DE =5.71 DE =3.76
SR =4.23 SR =4.26 SR =283 SR =4.23
Values MRR=9.04 MRR=8.71 MRR= 4.96 MRR=9.84
Experimental Values DE =3.06 DE = 2.05 DE =5.20 DE =3.25
SR =3.13 SR =4.28 SR =2.63 SR =4.15
MRR=9.84 MRR=7.92 MRR = 4.66 MRR=9.95
ForagivenweightingoDE, t he objective functi-MRR. i s ch.

The corresponding fitness characteristics is shown in Figure 9. A reduction is observed only in
flush rate level. When the weighting is given for SR the objective function gets modified as obj =
D E + S R-MRR) Pulseoff duration remains steady with its lower value and all other parameters
are showing a downward trend. Further, with weighting on MRR, and the modified objective

function obj = DE+SRMRRT 1 0 . appevetsci abl e chan

There i s no
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The confirmation run was conducted taking into account the robjgctive optimized
parameters for the HDS material. It was found that the machpenigrmance was improved
and the experimental values are correlating well with the theoretical values/attainable values

as shown in Table 4.

With equalweightingfor end parameters, the dimensional error estimated using the
genetic algorithm is 3.76 nwhile the experimental value is 3.86mThe estimated value of
surface roughness is 4.23mwhile the experiments gave the result of 3181 The actual
material removal rate was 9.84m*/min while the calculated value gave only 9.0 /min.

All the three parameters indicate marginal difference between theoretical prediction and

experimental results.

In the next step, weighting was given for dimensional error by modifying the algorithm
and was subjected to close scrutiny. Here, the estimated and expetivadmés of accuracy
were 2.17¢ mand 2.05¢ nrespectively. The surface roughness was 4.26and 4.28¢ m
respectively indicating very close relation between end results. However, the volumetric
removal rate fell drastically from 8.7thm®min to 7.92mm®min indicating a clear loss in
MRR.

Further,weightingin the algorithm was given to surface roughness. The accuracy was

changed from 5.7% nto 5.2¢ nbetween theoretical and experimental values. The surface
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roughness was very proximate and varied to 2.68rom 2.83¢ m There was a positive

decline in the material removal rate from 4186¥/min to 4.66mm/min.

Finally, the algorithm was modified givingeightingto material removal rate. As was
done in the previous cases, the theoretical values were wtethjsing the algorithm and
verified with the laboratory results for its consistency. The accuracy weree 3nahd 3.25
€ nrespectively. The surface roughness was 4.2fand 4.15% mand material removal rate
changed from 9.8m*min to 9.95mm3min.

While confirming the validity of the Genetic Algorithm, the tabulated statement

reveals the following.

1. The algorithm developed can be used as a flexible tool for controlling the end
parameters.

2. The algorithm can be used to provide priority for parametersuitably changing the
index, there by the weightage.

3. Higher surface finish can be obtained only at the expense of the material removal rate.

4. The MRR can be augmented only by sacrificing the dimensional accuracy/surface

finish.

5. Conclusions

The followingare the important conclusions drawn from the present work.

U It is preferable to adopt larger spark intensity in terms of higher qounls#uration, low
pulseoff duration, high current, low flush rate and ksmked for reducing dimensional

deviation in theerosion of HDS material.

U Lowpulseon duration (16 Os) -dfofw dcwrrateinan ((35A)0s
speed (15 Om/s) and |l ow flushing rate are t

production.

U High MRR can be attained by adopting Ihigpark intensity parameters, high isbed

and medium flush rate.
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Multi i objective hybrid optimization has shown that withpussa = 28 Os, Cur r ¢
Bedspeed = 300f0m/=,5 Plsl saend fl ush rate of 4.
for good erosion of HDS material.

HDS machined with low level of erosion parameters has shown a HAZ containing thin

white layer of resolidified material and thermally softened substrate material.

The thickness of the white layer in HAZ, spark hardening antsenmg of the substrate

are directly related to spark intensity.

