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Abstraci—The increased  dependence on  the production
equipment to reliabily and repeatedly manufacture high quality
products hos crented the need for a new approach  to
equipment management. Total Froductive Maintenance (TEM)
is an effective method for addressing this equipiment managemeant
challenge.

Farging Companies  are  currently  wndertaking 2
metamorphosis in order to become more competitive in the
commercial markel. A large component of this change is an
eifort to improve manufacturing capabilities and reduce waste;
which reduce overall production costs. T sccomplish these
goals, any forging company must improve both the quality of
their products and the reliability of their production
equipment, The implementation of Total Productive
Mauintenance (TPM), in the proper environment, can provide
on an effective set of processes to drastically improve their
manufacturing effectiveness through more reliable production
equipment. An effort was made fo implement some principles
of TPA o s forging industry.

This paper  prescnts how the Owverall Equipment
Effectiveness (OEE) is measured in the forge shop and how a
computer program developed helps to find oul systematic
stoppage annlysis & OEE of hammer and other forging
equipments. By considering shift data, number of aood
products, rejection, rework and reason for hreak down, OFEEis
ecaleulated and a réport is sutomatically generated and updated.

By implementing TEM in these situations, the down time
{munufacturing custs) associated with six big Tosses (variability
in both product quality and production schedules) can be
reduced and OEE cun afso be improved.

By analvzing the results, conclusions have been drawn and
sugpestions for further seope for fture work lave been provided.

Judey Termis> Total Productive Muintenance, Metamorphasis
and Overall Equigment Effectiveness.

I INTROBUCTION

nereasing competition to produce reliable products at

lower costs and customer driven specification has led 1o
implementation of technigues like Just In Time (JIT),
Kanban and Total Productive Maintenance (TPM) in 1o the
manufaciuring systems. Companies face dilernma due 1o the
manufaciuring constraints and high equipment cost. Should
they go for increasing the plant capacity or study the current
equipments for their performance efficiency, guality =ed
utilization in optimal working conditions? The motivation is
to reduce the Cost of Ownership (COO).
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TPM typically addresses these concems by oplimiz
the use of manufacturing resources including the tooly. Tppg
involves all functions of the organization, from
management 1o the shop floor worker. Overall Equipmen

Effectivengss (OEE) is the key metric of Tim, GEE W
monitors the actual performance of a tool relative 1g ity
performunce  capabilities under optimal manufaciuring
conditions. It not only measures the utilization by plg
production efficiency due to various metrics and quality of
the final product of the process.. Various functional
departments  have -different metric - 1o measure  their
performance. but the overall performance of the system
depends on balancing the varipus metrics to arrive at an
optimal solution and to avoid trade off's. Implementing .
OEE, hence. requires cross-functional teams to achieve its -
goal. OEE uses various: tools to analyze the bottleneck
operations that define the plant capacity.

Since, OEE requires lots of data related to shop floor &
control - parameters and their dependence on various -
performance metrics, a dynamic statistical data collection is :
suggested. This data when used in simulation of the |
processes and the plant lavout should give us the overall :
sysrem view which helps in visualizing the key processes
and their impact an overall plant effectiveness.

FPrahlem Statement

The forging company under study. expending considerable 3
energy to improve their production processes. tlirough their :
experience in the field of forging, did not emphiy a refizble -
and repeatable  method for implementing any process -
improvemant toal. '

Within the company’s manufacturing operat
o well-defined manufacturing strategy eviden) 4t e
levels of the organization. This situation is mon serious by
a shortage of useful and reliable data available 10 ﬂﬂ
manufacturing managers. Without reliable dut and @ we
defined strategy, the faclory managers are able 1@ identify
their eritical processes, let alone focus their sciree
on improving these processes. Thus, production W
activities and production equipment utilization could well
sub-optimized.

iors, there i -
ut the lowes
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The Existing approach of this company for eguipment
maintenance does not focus on maximizing the effectivensss
of this equipment as part of an overall manufacturing systerm.
The current level of maintenance of the equipments is not
driven by an understanding of the imporiant role that the
manufacturing equipment has, Hence & study was made for
initializing implementation of the TPM by determining OEE
and methodology to improve the same. In the short-term,
TPM activities include an  autonomous  maintenance
prescam for the production department and = placned
niainicndnce program for the maintenance department.

1. TOTAL PRODUCTIVE MAINTENANCE (TEM)

TPM has a strict definition in five steps

l. Maximizing equipment eflectiveness through
optimization of equipment availability, performance,
efficiency and product quality.

