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ABSTRACT

In the present highly competitive business enviremnimwell run organizations continually strive tthance their
capabilities to create excellent value for the @mstrs by improving the cost effectiveness of theratpns.
Significant improvement has taken place in the rgament of resources associated with manufactuystgrss,
to reduce the wastage of resources. The Total BtigduMaintenance (TPM) concept provides a qudivita
metric-Overall Equipment Effectiveness (OEE), foeasuring the effectiveness of equipment or a ptamuc
line. In this study, a method is developed to eatallOverall Resource Effectiveness (ORE) by inalyidhe
factors known as readiness, changeover efficieansilability of material and availability of manpew ORE
addresses various kinds of losses associated vettufacturing system, which can be targeted foratinity
improvements. Further, a case study is presentédd@valuation of ORE in a manufacturing line.

Keywords: Total Productive Maintenance, Total Productive miiance (TPM), Overall Equipment
Effectiveness, Overall Resource Effectiveness, @hvEquipment Effectiveness (OEE)

1. INTRODUCTION Total Productive Maintenance (TPM). After TPM
implementation, it is necessary to monitor the aller
In today’s global and highly competitive enviromhe  effectiveness  of the ~manufacturing system and
it is essential for the survival of any firm to hdaptive, =~ benchmark it with the World class standard which wi
price competitive, responsive and proactive and thas €nable to continuously improve and become a World
capability to deliver world class products accogdito class organization.
diverse customer requirements. These challengas for :
companies to implement various Lean tools to mket t 1.1. Measurement of Effectiveness
needs of the ever-changing market demand. To barld-w In a manufacturing scenario, the desirable
class organization and to be stable in the glolzaket, the  productivity, quality, cost, delivery, safety anarale all
firm does not have to operate worldwide or evendepend on the effective functioning of the company’
nationwide. It may be a small local organizatiorhich facilities. Metrics for measuring and analyzing the
leads in its area/fields embraces and actively dstretes  productivity of manufacturing facilities have been
to the characteristics of world-class performantierld- studied for several decades. Consequently, it is
class performance maintains, continued successghrthe  discovered that measurement is needed for idengfyi
development of an organizational environment tisat i the problems in order to improve the productivityp
distinctly different from peer and competitor firrimsits achieve this, it is necessary to establish appat@ri
philosophy and wealth-creating formula. A great bem  metrics for measurement purposes (Nachiappan and
of companies find that in spite of huge improvemémts Anantharaman, 2006). The TPM paradigm, launched
productivity, there is still a bigger and bettettgngial to by Nakajima (1988) in the 1980s, provided a
utilize machine tools and reach better productigivgls. guantitative metric for measuring the productivij
One of the main methods to meet these challenges idividual production equipment.
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Fig. 1. Six major losses and Calculation of OEE

Table 1. Classification of six major losses

Losses Definition

Equipment failure Losses due to failures. Failypes include sporadic function stopping failured mction-reduction
failures in which the function of the equipmentgs below the normal level

Setup and adjustment Stoppage losses that accommptupychangeovers including adjustments for copesitioning

Minor stoppage Losses that occur when the equipment temporaplyssor idles due to sensor actuation or jammirti@fvork.
and idling The equipment will then operate normally throughge measures (removal of the work and resetting)
Reduced speed Losses due to actual operating sgdéied below the designed speed of the equipment
Defect/rework in process Losses due to defect amdnking of product

Reduced yield Losses of materials due to differeircéise weight of the input and output

The metric, which is called Overall Equipment equipment and large costs because they occur
Effectiveness (OEE), is accepted as a measurenient gepeatedly. Chronic disturbances are more difficalt
internal efficiency (Johnson and Lesshammer, 1999)identify since they can be seen as the normal stade

and it is the true measure of the value addedare inherentin the system of manufacturing.
production by equipment. Chronic and sporadic disturbances in the

manufacturing process result in different kindsaafste

1.2. Chronic and Sporadic Disturbances in or losses which absorb resources but create ne.vahe
Manufacturing objective of OEE is to identify these losses. It is

) i essentially a bottom-up approach where an integrate

It is very important to measure and understand theyorkforce strives to achieve OEE by eliminating e

method of measurements of disturbances in thebig losses (Nakajima, 1988).

