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Abstract

At the end of April 2024, national car sales for the domestic market were recorded to have decreased by 34.91% compared to
the previous month. This negative trend, of course, disrupts company profits, including PT XYZ as a supplier of automotive
components in Indonesia. This decline triggered the company to carry out cost reduction activities in the production area.
However, in reality there is still a lot of waste during production, one of which is in the 650T injection molding process. The
high cycle time of the injection process resulted in the Overall Equipment Effectiveness (OEE) target not being achieved.
The lean manufacturing approach and DMAIC cycle as a research method aims to identify non-value added activities as well
as make improvements by reducing the injection process cycle time from 86 to 57 seconds. These improvements made the
OEE target for the 650T injection machine achieved because it increased from 67.9% to 76.3%.
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1. Introduction

Based on the report from the Association of Indonesian Automotive Industries (Gaikindo) in figure 1 below, car
sales in April 2024 from factories to dealers (wholesales) in the Indonesian domestic market decreased by
34.91%. Sales in April decreased to 26.087 units, because previously they managed to sell 74.724 units, but in
the following month they decreased to 48.637 units. This negative trend of course disrupts the cash flow or
profits of automotive companies in Indonesia, including PT XYZ The decline in consumer enthusiasm for four-
wheeled vehicles has increasingly made company owners look for various ways to reduce production costs in the

company.
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Figure 1. Domestic National Car Sales (2023-2024)
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One concept to reduce manufacturing costs is to carry out cost reduction activities. The most fundamental
method for carrying out cost reduction in the manufacturing industry is to eliminate any waste that occurs in
every production line, including in the production process of the 650T injection machine at PT XYZ. Too much
waste in the production process indicates that the process is still far from the lean manufacturing concept. Lean
manufacturing is a structured method used by companies to recognize levels of waste with the aim of eliminating
or eliminating activities that do not provide added value [1]. Lean manufacturing is an approach that can be
applied to improve waste in a company, thereby reducing production waiting time [2]. The lean manufacturing
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approach includes a comprehensive understanding of business processes, including production processes,
material flow, and information flow [3].

The method for minimizing waste is to apply the lean manufacturing concept [4]. Seeing the importance of the
lean concept above, it requires PT XYZ to do the same thing. The lean concept is also called an efficiency
concept that can be applied to manufacturing and service companies [5]. The lean manufacturing concept
approach in this research aims to identify non-value added activities as well as determine the types of
improvements that can be made so that the OEE value increases on the 650T injection machine at PT XYZ. OEE
is an important efficiency indicator and is easy to apply to machines or equipment [6]. OEE discusses six major
losses on machines that can be avoided such as breakdowns, setup time, waiting time, speed reduction, startup
defects and rework [7]. The OEE calculation aims to determine the level of machine effectiveness [8]. OEE is
defined as a tool for assessing equipment effectiveness with the aim of identifying production losses as well as
indirect cost losses that contribute significantly to total production costs [9].

2. Research Methods

Overall Equipment Effectiveness is a hierarchical matrix discovered by Seiichi Nakajima in 1960, this matrix
can evaluate and indicate how effective a machine or equipment is. In this case, what is said to be effective is a
process that only produces good output in the shortest possible time without any downtime. OEE has become a
tool for measuring and evaluating productivity. Overall Equipment Effectiveness includes three main
components, namely Availability, Performance, and Quality [10].

Availability
Availability is the actual comparison of operating time with loading time. Availability is the capacity of an item
to carry out the desired function every time it is needed [11].

. Operation time
Availability = Wg‘amex 100% (1)

Performance

Performance is the ratio of the quantity of product produced multiplied by the ideal cycle time to the available
time (operating time). Performance is the productivity that can be achieved by superior or standard products in
each hour compared to the designed productivity [12]. The product quantity ratio in question is the sum of
products that are feasible or meet quality standards and products that have undergone rework and NG (No Good)
products. Below is the formula for finding the performance value.

