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Abstract:

Overall equipment effectiveness (OEE) is a key indicator to measure the effectiveness of production systems.
This paper aims to evaluate and improve a plastic production line based on OEE evaluation. An integrated
framework is proposed to enhance the production system efficiency. This paper presents the data for a Plastic
production line in Jordan under real working conditions. The data covers three months. A framework process
to improve the OEE of the Plastic production system was proposed. Six major stoppage losses were inspected
with the help of Pareto analysis. Furthermore, the actual availability, efficiency, and quality rate measures,
together with the whole OEE for each working day, week, and month of the production line were shown. The
methodology is based on determining the OEE of a Plastic production line after determining the causes of
failures. The fishbone diagram tool is used to determine the root causes of failures. To improve the OEE meas-
ure, several losses are identified. The results reveal that the company should improve its policy to improve the
production line’s performance and reduce losses. Top management should also pay attention to reducing the
speed losses, which consist of 58.1%, and eliminate the planned and unscheduled disruptions covering 12.73%
of all losses. This can be achieved by establishing a proper operation management procedure and strategy.
This, in turn, optimized the equipment’s effectiveness. The quality procedure should include the changeover
program that may be executed every day. Similarly, all preventive maintenance procedures for the six ma-
chines should be properly executed in predetermined intervals. There are several limitations in the research.
Firstly, the research case study is only the plastic production system. Secondly, the research is related to the
downtime or stoppage by analyzing it using fishbone diagram. Further, supported by other techniques such as
the Pareto chart, six big losses analyses and CED. This research conducted on a Plastic industry. However, sim-
ilar studies can be carried out in future in other manufacturing industries like electronic, pharmaceutical, tex-
tile industries, etc., and service industry. However, as future research work the contributions of this paper with
other lean manufacturing concept like six sigma, quality function deployment, TQM, and just-in-time manu-
facturing, can also be conducting to assess the overall production line efficiency. On the other hand, several
statistical tests can be implemented based on data collected of TPM performance indicators. The proposed
method supports policymakers in their decision-making process on the operations management line. Further-
more, it improves the production systems' productivity quality, and performance, reducing unplanned stop-
pages and breakdowns, and reducing maintenance costs.

Key words: Overall equipment effectiveness, fishbone diagram, DMAIC, availability, quality, performance, and
Continuous improvement process

INTRODUCTION

In a rapidly changing and dynamic environment, competi-
tion is very high. To remain competitive, businesses try to
improve their productivity [1]. Manufacturing firms are
one of the essential sectors that help in increasing eco-
nomic growth due to the utilization and competition in
the economy and business. The objective of the manufac-
turing sector is to produce profitable goods which can be

achieved through a good maintenance system. This main-
tained system increases equipment availability by reduc-
ing machine stoppage and downtime. OEE of the system
can be increased by 20% be addressing the stoppage and
failures issues [2]. The OEE has come to be a major con-
cern for modern manufacturing technological systems [3].
OEE is one of the vital techniques and indicators to meas-
ure equipment’s effectiveness [4, 5, 6, 7, 8]. One of the
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core objectives is to improve the manufacturing system
efficiency through the OEE indicator [9]. The indicator is a
key top-down performance measurement system [10].
Productivity and quality are two significant metrics for
measuring performance in the manufacturing sector [11].
OEE is an essential quantitative tool to ensure sure
productivity of the manufacturing system. Is a
manufacturing production improvement system using
simulation analysis and metrics. “Total productive mainte-
nance” (TPM) is a key technique that can minimize equip-
ment downtime and production losses which contributes
effectively to enhancing industries’ effectiveness and
competitiveness [12]. TPM aims to improve the effective-
ness of industry facilities’. This includes machine mainte-
nance and all activities in industry, including improving
employees motivation [13]. TMP implementation is a
time-consuming tool that needs dedicated resources [14].
TPM shows equipment maintenance through a complete
production system [15]. Maintenance procedure plays a
crucial role in the industrial sector where its cost may be
considered a significant part of production cost [16]. TPM
is a change management methodology that affects the ef-
ficiency of manufacturing systems [17]. OEE is an evalua-
tion index of TPM by comparing the potential operational
performance level with the ideal plant performance. The
operational level is reduced by different losses [18]. OEE
can be improved by minimizing rework and production
losses and increasing equipment availability [19]. OEE is a
tool to measure the performance of a maintenance sys-
tem by calculating machine availability, production effi-
ciency ( performance ), and machine quality [20]. OEE is a
crucial tool for equipment improvement [8]. OEE is a vital
indicator to measure TPM and lean maintenance [21, 22].
OEE is a quantitative tool measuring the single machine's
productivity and the production line effectiveness [23,
24]. The low value of OEE has an influence on production
costs and working hours (direct labor and factory over-
head) [25].

The food sector is considered by automated flow manu-
facturing systems. An automated flow line manufacturing
system is used to manufacture products with high vol-
umes and high production rates through several machines
connected by transport systems and working in sequence
[9]. A dairy product is a food produced from milk. Defects
and failures on the production line can lead to quality and
performance losses as well as material and human cost
losses. Under the context of TPM, OEE may help in im-
proving the quality, performance, and availability.

This paper shows data collection and analysis for plastic
product factories. OEE was computed for the production
system. Moreover, six major stoppage losses (speed re-
duction, minor stoppages, setup and adjustment, reduced
yield, equipment failures, and process defects) and iden-
tified and evaluated using the Pareto chart.