Minimum pulseoff duration is ideal for better dimensional accuracy, surface finish and

high material removal rate
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FACILITY LAYOUT OPTIMIZATION USING FUZZY WEIGHTED QUADRATIC

ASSIGNMENT PROBLEM (FQAP): A CASE STUDY UNDER A COMPANY
Bet ¢ T, Atatarkiunigdrsity b.turanoglu@atauni.edu.tgokay Akkaya, Ataturk University,
gakkaya@atauni.edu.tr

ABSTRACT

Facility layout directly affects the material handling costs of a company. Material handling
costs are a major part of the total production cost. The most important objective of the facility
layout problems is to minimize the material handling cost. Thtemaahandling cost is stated as
multiplication of the distance, the volume of handled products and the unit cost of the material
handling between the facilities or departments. Because it is difficult to change the volume of the
production, most facilitydesigners focus on reducing the distance between the facilities or
departments. In this paper, two different facility layout altenatives are implemented for a company
which produces tubes. The total facility layout area of the company is divided int@espsgand
assigned to the existing departments by solving the classic Quadratic Assignment Problem (QAP)
formulation in GAMS mathematical programming language. Additionally, activity relationship
schedule between departments are expressed as fuzzy awantarsed in objective function of
QAP. The results obtained have shown that fuzzy weighted Quadratic Assignment Problem
(FQAP) solution have been better classic QAP.
Keywords: Facility layout, QAP, Fuzzy weighted QAP, Fuzzy logic

1. Introduction

Facility layout design problems are commonly studied by thepudbynomial hard (NP
hard) optimization problems. Facility layout design means planning for the location of all
workstations, machines, service areas, material and other storages, restrooms, mgjchroo
drinking fountains, offices, etc. within the buildings [1]. The facility layout problem determines
the physical organization of a manufacturing or service system, which is the moststigkéd
combinatorial optimization problem. It is concerned wittding the most efficient arrangement
of m indivisible departments with unequal area requirements within a facility [2].

The facility layout design is a key to improving the productivity of a production system
[3]. Its objective is to minimize the totabst relationships among the departments, machines and

facilities [4]. Additionally, an efficient facility layout can reduce the manufacturing lead time [3].
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Conventionally, the effectiveness of layout problems has been attributed to the flow of materials
The material handling cost is

commonly used to evaluate alternative layout designs. The location of facilities in a
production system is determined under the criterion of material handling cost minimization [5].

The objective function for minimizing ¢htotal material &ndling cost is given by [6]:

SN

a adij-fij-(ﬁ

=1 4],
n= the number of departments;
fij= the total flow between department I and
dij=thedi st ance between department I and j, where
cij= the cost for moving per unit materi al

The arrangement of the facilities in the se

in general. Facility layout is known to have an important effect on manufacturing costs,
productivity, etc. A welldesigned placement of the facilities contributes to the effectiveness of
processes and can reduce the total operating expenditures up t0]50% [1

The facility layout problem (FLP) is the most studied combinatorial optimization problem
in a facility layout design [7]. The various methods and approaches are used for solving FLPs in
the literature. Some of these use several heuristics such as tiegic galgorithm
[8,9,10,11,12,13,14,15,16,17,3,18,19] simulated annealing [5,20,21,22], the hybrid heuristics
[23], the ant colony algorithm [24,25,4,26,1,27,23,19], the Quadratic Assignment Problem
[28,29,30,31,27,32,19,33], the simulatibased techniqeg34,35,36].

In this study, we have assumed that the total facility layout area of the company is divided

into equal areas and assigned to the existing departments of these equal areas by solving the QAP

and FQAP in GAMS mathematical programming language.

2. Industry Application

2.1. Improving the Layout Alternatives Using the Classic QAP and Fuzzy Weighted QAP
The facility layout design problem is a largely studied-polynomial hard (NFHard)

combinatorial optimization problem [1]. QAP was introdubgd&oopmans and Beckman in 1957

and a NPHard problem [25]. The QAP is a significant combinatorial optimization problem in
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theory and practice. Many problems (backboard wiring, campus and hospital layout, etc.) can be
formulated as QAPs. The QAP can beinkedl as the problem of assigning a group of pieces to a
group of facilities or departments with given distances between the facilities or departments and
flows between the pieces. The goal is to place the pieces on facilities in such a way that the total
material handling cost is minimal [32].

