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Abstract— Overall Equipment Effectiveness is the technique for calculating and identifying the losses of a manufacturing system. Wafer 
biscuit manufacturing plant is used implement OEE and the countermeasures. Countermeasures such as planned downtime management, 
root cause analysis, management routines and 5S Workplace Organization are used individually as well collectively for the improvement of 
three major blocks of OEE which includes availability, performance and quality. OEE of the current process is 48.49%, but implementing 
countermeasures OEE increases to 50.10% for planned downtime management, 48.49% for root cause analysis, 57.31% for management 
routines and 59.57% for 5S Workplace Organization. 

Index Terms— Countermeasures, Manufacturing system, OEE, Production.   

——————————      —————————— 

1 INTRODUCTION                                               
VERALL Equipment Effectiveness (OEE) measures in 
what way a manufacturing unit executes task relative to 
its designed capacity, during the periods when it is sche-

duled for production. 
     In 1988, Nakajima for the first time identified OEE is a best 
method to identify the flaws in current manufacturing process 
and executing the countermeasures for improvements to solve 
the flaws [1]. OEE considers its three building blocks for calcu-
lation which includes availably, performance and quality. It 
also considers the six losses associated with manufacturing 
based on the building blocks [2]. Simplest way of calculating 
OEE is by using (1).  

QualityePerformanctyAvailabiliOEE ××=               (1) 
Wafer biscuit manufacturing plant is selected for imple-

menting OEE. OEE considers six major losses which must be 
minimized to achieve improved efficiency of wafer biscuit 
manufacturing plant.  

Availability is the time during which a manufacturing sys-
tem is actually accessible to keep producing items for the 
scheduled period. While, performance is a ration of the manu-
facturing system when it is really productive. The quality of 
the products is from the total items that could be manufac-
tured subsequently considering availability loss and the per-
formance loss. Quality losses also need to be considered. The 
six losses of manufacturing system have specific countermea-
sures could be applied to minimize or eliminate them to en-
hance the OEE. It can be observed in Table 1 given beneath 
clarifies the techniques for tackling the losses are categorized 
and after that tended to utilizing the relevant countermea-
sures. 

The countermeasures, all the building blocks are presented 
in Table 1. It is important to note that only a few could be ef-
fective for the production of wafer biscuits manufacturing 
system that is under consideration. Countermeasures dis-
cussed for improvement of OEE at selected manufacturing 
system includes: 

1. Planned Downtime Management 
2. Root Cause Analysis 
3. Management Routines 
4. 5S Workplace Organization 

Table 1: Reasons of OEE Losses and their Countermeasures 

 
2 LITERATURE REVIEW 

Production system can increase efficiency by considering 
equipment effectiveness [3]. Performance assessment is key 
tool to decide world class system [4]. Frost and Sullivan in 
2005 anticipated the standards of OEE. Where, world class 
system based on three factors of OEE that are availability, per-
formance and quality having values of 90%, 95% and 99.9% 
gives OEE is 85%. OEE of perfect system is 100%, typical sys-
tem is 60% and 40% is said to be low value [5], [6], [7].  
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Availability has diverse meanings based on its applica-
tions [8]. Unplanned downtime events are the main factors 
that influence OEE adversely. Downtime is one of the greatest 
culprits for cutting down the OEE of plant in light of the fact 
that it can require a gigantic lump of investment out of 
planned production time [6]. The time in which any antic-
ipated repairs, overhauls are performed for preventive or pre-
dictive maintenance activities [9]. The maintenance role of 
diminishing downtime sways not very perceived [10]. 

Quality change tools is applied for failure mode and effect 
analysis (FMEA) main driver of any OEE apportion can be 
found [11]. The 5-Why strategy for root cause analysis obliges 
to question how the sequential reasons for a failure emerged 
and distinguish the cause-impact path of failure. "Why" is re-
quested that locate each first trigger until we as far as anyone 
knows touch base at the root cause of the occurrence [12]. 

It critical to measure performance of production system 
[13]. The measurement of performance of the system has been 
under study [14], [15], [16], [17]. Performance optimization for 
OEE important and is achieved by data collection [18]. Manu-
facturing firms are all the more concentrating on enhancing 
production [19]. 