The developed tool can be conducted to six machines of
the production system to improve the efficiency, quality,
and availability of the production system. Lack of
knowledge about methodology. A lack of knowledge
about methodologies that guide the decision maker can

guide decision makers to wrong decisions [26]. The analy-
sis helps managers in making the best decisions on the op-
erational level and recommends some solutions to im-
prove performance. OEE applications are different in var-
ious production systems. The fishbone diagram reveals
the main causes of decreasing productivity, availability,
and, quality [27]. However, its applications in the food in-
dustry especially in Jordan are unique. DMAIC and fish and
bone diagrams are integrated to improve the OEE in this
paper. The integrated tool may apply in several industries
and manufacturing systems.

The paper is structured as: Section 2 analyzes the litera-
ture review. The next section provides the objectives of
this research. Section 4 reveals the developed methodol-
ogy and the OEE framework of this research. Section 5
computes OEE and the related components and analyzes
the results and the last section covers the conclusion of
the paper and a discussion of the results.

BACKGROUND

“OEE” is applied to measure the performance of the man-
ufacturing system. “OEE” has been applied to improve
equipment productivity particularly, in the semiconductor
industry [1, 10]. OEE is applied to detect the losses and
indirect and direct costs [11]. OEE is one of the indicators
that can be applied to measure equipment availability, ef-
ficiency, and quality [6, 8, 20, 28, 29]. OEE is proposed as
an operational improvement measure [30]. OEE is a vital
tool for eliminating and identifying production losses
which help in improving the efficiency of production sys-
tems [31, 32]. The categories of these losses can be clas-
sified into six categories: minor stoppage loss, adjustment
loss, breakdown loss, speed loss, and quality defects,
start-up loss, and rework loss [33, 34]. OEE can be applied
in different situations, such as simulating several scenar-
ios to determine which is the best scenario that may
achieve developed results [35]. A framework is developed
using OEE to develop a quantitative classroom observa-
tion method and improve productivity in school [36]. An
examination of the operational losses behind the OEE
(quality, availability, and performance) is performed on
wind energy systems [37] thus, this research applies the
OEE metric calculation in the energy sector. Furthermore,
OEE is measured for the manufacturing of vegetable oil,
where the data is collected for twenty-two months and
the results are analyzed using Minitab 21 software [38].
Analytic Hierarchy Process (AHP) in the process industry is
depicted as energy-efficient attributes of OEE as a deci-
sion-making tool. Group of factors that may lead indus-
tries toward crucial outcomes like improved productivity,
increased customer satisfaction, and improved quality
[39].

Four main loss groups are proposed. The first group re-
lated to the planned outages which can determine the
controlled stops like preventive maintenance tasks. The
second group deals with unplanned and uncontrolled
stops like breakdown downtime. The third group concerns
the performance losses which qualified the minor stop-
pages and the cycle time. The fourth group is related to
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quality losses which cover all wasted time due to non-
compliance production [40]. TPM may lead to significant
improvement in equipment productivity which can be at-
tained by optimizing the OEE [41, 42]. Accordingly, OEE as
a vital performance indicator is a crucial and significant
metric for management and measuring, analyzing, and
controlling the performance of manufacturing systems.
OEE is a methodology that helps policy-makers in evaluat-
ing the manufacturing production units efficiency [43].
OEE is a key performance indicator for modern manufac-
turing units [44]. OEE helps in measuring the performance
of factory-level and diagnostics the factory-level [10]. OEE
is used in traditional manufacturing to assess production
capacity effectiveness [30, 45]. OEE optimization can help
in improving the production system and mitigate the neg-
ative effects of failures and breakdowns. OEE can be opti-
mized by increasing the number of shifts, purchasing new
equipment, outsourcing production, and increasing over
time. Optimizing OEE will improve production capacity,
enhance quality, and decrease stoppage and downtime.
Availability, performance, and quality are the key compo-
nents required to calculate the OEE [1, 46].

An integrated methodology is formulated to rise the cur-
ing press production rate and minimize maintenance
costs and press downtime using failure mode and effect
analysis [47]. OEE and lean manufacturing relation is stud-
ied [48]. Lean production isimpacted by firm performance
goals in the context of operations strategy [49]. Lean ap-
proach and “value stream mapping” are applied to en-
hance the company performance in Bangladesh [50]. Lean
is @ management system developed its main aim as a
group of techniques in the production field like “just in
time” (JIT) to a human-centric method [51]. This manage-
ment tool focuses on eliminating waste in production
companies and factories to improve their performance
and operation [52, 53]. Lean management approaches are
focused on sustaining and achieving the strategic objec-
tives of an organization [54]. Production companies have
applied lean manufacturing to enhance their operation
and performance [55, 56]. OEE metric and the key factors
that influence this metric are calculated and determined
in the pharmaceutical industry accordingly, and the bot-
tleneck in this production line is identified [57]. Lean man-
ufacturing system using SMED “single minute exchange of
die” technique is applied in Aluminum company to im-
prove the OEE. SMED helps in increasing the OEE by im-
proving the availability of machines [58]. A decision-mak-
ing methodology is proposed for OEE in additive manufac-
turing systems [43]. OEE measures help in analyzing oper-
ational efficiency in a manufacturing system and its inte-
grated part from the total productive maintenance is pre-
sented. Further, The OEE and the losses are classified [59].
A performance expression fuzzy model is proposed to
help policy-makers in their decision-making process of im-
provement like a productivity indicator [60]. OEE and its
factors are calculated for the pharmaceutical industry
[57]. Garza-Reyes et al., (2010), examine the relationship
between process capability and OEE, how they interact
with each other and influence the decision-making