The Quadratic Assignment Problem is a variety of assigning problem often seen in facility
location and layout studies. The basic difference of the Quadratic Assignment Problem from the
classic assignment problem isathin the Quadratic Assignment Problem there is interaction
between assigning pairs, leading to a-tinear objective function. Facility layout problems are
problems that needed the assessment of various flow relationships and in the literature the
Quadraic Assignment Problem is frequently used for solving these problems. The Quadratic
Assignment Problem is one of the most difficult problems in thdnalie class, which implies that
finding a polynomial time algorithm to solve it is unlikely [28]. Indedlde computational
complexity of QAP is such that even instances
current exact approaches [38].

The QAP initial formulation is due to Koopmans and Beckman, where the cost of assigning
facility i to j andof facility k to location | is fik.djl with fik denoting the material flow per unit
time between facilities i and k and djl denoting the distance between locations j and |. Define xij
to be 1 if facility i is assigned to location j, and O otherwise [3Bg formulation of the QAP is
as follows:

Minimize = g f,.d,.% .X

ijki=1

%1 {03
The application of this study is to assign existing departments to equal areas by solving the above
QAP formulation in GAMS mathematical programming language if the total facility layout area
of the company is divided into equal areas.

The inputs and thassumptions of the problem are as follows:
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0 The production area to be designed for the company includes seven departments.
These are raw material storage, press department, weld department, supplier manufacturing
department, mechanical test departmentsii department and storage.

0 The fromto chart which shows the volume of handled products between the
departments is given by Table 1. This chart has been created for monthly average production
capacity of the company. Furthermore, each value of thid blaa been implied as strongbox
number which is executed back and forth between the departments because materials are handled

by strongboxes.

Table 1. The fronto chart

Departments Departments
1 2 3 4 5 6 7

1 0 200 0 0 0 0 0

2 0 0 300 67 0 0 0

3 0 0 0 0 0 2500 0

4 0 0 100 0 0 0 0

5 0 0 0 0 0 2500 0

6 0 0 0 0 2500 0 2500
7 0 0 40 0 0 75 0

0 The total facility layout area of the company is divided into equal akeasrding
to this, the total area (1350 m2) assigned to the departments have seven equal areas, each one about
192.8 m2. For each department, the area needed is no more than 198.2 m2 (Fig.1).

Figure 1. The total facility area
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[] The distances betweehease areas are rectilinear distances between the centres of

gravity of these areas (Table 2).

Table 2. The rectilinear distances between the locations (meter)

Areas 1 2 3 4 5 6 7

1 - 15 30 16.875 | 28.125 | 39.375 | 50.625
2 15 - 15 31.875 | 32.675 | 32.675 | 31.875
3 30 15 - 46.875 | 37.5 20.625 | 16.875
4 16.875 | 31.875 | 46.875 | - 15 225 30

5 28.125 | 32.675 | 37.5 15 - 15 22.5

6 39.375 | 32.675 | 20.625 | 22.5 15 - 15

7 50.625 | 31.875 | 16.875 | 30 225 15 -

The number of facilities of this layout problem we have discussed is fewer. Because of that,
the solution is reached by the QAP model in a matter of seconds. Under the specified constraints,
at the end of 21 iterations, the optimumueaof the objective function has been found to be
1631057,5. According to the solution, variables Xij that takes value 1 are: X13, X24, X32, X41,
X55, X66, X77 . Therefore, the assignments are as follows; raw material storage to location
number 3, pressegartment to location number 4, weld department to location number 2, supplier
manufacturing to location number 1, mechanical test to location number 5, finish department to

location number 6 and storage to location number 7 (Fig.2).