(OK + Rework + NG) x ideal CT 2
Performance = - - x 100% ( )
Operating time

Quality

Quality is the ability of a machine to produce products to meet production targets. Quality is the result of a
comparison between the number of OK products or according to the criteria of Quality Control (QC) with the
actual total press. Total actual press is the sum of viable products, products that have undergone rework and NG
(No Good) products. The data used in this Quality calculation includes actual production results, the number of
products that meet specifications (good products), as well as the total of products that are delayed and rejected
[13]. Mathematically it can be formulated as follows:

Produk OK ©)

. 0
Quality = & Rework + NG * 1007

Meanwhile, Overall Equipment Effectiveness (OEE) is the product of the Availability, Performance and Quality
values of a machine or production equipment. Equipment effectiveness is the actual output compared to the
reference output [14]. The calculation formula is as follows:

OEE = Availability x Performance x Quality (@)

This research uses the DMAIC (Define, Measure, Analyze, Improve, Control) cycle. The flow chart for this
research is listed as in Figure 2 below.
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Figure 2. Research flow chart

The research flow starts from the Define phase, hamely defining the OEE (Overall Equipment Effectiveness)
factors consisting of (Availability, Performance and Quality) which most dominantly influence low OEE values.
The second phase is Measure, namely measuring the downtime that occurs and creating a Pareto problem
diagram. The data was then analyzed using a fishbone diagram to get the real root cause which caused the
decrease in the OEE value of the 650T injection machine. This process is carried out in the Analyze phase, and
the root cause of the problem is corrected by creating kaizen ideas in the Improve phase. The final phase is
Control, namely controlling the OEE value that has been improved so that it continues to achieve the company's
KPI (Key Performance Indicator) target and approaches the World Class Manufacturing target.

Injection Molding

Injection Molding Machine is a machine that is used to produce molded plastic parts by inserting melted plastic
material into the mold cavity at very high pressure. A plastic injection machine is a device that produces products
from various types of plastic materials (resins) which are heated and processed through various stages [15].
Plastic molds in the injection molding process need to pay attention to a number of parameters that can affect the
quality of the final product so that defects do not occur. These parameters include injection temperature, pressure
and injection time [16].
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Figure 3. Injection molding machine components
3. Results and Discussion

3.1. Define

This define phase begins by identifying initial data on the OEE value of the 650T injection machine and
comparing it with the company's target. The output of this phase is that the gap between the current OEE factor
achievements, namely Availability, Performance and Quality, and the company's targets can be defined. The
OEE gap factor then becomes the main focus in carrying out the improvement process. Based on production data
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for the 650T injection machine for the period September to November 2023, you can see each factor's OEE value

as in table 1 below.
Table 1. Value and comparison of OEE factors (before improvement)

OEE OEE OEE
Factors (Before Company World Class
improve ment) Target Manufacturing
Availability 85.20% 85% 90%
Performance 81.20% 90% 95%
Quality 98.10% 98% 99%
OEE 67.90% 75% 85%

By looking at the comparison in table 1 above, it can be defined that performance is a priority factor for
improvement for PT XYZ. By increasing the performance value, the Overall Equipment Effectiveness (OEE)
target will be achieved, as well as the productivity of the 650T injection machine will increase.

3.2. Measure
Pareto downtime mesin injection 650T (Sept-Nowv 2023)
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Figure 4. Pareto diagram of 650T injection machine downtime

Based on the Pareto diagram above, it can be concluded that the highest downtime of this 650T injection
machine is cycle time with a percentage of 52%. The next phase is to carry out analysis of the very high
downtime cycle time data, so that the root cause can be clearly identified.

PT XYZ (Long Cvcle time)

MAN METHOD

The engineer did not prepare a The speed of the injection
complete SOP to the operator machine changes

Engineer skills are lacking \ There is no speed cycle v
Training (re-fry injection cycle time) / \time limit in procedure

No issue The movement is too old /
M/C Speed % is not optimal / /
ENVIRONMENT Robot movement is inefficient -
No isste Robot teaching is not optimal / /
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Figure 5. Fishbone diagram of long cycle time

3.3. Analyze

At this analysis stage, an FGD (Forum Group Discussion) is formed which will analyze, investigate, find the root

cause, and make improvements (kaizen) so that productivity and OEE value increase. The steps in this analysis

stage are as follows:

a. Carrying out a genba (on the spot study) to see directly the production process on the PT XYZ 650T injection
machine.

b. Team discussions to obtain input and suggestions from the results of field studies.

At this stage, analysis is carried out using cause and effect diagrams. The purpose of making a cause and effect
diagram is to find the root of the problem related to the OEE value [17]. Fishbone diagram analysis will be
carried out by focusing machine problem variables into four categories, namely humans, machines, materials and
methods [18]. The following are the results of the cause and effect diagram for the root cause of the long cycle
time on the 650T injection machine at PT XYZ. Based on the fishbone diagram in Figure 5 above, what causes
the long cycle time on the 650T injection machine at PT XYZ then from the machine side, currently the speed of
the injection machine has not reached its optimal point, nor has the function of the robot on the machine. This
means that there is still a fairly high chance that the machine's speed can be increased as optimally as possible.
The current actual engine capacity must of course be proven directly through re-try injection cycle time activities
with the PT XYZ engineering department.