process. An integrated approach is developed to assess
the performance of a manufacturing line based on OEE
[61]. The relationship between OEE and risk priority num-
ber in the fuzzy process in a sugar factory is identified [62].
FMEA is a crucial analytical tool in reliability engineering
[63, 64, 65]. A socks manufacturing line is investigated to
develop a traditional maintenance plan based on OEE to
enhance the maintenance with the best product quality
and better machine performance using statistical tools
[34]. OEE is a measure for a flexible manufacturing system
through improving the plant reliability and the equipment
by reducing several losses [66]. OEE is improved for the
autoclave process in the Aerospace industry through the
implementation of time studies [67]. Production produc-
tivity is evaluated by improving the OEE indicator and pro-
cess control in the tiles manufacturing industry. The pro-
posed model is integrated the statistical process control,
OEE, and “autonomous maintenance”. This model helps
inimproving the productivity performance of manufactur-
ing systems [68]. OEE metric is utilized to indicate how
OEE improves the performance in a mining industry
where OEE is identified as a significant reason for not
achieving the industry targets [69]. A new OEE formula-
tion is developed based on the process method in mainte-
nance using two parts. The new formulation can help
maintenance managers have three dimensions (time,
quality, and financial criteria) [70]. The relationship be-
tween the management of the factory and the production
line operation is investigated. OEE helps in enhancing the
operation management and the design of bottling produc-
tion lines [6]. Different machine learning methods are ap-
plied to predict the OEE of an automotive cable produc-
tion industry. These methods provide predictor models
with improved and better performances [31]. An im-
proved OEE method is developed for a full process cycle
in the steel market. This improvement method improves
the steel industry's performance by considering all market
losses [22]. OEE is a performance measurement indicator
that helps to understand and eliminate equipment losses
accordingly and manage the equipment's effectiveness
[71]. A total productive maintenance model was devel-
oped for medium-sized enterprises (SMEs) then, the OEE
indicator was studied before and after implementation
[72]. To evaluate the OEE, a time study methodology is
applied [73]. A framework for improving road transport
efficiency is proposed and validated using the OEE metric
[74]. OEE is used to capture fluctuations to decrease
equipment downtime and improve the plant maintenance
business [75]. OEE is evaluated as a measured metric of
production using the smart system's technique, this tech-
nique mitigating some OEE weaknesses [76]. A new tech-
nique is proposed to identify the complex manufacturing
systems bottlenecks by considering the manufacturing
system output and the influences from its downstream
and upstream systems [77]. An integrated framework of
FMEA (failure mode and effect analysis) and Pareto charts
are applied to improve the OEE in a plastic company,
where the OEE is improved by an increase of 52,44% [78].
The implementation of a maintenance system utilizing a
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systematic approach to improve the OEE integrated with
TPMis studied and analyzed [79]. The performance meas-
urement through OEE is investigated in the Iranian auto-
motive industry. In this research two different assembly
lines Peugeot and Sports Utility Vehicle were studied [80].
Furthermore, OEE is improved of a Harding 600 Il series
Vertical Machining Centre by subsystem modifications
[81]. OEE is integrated with a discrete event simulation
system to test and improve the Lithium-lon Batteries pro-
duction system in [82]. OEE is utilized to assess the rela-
tionship between fit manufacturing model and “Business
Performance” through the mediation of OEE [3]. Phogat &
Gupta, (2017) state that the absence of measurement of
OEE is one of the key problems of maintenance and man-
ufacturing operations. A global process effectiveness
metric is [84]. A new formulation indicator is proposed
based on the maintenance process approach utilized to
operational maintenance processes and for improved
maintenance. This new indicator helps managers to have
three analysis criteria (cost, time, and quality) [70]. OEE is
a key tool that can be used to qualify the efficiency and
effectiveness of operational performance during work
time [85]. The overall equipment effectiveness aims to re-
duce complex manufacturing problems. Human
knowledge plays a crucial role in improving the produc-
tion procedure [86].

OEE measures the manufacturing system effectiveness for
a single system or integrated system. This measures is a
crucial decision support tool for continuous improvement
of performance and reliability [87]. Losses in performance
and efficiency can be categorized into six groups as shown
in Figure 1.

Production time
without losses

Avallability
loss

Fig. 1 Equipment Six Big Losses

Figure 1 reveals that equipment failures (unplanned out-
ages) and minor stops (planned outages) are defined as
operating time losses and are used for availability calcula-
tion. The other parts are related to the defect losses which
are used to calculate the performance efficiency. The final
OEE component is the quality which can be calculated
from the production and start-up defects.

The first OEE component calculation is availability. Availa-
bility can be measured by dividing the actual operating
time by loading time as expressed in equation 2. Where
“operating time” is “loading time” minus the “downtime”

while loading time is the available planned time per time
for the production process. Downtime is the total time
when production is stopped during the setup process,
maintenance and repair work, adjustment, and equip-
ment failures.
OEE = “Availability” (A) x 1)
“Performance Efficiency” (P) X “Quality” (Q)
Availability = “Operating time”/Loading time (2)
The second component of OEE calculation is performance
efficiency, which can be expressed as the ratio of the net
operating time to operating time. Net operating time is
the operating time minus the performance time losses.
Performance Efficiency = “Net operating time”/ (3)
“Operating time”
The last component of OEE calculation is the quality rate
which depends on the processed amount and the defect
amount and can be expressed as equation 4.

Quality = “Processed amount- Defect amount”/ (4)
"Processed amount”

However, the ideal values for all these components are
(availability > 90%, performance > 95%, and quality >
99%). These values give OEE results by > 85% [85].