2. Establishing a maintenance strategy (level and type
of classical preventive maintenance) for the life of
the equipment.

3, Covering all departments such as the planning, the
user and the mainlenance depariment,

Involving all staff members from top management 1o
shop-floor workers,

3. Promoting improved maintenance through small-
Eroup aulonomous activitics,

L QOrIECTIVES OF TPM

The ideal goals of TPM are to achieve Zero Failures,
£ Defects, and Zero Accidents. Although these goals are
exizmely difficult to achieve, and in many cases may not be
cconomically feasible due to the high cost of eliminating ail
failures, defects; and accident; they provide a directional
target that the organization can shoot for. To move an
organization toward these poals, TPM provides the means 1o
increase the amount of time that a piece of equipment is
reliably avaitable for produstion use. This requires significant
el i to reduce the equipment degradation that may lead m
Bquipinent  failures or production  part  variation.
Additionally, TPM affects the equipment operatar by
praviding an increased awareness, sense of ownership, and
responsibility for the production equipment.

IV, OVERALL EQUIPMENT EFFECTIVENESS
fa adwerion

OEE is the best practice to monitor and improve the
elficiency of manufacturing processes {e.g. machines,
Mmanufacturing cells, assembly lines). OEE is frequently
used as-a key factor in Total Produclive Maintenance (TPM)
frograms,

TPM programs improve the overall effectiveness and
efficiency of manufacturing plants by creating a joint
responsibility between operators and maintenance personnel
to -achieve zero prodoct defects, zero mechanical
breakdowns, and preatly reduced changeaver times.

OEE gives a consistent way to measure the effectivenpss
of TPM programs and other initiatives by providing ‘an
overall framework for measuring production efficiency.

Dafinition af Overall Equipment Effectiveness { OFE)

According to Nakajima, Total Productive Maintenance
(TPM) is based on three interrelated concepts:

. Maximizing equipment effectiveness:

Autenomous maintenance by operators; and
Small group activities.

Within this context OEE can Be considered to combine
the operalion, maintenance and management of
manufacturing equipment and resources. Recent researcl)
reports show that accurate equipment performance data is
essential to the success and long-term effectiveness of TPM
activities, If the extent of equipment failures and redsons for
production losses are not entirely understood, then any TPM
action cannot be deployed optimally to solve major
problems or arrest deteriorating performance. Production
losses, rtogether with other indirect and hidden costs,
constitute the majority ‘of the total production costs
Nakajima therefore suggests that OEE is: “A measure that
attempts‘toreveal these hidden costs™,

'_.lJ By

Prrpose of OEE

The OEE measure can be applied at several differcnt
levels within a manufacturing environment, Firstly, OEE
can be used as 3 “benchmark”™ for measuring the initial
performance of 3 manuficturing plant in its entity, In this
manner the initial OEE measure can be compared with
future: OEE values, thus quantifing the level of
umiproyement made. Secendly, an OEE value, caleulated for
ane manufacturing ling, can be wsed to compare line
performance across’the: factory, thereby hishlighting any
poor line performance. Thirdly, if the machines process
wors andividually, an OEE measure ean identify which
mrpchiing performance s worst, and therefore indicate whers
to focus TEM resources.

Siv Big Losses

One of the major goals of TPM and QEE programs is 1o
redisee andfor eliminate what are called the Six Big Losses —
the: most common causes of efficiency loss in
manufacturing. The table 1 shows lists of the Six Big
Losses, and shows how they relate 1o the OEE |oss
categories. Categorizing data this way mukes analysis very
simzple. It also makes it easy to collect and display this data
50 that it can bz put to use throughout the day.
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Table 1= Six Big Losses, OFE loss catesarics

I'_EE Big Losrer | OEE Catepory Clommtent
Bréak-downs Crown Time There is flexibility on whete to 5e1
Loss the threshold betveen a
Breakdown {Down Time Lnzs)
end o Small Stop (Speed Loss),

tncludes tool chanpe over.

Setup mnd Down Time
Adiustme-nts | Loss

Sl Slops/ | Speed Loss

Typically only includes stops that

[dhing are-under. five minutes: and that do
notrequin mainicnance
persannel

Reduced Speed Loss Anything thar Keeps ihe process

Speed away from runnine at its
thearetical niaximum speed
{mimimuni evele time),

Starmiep Ouality Loss Rejects during warm-up, startup
Rejects o ather early production.
Producting Chiality Loss fejects encountered during
Rejects steady-state production.

