Available online
European Journal of Advancesin Engineering and Technology, 2016, 3(2): 39-44

qiber s 9*:..,1

Research Article ISSN: 2394 - 658X
Bt s B
Analysisof Material Handling Management in Medium Scale
Industry

Aarti Sahu', Manoj Kumar Gaur' and Pankaj Srivastav?

! Department of Mechanical Engineering, Madhav tns#i of Technology & Science, Gwalior, India
2Department of Mechanical Engineering, RBS Engimegfiech. Campus, Agra, India
mits9917 @gmail.com

ABSTRACT

The patrticularly ready for action condition, assatgd to the globalization phenomenon, stress frompanies
more rapidity, better recital and the eternal exgldor cost cutback. The present revise focusednpmovement
in internal materials handling management, futune tase of a medium scale company in the poweraens
industry. Materials handling is essentially linkedth manufacture flow. Because of this, it has diggressure on
shipment time, capital usage, and service levdig. dbject was to appraise, in a methodical way,dbiéision of
implemented changes in materials handling managemernhe internal customer perception of cost, ségin
service, service dependability, suppleness andativeatisfaction. A text evaluation preceded a cagaly in the
company’s manufacturing unit and the questionnaisese completed by 20 employees directly involvethe
process. Analyze the answers, it was likely to psepthat inner customers tacit that the new maketi@ndling
management system distended service agility anabitify and abridged costs, which caused an imgment in
on the whole satisfaction.
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INTRODUCTION

Materials handling management is one of the fregissue that disburse to get better a company’'semtation.
Materials handling defines as “Material Handlinghie group, cargo space, manage and defense ofiahatargo,
and goods all through the procedure of manufaaguréimaring, use and removal. The stress is on fipeoach,
mechanical equipment, systems and related contrsésl to reach these functions”. Then it is perckitreat
handling is wider than simple materials movemefihoaigh both terms are sometimes used as substitlites
significance of materials handling shoots from Hasic relationship that it has with production flowhen it
presents unevenness, there is formation of spaok st break in supply. When the flow does not hswicient
rate, transportation time is long and the systermas accomplished of helping the customers whery the
requirement it. It is fine understood that matefhalndling improvement may have optimistic properta@ver
production. However, it is not only production, hilme way the employees see the new situation. When
perception is satisfactory, the welfares are corad®é if not, behavioral issues can appear. Assestmare
important when involvements into the work envirominare implemented. The current effort is specilfica
associated to materials handling management. Wiheffective materials handling management, thénbas’s
active performance may improve targeting to contbet customers or meet their expectations in tesfrtheir
needs, desires and demands.

The case study associated in this work was dormmwer generators industry situated in the Agra UnBia. It
was founded more than 25 years ago and is clagsifiea large-sized company since it has more t#d0 3
employees. This region contains a cluster of inikstof metal mechanic, automotive and metalludgsesctors
that in its majority belong to production chainsiefh demand a high internal performance level frdrairt
partners. The key objective of this case study wasvaluate internal customers’ satisfaction leadter the
change. In order to do this, it was necessary ¢atif the factors that explain overall satisfantiéo do it, open
ended questionnaires were applied. The respond&htpeople directly linked to daily materials flowere
requested to identify the attributes and unfoldrtheto sub-factors which represented the internat@ss in more
details. The identified attributes were cost, safetservice, service reliability and agility. Aftéhis step, a second
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guestionnaire with close-ended questions was apptiethe same respondents in order to evaluat@meahce
satisfaction at each factor and sub-factor and alserall satisfaction. The questions requestedréspondent
perception about the improvement perceived or ftet ¢he interventions.

The collected data were analyzed with multiple esgions. Data analysis indicated that the factgildya service
reliability and cost are able to explain overaltigfaction. In addition to that the satisfactiorvéé of most of
internal customers with the new materials handiiranagement system is equal or even superior whepaed
to the previous one.

LITERATURE REVIEW

Material Flow

Materials handling makes production flow possilds, it gives dynamism to static elements such aeriai,
products, equipments, layout and human resourdeDHspite its importance, materials handling itopic that
frequently is treated superficially by the companidowever, other authors have perceived its ralexaDuring the
the development of the Toyota Production Systengdweloped the Production Function Mechanism thapgses
to explain how the production phenomenon happens.