The six types of losses provide comprehensive and valua-
ble information that can be used to drive effective actions.
The effective actions and the combined structured review

with the type of losses can be examined in Figure 2.

INFORMATION FOCUS ACTIONS
Six Big Losses Structured Review Effective Actions
I Unplanned Stops Strategic Improve
! Monthly Plagnnmg —p| Large scope, high impact
W Planned Stops projects
M Small Stops . Fix
Tactical e
| : . “100-year” fix to a
M Slow Cycles Weekly Production Review 1op loss
Production Defects Operational il ‘mmeg:g:;:adwe
Startup Defects Short Interval Control (BSponss

Fig. 2 Six Big Losses Aligned with the Company’s Levels

The information is transformed into effective actions
through a decision-making process along all company lev-
els (strategic, tactical, and operations levels). Accordingly,
effective actions are aligned with all company levels. This
framework is the foundation step that can be applied in
this paper.

RESEARCH METHODOLOGY

The aim of this research is to calculate OEE in a plastic pro-
duction system in Jordan to assess the current operation
management system. The data was collected over three
months. The actual availability, performance efficiency
and quality measures, together with the whole OEE for
each day, week and month of the production line. The
methodology is based on determining the OEE of the plas-
tic production system in Jordan before and after deter-
mining the causes of failures. The fishbone diagram is uti-
lized to find out the root causes of failures in the Plastic
production system. The fishbone diagram reveals the
main causes of decreasing productivity, availability, and
quality. The cause and effect analysis (fishbone diagram)
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was conducted on four factors machine, method, man,
and material. This tool is used to identify the cause of the
highly reduced speed based on the calculation of six big
losses were conducted using four components (machine,
method, man, and material).

DMAIC (Define, Measure, Analyze, Improve, Control) is
used to minimize variation and improve performance.
DMAIC is a data drive quality tool used to improving pro-
cess. DMAIC and fish and bone diagrams are integrated to
improve the OEE in this paper. The proposed integrated
methodology supports the continuous improvement pro-
cess principle.

The selected company is one of the largest plastic, bakery,
fruit juice, and dairy company in Jordan. The company was
located in Zarga in 2015. The company grew rapidly from
a dairy company to the largest vertically integrated food
company, covering the entire supply chain, from dairy
farming, packaging. manufacturing, and distribution. The
production process consists of two main modeling mold-
ing: injection molding process and blowing molding pro-
cess executed by six machines. The collected data includes
manufacturing and design data for six machines, down-
time losses, planned downtime, changeover, and several
failures for all machines in the same company.

This research aims to

1. Evaluate the availability, performance, and quality of
a plastic production system in Jordan by integrating
the DMAIC and fishbone diagram with calculating the
OEE measure.

2. Investigate and analyze the main causes that lead to a
decrease in the performance of a plant.

3. Study the performance of six machines in a plastic
company and identify the most critical machine that
has the lowest performance.

4. Identifying and prioritizing the machine helps in deter-
mining the most crucial machine and the proper cor-
rective actions.

The injection molding process starts with taking the raw

materials in the form of granules or tiny pellets.

Accordingly, it is fed through a hopper and melted [88,

89]. Afterward, it is injected under pressure into the mold

to produce the required shapes and checked if there are

any defective items. The injection molding process has
three stages: the cooling stage, the filling stage, and the
ejection stage. The cooling stage significantly influences

product quality and process productivity [90].

Injection molding is the most broadly used form of plastic

processing. The molding and the blowing processes are il-

lustrated in Figures 3 and 4.

_| Receiving Raw Material

Packaging Material |, ‘
A 4

—_—

Resin Poly

Propylene

In mold labels

L

Colorants

Injection Molding

Defective
Inspection

No

v

Packaging

|

Rolling

Automatic Shrinking

l

Defective
Inspection

No

Y

Warehouse

Fig. 3 Process Flow for Injection Molding
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Injection Molding
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Defective
Inspection
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Packaging

Palletizing

Inspection
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No
v

Inspection

Yes Sorting/Regrind

Fig. 4 Process Flow for Blowing Molding

Cause and Effect Diagram Phase

This paper aims to evaluate the operation management in
the Plastic Industry by calculating the OEE. The data was
collected over 3 months in 2020 for six running machines.
After the OEE is calculated for all machines and then for
all systems accordingly, the analysis step is started. The
DMAIC is a lean Six Sigma tool that can be employed to
improve the OEE [91].

The executed steps to produce this paper started by col-
lecting the required data. The collected data includes
manufacturing and design data for six machines, down-
time losses, planned downtime, changeover, and several
failures for all machines. The data is categorized to calcu-
late the quality, availability, and performance, and rate
accurately as seen in Table 1.

Table 1
The actual OEE value compared with the world target

“A” “P” | “QR” | “OEE”

World Class “90%” | “95%" |“99%" | “85%"
Manufacturing System Average | 87% | 55% | 99% |47.30%
Difference -3% | -40% | 0% | -38%

Accordingly, the three components of the OEE indicator
are calculated for each machine and then, for all plants.

From this data, the major loss can be identified then, the
six big losses can be determined. To understand and ana-
lyze the causes of decreasing availability, performance,
and quality, a fishbone diagram is utilized. This tool helps
in identifying the main causes of decreasing the OEE indi-
cator. Figure 5 illustrates the main causes of decreasing
OEE indicators for all component's quality, availability,
and performance.