Figure 2. The newayout by solving the QAP model

Supplier Weld Faw
ML Material
Storage
Prezs ML Test Finizh Storage
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Fuzzy set theory was proposed by Zadeh in 1965. A fuzzy set is a set with a straight limit
which permits a partial membership. Consequently, the concept of a membership is a degree which
reflected as a number between 0 anWe have accepted triangular fuzzy numbers for qualitative
expressions used in an activity relationship schedule. As shown in the Table 3, in this study,
gualitative expressions used in activity relationship schedule between departments are transformed
into triangular fuzzy numbers as =(I,m,u). These fuzzy numbers are clarified using the formula in
equation (1) and added as a multiplier (wik, fuzzy relation weight between department i and
department k) to the objective function of classic QAP. Conssréam fuzzy weighted QAP are
as classic QAP model.

P() =M = (I+4m+u)/6 (2)
Table 3. The triangular fuzzy numbers corresponding to qualitative expressions

Qualitative expression Triangular fuzzy number
Absolutely necessary (A) (8,9,9)
Especially important (E) (6,7,8)
Kmportant (1) (4,5,6)
Ordinary closeness (O) (2,3,4)
Unimportant (U) (1,1,

In Table 4, 5 and 6 respectively activity relationship schedule betdepartments,
activity relationship schedule which is expressed as triangular fuzzy numbers and activity

relationship schedule which is clarified are shown.

Table 4. Activity relationship schedule between departments

Departments Departments
1 2 3 4 5 6 7

1 U O] U U U U U
2 O U O] U U U U
3 U O] U O U E O
4 u U O] U U U U
5 U U U U U A U
6 U U E u A U E
7 U U 0] u U E U

64



International Conference on Industrial Engineering and Technology Management
Dallas, Texas- April 7-9, 2017 CONFERENCE PROCEEDINGS- ISSN 2572-1887

Table 5. Activityrelationship schedule with triangular fuzzy numbers

Departments Departments
1 2 3 4 5 6 7

1 (1,1,2) (2,3,4) (1,1,2) (1,1,1) (1,1,1) (1,1,2) (1,1,1)
2 (2,3,4) (1,1,2) (2,3,4) (1,1,1) (1,1,1) (1,1,2) (1,1,1)
3 (1,1,1) (2,3,4) (1,1,2) (2,3,4) (1,1,1) (6,7,8) (2,3,4)
4 (1,1,1) (1,1,2) (2,3,4) (1,1,1) (1,1,1) (1,1,2) (1,1,1)
5 (1,1,1) (1,1,2) (1,1,2) (1,1,1) (1,1,1) (8,9,9 (1,1,1)
6 (1,1,1) (1,1,2) (6,7,8) (1,1,1) (8,9,9) (1,1,2) (6,7,8)
7 (1,1,1) (1,1,2) (2,3,4) (1,1,1) (1,1,1) (6,7,8) (1,1,1)

Table 6. Activity relationship schedule which is clarified (wik)

Departments Departments
1 2 3 4 5 6 7

1 1 3 1 1 1 1 1
2 3 1 3 1 1 1 1
3 1 3 1 3 1 7 3
4 1 1 3 1 1 1 1
5 1 1 1 1 1 9 1
6 1 1 7 1 9 1 7
7 1 1 3 1 1 7 1

As in classic QAP, fuzzy weighted QAP has been solved in GAMS. Undspé#uified
constraints, at the end of 21 iterations, the optimum value of the objective function has been found
to be 1240371,250. According to the solution, variables Xij that takes value 1 are: X17, X24, X32,
X41, X55, X66, X73 . Therefore, the assignnseate as follows; raw material storage to location
number 7, press department to location number 4, weld department to location number 2, supplier
manufacturing to location number 1, mechanical test to location number 5, finish department to
location numbe6 and storage to location number 1 (Fig.3). Compared to classic QAP solution, it
is seen that raw material storage and storage are replaced. Despite this small change, there has
been a reduction of about 24% in the objective function. This means aioecafdransportation
cost of 24%.
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Supr Weld Storage
M.
AL o Raw
Press Test Finish Material
Storage