The West, production was treated as a processefjaence of operations. In the Production Fundlenhanism,
the concepts are directly related to a productiwadyesis focus. A process analysis consists of aemation of the
production flows that turn raw materials into firmbducts. From this concept, the author highlightt the main
analysis is the one associated with the processause it follows the production object. The analysf the

operations comes later because it focuses on piiodusubjects (operators and machines). When mattiigy
distinction, it is possible to perceive the relesaof materials handling. Beyond the basic funcbmovement, it
is also relevant to cite the functions of storagd aformation transfer, which occurs simultanegushd has both
strategic and operational dimensions. Organizataesrelying on information systems using tool® IKlectronic
Data Interchange (EDI), or similar information taology resources, to gain in precision and relighiin the

interchange, and availability of information [2].

An important proportion of manufacturing expensas te attributed to material handling and the nooisical
material handling decisions in this area are thangement and design of material flow patterns.ifportant
aspect of any production system is the designraterial handling system (MHS) which integratesgheduction
operations. The relevance also occurs in anothaexgb Ballou [2] states that the storage and hiagdif goods are
essential among the set of logistics activities] Hreir costs can absorb 12% to 40% of its costaddition, the
MHIA estimates that 20% to 25% of manufacturingts@se associated to handling. Material handlzwpants for
35-65% of the total cost of a product along thedpotion chain, and efficient material handling cenresponsible
for reducing the manufacturing system operatiorss by 20—-35%.

The main logistic responsibility in manufacturing o formulate a master program for the timely miown of
materials, components and work-in-process. Logisfiocluding materials and goods flowing in and ofita
production facility as well as its internal handfjnhas become very important to an organizatiora¢quire
competitive advantages, as the companies struggleliver the right product at the correct placd eme [5]. The
main challenge is to promote, with low cost, a fla#vose velocity allows the execution of manufactgrprocess
with the expected satisfaction level.

ELEMENTSAND CHARACTERISTICSOF A MATERIAL HANDLING SYSTEM

Materials handling study requires that several elehare considered. The first is a handling systaaject, which
covers activities of sequencing, velocity, layont aouting. Therefore, the classification of whiobnsiders: (i)
physical state (solid, liquid, gas); (ii) size (uole, length, width, height); (iii) weight; (iv) cdition (hot, cold, dry,
dirty, sticky, adhesive); (v) risk of damage (weakstrong); and (vi) safety hazards (explosivemnfiaable, toxic,
corrosive, etc.). When dealing with equipment, aaldr classification that covers five categories:ti@nsporters
(belts, chains, rollers, etc.); (i) cranes, hoistel lifts; (iii) industrial vehicles (carts, tracs, pallet transporters,
forklifts); (iv) positioning equipment, weighing drcontrol (ramps, transfer equipment); and (v) tstamd support
structures (pallets, holders, reels).

A key factor in material handling system designgess is the selection and configuration of equigrf@mmaterial
transportation. The equipment should be selectedcban some preliminary considerations: take ictpant the
utilization of the factory floor and its load cajtgr examine the dimensions of doors and corridgay close
attention to ceiling height, identify the environmt& conditions and their nature, avoid the usecahbustion
engines traction equipment’s in storage of fooddpuots, meet all safety standards to protect hunaants to
eliminate the possibility of incurring criminal amilil liabilities arising from accidents, and exia all kinds of
available energy options and their capacity to supgquired movements[3][7]. The right choice oliggment and
location of work-in-process is fundamental for th@imization of a company’s manufacturing capaciycritical
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factor in positioning stocks in process is a batahetween convenience and consolidation to crdéitéeacies
when the stock flows along the value chain [6].

The importance of layout, which defines the placenod equipment and, consequently, restricts péssdutes and
sequencing, can be perceived by the prominenceltbatubject is treated in production managemearaliure. The
analysis of the relationship between layout studisd material handling, however, does not receiuemattention
in the same literature.

In order to improve the performance of distributioperations and, in this specific case, the inlematerial
handling process, it is important to consider Huiiman and technical factors. In this sense, thidysassesses the
internal customer perception of a material handlprgcess improvement. With regard to the attributede
considered in a material handling system, effectise of labor, providing system flexibility, incetag
productivity, decreasing lead times and costs amesof the most important factors influencing sttec of
material handling equipment. These factors arectlyreelated to some attributes found in the presamdy.