Avallability
Stucking the produstion with
Spare paft availability the mold

Twisting the Robiot

Lubrication proglem Several Changnes for the
moly

Problem in cycle time

OEE
Decreasing

Raw material avilavility

Using low price and differat
rmatetials

Lack of expennce

Fig. 5 Cause - Effect Diagram for Decreasing the OEE
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The three components of the OEE measure are calculated
for this paper as noted in Table 1. Table 1 displays that the
lowest value of the three OEE components is the perfor-
mance value (55% for the plant).

Figure 6 shows the performance percent for the six ma-
chines where machine 6 has the minimum performance
value (38%).

Performance (P) %
Machine 6
Machine 5
Machine 4

Machine 2

Machine 3

Machine 1

o

10 20 30 40 50 60 70 80 90 100
Fig. 6 Performance Percent for the Six Machines

Another fishbone diagram is built to investigate the main
causes of decreasing the performance efficiency of ma-
chine six. The fishbone diagram for machine 6 is shown in
Figure 7.

Figure 7 indicates that the manual processing way and the
quality of materials are key factors in reducing Machine
Six performance efficiency.

NoRabet Used Matesats

R y
3 \\\—mmmwm,
X

N Lo e 10 remove B fems om B okt
// Lack o imowlade o protiems Loog mantenance tme
Lok of knowedge In nsyzing e causes of defects —— Lack o spae pats ——
/
/

/£ Z

Suf Experence Machios Tipe

Long e orfashing precess ——

Low Pedomance

Fig. 7 Cause and Effect Diagram for Machine 6 (has the mini-
mum performance percent)

On the other hand, and based on Table 1, the second low
value from the OEE component is the availability factor
with 87%. The availability of each machine can be shown
in Figure 8.

From Figure 8, it can be noted that machine 3 has the low-
est availability factor with (76%).

Availability (A) %

Machine 6 [———

Fig. 8 Availability Percent for the Six Machines

Machine 3 has a lot of stopped hours. The fishbone dia-
gram is used as an analysis tool to investigate the main
causes of increasing the unplanned stops in machine 3.
The fishbone diagram in Figure 9 shows that twisting the
robot is the main cause of increasing the unplanned stops.
Further, using a lot of molds per week increases the
change over time. On the other hand, the bad material
quality leads to an increase the maintenance and calibra-
tion time. If a random failure occurs for the production
line, the stopped machine may stop the line where the
material of the line may have to be scrapped due to qual-
ity deterioration. However, the changeover time may re-
duce the available “operating time” but it is difficult to
show in calculating OEE [92].

Robot
Problem

Twisting the Robot
jsing two mold each week

Changing the machines

parametrs. Maintenance Time

Lubrication prolem Changing Parametrs

Prablem in eycle time

Stuek materials with the mold

Using low price and differnt
materi

Fig. 9 Cause and Effect Diagram for Machine 3
(has the minimum availability percent)

The novelty of this paper is the integrated methodology
to improve the OEE of a production system in Jordan,
based on DMAIC and fishbone diagram. The fishbone dia-
grams help in investigating the main causes that lead to a
decrease in the OEE indicator. On the other hand, DMAIC
is used to minimize variation and improve performance.
Analysis of the collected data helps in understanding the
importance of deifying the six big losses. The proposed in-
tegrated methodology supports the continuous improve-
ment process principle.

The developed integrated methodology was applied in
the plastic industry. This methodology can be applied in
other production systems to improve the OEE measure.
Which in turn improves productivity, reduces the outage
hours, and improves the quality rate.

OEE calculation and analysis

The OEE involves three factors, the first factor is availabil-
ity which indicates the equipment reliability. The second
factor is performance which measures production. This
factor is influenced by the speed of the production. The
third factor is quality, which refers to good production vol-
ume. To calculate the OEE indicator, the operational data
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of the three OEE factors are collected daily by the opera-
tion and maintenance team and also from the archiving
system. The work-class target for the OEE is 85% and the
related factors are (availability is 90%, performance is 95%
and quality is 99%). The OEE calculation for the six ma-
chines in the plant is tabulated in Table 2.

Table 2 reveals that the plant availability and performance
are lower than the world target (87% and 55%) respec-
tively. The availability factor involves all the production
stops (planned and unplanned events). On the other
hand, the performance factor includes all production
events operating at less than the running speed. The ac-
tual performance measure is 55% while the world-class is

95%. However, the quality factor is 99% which equals the
world target. The quality factor includes all the rejected
items (products that do not meet quality standards).

The overall OEE performance is very low (47.3%) while the
target is 85%. To study and analyze the causes of these
results, the OEE is calculated for each machine. The OEE
measure and the related factors are examined in Table 2.
As shown, the minimum value is for the performance fac-
tor accordingly, a deep-root analysis should be conducted
to arrive at the main causes of lower performance. The
performance for the six machines is shown in Figure 10.