Method of Eliminating/Minimizing Losses

TPM dim is to programme of zero breakdown this can be
achieved through five activities and  four phase or
implementation of programme, Five activities, which are
necessary for zero breakdowns, are follows:

+ Maintain basic equipment conditions.

+ Mamtain operating standards and improve operating

condilions,

» Restore equipment to optimum functioning,

+ Iniprove desizn weaknesses.

« Improve operating and maimtenance skills,

Establishing an OFEE Figure

In order to establish an accurate OEE fizure the six big
losses must be measured accurately. The OEE F ig. 1is the
product of the values for availability, performance and
quality, as shown below,
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Fig. 1: Cvernll Equipment Effectivencss and Goals

Caleulation of OEE components

The following section provides the formulae for each
element of the OEE calculation. The first of these elements
is machine or process availability, The availability elemen;
of the OEE measure is concerned with the tota] stoppage
time resulting from unscheduled downtime, process set-up
and changeovers, and other unplanned stoppages.

In'simple terms, it is the ratio of actual operating time |
the planned operating time, and takes into account ke
theoretical production  time against which unplanne
downtime is highlighted. Planned preventative maintenance
is not therefore regarded zs a loss in this respect. The
caleolation of availability in this manner might lead 1q
excessively long preventative maintenance activities, or
EXCessive process set-up times. In such instances, however.
the OEE calculated figure would still appear low, therefore
indicating the need to decrease the planned maintenance by
applying more efficient and effective TPM activitics.

An important factor within the availability element s
loading time. Loading time can be defined as the tofal length
of the shift afler any deductions for planned downtime.
Planned downtime can typically include the following
activities:

= Waiting due to completion of current orders:

« No labor available due to operator breaks;

= Plaoned maintenance activitics;

= Equipment trials and process improvement activitics;

+ Machine cleaning and general operator maintenance: and

= Operator training,

Actual operating time {mins) 5
Flanned operating time {mins )

100

Availability =

Where,

Planned operating time = Total shift time — Planned
maintenance

And,

Actual operating time = Planned operating fime —
Unplanned maintenance — Minor stoppages — Senp &
cliangeover

The second element of the OEE caleulaticn is
“performance rate”™. This measures the ratio of the acnal
speed of the equipment to the jdeal speed. The performance
raie clement of OEE may be caleulated in a number of
different ways. Nakajima measures a fixed amount of
output, and in his definition “performance” indicates the
actual deviation in production in time from ideal cycle time.
De Groote on the other hand, focuses on a fixed time, and
calculates the deviation in production from that planned.
Both definitions however measure the actual amount of
production,

Performance efficiency is the product of the operating
speed rate and net operating rate. The operating speed rate
of equipment refers to the discrepancy between the jdzal
speed and its actual operating speed.
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The net operating rate measures the achievement of a
stable processing speed over a given period of time, for
example 2 production shift of 12 hours, rather than whether
the actual speed is faster or slower than the design standard
speed. This caleulates losses resulting from minor recorded
stoppages, as well as those that go unrecorded on daily logs,
snch as small problems and adjustment losses.

Performance efficiency = (Met operating rate * Operating
speed Tate) = 100

Vhere,

Met operating rate = (No: produced = Actual cyele time)
Operation time

and,

Operating speed rate = (Theoretical cycle time = Actual
cycle time)

Cr, Performance rate may be defined as,
Actual Output 100

Performance rate = »
Tarpet Output

The third and final element of the OEE calculation is the
“quality rate”, and is used ‘to indicate the proportion of
defective production to the tolal production velume, [t

. should be noted, however, that the quality mate involves

defects that occur only in that designated stage of
croduction, usually on 2 specific machine or production line,
The related formulae for the caleulation of availability,
performance and quality are given below respectively,

Tetal Mo: Good Dutput

Quality rate = —
Total No. Actual Output

= 100

OEE is measured n terms of these six big losses, which
vz essentlally a function of the availability, performance
tate and quality rate of the machine, production fing, or
factory, whichever is the focus of OEE application [34].