manufacturing process. Disturbances can, accortting

Tajiri and Gotoh (1992), roughly be divided intoaw 1.3.0verall Equipment Effectiveness (OEE) and

categories, chronic and sporadic. Chronic distucban Six Major Losses

are usually small, hidden and complicated since the . )

are the result of several concurrent causes. Sjworad  The OEE measure can be applied at different levels

disturbances are more obvious since the deviationgvithin a manufacturing environment. OEE does not

from the normal state are large. They occur irragul  diagnose (Costa and Lima, 2002) a specific readgnav

and their dramatic effects are considered to lemd t machine is not running as efficiently as possible, it

serious problems, but instead there are chronichelps to categories the areas for initiating theigent

disturbances that result in the low utilization of improvement. OEE can be used as a “benchmark” for
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comparing the initial and improved performance of a
manufacturing plant, thus quantifying the level of
improvement made.

The effectiveness of a plant’s production depeamds
the effectiveness with which it uses equipment,
materials, man and methods (Suzuki, 1994). Impipvin
production effectiveness, therefore, starts withitiputs
to the production process (Man, Machine, matenal a
methods) and identification and elimination of theses
associated with each to maximize the outputs.

According to Nakajima (1988), OEE measurement is
an effective way of analyzing effectiveness of the
equipments in the manufacturing system. OEE isliysua
formulated as a function of number of mutually esale
parameters such as availability, performance efiiy and
quality rate. The losses which reduce the effeatige of
the equipments are divided into six major categorie
(Nakajima, 1988), as shown in theble 1.

The first two lossesT@ble 1) are defined as time
losses, affect the Availability of equipment. Thérd and
forth losses are speed losses that affect the rRenfce
efficiency of an equipment. The last two lossescaraity
losses; these losses directly affect the Qualitg iaf
equipment. Based on the above six losses, the abiii,
Performance, Quality rate and OEE (Nakajima, 1988;
Blanchard, 1997; Etét al., 2004) can be calculated. The
structure of losses, OEE and its factors are shiowig. 1.

Dal e al. (2000) describe that OEE appears so
differently in various OEE literatures as to revediat
levels of Availability, Performance efficiency a@lality
rateconstitute acceptable levels of OEE. They illustthat
OEE achievement or the level setting is differecrioss
different business sectors and industries. All éhstsidies

1.5. The Problem

According to Nakajima (1988); Bambetral. (2003)
and Dal et al. (2000), Availability, Performance and
Quality rate are the factors for calculation of @ale
Equipment Effectiveness (OEE). Bambatral. (2003)
observe that OEE is often used as a driver for avipg
the performance of a business by concentrating on
quality, productivity and machine utilization issuand,
hence, it is aimed at reducing non-value addintyities
often inherent in manufacturing processes. Accgydin
the classification of losses given by Jeong andliphi
(2001), down time including Set-up and adjustmasts
included within the availability losses. Accordirtg
Johnson and Lesshammar (1999) the availability rate
measures the total time that the system is notabper
because of breakdowns, set-up and adjustment &ed ot
stoppages. This classification of losses includesha
down time events (equipment and process related) in
one category and leads to the factor of availahilit
hampering the identification of losses in stratlfie
manner. In addition to that, if planned down tirsenot
taken into account in calculation of effectivenggsch
leads to excessively long planned activities.

The next problem in OEE calculation is there is no
separate metric or method to monitor the lossestdue
non-availability of manpower and material (compdsen
sub-assemblies and WIP) which are also extremely
important for effectiveness of a manufacturing sgst

The existing OEE factors are not sufficient for
assessment of losses individually in a manufaagurin
system. Hence, an attempt has been made in thig &iu
address the losses associated with manufacturing
resources with separate metrics which enable the
engineers and managers to initiate the improvement

reveal that OEE is used as an index for performanceyction on the specific metrics/losses.

evaluation of a manufacturing system. Cleaial. (2004)
suggest that, although OEE is seen to be the sthnda
method for the measurement of equipment performance
still requires further modification on classificatiof losses.