Table 2
OEE Actual Calculations for all Machines
QEE [M1)= A*P*Q= 79.8%
Machine Numbar Availabllity=NOT/NAT= (88%) Parformance Eficiency =NCTFACT = [91%) | Quality Rate =GP/TP= [93.7%)
Nominal
Met Operating | Cycle Good | Defect | 'O
Machine 1 (M1) Scheduled Time (ST) (HR) mmn;:ﬁ‘:r::';dwn Unplanned E(:;.Ieduwn ue) ':;L:T;l;?:?:: Time (NOT) Time Actual Cyele Time (ACT) (Sac.) | Products | Products pr?::!s
(HRj* NAT-UB | (NCT} (GP) [unit)|  (Unit) jonit)
(Sec.)
564 16 64.8 548 483 5.55 6.1 1368045 | 4052 | 1372997
QEE (M2)= A*P*Q= 65%
Muching Numbar Avallabllity=NOT/NAT= (87%) Parformanca Efficiency <NCT/ACT = [75%) [ Quality Rata =GRfTP= (35.7%)
Net Operating Ng:al Good | Defect Total
Planned Breakd U ned Bréakdawn (UB Met Available Ti Prod
e Schedld T (571 ) ann{mr[e:m lown nplan 1:; wer {U18) EI::-Ti:lIH!!- ﬂ'_;: Time(NOT) | Time | Actual Cycle Time (ACTh(Sec.) |Products |Products rET ’:;c:s
(HR)= NAT-UB | (NCT) (GP) [wnit)| ([Unit) {urits)
(Sec)
421 12 51.7 411 159 4.3 6.4 15273108 | 5215 | 1532524
QEE (M3)= A*P*0= 51%
Maching Numbar Avallabllity=NOT/NAT= [76%) Parformance Efichency =NCT/ACT = [65%) | Quality Rate SGR/TP= (37%)
Net Opetating N;ﬂtrl Good | Defect Total
Pl: kdh l Net Available Ti P
Machne 3] Scheduled Time (5T) (HR) "“"';:;'[‘:R] awen [ Unplanncd B'::""‘"‘“ 8] tr:tnr:;a:cﬂl-:: Time(NOT) | Time | ActualCycle Time [ACT)(Secd |Products | broducts ';"p';‘"
(HR)j= NAT-UB | (NET) (GP) (unit)| (Unit) uris)
(Sec)
39 1.5 2] L] 234 658 954 197651 | 12436 | 410087
OEE (M4)= A*P*0= 79%
Mathine Number Avallabllity=sNOT/NAT= (50%) Parformance Eficiency sNCT/ACT = (65%) | Quality Rate sGP/TP= [33.7%)
Nominal
Met Qperating | Cyche Good | Defect Total
Pl k i i P
Machimedfyagy | Schedled Time (1) 4% '“";:;:’{':R:w" Unvlorned B':;"“"“"“ W ';m‘;;';:‘;‘l'_: Tme(NOT) | Time | ActualCycle Time (ACTHsec  [Products |Products "r’r"p‘;‘"
{HR}= NAT-LB {NCT) (GP) (wnit)| ([Unit) urits)
(see.)
n? 13.5 3146666 314 185 576 653 TasTe4 | 2191 | M98
OEE (M5)= A*P* (= 76%
Machine Number AvailabiltysNOT/HATE (89%) Parforrmance Eficiensy NCTFACT = (36%) | Quality Rate =GP/TPR (35.6%)
Hominal
. . et Operating | Cyce Good | Defect Total
achina e scheduled Time (5T) (R} P"“";gﬂ':’;;’::m Unplanned 91:;:“'“"‘“ we) mm:m?: Time(NOT) | Time | Actual Cycle Time (cTh(sec) |Preduets |products P’;‘L‘;‘"
(HRjs NAT-UB | {NCT} {GP) [unit)|  {Unit) {usits)
(Sec.)
161 7 17 155 13 13.19 15.37 504392 | 47 | 596968
OEE (M6)= A*P (= 32%
aching Numbar Availability=NOT/HAT= [93%) Parformance Eficiency =NCT/ACT = [38%) | Cuality Rate =GP/TP= [30%)
Neminal
Planned Breakdown | Unplanned Breakdown (UB] | Net Available Time Net Operating | - Cycle Good | Defect Pr:t:clls
Machine § (M) Scheduled Time (ST) (HR) e, e ) NAT) {:ml_ 5|I o | TmeNOT) | Time | ActualCycle Time (ACT){Sec.) | Products | Products ™
(HR}* NAT-UB | (NCT} {GP) funit)|  (Unit) \
{units)
(Sec.)
182 B 18 M 2536 26.13 69.32 27737 2974 30711
Plant Avallabllity = Total net operating time/Total net available ime =87%
Plant Peformance sTotal naminal eyele time/Total setual eyebe time = 5%
Plant Quality Rata = Total pood product/Total product = 9%
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Fig. 10 Performance Percent for the Six Machines

As shown in Figure 10, machine 6 has a minimum perfor-
mance value of 38%. “The cause and effect diagram” tool
is used to analyze the main causes of the lower perfor-
mance of machine 6. The cause-effect diagram displays
that the type of used material and using a manual proce-
dure (no robot) can lead to a reduce in the performance
of the machine. Moreover, the second lower factor in the
OEE measure is the availability factor (87%). A cause and
effect diagram is used to analyze the causes of decreasing
the availability of the plant. Figure 8 shows the availability
of the six machines in the plant. Figure 8 shows that ma-
chine 3 has a lower availability (76%) which is less than the
world target (90%). To study the causes of this low availa-
bility factor, a cause and effect diagram is constructed for
machine 3 as shown in Figure 9.

The “overall OEE performance of the line is low” (47.3%),
considering the target of 85% as world-class performance.
The main causes for these large differences are speed
losses and scheduled and unplanned breakdowns of the
equipment. Figure 11 represents the Pareto diagram
which reveals the different categories of losses from the
most to the least frequent. It shows which is the most crit-
ical issue to solve the issue immediately.