The determination of a material handling systenoives both the selection of suitable material hawgdéquipment
and the assignment of material handling operationsach individual piece of equipment [4]. Hencegtenial

handling system selection can be defined as thectsmh of material handling equipment to performtenal

handling operations within a working area consiugrll aspects of the products to be handled. indbntext it is
important to mention that, in this study, only gedection of the material handling equipment wassaered.

PROBLEM AND INTERVENTION DESCRIPTION

The first sub-section describes the situation pidothe intervention, identifying the problems tiare found. The
second describes the factors that motivated thageharhe third describes the changes and the isituafter its

completion. Besides variables and sub-variablestoooers’ overall satisfaction regarding the implated changes
was also evaluated.

Situation Prior to the Intervention

This study was conducted in the manufacturing sectcan automotive company. The manufacturing seisto
responsible for almost all of the supply of assentiles, including the components that go througiteassembly
process before proceeding to final product asseniblyhis sector are concentrated cutting and bentbols and
dies required for components manufacturing to abbsetmes. The whole process runs with the aid arklifts.
Often, the setup time is equal to or higher thantime needed for parts manufacturing. This situattoupled with
the cost of downtime, demonstrates the importafiteectooling exchange process.

Besides helping in the execution of setups andyicayrout internal transport managed by an electresbreboard
installed in the factory roof, forklifts also perfoed activities for transporting materials betwgawilions. When

executing this last activity, the forklifts ofteravelled on uneven roads, which caused great bognbiurdening
maintenance cost for equipment wear or prematusakage. When a forklift leaves its workplace to$gport a

container between pavilions, delays in machinesipseare generated, causing unnecessary costdrass an the
forklift operator. The operator could do little Imss feel forced to increase the speed duringdghter creating risks
of accidents with personal injury and / or materidhmage. This activity as well as the studied ggsaelate to
Goldratt’'s Theory of Constraints (TOC) to seek leoitcks and reduce or eliminate them. Althoughetiveere

enough forklifts to meet the demand from the mactufing sector, many times it was not possible teem
immediately the manufacturing needs due to reabk@dong distances to travel and frequent mainteeadue to
excessive use of the equipment. This directly &éfdénternal customers’ satisfaction. The preseptethlem was:
how to increase internal customer satisfactionJentiabilizing or decreasing forklifts’ maintenaruest?

Change Motivators

Due to development of new markets, manufacturingatels for a large variety of components and fimalpct
assemblies increased. This demand growth led ®dsipereases and changes in how materials andweotsbeing
handled and transported in order to monitor manufaty requirements. With these changes and deméords
manufacturing to attain the company’s goals, thvess also pressure for growth and lack of toleramitle forklift
operators, since the work did not always run quiekid with quality. Additionally, forklift maintemece costs were
increasing, demanding sometimes excessive spenitiay jeopardized the budget. The dissatisfactiod an
demonization of forklift operators was notoriousidaan increase was also noticed in the number Hisions
between the equipments. Finally, boxes and containere unsatisfactorily stored in the hallwaysetbgr with the
machines to attempt to reduce production interoumnsti

The Situation after the Implementation
One suggested solution was to rent two forklifteagay to solve the problem. But this only sern@ddften it, and
brought a larger cost to the company. It was redlihen that it was not the quantity of equipmeimdés was going
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to solve the problem but the way material handiiag being executed in relation to the necessith®fresented
changes.

From this observation, processes and material flsare mapped and separated in two ways:

» Vertical movements which make greater efforts attié lground movement.

» Horizontal movements that rely on traction to tideager distances, including transport out of dark units.
Several cargo (pallets) units were constructed gyitbcial wheels, fitted with suspension coupledugpport the
material weight and traverse the gaps betweendkidigns. Afterwards, several “cages” were madédoused
for holding the parts that go through the procesddmth and painting. More robust containers feavier and
less delicate parts storage were also constructed.