Analysis is done on issues that occur almost every day and 
preventive measures are taken to facilitate reinforce the per-
formance [20]. Industrial sector, it is progressively common to 
utilize strategies and devices for performance measurement. 
There has been a consistent increment in the reception of the 
methods that are considered the fundamentals to measure the 
accomplishment of the organizations [21]. Efficiency is vital 
production management as numerous techniques have been 
created by keeping in mind the end goal to enhance perfor-
mance of industry [22]. Management routine in any organiza-
tion that must be supervised on predictable schedule are ad-
ministration obligation, organization, employee’s contribution 
and worker responsibility [23].  

A spot for everything where it is placed is the mantra of the 
5S technique. Capacity and workspace frameworks permit 
enhanced association and greatest utilization of cubic space 
for the most elevated stockpiling. The outcome is an enhanced 
manufacturing process and the most minimal general expense 
for products created [24]. If an efficient plant layout is intro-
duced to achieve benefits [25]. The visual systems with effec-
tive implementation has dramatic improvements as 15% in-
crease in throughput, 70% cut in materials handling, 60% de-
crease in floor space, 80% decrease in distance flow 68%, re-
duction in rack stockpiling, 45% decrease in number of for-
klifts, 12% decrease in engineering cycle time, 50% decrease in 
annual physical inventory time and 96% decrease in defects 
[26].  
3 METHODOLOGY 
3.1 OEE Calculation 

Calculation of OEE are based on the manufacturing losses 
for selected manufacturing system that are calculated are 
shown in Table 2. 

Once table of OEE losses is generated. It becomes an easy 
task to generate table in which OEE is calculated based as 
shown in Table 4 which is based on (1), (2), (3), (4), (5), (6), (7), 

(8), (9), (10), (11), (12), (13), (14) and (15) which provides all the 
necessary details needed for calculating OEE. 
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In the initial stage for ideal case it is identified while consi-
dering that losses during production are not occurring. The 
system is able to produce 245 boxes every day. While, in Table 
4 calculations of based on losses of Table 2 are shown. 
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Table 2: OEE Losses Calculation 

 
3.2 Planned Downtime Management 

The time amid which a system or machine is not working 
appropriately for different reasons. Schedule downtime is ar-
ranged ahead of time for reasons including planned mainten-
ance, redesigning and updating a system. 

Planned downtime is a timeframe in which operations are 
confined with a specific end goal to execute upgrades, repairs 
and different changes. Dissimilar to disastrous sorts of down-
time, planned downtime happens when the organizers have 
put aside a specific time to close down or confine operations. 
Planned downtime is regularly stood out from unplanned 
downtime, where technical issues of machines shut down or 
limit operations. The capacity to planned downtime is profita-
ble, since clients can be educated previously and can arrange 
exercises around a blackout, instead of be gotten amidst an 
adjustment in operations. 
3.2.1 Planned Downtime Management Minimization 
Technique 

There are five ways to minimize manufacturing downtime 
are: 

1. Establish goals 
2. Updating machinery 
3. Explain downtime for workers 
4. Regular system evaluations 
5. Monitor efficiency of manufacturing processes 

3.2.2 Steps for Zero Downtime 
Three steps necessary to achieve zero downtime includes: 
1. Prevent downtime of the machine 
2. Maximize availability 
3. Minimize human mistakes 

3.2.3 Improvement by Planned Downtime Management 
Planned downtime is a technique used to minimize or elim-

inate setup/ planned downtime/ external unplanned events 

and adjustments. Planned maintenance is not considered as it 
is necessary for plants to run smoothly and on a weekly basis 
the problems are solved and machine is faltering in such man-
ner that it must run all the week without any interruption. 
Warm up time is another loss which can't be disposed of on 
the grounds that it incorporates baking of wafer sheet which is 
unrealistic to be eliminated nor it could be minimized. The 
loss which would be under consideration includes only chan-
geover time. 

The changeover time is associated with the creaming pot. 
This pot is cleaned during changeover for manufacturing wa-
fer biscuits with different flavors. Removable pot is installed 
that can be evacuated whenever the flavor is changed. The 
roller should be cleaned rather than pot. The changeover time 
is brought down to 2.5 minutes. It can be found in Table 3 that 
changeover time is decreased. 