Pareto Diagram for the Losses Categories

100%
90%
BO0%
70%
60%
50%
40%
0%
20%

0%

Scheduled and Unplanned...
Speed Lossess Quality Losses

Fig. 11 Pareto Diagram for Interruptions of the Production
System

Based on the above analysis, the following notes and sug-

gestions can be formulated:

— As illustrated in the Pareto chart (Figure 11), the most
severe problem of the plastic production line is based
on the performance (speed losses) which stands for
58.1% of all the losses. Practically, speed losses are de-
fined as mitigating the production system speed. The

main causes for this reduction can be summarized by:
burned-out equipment, worn-out tools, blockage, lack
of experience for staff, lack and poor standard operat-
ing procedures for maintenance activities, lubrication,
etc. However, a reduction in production speed can
consume (9-15%) of the available capacity [93]. Thus,
the main target is to decrease these losses. This may
be achieved by the suitable operation management of
the system. Further, improve the operator's experi-
ence and skills through training and education pro-
grams.

— The second part of OEE calculation is the availability
which covers 12.7% of all the losses. This factor is re-
lated to eliminating unscheduled stoppages. These
stoppages are caused by sudden breakdowns, equip-
ment damage, failure, and unplanned-maintenance.
This could be achieved by appropriate maintenance
strategies to optimize equipment effectiveness. To
prevent breakdowns and failures, preventive mainte-
nance (cleaning, inspection, tightening, and lubrica-
tion) should be done by the operator’s staff.

— The third part is related to quality losses which consist
of 0.62 of all losses. This part results from rejected
parts damaged parts, rework tolerance adjustment,
etc. Rejected and reworked items can be reduced by
improving the operator’s skills. Operators must pre-
pare the equipment before starting the process
(change over process). On the other hand, a quality
control process is needed during steady-state produc-
tion.

One of the main causes of decreasing the OEE measure is
using materials that did not meet the requirements of the
machine thus, a new material with a high flow rate is rec-
ommended. Replacing the old materials with new ones
improves the OEE. The machine stoppages and the defec-
tive products decreased. Accordingly, the OEE improved
(increased from 80% to 93%) for machine 1 while the de-
fective products and the stoppages of machine 2 were de-
creased which led to increased productivity (OEE in-
creased from 65% to 89%), (51% to 81% for machine 3),
(79% to 94% for machine 4). On the other hand, installing
a Robot for machine 6 improves the OEE by decreasing the
stoppages and the defective products which in turn in-
creases the OEE from 32% to 83%. Accordingly, the OEE
for all the plans was improved and increased from 47.3%
to 86%. Table 3 represents the OEE calculation results af-
ter the execution of some suggestions.
The above-mentioned suggestions help in eliminating the
difficult and inconvenient consequences of the planned
and planned disruptions. Accordingly, the efficiency, avail-
ability, and productivity. The production system can be
improved. This in turn will increase the profit by decreas-
ing stopped hours and eliminating set-up time.
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Table 3

OEE Actual Calculations for all Machines after changing bad materials and using a Robot

OEE (M1)= A*P*0=92.9%
Machine Number Availabikty=NOT/NAT= [96%) Performanca Effecicncy SNCT/ACT = (97%) | Quality Rate =GP/TP= {99.9%)
Nominal
P T . . Net Operating | Cycle Good | Defect Total
Mathina 1 {M1) Scheduled Time (ST) (HR) """"?:B] o ' P (V) ':;::;‘;::;"es:'";; Time (NOT} | Time | ActualCycle Time [ACT) (Sec.} |Produets |Products P“[':P‘;m
(HR)= NAT-UB (NCT) (GP) funit)| (Unit) L
{units)
[sec.}
142 5 5.2 137 13118 5.55 5.7 162176 37 362548
OEE (M2)= A*P*Q= 8%
Machine Number Availability=NOT/NAT= [93%) Parformance Effecicncy SNCT/ACT = [96%) | Quality Rate =GP/TP= (99.9%)
Nominal
ol Breakd Unolanned B ” Net Available Ti Net Operating | Cyele Good | Defect ;;tal
Machine 2 (M2) Scheduled Time (ST} (HR) ann?:B]r(HR] e (ve) {:e;n;;m:srl-:; Time(NOT) | Time | ActualCycle Time (ACT)(Sec.) |Products |Produets [ﬂ:;m
(HR)= NAT-UB | (NCT) (GP) (unit)| (Unit} .
[Sec) {units)
142 4 9.1 138 128.9 4.8 3 624048 | 488.5 |624536.5
OEE (M3} A*P*Q= 81%
Maching Numbar Availability=NOT/NAT= [91%) Parfi Effecieney =NCT/ACT = (90%) | Quality Rate =GP/TP=(99.9%)
Nominal
Planned Breakd . uB Net Available Ti Net Operating | Cycle Good | Defect P::al
Machine 8 (M3) Scheduled Time (ST) (HR] ann P ) (vel {;;“‘(';R]:‘ST'_':; Time(NOT) | Time | ActualCycle Time (ACT}(Sec) |Products |Products m‘;‘“
(HR)= NAT-UB | (NCT) (GP) (unit)|  (Unit) (urits)
(sec.)
142 4 14 138 124 7.1 7.9 265186 |1143.338| 266329
OEE (M4)= A*P*Q=94%
Machine Number Availability=NOT/NAT= (37%) Parf Effecicncy =NCT/ACT = (37%) | Quality Rate =GP/TP= (33.9%)
Nominal
Planned Breakd . UB) | Net Availeble Ti Net Operating | Cycle Good | Defect P‘:;tal
Mashine 4 (M4) Scheduled Time (ST) (HR) ann B (HR) HR) {:;ﬁ;ﬂ;ﬂ":; Time (NOT) Time Actual Cycle Time (ACT) (Sec.) |Products |Products “: “
(HR)= NAT-UB | (NCT) (GP) (unit)|  (Unit) it
(Sec.)
141 5 4 136 132 5.76 5.9 350221 354 350575
OEE (M5)= A*P*Q=94%
Machine Number Avallability=NOT/NAT= (85%) Performance Effecicncy =NCT/ACT = [86%) | Quality Rate =GP/TP= (39.5%)
Nominal
Planned Breakd N B Net Available Ti Net Operating | Cycle Good | Defect P;:tal
Machine § [M5) Scheduled Time (ST} (HR) ann{pwum HR) (B} {:;1;:;'2;51"2; Time (NOT) Time Actual Cycle Time (ACT) (Sec.) |Products |Products m:;m
(HR)= NAT-UB | (NCT) (GP) (unit)] (Uit} {unite)
[sec.)
162 7 17 155 138 13.19 15.37 594392 2476 596868
OFE (M6)= A'P*Q= 83%
Machine Number Availability=NOT/NAT= [95%) Performance Effecicncy =NCT/ACT = (88%) | Quality Rate =GP/TP= (99%)
Nominal
Planned Unolanred Breakd g) | Het AvailableTi Net Operating | Cycle Good | Defect P{:;tal
Machine 6 (Ms) scheduled Time (ST) (HR) ann P, e (VE) {;;1;’;R].e51'_";; Time (NOT} | Time | ActualCycle Time [ACT) {Sec.) |Products |Products m';c“
(HR)= NAT-UB | (NCT) (GP) (unit)|  [Unit) {urits)
(sec.)
141 4 ] 137 129 26.18 29.7 35081 259.2 | 35350.2
FPlant Avallability = Total net operating time/Total net available time =94%
Plant Perf =Tgtal nominal cycle time/Total actual cycle time = 91%
Plant Quality Rate = Total good product/Total product = 99.8%
Plant OEE = 86%
CONCLUSIONS lowest quality rate compared with other machines