OEE = Aveilability = Performance = Quality

fnitial Data Collection for OEE

The eritical parameters of the six big losses require
“=tailed performance data. This can result initially in overly
anplex data collection requirements, since the OEE
performance: data requirement is likely to be much more
detailed than any previous performance measurement

it Tequirements: Such data may be simplified, Rather than

recording the actual time of each downtime and speed loss
fior- example, the frequency of these losses caa be recorded
initially, Although the former situation is more precise, the
iatter can be adapted as an initial step by process operatives.
i should not be forgotten that: the most important objective
of OEE is not to get an optimum measure, but to get a
simpler measure that indicates the areas for improvement,

Saftwiare Dovelopment

OEE is probably the most important toel in the TEM
program, Caledlating the OEE is essential to get focus of

the operator and equipment. The supervisor or line-manager
processes all the data he receives from the operators. Soon
he gels an overview of what’s happening on his equipment.
With this information he gives a feedback to the operator
and informs his management. The OEE-software helps to
get the best information out of OEE. Software is developed
to calculate OEE with the help of Visual basic, MSSOL and
Crystal Report. Data entry form has been designed in such a
way that minimum data entry is required. Following section
gives a description about the Input and pre defined data
required in the caleulation of OEE and stoppage analysis
repord. ‘
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The Problems while Implementing the OEE

 Masses of data nzed to be processed to calculale OEE
manually. Soon the supervisor gets overloaded with data,
The longer he waits with processing, the lesser his
motivation. Although huge piles of data are available, the
guestion will be how to get information out of it. Extracting
information is usually very time consuming and hence
costly. The masses:-of data coming in from the operators are
no longer to handle without some kind of antomation.
Implications of these solutions necd the toal which is,

« Flexible to the need of the user.

«  Without interference of software programming,

- EﬂE}’lDUSE.

+ Expandable to future needs.

« Minimal input, maximal information.

Dara-Collection and Input in Software

Data collecting i= a part of c¢reating operator awareness,
There are several data-collection strategies possible. Screen
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is designed for optimal speed and ease of use, Almost no
typing is required since the system knows most of the data
already. Just Click-and-Pick. One screen gives all the
information of one OEE-calculation to the operator or line-
manager. Many reports arc instant-ready, and directly
available for shortest feedback. The operator/line manager

- immediately gets feedback on the data.

[}

= Availability, Performance-and Quality rates and OFE
+ Graphical presentation of the stoppage reasons Provides
up 1o date shifi report.

Cut Put from OFEE Software

The reason to collect data is to get information. The OEE
software helps to get as much information as possible out of
the collected data. Information can always be produced aver
a predefined range of time, a day, a week, ashifiora period.

Several graphs can be generated to show progress in
improving the OEE, and stoppage analysis report by the
software itself. Reports are also flexible in nature and one
can get such report for one shift, one day or one week or
month or entire time span. The report shows the OEE,
availability, performance and quality rate, and-stoppaze
reason over a time. After systematic observation and critical
examination of the reports, number of things uncovers. Like
frequency of breakdown aver a time, mare than expected
breakdown time if it i5 unosual or more than expected,
production and maintenance  people think over it and find
oul permanent salutions of problems.

Lel's first ook at the presentation of the DEE/stoppage
reason data itself. :

One can present the OEE over any machine or shift in

-any period. Even a general OEE {ofall the machines) is not

a problem. Those who ever tried o calculate such by hand,
know what this means, since adding szvera]l OEE's is not
Jjust 2 matter of summing the OEE value and taking the
average. One has 1o recaleuiate all the individual values!
There is virtually no limit to the data range ang wants to
(rejealeulate. a day, several dayve, a month. Just pick the first
and the last date, the tool does the rest. Lists and Graphs can
be printed in full color for presentations on the shop floor.
By providing data required to caleulate OF E, OEE software
calculate-OEE, Report of stoppage analysis and shifi Teport.

World Class OEE : =

OEE is essentially the ratio of Fully Productive Time to
Planned Production Time, In practice, however, OEE is
calculated as the product of its three contributing factors:

OEE = Availability = Performance = Quality

This type of calculation makes OEE a severe test. For
example,-if all three contributing factors were 90.0%, the
overall OEE would be 72.9%. In practice, the generally
accepled World-Class. goals for each factor are quite
different from each other, as is shown in the Table 2 below.

