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ARTICLE INFORMATION ABSTRACT

Article history: Product quality has now become one of the main factors that every

company must have to compete globally. One way is to reduce the
number of defective products in the production process. This method
is a continuous improvement effort made by PT Toyota Motor Manu-
facturing Indonesia and companies engaged in the automotive sector
that produces cars. One of the processes is packing roof panels whose
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output will be sent to importing countries where the number of re-
Quality quests per month is relatively high but still has a high defect rate.
Defect Based on production data and defect data for the January-February
Six sigma 2019 period, roof panel packaging production has a 1%-3% defect
DMAIC . .
Roof panel rate. This company must reduce the defect rate to achieve the com-

pany target of zero defects. This study aims to improve the quality of
the packaging process by minimizing the number of defective
products. This study uses the Six Sigma method with DMAIC
phases. This method has several phases, namely, Define, Measure,
Analysis, Improvement, and Control. Corrective action to reduce
product defects based on 5W + 1H is to formulate a repair plan at the
upgrade phase, namely by making SOPs spraying anti-rust and
supervising operators who produce roof panel packaging. The
improvement results reduced the DPMO value from 33,500 units to
2,050 units and increased the sigma level from 3.33 to 4.37. The
DMAIC phase effectively controls and improves product quality
levels in the automotive industry.
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1. INTRODUCTION

PT TMMIN is an industrial company engaged
in the automotive sector. The main product of PT
TMMIN is cars produced to meet the domestic
market's needs and the export market. Cars sent by
PT TMMIN to the export market are in Completely
Build-Up (CBU) or intact and Completely Knock
Down (CKD) or unraveled form. The production

process at PT TMMIN has been arranged as best as
possible to meet customer demand and achieve
daily targets, such as in the production process for
roof panel packaging parts in the Export Vaning
Division (CEVD) Component.

The packaging process on the roof panel part
has several processes, namely the roof panel part
(Fig. 1) and a series of modules coming from the
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supplier. The parts and modules are processed to
produce the roof panel part case output sent to the
importer country. During January-February 2019,
the defect rate in the roof panel's packaging process
was 1% -3%. This level of defect is not in
accordance with the company's target of zero
defect. Types of defects in the roof panels that occur
are rust and scratches. If the problem is not
resolved, it will impact the waste of raw materials,
time, and energy [1].

Fig. 1. Roof panel part

One method that can make improvements and
improve quality is by using the DMAIC method.
The Motorola company initially developed the
DMAIC method as part of the Six Sigma
framework, which is proven to eliminate defects
and improve quality associated with business
metrics [2], [3]. Six Sigma is a way to achieve
operating performance of only 3.4 defects for
every one million opportunities [4]-[6]. Before
the Six Sigma process is carried out, the
performance level is first measured, namely the
DPMO level (Defect Per Million Opportunities)
and the Sigma level's achievement (Sigma Level).
Six Sigma implementation involves several
integrated tools to get an increase in sigma value.
The tools used in the six sigma DMAIC method
include fishbone diagrams, SERVQUAL analysis
and poka-yoke [7]; flow chart and observation [8];
Lean tools such as Value Stream Mapping (VSM)
[9]H11]and five whys analysis [12]; supplier,
input, process, output and customer diagram
(SIPOC), FMEA, Pareto diagram, causal analysis,
and Gemba [13], [14].

Implementation of the Six Sigma DMAIC
method can reduce the level of damage and
increase the level of sigma [15]-[17]. The
company advantage in applying this method can
reduce costs tremendously [18]. This method is

still developing in increasing productivity in the
food and beverage industry [19], [20] and
optimizing the production process in the textile
industry [21]. The Six Sigma DMAIC method
focuses on reducing process variability to produce
high-quality products and creating an efficient
process obtained without waste, resulting in added
value for customers [22].

Referring to the successful application of the
DMAIC method in automotive companies [23],
[24], this study aims to improve quality by
bringing the product to the lowest defect level to
near perfection (zero defect). The application of
DMAIC in PT TMMIN is expected to reduce the
amount of damage to roof panel packaging parts
and increase the company's profit.