Figure 3. The new layout by solving the fuzzy weighted QAP model

3. Conclusion

The facility layout problem is one of the wsliudied problems in the field of combinatorial
optimization. We have implemented two different layout alternatives for a company which
produces tubes in this study. We have solved the QAP formulation in GAMBematical
programming language. The QAP and fuzzy weighted QAP formulation have been traditionally
used to model the facility layout problem. However, the solution time increases exponentially with
the number of facility in a facility layout problem. Treéore, it would be logical to use heuristic

methods (such as genetic algorithms, simulated annealing, tabu search) fecédegeroblems.
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ABSTRACT
This research portrays the robot arm design using SolidWorks CAD for FAMU

Humanoid Robotic Arm and develops a decisioaking process for selecting the best set of smart
servo motors considering weight, cost and lifting capacity. This resdalbdraes Profile Model,
Checklist Model and Analytical Hierarchy Process for motor selection. Lastly, the LP and NLP
models are used to find optimal set of motors. The results show that this decision making procedure
is effective yet efficient for not opthe motor selection process but the selection process in various
area with many candidates.

Introduction

Robotics is the discipline concerning the robot control, design, and application in industry.
While designing robot arm with multiple degrees of freedom, the Torque required at each joint to
lift the assumed load varies according to the geometrical paesnet arm components, the
weightof components and also the weight of preceding motors. It becomes very teditioseand
consumingprocess for designers to selectagtimal set of motors considering multiple criteria
such as cost, weight, stall torquéffatent brands of motors in thmarket voltage ratings and
range of lifting capacities at the same time.

The TAMU-K Humanoid Robot Arm as seen in the appendix was designed in 2015 [1],
however, does not have a gripping mechanism integrated withiniit l#tsd350 grams of weight.
Hence, the version 2 was designed with addition of gripper. The CAD and FEA analysis results
showed 1000 grams of load without any component failure. However, the estimated cost was
higher than the original for all componeifsnew design. So, this research begins with the cost
estimation of the version 2 and lastly develops the version 3 and the version 4 by Breeisiog
process and Mathematical Programming models respectively. Details of the version 1 are
presented inhie Appendix 1.

Literature Review

Dr. Saaty gave the example of selection of best vendor through AHP considering factors
suchass uppl i er s 6 p rcasband materigl qualityaRarking had been given per the
importance of factors and final besteomendor which is the best combination of all factors is
selected to supply material [2]. Generally, AHP technique evaluates the distinction of values

between the options deliberately. The issue is separatedubttomponentsnside lower levels

71



International Conference on Industrial Engineering and Technology Management
Dallas, Texas- April 7-9, 2017 CONFERENCE PROCEEDINGS- ISSN 2572-1887

to sortout the fundamental rationality ardterward,the prioritiesat every level are evaluated
utilizing pairwise comparison predictions. Similar methodology has been followedsaldotion
of electric drive system for hybrid vehicles [4].

Another similar aproach called Fuzzy AHP has been elaborated in supplier selection
problem in one of thgear motocompany [3]. This research suggests that fundamental AHP does
exclude dubiousness for individual judgments, and thus fuzzy logic approach could be used for
enhancement. At the time of solving thi®blemof selection of automobile purchase model [6],
another methodological expansion of the AHP is implemented by concentrating on two issues.
First,consolidates pairwise correlation with a spreadsheet method utilizing rating scale of 5. While
doing implementation and rankings they made two groups of managers who answered about their
satisfaction with automobile. Then synthesized priorities and n@mnbere tabulated and the
consistency ratio (C.R.) isused as the decisnamk er s6 wei ghts. At the en
sensitivity analysis has been carried out. The resuliertditivity analysis matched with AHP and
the best is selected #ge best choice. While researching on best Fuel selection imtakket Dr.
Keswani and A.Damle used AHP approach [5]. Here three significant criteria namely fuel
economy, pick up of vehicle and pollution from thehicle were considered. They put these
criteria in thehierarchyof relative importance.