The next step was to create spaces (pit stopgaftets with their mobile parts on each workstationorder to the
truck driver to know when he could transport maiterit was necessary to create an identificatiostesy. It was
decided that every time that the operator finistiedprocess in his station, he would put on thé&agiag a green
sign indicating that the container would be reamyo¢ transported to the next production step. Thektdriver,

when removing a filled container, should replaceith an empty one in the vacant post. Tests wenglacted with
a timetable for the train passage, but this altereadid not meet the need for flexibility in casé emergencies
(pieces to technical assistance and replacemetarnfiged materials in the assembly process). ltheasdecided
to set a path that would follow the manufacturinggess sequence. To inform the train operator wiesargency, a
mobile phone was given to him. Thus, the supervisaid communicate with the operator instantly wihieere

were critical parts and / or components to be ctdld After the changes were completed, it was sszog to
evaluate their impacts. This study evaluated irtlecustomers’ satisfaction level with the new miaterhandling
and transporting configuration.

METHODOLOGY
Objectives
To reach this objective, the following specific etiives were established:

e Describe the changes in material handling processit® company.

« Evaluate internal material handling flow in manaéaing, verifying the improvements.

e Analyze internal customer satisfaction levels retato the new system.

Data Collection

The sample was the people directly involved witle tthaily flow of materials, selected intentionallyhe
respondents held positions as leaders, supervidorklift drivers and warehouse operators, enabliag
comprehensive view of the problem. Data collecfmrthe satisfaction survey was divided into twaggts. The first
step was an open-ended question survey. Responderegsasked about their perceptions regarding lilaages in
materials handling emphasizing evidence of the awpments, problems still identified after changelementation
and suggestions for the relevant attributes in tipresTwo criteria were used to define factors ant-factors from
the obtained answers: i) the factor must be citetebpondents of all positions (leaders, supersjdorklift drivers
and warehouse operators); ii) the number of tirhas the criterion has been cited by the 26 respusdd&able 1
shows the evaluated factors, their definitions #rel associated sub-factors. Performance improvesr{entrent
state vs. status quo) were measured using theviolipscale: 1 = much worse, 2 = worse, 3 = samebdtter and 5
= much better. For instance, the employee was askexnparing previous and current procedures fordtiag and
internal transport, how do you assess the costderklto mechanical downtime?” To answer the questioe
options of the scale mentioned above were offefecthis point it is important to highlight that thetudy was
evaluating the respondents’ perception, startirgnfrthe assumption that they had knowledge enoughn(e

empirical) because they are directly involved ia pimocess.
Table-1 Factors

Factors Factors Description Sub-factors
Cost Monetary value available to maintain the operat®menditures with Mechanlcal shutdowns
1 g ) - . Electrical shutdowns
periodic maintenance linked to forklifts use . e
Corrective painting
2 Safety in Identifies forklifts operator’s conduct on new héngd and internal Safety in handling
Service transport way Tooling storage
Setup agility
3 Agility Identifies manufacturing satisfaction level in terof reliability Material handling quickness
Tooling handling quickness
. Identifies the time spent with tool exchange codgiandling . ) ,
Service . h . . ) . Efficient routing Operator’'s autonomy
4 Reliability (discounting the times assomat;c)i(wnh the mactsneh as loose and/o Operator's performance and availabili‘y
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DATA ANALYSISAND RESULTS

Once the new situation was established, data tafestarted followed by analysis and presentatibthe results.
The data were tabulated in order to obtain an @eepercentage and standard deviation of overa#ifaetion in
relation to the factors and sub factors presenteishg sampling. Table 2 shows the results.

Table -2 Survey Data

. Sat.<=2
Attribute Average S Sat.>=4 Sat.=3
Cost 3.65 .69 69% 25% 3.5%
Safety in Service 3.67 .65 79.% 12.3% 3.5%
Reliability of the o o o
Service 3.32 72 34.6% 55.7% 3.6%
Agility 3.41 .54 43% 52% 12%
Overall Satisfaction 3.54 .58 50% 50% .00%

Considering satisfaction levels equal to or higtiemn 4 in Table 2, it is identified that the ovérsatisfaction
percentage shows that 50% of the respondents dotioprovements in the process after its impleménat
(answers> 4 in the scale that was used). The data werg/zadwith the aid of multiple linear regressionsdach
of the studied factors, as well as for generab&attion. The results are shown as follows.

Cost Analysis
Regression analysis for the cost sought to undetsteow much it was influenced by each of its sutiefis.
Regarding factor and sub-factors relationshipstemtive painting was not statistically significafte satisfaction
in relation to the cost factor was considered @&sdbpendent variable and the ratings of each obther two
remaining sub-factors were treated as independandbles. Expression 1 was obtained. The value DER.63
indicates that expression 1 is able to explain @8%he variability in cost assessments.