2. RESEARCH METHODS

This research was conducted in the roof panel
packaging section at PT TMMIN to reduce the
number of defects using the DMAIC method
(Define, Measure, Analyze, Improve, Control).
The study uses secondary data, which includes
production data from January to March 2019 and
data on the number of production defects. DMAIC
is used to improve product quality and reduce the
number of defects. DMAIC is a process of con-
tinuous improvement towards Six Sigma targets
(Fig. 2). The DMAIC phase is a phase that repeats
or forms a quality improvement cycle with Six
Sigma.

2.1. Define phase

This phase clearly defines, namely, the initial
phase of implementing the DMAIC method to
improve quality. At this phase, the activities are
selecting and determining projects, determining
problems and objectives, and making a SIPOC
(Supplier-Input-Process-Output-Customer)  dia-
gram. The determination of the problem in this
phase aims to improve the quality of specific pro-
cesses.

2.2. Measure phase

. After the Six Sigma project is defined, then
the critical characteristics of the product under
study must also be defined. The activity carried
out at this phase is to determine the CTQ with the
Pareto diagram, previously calculating the percen-
tage of defects with a formula:

Number of dent defect
0
Total defects x 100%. (1)

p=2r ¥

% of defects =

d | http://dx.doi.org/10.30656/jsmi.v4i2.2775

109


http://dx.doi.org/10.30656/jsmi.v4i2.2775

Jurnal Sistem dan Manajemen Industri Vol 4 No 2 December 2020, 108-116

+ DMAIC
Project
Selection

* Determination
CTQ
* Control Chart

* Product Type * Calculate
Selection DMPO &

+ SIPOC Sigma Level
Diagram Baseline

* Control Chart

+ Calculate
DPMO &

Sigma Level
after Improve

Fig. 2. DMAIC Method

UcL = p+3 |2 3)
LCL=p—3 (AP 4)
The calculation of Defects per Million
Opportunities (DPMO) and Sigma Level.

Defect Per Opportunities (DPO)

DPU = (5)
Defect Per million Opportunities (DPMO)
DPMO = DPO x 10° (6)

2.3. Analyze phase

At this phase, what needs to be done is to
identify the sources and root causes of defect
problems in the packaging process based on
importer claims and then make a series of
improvements to overcome these problems. The
activities carried out at this phase are making a
cause-and-effect diagram (Fishbone Diagram).
Causal diagrams are useful for analyzing and
finding factors that significantly influence the
quality characteristics of work output.

2.4. Improve phase

The next phase is to improve. After the
sources and root causes of quality problems have
been identified, it is necessary to implement a
corrective action plan to implement Six Sigma
quality improvement. The steps taken in the
Improve phase are to propose improvements using
the SW+1H method.

2.5. Control phase

Control is the final phase in a Six Sigma
quality improvement program. At this phase, it is
an evaluation of the results of implementation.
Control is done by creating a control chart to see
whether the production process with the proposed
improvement is statistically controlled or not.
Control is also to determine the value of DPMO

and sigma levels after improvement according to
the measure phase formula.

3. RESULTS AND DISCUSSION

The case study relates to customer complaints
regarding the roof panel packaging section at PT
TMMIN. Customer complaints about this defect
have an impact on the costs that must be borne by
the company related to product replacement and
return shipping. This study uses the DMAIC
method to analyze and repair defects in the
company's target zero defect. Solving this problem
will significantly impact customer confidence and
minimize defects from occurring in the future.

3.1. Define phase

The Define phase is the first operational step
in the Six Sigma quality improvement program.
Several steps are carried out at this phase, namely
DMAIC Project Selection, Product Type Selec-
tion, and Preparation of the SIPOC Diagram.
DMAIC Project Selection based on this research's
considerations, this project was carried out at PT
TMMIN in the packaging section. This project's
selection was made because of the defects in the
roof panel parts that had arrived in the importer's
country. The packaging process results in the
packaging of various parts sent to the importer
country in Completely Knock Down (CKD). The
parts are still in the decomposed form, which will
then be assembled in the importer country. In
January-February 2019, there were many Claim
Importers on the type of roof panel parts caused
by the packaging process, so there is a need for
quality improvement in the process.