InBr e diprojea seledion process [7], Project Saturn has a higher risk rating for its
anticipated return than other projects. Since Project Mercury offers us a 16% rate of return and at
the same time shaa lower risk thathe current efficient frontier, it is considered as an alluring
choice and a superior option than Project SafTine. efficient frontier serves aecisionmaking
guide by building up the limit level of risk versus reward choices thfattare selection decisions
must be assessed against. Inagaseof Invariant coordinate selection (ICS), introduced by Tyler
et al. (2009) together with a owémensional variant called projection pursuit (PP) [9] common
location measure is utilized deigenvectodecomposition is carried out to correlate the data.

In general, typical project selection models neglect the project scheduling. However, for a
research on contractor selection problem based on project scheduling under uncertainty [11], it is
proven that it is one of thmeasuresf candidate selection. While validating results in Innovative
Artificial Neural Network (ANN) model [10], author calied theR? value to check the

correlationbetween MLP input and output. It concludédtfinest performances during training
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and validation are the outcome of a repeated trial and error process, matching the properties of
learning ability of the nodesd the simplification capability of the layers [10].
Methodology

From Cost and weight analysis of the version 1 and the version 2, the tuswefsion 2
is $410 higher than that of tipeeviousdesign. Similarly, theveightof new design is also getting
increased by 177 gm. However, it lifts 1000 gm of weight which is 650 gm more lifting capacity
than the version JAs seen in comparisons of two versions, once lifting capacity is increased, the
overall weight and the manutacing cost are increased. In general, three major factors, such as
cost, lifting capacity, and the weight, in a robot arm design are correlated, so this research
discusses, first of all, the correlation using the regression analysis and, next, the sgddntiain
process, which increases the lifting capacity without increasing the cost and. weight
Regression and Correlation Analysis for Weight, Cost and Lifting Capacity

Thirty-four different sets of motors are selected from th&itght motors whichinclude a
variety of brands of motors with @ariety of voltage ranges. The motor and set details are in the
Appendix 2 and Appendix 3 respectively. Lifting capacities ranging from 400 grams to 1200 grams
with anincrementof 50 grams were considered. Whilectting the set, motors which have less
cost for calculated torque were selected. However, for decidirsgtomdset, the priority is given
for motors with lower weight. Each set has six motors for three joints of robotic arm namely
shoulder, elbow and et i.e. two motors on each joint.

To ensure that all three considered variables (cost onther, weight of motor and lifting
capacities) are correlated to each other, the regression analysis has been performed using Matlab
with the following hypothsis,

Ho: Two variables are NOT related.

Hi: Two variables are related each other.

The Matlab output gave thalueof the correlation coefficient of respective variables. The

values from the output are tabulated below.

Table 1: Output values froMatlab- Correlation coefficient
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Variables compared in Matlab Matlab Output - (R Value)
Lifting Capacity Vs Cost of motors 0.9461
Lifting capacity Vs Weight of Motors 0.9171
Weightof motors Vs Cost of motors 0.8656

From t he Pear wloeaspass the test,|sehhs baen tejecked in each case.
This proved that all the three combinations of variables are correlated. After this, scatter point
graphs for 34 sets of all three combinations were plottadatyzethe datahroughprofile model.
Profile and Checklist Models for narrowing down the candidates

In the profile model, this research sets the limits for the lifting capacity (more than 400
gm), cost (less than $1,081) and weight (less than 451 gm), so that it allows\gedebgtter
option. All the limitations are marked on graphs in dotted lines and the sets which fall inside these
boundary limits were takeinto consideration for profile model. Sets which are closely related are

taken into same group and best sets antdhgggroup were selected.