1.4. Problem Background

An industry can always consist of many
equipments/product lines based on their markettiposi
customer requirement and technical capability akdl in
the firm. The product must move in a sequential mean

according to the layout of the machines (processing

equipments) as per the product routing. First, i
material enters process-1, then process-2 andotioereds

till to the final process, through ‘n’ processesack
process/manufacturing line utilizes the resouraeh s
Man, Machine (includes Jigs and Fixtures and Gaagéds
Instruments), Material whose performance needs €o b
improved rather than concentrating only on machines

////4 Science Publications 133

2. MATERIALSAND METHODS
2.1. Proposed Method

The proposed method of effectiveness calculation
differs from the existing one and new factors knoan
Readiness, Availability of Facility, Changeover
Efficiency, Availability of Material, Availabilityof Man
power are included in the -calculation. Finally the
existing term Overall Equipment Effectiveness (OEE)
modified as Overall Resource Effectiveness (ORE}esi
the new methodology addresses the losses associated
with the resources (man, machine, material, method)
individually. Inclusion of these new factors, er@ahbk to
more detailed and stratified classification of theource
losses. The proposed classification of losSeable 2)
and the Overall Resource Effectiveness Model (ORE)
(Fig. 2) are shown and the evaluation of Overall
Resource Effectiveness (ORE) is presented.
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Fig. 2. Overall Resources Effectiveness (ORE) Model

Table 2. Proposed classification of losses

ORE factors Proposed classification of losses

Readiness Losses due to preparatory on machineiltida/Planned down time

Availability of facility Losses due to equipmentdhaccessories break down, Break down/non- avaitaloifiMachine
accessories, Tools, Jigs and Fixtures, Gaugematrdments, etc., related to facility

Changeover efficiency Losses due to Set-up and tackungs

Material availability Losses due to non-availakilif raw material/components / sub-assembly/WIP

Man power availability Losses due to non-avaiiggabsence of Manpower

Performance efficiency Losses due to operator padace, speed loss and ergonomic related issues

Quality losses Losses due to quality issues/defects

2.2.Evaluation of Overall Resour ce Effectiveness *  Meeting, Audit, operator training
(ORE) e Proto sample processing for R and D requirements,

Process engineering study
The factors including new factors (Readiness, R .
Availability of Facility, Changeover Efficiency, Aability 2.4. Availability of Facility (Ar)

of Material, Availability of Man power) and the iafs The “Availability of Facility (A)” measure is

required for evaluation of ORE are presented below. concerned with the total time that the system i$ no
. operating due to down time of facilities. It indiea the

2.3. Readiness (R) ratio of loading time to the planned productioneim

The “Readiness (R)” measure is concerned with the o N Loading time

total time that the system is not ready for operati Availability of facility (A )= = ——— production tim

because of planned down time due to preparatory/

planned activities. Readiness indicates the rafio Loading time = Planned production time-Facilities

planned production time to the total time available down time.

Planned production tim Facilities down time includes:

Readiness(R¥

Totaltime « Down time of machine and its accessories
i e i i * Non-availability of tools, jigs and fixtures
Total time = Shift time or period decided .  Non-availability of gauges and instruments, tegs ri
- bythe management related to facility
Planned production time = (Total time-Planned down .
time) 2.5. Changeover Efficiency (C)
Planned down time includes: The Changeover Efficiency (C) measure is

» Preparatory work like cleaning, inspection of concerned with the total time that the system i no
machine, initial part inspection, lubrication, operating because of Set-up and adjustments. ittatet
tightening, Data collection and updation the ratio of operation time to the Loading time:
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Changeover efficiency{ = Operation time

Earned time

Performance efficiency{ P=

Loading time Actualrunning time

Operation time = Loading time-Set-up and adjustsient
Set-up and adjustments include:

Earned time = Cycle time/unit X Quantity produced.
2.9. Quality Rate (Q)

The “Quality rate” is the rate of quality products
produced by the system. It is the ratio of Quantfy
parts accepted to the Quantity of parts produced:

» Changeover time of tools, dies, jigs and fixtures
* Minor adjustments after the changeover

2.6. Availability of Material (An)

In manufacturing scenario, sometimes, the raw
materials, components, sub-assemblies are notahlail
due to shortages and various other reasons. The
“Availability of Material (A,)” measure is concerned Quantity of parts accepted = Quantity produced-Q@tan
with the total time that the system is not opegtin rejected.

because of material shortages. It is the ratiouahing 2.10. Overall Resour ce Effectiveness (ORE)

time to the operation time.

