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Increasing productivity is very important for companies to
gain success in their business processes. This paper
describes a case study of a manufacturing company that
produces packaging products. PT BMJ is one of the
companies engaged in the packaging industry. Low
productivity and increased product demand for Offset
machines becomes quite an important issue in the
company, so that it becomes the objects of this research.
Overall Equipment Effectiveness (OEE) is one of the
methods that can measure machine effectiveness with three
assessment factors, namely: availability, performance, and
guality. Measurement of the OEE value and analysis of six
big losses are carried out as an effort to increase the OEE
value of machines and improve the production system in
the company. The root cause of the problem is identified
by using a causal diagram to be able to provide several
suggestions for improvements. Based on the results
comparison of OEE value before and after the
implementation of improvement on the Offset machine,
these improvements can increase the OEE value by 7.13%
in two month implementation. Although the increase in
OEE has not yet reached the criteria for World Class OEE,
the proposed improvement has been able to reduce six big
losses and increase the value of OEE.
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1. INTRODUCTION

Industry competition encourages companies to
look for alternatives to increase company
profits. One of the alternatives is to make
efficiency and continuous improvement in the
production system. Increasing productivity is
very important for companies to gain success

in their business processes. The main factors of
production needed by an organization in order
to operate optimally are man, machines,
money, methods, materials and information
known as 5M+l. In general, problems with
production facilities that cause production to
be interrupted or stop at all can be categorized
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into three factors, namely humans, machines,
and the environment. These three things can
affect one another (Triwardani et al., 2013). To
increase productivity can be done by
increasing the effectiveness of the machine.
The effectiveness of a machine is a condition
and the ability to succeed in a machine to
produce products as desired. It is important to
increase the effectiveness of the machine so
that the machine can be used optimally.

PT BMJ is one of the companies in the
packaging industry that produces packaging
products. The high demand for products at PT
BMJ is the main reason to increase
productivity by using machines as effectively
as possible and with high machine
performance so that these demands can be
fulfilled. In addition, the condition of the age
of the machine that is no longer young can
certainly result in a lack of effectiveness of
machine performance. So, it is necessary to
make some improvement efforts to improve
machine performance so that the machine can
operate optimally. Total Productive
Maintenance is a planning system to increase
the quantity and quality of production through
the study of the effectiveness of machines,
equipment, processes, and employees in a
company (Nakajima, 1988).

One of the basic measurements related to TPM
is Overall Equipment Effectiveness (OEE),
which is a performance measurement that is
appropriate for the overall effectiveness of
equipment to increase productivity (Stamatis,
2010). The OEE method is used as an initial
calculation to find out how much the value of
the machine's effectiveness with using
historical production data from the company
(Tobe et al., 2017). OEE measurement is based
on three main factors, namely: availability,
performance, and quality. Referring to the
global international standards issued by the
JIPM (Japanese Institute of Plant Maintenance)
for measurement OEE, the minimum value for
the availability level is 90%, 95% for the
performance level, and 99% for the quality
level and the total percentage of OEE is 85%
(Djunaidi & Natasya, 2013). The stages of the
DMAIC pattern can be followed, generalized
and applied in improving OEE and using lean
tools at each of these stages (Chiarini, 2015).
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Six Big Losses are six losses that must be
avoided by any company that can reduce the
effectiveness of a machine (Nakajima, 1988).
Six Big Losses are usually categorized into
three things, namely downtime, speed losses,
and defects. Seeing this, we need a method that
can solve the problem appropriately so that the
effectiveness of tools and machines can be
used optimally. One method that is widely
used is OEE.

Based on the existing problems, a proposed
solution is needed by conducting analysis and
improvement efforts so that the predetermined
targets are achieved. The use of the OEE
measurement method and analysis of the six
big losses that occur is expected to find the
causes of productivity problems related to
machine production performance. Thus, it is
expected to reduce the incidence of losses in
order to improve machine performance.

2. LITERATURE REVIEW

Overall Equipment Effectiveness is a method
used to measure the effectiveness of a facility
or machine condition in operation (Herwindo
et al., 2013). Based on the literature study on
OEE implementation that has been carried out
(Atikno & Hardi Purba, 2021), from several
journals that have been reviewed, it was found
that OEE is mostly used in the manufacturing
industry sector. Rahman and Perdana stated
that the OEE value of 50% is an acceptable
amount (Rahman & Perdana, 2019). However,
in order to become a profitable company, it is
recommended to have an OEE value of at least
85% with the composition of the OEE factor as
in Table 1 below (Wijaya & Widyadana,
2015).