Planned down time increases OEE from 48.49 % to 50.10% 
and the production of boxes is increased from 118 to 122 on a 
daily basis as shown in Table 4. It can be observed in Table 3 
and Table 4 that the effect is not up to expectation rather find-
ings exhibited here will be utilized as a part of alternate coun-
termeasures displayed later. It must be remembered that little 
improvements can create incredible benefits. This counter-
measure will be used when all the techniques will be applied 
collectively.  
3.3 Root Cause Analysis 

Root cause analysis is the procedure for finding and elimi-
nating the cause that would keep the issue from reoccurring. 
When the root cause is recognized and eliminated the produc-
tivity losses. A strategy for determining nonconformance that 
is followed back from the inability at the end to its unique 
source. The fundamental apparatus for comprehension and 
taking out productivity losses. 
3.3.1 Steps for Implementing Root Cause Analysis 

The Root Cause Analysis is a six step continuous process 
involving the following: 

1. Identify the problem 
2. Define the problem 
3. Understand  
4. Identify the root cause 
5. Corrective action 
6. Monitor the system 
The technique used Root Cause Analysis is shown in Fig. 

1. It is a continuous improvement process. 
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Fig. 1: Steps for Root Cause Analysis 

Brainstorming is vital to make a fish bone diagram if ne-
cessary to take actions. The brainstorming is based on steps in 
Fig. 1 to identify event and actions that must be accordingly. 
3.3.2 Improvement by Root Cause Analysis 

Root Cause Analysis is a countermeasure concerned with 
availability. If we are more precise it considers breakdown 
losses. Cause mapping is used to identify the issues as ap-
peared in Fig. 2 which incorporates three steps. Root cause 
analysis is used to prevent the breakdown, but it doesn't guar-
antee that the breakdown won't happen. 

 
Fig. 2: Cause Mapping 

It can be seen in Fig. 3 the losses and the causes associated 
with them. It must be kept in mind that OEE can increase, 
which recommends that the boxes produced on a daily basis 
will be increased if these losses are managed properly. 

 
Fig. 3: Root Causes of Availability Loss 
3.4 Management Routines 

Management routines are the activities performed regu-
larly. The activities are performed at settled or consistent in-
tervals. Management routines are unvarying redundancy of a 
methodology. As per set up a methodology that is kept in a 
decent day by day routine in order to have organization run-

ning easily, proficiently and dependably be large and in 
charge.  
3.4.1 Implementing Management Routines 

Management must take actions on the problems identified 
to tackle the losses of performance for improving OEE. The 
daily activities of management are explained with the solution 
that must be implemented. 
3.4.2 Improvement by Management Routines 

Management routines are performance related adminis-
trative countermeasure in which management takes the deci-
sions on the basis of observations. It was observed that imper-
fections related to mechanism can be minimized on the basis 
of international standard with the assistance of research pa-
pers and manufacturing plants across the globe. The losses 
considered for management routines are shown in Table 3.  

Losses affecting performance are minor stops and reduce 
speed. Losses connected with minor stops that are occurring in 
selected wafer biscuit manufacturing system are components 
jams, misfeed and cleaning/checking. Components jams are 
due to the improper blending of sugar, improper sugar from 
the supplier and hardening of cream due in open environment 
due to time. This loss can be minimized or removed due to 
appropriate checking. This loss can be solved by the manage-
ment. It had not been diminished due to the fact that the ma-
terial is being acquired from suppliers that provide the raw 
material on less cost. This loss can be solved if the industry 
becomes stable and production in the initial phase is in-
creased.  

Second loss considered in minor stop is misfeed that occur 
when cream is not legitimately embedded into the cream pot 
and falls on the outer edges of the pot or at the conveyor belt 
while third loss occurring under minor stop is cleaning/ 
checking that is due to breakages of the wafer biscuit sheet. 
The cream that falls on the conveyor belt must be cleaned for 
smooth running of the process. It can be observed in Fig. 4 that 
the conveyor belt that uses tires and ropes can be used to wipe 
out the misfeed as the cream will fall directly down and will 
be cleaned without affecting the production. This conveyor 
belt will eliminate the time for cleaning of conveyor belt.  