The “Overall Resource Effectiveness (ORE)” is the
measure of overall effective time of the manufaotr
system (resources). It is the product of Readir{B3s
Availability of Facility (A;), Changeover Efficiency (C),
Availability of Material (A.), Availability of Man power
(Amp), Performance Efficiency (P) and Quality rate (Q).

Overall Resource Effectiveness (ORE) = Readiness
(R) X Availability of Facility (A) X Changeover
Efficiency (C) X Availability of Material (4) X
Availability of Man power (A, X Performance
Efficiency (P) X Quality rate (Q) X 100:

Q _ Quantity of parts accepte

uality rate
Q y ( Quantity of parts produce

Availability of material ( A, ) = M
peration time

Running time = Operation time-Material shortages.
Material shortage includes:

* Non-availability of raw materials, consumables,
parts and sub-assemblies
* Non-availability of WIP

2.7. Availability of Manpower (Amp)

In manufacturing system, sometimes, the operator/s
may not be available at work station due to absésie
discussions. The *“Availability of Manpower ("
measure is concerned with the total time that jfstesn
is not operating because of absence of manpowés. It
the ratio of Actual running time to the Running éim

ORE = Rx A x Cx Ay, X Ay x Px Q x 100

ORE will be much helpful to the decision maker
for further analysis and continually improve the
performance of the resources. This is used to iffent
the current status of manufacturing system and also
for benchmarking the manufacturing effectiveness
with the World class standard to become a World
class organization.

_ Actualrunning time

Availability of manpower( Aﬂp) R —
unning time

Actual Running time = Running time-Manpower Table3. Operational performance data collected

absence time. Description Time in minutes
Man power absence includes: Total time 148100
Planned down time 8950
» Permission, Leave and absenteeism Planned production time 139150
+  Discussion with supervisor, team leader Eggi:lli'trinzst%);vn time 132712(3)0
H | |
* Medical related Set-up and adjustments time 4790
2.8. Performance Efficiency (P) Operation time 127330
Material non-availability time 11740
The “Performance efficiency (P)” measures theltota Running time 115590
time that the operator how efficiently utilizes. it the Manpower non-availability 2690
time earned in producing the product as against theActual running time 112900
Actual running time. Performance efficiency is tia¢io Earned time 88505
of Earned time to the Actual running time. Quantity of parts produced 4658
////4 Science Publications 135 AJAS



K.G. Eswaramurthi and P.V. Mohanram / American dalnf Applied Sciences, 10 (2): 131-138, 2013

Availability (A)

120
100
80

(%)
3

40
20

1 4 7 1013 16 1922252831 34 374043 46

Performance efficiency (P)

oB882888

1 4 7 1013 16 19 22 25 28 31 3437 40 43 46
Period

Ovwerall Equipment Effectiveness (OEE)

1 4 7 10131619 2225 2831 34 374043 46
Period

Fig. 3. Dash board of Overall Equipment Effectiveness (OEE)

Period
Quality rate (Q)
120 -
100
- 80
£ e0
40
20
1 4 7 1013161922 252831 34374043 46
Period
Readiness
120 (R)
100
. 8o
40
20
o J s
1 4 7 1013 16 1922 25 28 31 34 37 40 43 46
Period
Changeover efficiency (C)
120
100
. 8o
=
S
40
20
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46
Period
- Availability of man power (Any)
" ) ;
100
i BO
£ 60
~ 40
20
(1]
1 4 7 101316 19 22 25 28 31 34 37 40 43 46
Period
Qualityrate (Q)
120 . .
100
= 80
':‘.‘:’ 60
" a0
20

Period

1 4 7 1013161922 2528 3134374043 46

Availability of facility (Ag)
120
100

(%)

08588

1 4 7 10131619 222528 31 34 374043 46
Period

Availability of materials (Ap)