Cost = 0.36 x electrical shutdowns + 0.31 x meatarshutdowns (1)
The p-values found for the terms were less thaf.0lhis should be considered as an exploratonytresliated to
the significance of the sub-factors.

Safety in Service Analysis
Regression analysis for safety in service triedrtderstand how it was influenced by each of itsfsihors. For this
factor, tooling storage was not statistically sfipaint. Then, the satisfaction in relation to tlaéesy in service factor
was considered the dependent variable and thegrafisafety in handling was treated as the independariable
and the expression 2 was obtained. The value of RZ3 can state that the second expression istatdzplain
73% of the variability in safety in service evaioas.

Safety in Service = 0.66 x safety in handling (2)
The p-value found for the term was less than 0.0@®dch allows us to assert that it is significaith a probability
of at least 99.9%.

Service Reliability Analysis
Regression analysis for service reliability atteadpto understand how it was influenced by eachtisoub-factors.
For this factor, efficient routing, operator’'s pmrhance and availability did not show significanee the only sub-
factor that was considered as an independent Vaneds operator's autonomy according to expres3jomhere we
can see service reliability as the dependent viaridthe value of R2 = 0.68 can state that expras3its able to
explain 68% of the variability in service reliabjlis assessments.

Service Reliability = 0.69 x Operator’s autonomy 3)
The p-value for the term was less than 0.0001, hhltows us to assert that it is significant witprabability of at
least 99.9%.

Agility Analysis

Regression analysis for agility aimed to understamd this was influenced by each of its sub-factbrghis factor
all sub-factors presented statistical significaand were treated as independent variables in esipred where we
observe agility as the dependent variable. TheevaftR2 = 0.89 can state that expression 4 is tabdxplain 89%
of variability in assessments of agility.

Agility = 0.40 x tooling handling quickness + 0.85etup agility + 0.19 x material handling quicken (4)
The p-values found for the terms were less thai, &d the results should be considered exploratory.

Overall Satisfaction Analysis

The regression analysis for overall satisfactiomesl to understand how this was influenced by evacyor.

Analyzing the relation among the factors and ovesatisfaction, safety in service was not statilycsignificant,

so it was not considered as an independent variatdgpression 5, where it is possible to obsehat the three
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remaining factors are the independent variablesoapdall satisfaction is the dependent variablee Value of R2 =
0.89 shows that the expression 5 is able to ex8@% of the variability in overall satisfactionirags.

Overall Satisfaction = 0.65 x agility + 0.38 x seevreliability — 0.12 x cost (5)
The p-values found for the terms were less thai,Ga the results should be considered exploraidrg. weights
of each attribute can be calculated from an exjessbtained in Multiple Regression. To calculdte telative
weight of each attribute, it is necessary to gebwerall satisfaction value when it assumes itsimam (=5) and
the others are at the minimum value (=1). Aftet,ttfze values found with the attribute in maximund aninimum
must be subtracted.

CONCLUSION

Due to continuous complaints of failures in servége also low speed in material transport, the @ypwas
inspired to improve internal processes that couttdase the efficiency of services for manufacturirhe source of
the implanted system was the idea of stock on vgheehcticing materials transport with the hel@atéig internally
named “train”. The tug pulls the wagons with mooad than cranes (previous system), maximizing tsasad
loads through a specific route. With the new sysitmplementation the need to evaluate its reakefferelation to
the expected improvements appeared. From internslomers’ evaluation there was an increase in dvera
satisfaction. This increase can be explained breatgr agility (57%), greater reliability in sergi¢33%) and lower
cost (10%). The results recognized the significai-factors and their impacts on the describeafact

Besides internal customer satisfaction progressgiwtvas evidenced by the present study, there wasffactive
improvement in the internal material handling. Timprovement in material flow caused by the usehefgroposed
vehicle increased the accuracy of materials delitiene inside the company. Operations became safer.system
used was able to evaluate the perceptions of tpéeimented changes, as well as to identify factatssub-factors
that influenced satisfaction increase. These impmmnts in the company operations resulted in néwgigies to
perform similar studies.
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