The second category has reduced speed that is improper 
handling of equipment. Rough running occurs when the 
workers need to finish the assignment in a rush because the 
breaks are approaching. This is the mind set and difficult to 
wipe out as most of the workers are on contract and legitimate 
training process can't be introduced. Equipment wear incorpo-
rates roughing of cutting tool that is used for cutting the flakes 
of wafer sheet. These tools are in the closet or at the time 
needed to be shaped which consumes time. If tools are near to 
the workers that will reduce time and the cutter must be in 
extensive numbers on premise to be used in case of failure. It 
is possible to save this time and conveyed down to 0.2 minutes 
by considering the same losses. 
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Fig. 4: Standard Conveyor Belt 

The new time for performance loss during production is 
based on the values of Table 3. It can be seen in Table 4 that 
OEE is increased from 48.49% to 57.31%. The increase is quite 
significant, but this could have been more if the other recom-
mendation is implemented, but that must be forced subse-
quent to executing the essential enhancements before moving 
to the optional ones. With increasing OEE the boxes are like-
wise increased from 118 to 139 as shown in Table 4.  
3.5 5S Workplace Organization 

5S is a sensible procedure which is effortlessly justifiable 
and appropriate. 5S methodology is utilized frequently across 
the world as a part of the huge organization for the change in 
their production and lean manufacturing. 

5S is fundamentally determined from the Japanese lan-
guage that are deciphered into the English language. The pro-
cedure is connected with standardized cleaning. Nevertheless, 
it is more than just cleaning. 5S is the strategy to oversee, 
compose the workspace and smooth the work flow with to 
achieve proficiency by taking out and minimizing the waste, 
enhancing the waste and diminish the procedure that causes 
inefficiency of the manufacturing unit. Implementation of 5S is 
usually preferred while implementing OEE as it considers all 
the pillars of OEE. The major objective behind implementing 
5S is due to systematic demonstration to reduce the waste.  

5S is a continuous improvement cycle as appeared in Fig. 5. 
Problem identification is important in any environment for 
presenting the solutions to solve the issues. Implementation of 
5S in any organization is essential due to the fact that it con-
siders all the building blocks of OEE. 

Single closet contains every item in it either cleaning 
equipment or flavors. Closet also contains small items that 
could be stored in it. Each item needs to be allocated a prede-
fined place. It must be kept closer to the workplace as it will be 
easy for worker to access it. 
3.5.1 5S Implementation Cycle and Improvement 

It can be observed in Fig. 5 the process for implementing 5S 
in an organization. It is a continuous improvement cycle. 

As it can be observed in Fig. 5 that for implementing 5S fol-
lowing steps are followed systematically. 

1. Sort 
2. Set in Order or Straighten 
3. Shine or Sweep 
4. Standardize  
5. Sustain 

 
Fig. 5: 5S Implementation Cycle 
3.5.1.1 Sort 

Sort implies setting off to the work region and ensuring 
that the crucial things are available. It includes eliminating 
apparatus, materials, installations or whatever other things 
not utilized as a part of the procedure. Everything else is ei-
ther put in store or most likely disposed of. 

1. Sort cream ingredients according to schedule of pro-
duction. These are separated from the others for the re-
spective planning.  

2. Sort of new removable cream pots are near to the con-
veyor belt in reach of the worker by assigning ergo-
nomic location.  

3. Location of batter mixer as shown must be changed to 
bring it much closer to the oven as much as possible. 
This strategy will remove the distance and traveling 
time for shifting batter from the batter mixer while 
pouring into the tub of oven for moving into the baking 
plates. It will keep the shop floor clean. 

4. The worker had to move and fetch the cutter for re-
moving flakes of the wafer sheets from the closet. Simi-
larly, sharpening tool for cutter also placed inside the 
closet. These needed to be sorted out to give workers a 
friendly work environment. 

5. Cutting machine need repair when the wire breaks. As 
new removable frames are introduced, they must be 
repaired. These problems are needed to be sorted out 
by proper maintenance plan. 