%)

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46
Period

Performance efficiency (P)

120
100
80

(%)
g

10
20

1 4 7 1013 16 19 22 2528 31 34 37 40 43 46
Period

Overall Resource Effectiveness (ORE)

1 4 7 1013 16 19 2225 28 31 34 374043 46
Period

Fig. 4. Dash board of Overall Resource Effectiveness (ORE)

y/// Science Publications

136

AJAS



K.G. Eswaramurthi and P.V. Mohanram / American dalof Applied Sciences, 10 (2): 131-138, 2013

Table4. Comparison of OEE and ORE

Effectiveness factors Nakajima classification (OEE) Proposed classification (ORE)
Readiness -- 93.96 %
Availability of facility -- 94.95 %
Availability 81.14 % -

Changeover efficiency - 96.37 %
Availability of material - 90.78 %
Availability of man power -- 97.67 %
Performance efficiency 78.39 % 78.39 %

Quality rate 88.73 % 88.73 %

Overall effectiveness 56.44 % (OEE) 53.02 % (ORE)
2.11. Case Study ORE shows the stratified lost time of Set-up and

based hoi q il h adjustments which can be improved by using SMED
A cgse- ar?ed a]Pp(r)oac IIISR used to éf?str_ate t Single Minute Exchange of Dies) concept.
proposed method of Overall Resource Effectiveness \;,n. companies are facing the materials and

(ORE) calculation. A major product of a manufadidri ., noonent  shortages. The factor Availability of

compané/ IS ?on5|dere_dh_forr:he stu_dy_ The Qpplmad(Jjb Materials addresses the material shortage separtatel
ORE and its factors within this environment is préied. initiate action on the external and internal sugsli

In_order to start the ORE measurement Process, Operator leave and absenteeism is also addressed
ope;ratlonal performan(_:e data coIIch_qn for SevéirEO including small portion of absence due to discussiith
variables  viz., R(?adlness, Ava|l_§blllty of FacUny supervisors and team leaders. Operators can be
Changeover Efficiency, Availability of Material, motivated to reduce leave and absenteeism
Availability of Man power, Performance Efficiencyé In addition to the above. action can be' initiated

Quality rate was carried out and presente@iahle 3. improvement of Performance Efficiency and Qualitger

The Overall Equipment Effectiveness (OEE), g enhance the ORE continually.

Overall Resource Effectiveness (ORE) and theirofact
are calculated and tabulatedTiable 4.

TheFig. 3 and 4 shows the Dash board of OEE and 5. CONCLUSION
ORE respectively for monitoring and better
understanding of various losses which would be ueed
take improvement actions on each category.

This study presents the developed Overall Ressurce
Effectiveness methodology for performance
measurement. The measurement of ORE leads to the

3. RESULTS focused improvement required to enhance the
effectiveness of manufacturing system. ORE proviges

The proposed method provides the completeuseful guide to aspects of_ the production processrev
information on various losses additionally in aatified ~ 10SSes can be targeted which are created by thenes.
way to initiate appropriate action for improvement. In order to utilize the ORE measure effectivelymitist

The trend of various factors of ORE are shown in b€ made convincing and possible to manufacturing
the ORE Dash Board={g. 4) which is very much useful ~€nvironment. For this, the real effectiveness o¢ th
for monitoring the losses on a continuous basistese ~ Manufacturing system is calculated fully using the

for further improvement. method developed and presented in this study. The
effectiveness measurement using ORE is good entough
4. DISCUSSION improve the effectiveness of resources. The resiiltise

study show that the proposed method of ORE will be

OEE factors do not provide the planned production helpful for today’s organizations to initiate impesment
time losses with separate metric where there ipeséor activities towards enhancing the overall perforneané
improvement. Readiness in ORE provides the losees oresources by identifying the problem exactly (basedhe
account of planned production time. proposed factors) and thus achieve business excellsy

OEE shows the mainly the uptime of machine, but effective utilization of the available resourcesrtrer, the
ORE considers the whole facility like Machines, &po metric ORE can be used as a benchmark at varivaksle
Jigs and Fixtures and Gauges and instruments. to achieve world-class standard.
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