Table 2: World class OEE

== Warld Class
Avaitability 90.0%
Performance 95,00
Quality 99, 9%
Owerall OFE B5.0%

Worldwide studies indicate that the average OEE rate in
manufacturing plants is 60%. As seen in the above table, »
World Class OEE is considered to be 85% ar better. Clearly,
there is room for improvement in most mauufacturi;{i_-
plants,

OFEE Calculation

The Table 3 below contains hypothetical shifi data, to be
used for a complete OEE calculation, including ealculation,
of the three mmr?buting factors of Aveilability, Performance
and Cuality,

Table 3: Shifi Daga

Shift Length H Heurs (480 minutes)
Shart Breaks {2) 15 minutes sach
Meal Braak {17 30 minutes]
Down Tima A7 mimmses
Ideal Rate 60 ppm
Pieces Produced 19,271
Rofect Pieges 43
Visual OEE

“How can management collect and display useful QFE
data without reams of paper and a platoon of Industrial
Enpineers?”

The answer is: Visual OEE,

Figure: Visual OEE

.3"
=g
732

117

A factory without display of production metrics is like
the car with no specdometer!

Real-time display aof production metrics enables operators
and maintenance people to quickly respond to issues that
would otherwise destroy productivity, These metrics serve
a5 a gauge when making adjustments that lead to
incremental improvements. Visual OEE displays developed
provide the data needed improve  manufacturing
efficiency through promoting plant-flow awareness.
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Tie Visnal OEE Principle

A barrier between manufacturer and greater productivity
is the performance data which they can't see when they need
it. OEE information in tomorrow's report is not nearly as
useful as instantangous reporting of key OEE losses in real
time. Exciting productivity improvements to be when real-
time OEE percentazes developed directly from machine or
manufacturing cell are monitored,

In other words: A Visual OEE display that is visible to
ceeryone i a simple, effective way to realize immediate
improvement in production,

The quickest and most effective way to improve OEE is
to attack the ¥Six Big Losses™,

The following Table 4 shows the campany performance
in terms of OEE:

Table4: Eviluation of Company™s performince compared with Warld
Cluss Performince

Compamy's parforinance World-class performmee
T5% Availability =215 Availability
3% Perfrmonee efficienoy >35% Perlommonce efficiency
470 Rate of quality >899 Rate of quality
61% DEE =83% 0EE

=17 the WCM target of 85% OEE is reached, then ia the
““present case study 32.16% increase from the existing OEE
would have represented a potential eaming capacity of
Rs; 103908 per week.

The efficient maintenance of the production and other
plant machinery is crucial in determining the success and
overall effectiveness of the manufacturing process, Diespite
time and money spent on the development/production of the
advanced plant and its equipment, there has not been enough
il ution to defining comprehensive maintenance strategies,
practices and policies. However, there are indications that
the transition process.  from  reactive {breakdown)

raintenance to TEM is already taking place, .

V. CONCLUSIONS

ln the present world of competitive environment,

iit." stries have to come out with quality products at lower

cost, <0 as to make customers delighted, In order to do this,

various concepts are available out of which Total Productive

. Maintenance is one of the most efficient, reliable and widely
saccepted philosophy to fight against the lower productivity.

TPM can be implemented in any indusiry irrespective of

size of the industries. OEE is a tool fo measure effectiveness

of the equipments used and thus shows the arcas that need to

be anproved first. Training has to be provided to the

workers for motivating them, to adopt new methods and

toncepts for successful implementation of TPM.
Far the Case Study

* Software was developed for determination of overall
equipment effectiveness and for analyzing down time
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which facilitates improvements in OEE and reduction in
down time in shorter duration,

A TPM implementation plan was developed for the forpe
shop.

» The documentation of a comprehensive approach for

developing and implementing TPM methods.

Teams that have started implementing TPM have cuickly
realized that equipment performance is critical in reducing
manufacturing costs. In the forging industry where study
was couducted OEE was well below “warld class’ Jevel.
After implementing TPM in the forge shop, improvement in
Overall Equipment Effectiveness improved from 52% to
61%, 9% improvement in OEE, Also down time was
reduced by approximately 22.5 Hours per month.

Eurther implementation of the TEM in 2 continuous
manner will facilitate the organization in achicving better

- results An integrated approach within the organization is

necessary for reaping the benefits of TPM fully.

V1. FUTURE Scope

The results of case study provide insight into the
requirement for improvement of equipment performance.
The following are the areas where research is still needed
for full implementation of TPM.

+ Research is still required 1o find new and innovative dats

collection methods, and data analysis methods,

= Development of Visuel OEE system which provide

continuous display of OEE data in various departments
will motivate management and workers for further
unprovement in manufacturing performance,
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