6. Sort cleaning equipment near to the conveyor belt, cut-
ting flakes and assembly table. 

3.5.1.2 Straighten or Set in Order  
Straighten principle center is in the workplace and it simply 

concentrates on the effectiveness. It is more than mastermind-
ing the instruments and equipment when they can be later 
utilized. It is way clearer to work for materials, instruments 
and work process. Out of all the strides this is the one which 
creates the best cost diminishes. Straightening the work pro-
cedure can incorporate changing in the dies or tooling that 
decreases completing work. For example, it might incorporate 
direct communication with the clients to execute changes in 
the design that may bring a reduction in quality change. It is 
likewise the progression that bears the most rehash visits to 
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actualize persistent change. 
Ingredients for cream mixing must be placed in order be-

fore starting the production. The ordering of ingredients is set 
according to planned production of the flavors. This is done 
during warm up in oven as workers were free at that time. 
Management needs to inform workers about wafer biscuits of 
respective flavor a day before or in the morning. 
3.5.1.3 Sweep or Shine 

Shine implies have perfectly clean and flawless work place. 
Amid the work procedure or toward the end of the shift clean 
the work place and reestablish everything back to its legiti-
mate spot. In straighten, it plainly demonstrates where the 
things are to be put or from where the things ought to be ga-
thered when required. The main fact is that, cleaning is a con-
stant part of the day by day work. It is not just when the 
workplace gets excessively untidy however it ought to be al-
ways kept clean. 

Clean shop floor, cream pot and conveyor belt on regular 
occasions. Cleaning item must be placed close to the individu-
al work cell. The raw material must be properly placed on re-
spective locations. These must be tags on the raw material as 
well as the finished good to be sort out. 
3.5.1.4 Standardize  

Standardizing work practices implies working in institu-
tions and appropriate fashion. Everybody comprehends the 
job assigned to them and process followed to execute with that 
obligation. Actions are always taking the same right way 
every time. 

Standardize the process according to international stan-
dards to eliminate production wastes that are observed during 
wafer biscuit manufacturing. 
3.5.1.5 Sustain  

Sustain implies more than simply keeping up what has 
been set up. 5S turns into a lifestyle and better approach to 
work. It implies the administration does not permit workers to 
work with the old strategies for working. Likewise, sustain 
implies that whenever another issue emerges a recommended 
change in the form of another instrument accessibility or 
another yield prerequisite for the procedure is looked into for 
the change. 

Maintaining new implementations and the same process it 
repeated to achieve long lasting effects. Production losses con-
sidered in the implementation of 5S are shown in Table 3. Im-
plementing 5S increased OEE from 48.49% to 59.57% and the 
boxes from 118 to 145 as shown in Table 4. OEE is almost 60%, 
which is observed in typical industries across the world. 
4 RESULTS AND CONCLUSION 

The calculated OEE, availability, performance and quality 
of wafer biscuit manufacturing system in contrast with the 
world class system shown in Fig. 6. The comparison of results 
demonstrates that current OEE must be enhanced by large 
numbers to accomplish that greatness for widely known 
world class systems. 

 
Figure 6: OEE Comparison 

Losses that are considered in every classification to be illu-
minated with the help of countermeasures are presented in 
Table 3. The values of losses are highlighted with red shading 
for countermeasures that are either eliminated or reduced to 
be distinguished from those that are not possible to be re-
duced at this stage. Table 3 shows the losses that were occur-
ring in manufacturing unit.  

Table 3: Summary of Losses with Countermeasures 

 
The summary of countermeasures is presented in Table 4 

gives every last insight about the computation of OEE and the 
results of countermeasures. There are qualities highlighted in 
red shading because of their significance. 
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Table 4: Summary of Improvement with Countermeasures 

 
5 FUTURE RECOMMENDATION 

1. Numerous countermeasure shown in Table 1 can be 
applied be applied for improvement which were not 
under consideration for this anticipation.  

2. Schedule of production can be performed to analyze 
the effect on OEE. This will be research based venture 
to assign activities and time to perform them by the 
worker. 

3. Simulation can be performed for analysis and for im-
provement of the process. 

4. Market analysis for can be performed for purchasing 
raw materials from a supplier with best quality and 
cheap rates as compared to others. Utilization of OEE 
for conveying cost based examination in which loss of 
effectiveness is critical. The financial aspects have 
gained greater appreciation if reduced from the man-
ufacturer and supplier.  

5. OEE methodologies can be useful in assisting inven-
tions. This can be performed and illustrated with the 
examples. 

6. Maintenance strategies can be introduced to discover 
their impact on OEE. 
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