Lifting capacity Vs Cost of motors Lifting Capacity Vs Weight Of Motors

750 800 B0 900 950 1C
LIFTING CAPACITY (GRAMS)

1060 1106 186 1200 1280 :
50 500 550 600 650

Weight of Motors Vs Cost of Motors

LIFTING CAPACITY (GRAMS)

(c)
Figure 4: Profile Model: (a) Lifting Vs Cost (b) Lifting Vs Weight (c) Weight Vs Cost

Table 2shows selected good sets from above three scatter plofBabtel 3represents
checklist model for selected good sets from profile model. Hrabde 3 it is clear that the set 5
is selected in all three graphs; the set 10 is selected in both liftingityays cost of motors and

lifting capacity vs. weight of motors plots. Similarly, the set 26 is also selected in two graphs. So,
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set 5, 10 and 26 are considered for the Analytical Hierarchy Process. However, all the remaining

sets are selected only oraad it is tough to decide which one to select for the AHP process.

Table 2 Li=t of zelected sood Table 3: Checklist Model for selected

candidates: from Prﬂﬁ]e I:I:I:"_'ld-E.'I._ all gODd candidates from Profile Model
Sers LViC LVsW W Vil
Selected good candidates per Profile . X

Group LVs(C LVsW WVs (oL S x x

1" Zat 3, Sat 7 Zat 5 Set3, Betl T [

i Set 10, Set Se1ll et 8, 5=t 10 [Get & X

3™ et 19 Set20 Set 13, Sat *

4" Set 23 Set 26 -

F Set 26, Set - - .

HEEEEEEEEEE

To decide which sets are better, the pairwise comparison based on the checklist model is
followed as seen in the table 3. Fpairsof setsareformed. To form the paithe closely related
sets are considered e.g. paisét 7,8; pair 2set 11,12; pair-3set 13,15; pair-4set 19,20; pair5
set 13,26. Then, two sets in pair are compared at the same time in all the three plots and if any set
is getting selected in motlkan one plot then that set is finalizedtss besset in the pair. The sets
8, 12, 15, 15 and 26 are selected as candidates from the five pairs. To select the best candidate, the

Analytical Hierarchy Process has been implemented.
Analytical Hierarchy Process for Selection of Best Candidate

First of all, the pairwise comparison of all three criteria (lifting capacity, weight of motors

and cost of motors) is performed with the scale-8fshowing thdevel of importance.

# OEOAOE#A OQOE £HBD & ARG HED O1 OO
& #1 00 P v

w &y
&, EEDEDEA U p o &
7AEGHE O Opiw p¥o p
& 30i P& p p 0 o pao 0]

The priority vector displays the relative weights among considered criteria. The criterion
with the highest priority is the cost of all motors 74.82%. The second is thg kftpacity of the
arm 18.03% while the least on the list is the weight of all the motors with 7T@%astify that
the opinion is consistent, it is required to check consistency index (C.l.) and consistency ratio
(CR)Ther efor e, Conmi mineln=¢3y0464 B)dFE & = 0:023@ Geonsistency
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Ratio =0 Q( g heconsistency ratio i4% which is smaller than the limit of 10% which validates

that our evaluation is consistent.

To select the best set, the paired comparison of selsetedrom the profile model is

performedTable 3shows rankings assigned for seven selected sets from profile model.

Table 3: Ranking according to the criteria

Set# | Costof motors| Lifting Capacity | Weight of motors
Set 5 9 1 9
Set 8 8 3 7
Set 10 6 4 7
Set 12 5 5 6
Set 15 4 6 4
Set 20 3 7 5
Set 26 1 9 3

Table4 shows the weights of the criteria after tr@rwisecomparison. The set 5 with the

highestsum of 0.2587 is concluded as best set with AHP technique.