In this research, the OEE is calculated and compared with
the world-class target. A fishbone diagram is constructed
to diagnose the potential causes of problems. The main
findings of the research can be summarized below accord-
ing to the OEE components:

— The production system is available 87% of the time
and 13% is unavailable due to planned and unplanned
disruptions. The planned (scheduled disruption) has
3.27% while the unplanned count of 12.32%.

— The performance of the selected production system is
55%, which is very low compared with the world target
(95%). Machines 3 and 6 have the lowest performance
values with (68% and 38%) respectively. On the other
hand, the quality rate is 99% which equals the world-
class target.

— Machines 3 has the lowest available rate (76%) and
also has a low performance rate (69%). Similarly, ma-
chine 6 has the lowest performance rate (38%) and

(90%). Thus, improvement can be executed on these

machines.
The fishbone diagram reveals that the main causes of de-
creasing productivity, availability, and quality can be sum-
marized as bad material, lack of experience, robot issues,
and preventive maintenance time issues. To solve the
basic material issue, buying a new material is recom-
mended.
To improve the performance of the production line, the
company should improve its policy to reduce losses. Top
management should pay attention to reducing the speed
losses that consist of 58.1% also, should eliminate the
planned and unscheduled disruptions that cover 12.73%
of all losses. This can be achieved by establishing proper
operation management procedures and strategies. This,
in turn, optimized the equipment's effectiveness. The
quality procedure should include the changeover program
that may be executed every day. Similarly, all preventive
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maintenance procedures for the six machines should be
properly executed in a predetermined time interval. On
the other hand, the company’s quality and safety policies
and strategies should be integrated.

One of the main causes of decreasing the OEE measure is
using materials that did not meet the requirements of the
machine thus, a new material with a high flow rate is rec-
ommended. Replacing the old materials with new ones
improves the OEE. The machine stoppages and the defec-
tive products decreased. Accordingly, the OEE improved,
and the defective products and the stoppages were de-
creased which led to increased productivity.

OEE measure helps in improving the effectiveness and the
performance of production systems. Companies should
decrease their losses and improving the line performance.
The integrated model helps in reducing the six big losses
and improves quality.

The results explore several implications on the company
and society perspectives. A continuous maintenance pro-
cess of the equipment increases the worker’s engagement
and enhances communication in the workplace. Further-
more, effective maintenance approaches decrease un-
planned production stops and reduce the cost accord-
ingly, and the industrial machine’s lifetime will increase.
There are several limitations in the research. Firstly, the
research case study is only the plastic production system.
Secondly, the research is related to the downtime or stop-
page by analyzing it using fishbone diagram. Further, sup-
ported by other techniques such as the Pareto chart, six
big losses analyses and CED. This research conducted on a
Plastic industry. However, similar studies can be carried
out in future in other manufacturing industries like elec-
tronic, pharmaceutical, textile industries, etc., and service
industry. However, as future research work the contribu-
tions of this paper with other lean manufacturing concept
like six sigma, quality function deployment, TQM, and
just-in-time manufacturing, can also be conducting to as-
sess the overall production line efficiency. On the other
hand, several statistical tests can be implemented based
on data collected of TPM performance indicators.

The proposed integrated tool in this research is suffi-
ciently flexible and can be modified to different scenarios
due to its efficiency and simplicity in supporting decisions
and improving continuous culture. In this paper, the
sources of losses in the plastic company are identified and
classified. The proposed tool has the potential to become
the foundation of the adaptation of this measure in man-
ufacturing companies. All previous research focuses on
exploring and assessing the losses most of this research
suggests a solution that emphasizes mitigating failures
and losses. This research proposes solutions that can be
implemented during the operational phase thus, the
productivity can be improved in all stages. Losses quanti-
fication is an effective approach to improve priority deci-
sions in the system. The developed framework in this re-
search is impactful in monitoring the interaction between
the required advancements to improve productivity for
plastic production lines and OEE.
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