Table 1. OEE value standard

Factor Score
Availability Rate (A) >90%
Performance Rate (P) >95%
Quality Rate (Q) >99%
OEE >85%

The calculation of the OEE value from
Availability Rate, Performance Rate, Quality
Rate, to the percentage of OEE is obtained
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from the formula below (Hermanto, 2016).
The Overall Equipment Effectiveness (OEE)
method is a total measurement of performance
related to Awvailability, Performance, and
Quality with the formula in Equation 1 below:

OEE=AxPxQ 1)
where

A Availability Rate

P Performance Rate

Q Quality Rate

Availability is the amount of time available for
each machine or equipment operating activity.
Components that affect Availability are
equipment failure, set-up, and adjustment
losses. Equation 2 formula is the calculation of
Availability rate, namely:

Availability = ——2 T 100%  (2)

Planned Production Time

Performance efficiency is a description of the
ability of the equipment to produce products.
Performance efficiency has two components,
namely idling and minor stoppage losses and
reduces speed. Equation 3 formula is the
calculation of Performance efficiency, namely:

Actual Speed

Performance = ——————
Speed Mac Machine

x100%  (3)

Quality rate is supported by two components,
namely defect in process and reduce yield.
Equation formula 4 is a calculation to
determine the Quality rate value, namely:

. Good Count
Quality = el oo 100% 4)
There are six major disadvantages that cause
low performance of the equipment which
causes low performance of equipment. These
six losses are called the Six Big Losses, which
consists of (Kameiswara et al., 2018):
1. Startup Loss
Startup loss categorized as quality loss due to
scrap/reject during production startup caused
by wrong machine setup, insufficient warm-up
process, and so on.
2. Setup/Adjustment Loss
Setup/Adjustment  loss  categorized as
downtime loss due to "stolen” time due to long

setup time caused by several things, for
example the machine is worn out, below the
expected capacity, operator inefficiency, and
SO on.

3. Cycle Time Loss

Cycle time loss is categorized as speed loss
due to a decrease in processing speed caused
by several things, for example the machine is
worn out, below the capacity written on the
nameplate, below the expected capacity,
operator inefficiency, and so on.

4. Chokotei Loss

Chokotei loss is categorized as speed loss as
unplanned idling and minor stops. Chokotei is
a Japanese term in industrial scoope which
means small stoppage due to simple cases, not
from a serious problem of equipments or
machines, need no special handling or
adjustment, generally the downtime that occurs
less than 1 minute but high frequence. This is
because the machine hangs so that it has to be
reset, there is cleaning/checking, blocking of
sensors, delivery, and so on.

5. Breakdown Loss

Breakdown loss categorized as a downtime
loss due to damage to machines and
equipment, unscheduled maintenance, and so
on.

6. Defect Loss

Defect loss categorized as quality loss due to
rejects during production.

Supporting methods are needed to determine
appropriate corrective action targets after
information on OEE is obtained. Referring to
the literature study conducted by Atikno and
Hardi Purba (2021), the most widely used
method is Six big Losses. Six Big Losses are
analyzed to determine the causes of the OEE
performance of an equipment so that steps can
be taken to improve the machine effectively.
From the six losses above, it can be concluded
that there are three types of losses related to
the production process that must be
anticipated, that is:
1. Downtime loss which affect the
Availability Rate value
2. Speed loss which affect the Performance
Rate value.
3. Quality loss which affect the Quality Rate
value.

In previous research, OEE has an important
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role in determining the effectiveness of the
production process in the manufacturing
industry. OEE is proven to be able to identify
the level of effectiveness of the machine in
producing its products (Samad et al., 2011).
In addition, the low value of OEE on
production machines can be further analyzed
using six big losses, so that effectiveness can
be increased and can eliminate losses that
exist in the company (Suryaprakash et al.,
2021). PT BMJ have been calculated the OEE
value every month, there is even a daily OEE
calculation. However, the cause of the decline
in the effectiveness of the machine in the
company has not been analyzed further.
Therefore, this study uses the analysis of six
big losses with the aim of eliminating existing
losses and increasing the effectiveness.

3. RESEARCH METHOD

In this study, the object of research is the
Offset machine used in the packaging printing
process, the company under study is located in
Karawang. The observation method used in
this research is to observe or directly observe
the production process at the company.
Furthermore, observations were made on the
Offset machine data recording. In conducting
this research, the framework used is shown in
Fig. 1.

No Six big losses .
‘dentification Root Cause Analysis

Fig. 1. Research framework

Based on description, in this study the OEE
method is used based on three main
components, namely Availability Rate,
Performance Rate, and Quality Rate. The
research was conducted by calculating the
OEE value in the period January and February
2020, knowing the six big losses that occurred,
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making a fishbone diagram to look for
problems, proposing improvement ideas then
comparing the results before the repair was
made and after the repair was made.