0 3 10 15 20 25 30 35 40 45 30 33 60 63 70 75 80 83 90

Mold open 9
Robot down @ 4
Robot forward 3 - Target for

improvement
Take the part 13
Robot up (Home post) 8 @
Mold elose @ 9 @
Inject & cooling time 40

Total cycle time = 86 sec/part

Figure 6. Breakdown cycle time of injection machine (before improvement)

Based on the genba (on the spot study) of the 650T injection machine production line, there are still many cycle
time movements for each process that can still be reduced. These include: during injection and cooling time, part
pickup, mold open and close, and robot up (home post). The data in Figure 6 shows that the total cycle time is
currently still high, namely above 86 seconds/part or 1 minute 26 seconds.

3.4. Improve

Furthermore, to increase the performance factor or in general the overall equipment effectiveness value of the
650T injection machine, an action plan is needed to improve it. Table 2 below is the result of discussions with
the Forum Group Discussion (FGD) team regarding improvements that will be made to reduce the cycle time on
the 650T injection machine. By making improvements to the 650T injection machine above, the injection
process cycle time tends to be faster. The measurement results can be seen in Figure 7 below. After all kaizen is
applied, the six big losses in the form of a cycle time which is quite long and is the root cause of not achieving
the OEE target at PT XYZ can be resolved [19]. Apart from the problem of a fairly long cycle time, currently
there are actually still losses in the form of high change over times (moving molds for the next product).
Regarding mold change over, it can be completed using the SMED (Single Minute Exchange Dies) method. This
SMED method has been proven to reduce changer over time in the automotive and non-automotive industries by
up to 18% [20]. Furthermore, after all improvements have been applied to the 650T injection machine at PT
XYZ, the overall equipment effectiveness (OEE) calculation of the 650T injection machine will be carried out
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again. After carrying out calculations for each OEE factor, namely Availability, Quality and Performance, the
results are obtained in table 3 below.

Table 2. List of improvements to increase the OEE value

Inject and cooling
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Based on the kaizen carried out above, the FGD team carried out cycle time measurements again. The following
are the results of measuring the cycle time of the 650T injection machine at PTXYZ (after improvement).

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Mold open 6

|
|
Robot down 4 :
Robot forward 3 : New Cycle after I
improvement '
Take the part 8 :
Robot up (Home post) 5 :
Mold close 6 . . :
Cycle time reduction |
Inject & cooling time 25 until 34% |
|

Total new cycle time = 57 sec/part
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Figure 7. Breakdown cycle time of injection machine (after improvement)

Table 3. Value and comparison of OEE factors (before improvement)

OEE OEE OEE
Factors (After Company World Class
improvement) Target Manufacturing
Availability 85.50% 85% 90%
Performance 91.00% 90% 95%
QOuality 08.10% 08% 99%
OEE 76.30% 75% 85%

By looking at table 3 above, and comparing it with the data before improvement (table 1), it can be concluded
that the OEE value increased from 67.9% to 76.3%. The high OEE value was due to the increase in performance
value from previously 81.2% to 91.0%. By increasing the Overall Equipment Effectiveness (OEE) value, it will
also increase the productivity of the 650T injection machine at PT XYZ.
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Figure 8. OEE control chart before and after improvement

3.5. Control

Determining the control plan and next improvement items is the goal of this phase. After improvement activities
are carried out, waste in the production process on the 650T injection machine is reduced and approaches the
concept of lean manufacturing. The next step is to maintain these results and strive to improve the results that
have been achieved to be better than before. Figure 8 above is a control chart of OEE values carried out by PT
XYZ. Even though currently the 650T injection machine at PT This, of course, can also be an opportunity to
continue to increase the OEE value so that it is equivalent to an OEE value of 85% (World Class
Manufacturing).

4. Conclusion

There are three factors that are the main cause of the low OEE value of the 650T injection machine at PT XYZ
The data in Figure 6 shows that the total cycle time before repair is still high, namely above 86 seconds/part or 1
minute 26 seconds. The improvement process using the DMAIC cycle as a frame work has been proven to be
able to increase the performance value and also the OEE value from an average of 67.9% to 76.3%.
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