Table 4: Set of motors wittorresponding criteria weights

C W S S S S S S S
riteria eight etb et 8 et 10 et 12 et 15 et 20 et 26
o Ofc 0 0 0 0 0 0 0 0
7482 3051 | 2755 | 1342 | 1009 | .0739 | .0558 | .0306
motors
- L 0 0 0 0 0 0 0 0
9 1803 0308 | 0623 | 0748 | 1053 | .1581 202 3667
Capacity
siaht O\fN 0 0 0 0 0 0 0 0
g 0712 3507 | 1494 | 1494 | 1413 | 0657 | .0934 | 0501
motors
S ) 0 0 0 0 0 0 0
um 2587 | 2279 | 1245 | 1045 | 0884 | .0848 | .0925

With the set Selection the total cost and the weiglitereduced at the same tiraed it achieves
a higher lifting capacity However, AHP technique and the profile model depend on the opinian of
designer o decision maker. Heré¢he @st of themotorhas been given the maximum priority.
LP and NLP for the optimal selection
To find the optimal set when all the criteria are equally prioritized LP and NLP models have been
formulated.For formulatons, thefollowing parameterareused.

C = Cost of Motors,

L = Lifting Capacity,

W = Weight of motors

al = Slope of the fittingie in L Vs C plot
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a2 = Y-axisintercept of the fitting line in L Vs C plot

a3 = Slope of the fitting line in L Vs W plot

a4 = Y-axisintercept of the fitting line in L Vs W plot

ab = Slope of the fitting line in W Vs C plot

a6 = Y-axisintercept of the fitting line in W Vs C plot

bl = Y-axisintercept of the surface in multiple regression analps¢sfor C, L, W

b2 = Partial regression coefficient in multiple regressmat for C, L, W (variation in the mean
response equalent to a unit change iK1 whenX2 is held constant)

b3 = Partial regression coefficient in multiple regressmat for C, L, W (variation in the mean
response equivalent to a unit changeXibwhenX1 is held constant)

b4 = Value of error bateen plotted data for multiple regressioliotsfor C, L, W

YFIT = Z-axisvalue in multiple regressioplot for C, L, W

X1FIT = X-axis value in multiple regressiguot for C, L, W

X2FIT = Y-axis value in multiple regressigiot for C, L, W

LCR = Lifting Capacity Requirement

MCR = Motor Cost Requirement

MWR = Motor Weight Requirement

Table5 shows generalized equations for Line fitting graphs when all the above parameters airgdaken

consideration.

Table5: Generalized Equations for Plots

Plot Generalized Equatiop
Lifting capacity (L) Vs Cost of Motors (C) C = (al |1 L)y + a?2
Lifting capacity (L) Vs Weight of Motors (W) W = (a3 I L) + a4
Weight of motors (W) Vs Cost of Motors (C) C = (a5 I W + a6
multiple regression for L, W, C YFIT = b1+ (021 X1FT) + (b31 X2FIT) + (b41 XIFITI
X2FIT)

The objective is to find optimal set of motors whosst is less than that of previous design, which
was $1,081 also lifting capacity need to be greater than 400 grams and weight of all motors used
must be less than 451 granksgure 5 (a), (b) and (ghows regression analysis plots for three

combinationsaandFigure 5 (d)shows the graph of multiple linear regressions.

77



International Conference on Industrial Engineering and Technology Management
Dallas, Texas- April 7-9, 2017 CONFERENCE PROCEEDINGS- ISSN 2572-1887

Lifting Capacity Vs Cost of motors
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Figure 5: Line fitting plot (a) Lifting Vs Cost, (b) Lifting Vs Weight, (c) Weight Vs Cost
(d) Multiple Linear RegressiofD plotfor cost, lifting capacity and motor weight

Figure 6shows examples of generalized LP models for all the three variable combinations.

(@) (b) (c)

Figure 6: Generalized LP model&) Lifting Capacity Vs Cost of Motors (b) Lifting Capcity Vs
Weight of Motors (c) Weight of motors Vs Cost of Motors

If the objectiveis to find a set with cost as low as possible, minimum weight and at the
same time the higheifting capacity the problem gets converted to Namear. It is clear from
above study when lifting capacity increases, weight and cost increases. However, in this research,
objectives are contradictory to the relations between criteria considered; ¢bgvebis to find a
minimal cost with minimal weight and maximum lifting capackigure 7 (a)shows NLP model
andFigure 7 (b)shows its output.
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