4. RESULT AND DISCUSSION

4.1 OEE Value Measurement

Data that will be used to calculate the OEE
value of printing machine will be identified
and analyzed starting from January to February
2020, the results of the data processing are
shown in the form of a diagram in Fig. 2.

Based on Fig. 2, it can be seen that the highest
percentage of OEE supporting factors

is found in the Quality rate, which is 95.27%.
This shows that the product results from the
machine process are of very good quality and
the company should still maintain the quality
of the product. Meanwhile, other supporting
factors that are quite low are the Performance
Rate with an average of 42.06% followed by
the Awvailability Rate with an average of
42.39%. The value of these two factors has not
reached the ideal standard value for
measurement OEE.

OEE Value

100 96.42 m Availability

Rate
S50 48.87 4 g3 % B Performance
S [I]]I[I]]I % 18.84
: =N\

Rate
O Quality Rate
Fig. 2. Percentage of OEE value and factors
performance in Jan. - Feb. 2020

@ OEE Average

The calculation of the OEE value is done by
multiplying the Availability, Performance and
Quality rate. Based on the calculation results,
the OEE value is 16.98%, which is categorized
as very low and is below the ideal global
standard of 85% OEE. It can be said that the
performance of the PT BMJ Offset machine
has not been optimal. Therefore, it is necessary
to make improvements to increase the value of
these factors in order to increase the
effectiveness of the machine to be better so
that it is said to meet the OEE value standard.

4.2 Six Big Losses Identification and Root

Cause Analysis
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From the calculation of the results of the OEE
value, problem has identified by interview
and observe the location. The causes analysis
was carried out using some fishbone cause
and effect diagram to determine the cause of
the low OEE value.

1) Availability Rate

The low Availability value indicates that there
is excessive downtime loss on a machine. In
this study, the Offset machine experienced 3
main causes of downtime loss, namely: high
enough job changeover reaching 50 grades
per month with an average time of 4 hours
changeover job, electrical failure due to the
large Mean Time Between Failure (MTBF)
and Mean Time To Repair. (MTTR) to
overcome it so that a lot of time is consumed,
only for doing maintenance on the Offset
machine, and cleaning blankets which is done
manually. The value of MTTR and MTBF in
January — February 2020 are shown Fig. 3.

MTBF and MTTR Value

15
= 10 .
£ 5 R

MTBE

Fig. 3. MTTR and MTBF value in
Jan. - Feb. 2020

2) Performance Rate

In January to February 2020, Offset machines
can only achieve engine speed performance of
40% which indicates that the machine is less
productive. There is flexibility over which to
set the threshold between an equipment

failure (Availability Loss) and a small stop
(Performance Loss). In the above problems, it
can be categorized as performance loss
because this problem affects machine
performance so that the OEE value in the
performance rate aspect becomes low.

3) Quality Rate

During the research, the problem of the Offset
machine in the quality rate aspect was the
result of the production of products that did
not meet the criteria. Products produced from
the Offset machine often have defects in their
production, including: scratch so that the
product is categorized as a failed product, is
bent at the edges so that the product falls into
the reject product category and color defects
can make the product with the defect enter the
reject product.

Six big losses can be considered as the
common factors that cause ineffectiveness on
the machine. Based on the OEE value in the
January - February 2020 period, it is
necessary to evaluate the factors that cause
the low OEE value, especially on availability
and performance. Therefore, analysis of six
big losses is carried out to determine the
factors that affect the low value of Overall
Equipment Effectiveness (OEE). From the
results of the analysis, the factors causing the
occurrence of six big losses are shown in
Table 2 below.

From the Table 2, it can be known the causes
of six big losses in every aspect of the OEE
factor which causes the low OEE value. All
of these problems, especially the cause of

Table 2. Six big losses identification

Overall Equipment

No. Effectiveness Six Big Losses Cause
Breakdown Loss Electrical Failure
1 Availability Lo . i
vailability Loss Set up/Adjustment Loss Change Over Job Process take long time
Cleaning Blanket had many troubles
Chokotei Loss Minor Stoppage occurs quite frequently
2 Performance Loss . i i Y
Cycle Time Loss ;r;)?uctlon speed engines only reaches 40% speed
Startun Loss Mistakes when set-up machine and max water
3 Quality Loss P feed's less or more than 40%

Defect Loss

Hickies, faded color, scumming,
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availability loss and performance loss made
this offset machine had a seriously real
problem when operating. The factors that
cause six big losses are caused by humans,
machines, and the environment. Factors
caused by humans are operators who do not
understand and experience fatigue due to
repeated activities and compacted production
due to pursuing production targets so that
their work performance decreases, and there
is no visual management on the maintenance

party.

Although electrical failure is one of the
problem, but the time that had been took from
change over process and the cleaning blanket
makes many defects are the main problems.
Factors caused by the machine are incomplete
tools, clamp plate unit 5 often has problems,
blankets that are cleaned manually are not
completely clean, max water feed is less or
more than 40%, and dry ink. Factors caused
by the environment are the air conditioner in
the room is not fully functional and the
occurrence of electrical failure which causes
the machine not to operate according to the
production schedule. If all of this problems
didn’t get improved, the loss of OEE value
will continuously increase. Reffering to
Chiarini A. (2015), the causes of these
problems can Dbe given improvement
proposals to increase the OEE value of the
machine.

4.3 Proposed Improvement

Some suggestion for improvement proposals
in overcoming the causes of the problems that
occurred were given to the company. After
discussions with the internal company,

several suggestions can be implemented in the
production process on the related machine.
Following are the proposals that have been
received and can be reviewed again the
results of the implemeplanationtation of the
improvements shown in Table 3.

The proposed improvement was implemented
in the Offset machine production process
starting in early March 2020. For the
changeover job, we proposed the single
minute exchange of dies to help the process of
changeover job get less more time. For
electrical failure, we proposed to make visual
management and the track records when
doing maintenance. This will help the
workers to maintain the maintenance
schedule. For cleaning blanket, we proposed
for changing method into automatic using
tissue cleaning system for maximum cleaning.
For cycle time loss, we proposed to improve
the feeder setting for all factors because the
old setting did not worked well. For chokotei
loss, we proposed to increase material
capacity and make some improvements for
the machine rolls. For startup loss, we
proposed to simply do regular check on the
water feed consistently and making a simple
display that the workers understand. This will
help the workers to keep maintain the amount
of water in the water feed. And for the defect
loss, we proposed to do periodic cleaning for
the molleton roller and printed ink so all part
of the machine was clean and minimize the
cause of defect. Comparison of the OEE value
before (January - February) and after (March
- April) the improvement can be seen in Fig.
4,

Table 3. Proposed improvements to increase OEE value

Root Cause

Proposed Improvement

Changeover Job
Electrical Failure Vls_ual Management

Maintenance Records
Cleaning Blanket
Cycle Time Loss

Chokotei Loss
Startup Loss
Defect Loss

Single Minute Exchange of Dies

Replacement of manual processes to automatic using a tissue cleaning system
Changes in method improvements in Feeder Settings both indicators in machines,
humans, materials and work methods

Increases in material capacity and improvements to machine rolls

Regular check of water feed consistently and simple display

Periodic cleaning of the molleton roller and printed ink on the machine
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96.42%

\

48.87%
40.83%

18.84%

I

Before Improvement

OEE Value Comparison

56.74%

44.37%] BPerformance Rate

After Improvement

97.78%

7

u Availability Rate

25.97% B Quality Rate
R u OEE

o

Fig. 4. OEE value comparison

Fig. 4 shows that there was an increase in the
value of Availability Rate, Performance Rate,
and Quality Rate before and after the
implementation of the proposed improvement
in the production process on the Offset
machine. The result has been able to increase
the OEE value by 7.13% from before the
repair which was valued at 18.84% to
25.97%. The proposed improvements have
been implemented for two months.

5. CONCLUSION

Based on the calculations and analysis carried
out, the six big losses identified were
breakdown loss caused by electrical failure in
the machine, set up / adjustment loss caused by
the job changeover process that was too long
and cleaning blankets carried out manually
experienced many problems, chokotei loss
which is caused by minor stoppage quite often,
cycle time loss caused by machine production
speed only reaches 40% of its maximum
speed, startup loss caused by incorrect machine
setup including unstable water feed and defect
loss caused by defect faded colour, hickies,
and scumming. Before repairs were made, the
OEE value was 18.84%. In these conditions,
the factors that make the OEE value low are
the Awvailability factor of 48.87% and the
Performance Rate factor of 40.83%. The
results after improvements to increase the OEE
value were that the Awvailability value
increased by 7.87%, Performance Rate by
3.54%, Quality Rate by 1.36%, and OEE value
by 7.13%. This shows that the improvement
efforts made can increase the OEE value on
the Offset machine. Suggestions that can be

given from the result of research that had been
carried out are: continue to monitor and give
more efforts to increase the Overall Equipment
Effectiveness value on each machine and
always provide training to each company so
that the improvement are more optimal than
before. This is because the company must pay
more attention to the condition of the company
machine or equipment that have been used by
estimating the time of the occurrence of
damage through the calculation of the
operating life. In addition, what can be done
for further research is to be able to calculate
OEE on the entire machine so that the
optimization of the production process is
increasingly identified and can calculate the
costs incurred based on the OEE conditions.
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