Preparation of the SIPOC Diagram using the
roof panel packaging production process's data
activity obtained by observation. The SIPOC
diagram of the roof panel packaging production
process (Fig. 3) explains the production flow of
roof panels from suppliers to customers. In a series
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Fig. 3. SIPOC Diagram of the packaging production process

of roof panel packaging processes, the first starts
from the supplier, namely the company that
supplies the raw materials. These suppliers
include PT PRN, PT Sekisui, and PT Zerust. Next,
enter the input process carried out by the
production process for roof panel packaging,
namely the entry of iron frames, bolts, plastic,
anti-rust, and roof panel parts. After that, the main
production process for roof panel packaging is
carried out in several phases, namely from raw
material then processing the module assembly,
placing the roof panel parts into the module,
providing anti-rust plastic to the module, flow
rack, finish good and vanning. The roof panel
packaging part production process's output is a
case containing parts to be sent to destination
customers, namely importing countries, destina-
tions such as TMV (Toyota Motor Vietnam) and
TMP (Toyota Motor Philippines).

3.2. Measure phase

At this phase, measurements are made of the
types of defects that have been identified. It will
be necessary to determine the key characteristics
that are important to the quality of the CTQ and
calculate the Sigma Level of the defect rate per
million opportunities for DPMO. Several steps are
carried out at this stage, namely determination of
Critical to Quality (CTQ), control chart, and
measurement of DPMO and sigma level.

The determination of Critical to Quality
(CTQ) is determined based on the specific needs
of consumers. Consumers' customer requirements
are smooth surface parts with no scratches, no
defective body parts, no rust on parts, and the
number of products sent according to the order.
The choice of CTQ is based on the largest type of
defect, which is known to have a major influence
on product quality. Furthermore, it can be poured
into the Pareto diagram to determine what types of
defects are prioritized in improving product

quality. The defects in the roof panel packaging
processes based on customer claims consist of
four types: dent, deform, rust, and shortage. Based
on processing the complaint data entered using the
Pareto diagram, rust has the largest percentage,
which is 88.6% (Fig. 4). Claim Importer with
shortage number of defects will be included in the
other defect category.

70 - e —

N |,
Type of defect Rust Dent Deform Other

Number of Defect 82 4 3 1

886 57 43 14

886 943 986 100.0

Fig. 4. Pareto diagram types of defects in the
packaging process panel roof

In making this p control chart using data on
the number of production and the number of
defects that are very influential on the roof panel
packaging process for the January-February 2019
period. With this data, the proportion of defects
and control limits is calculated. After the calcu-
lations are carried out, a control chart is created to
map these boundaries. The goal is to see whether
the data is within the control or not. If there is data
that is out of control, it must be recalculated to
stabilize the process. From the P control chart
(Fig. 5), it can be seen that all data is within control
limits (in control). This shows that the packaging
production process has been stable. Even though
the packaging production process has been stable,
the quality of priority defects must be improved so
that the defect problem does not occur again.
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Fig. 5. Control chart of packaging panel roof
process

The measurement unit results in the form of
attribute data will be determined using the DPMO
(Defects per Million Opportunities) measurement
unit then converted from the DPMO value into the
sigma level. The number of production of roof
panel packaging in January-February 2019 is
1,850 units. Based on customer needs' charac-
teristics, the types of characteristics of potential
defects or CTQ, namely rust, can be seen. The type
of defect produced means the chance of a defect in
each unit of product produced. The number of
defects in the production of roof panel packaging
in January-February 2019 was 62 units. Based on
the calculation, it is known that the number of
defects per one million opportunities (DPMO) is
33,500, meaning that there are still many rust
defects in the roof panel packaging process. For

Method L .
Giving less anti rust to the roof
panel which will be coated with
Anki rast volame eva foam and eva foam not

given anti rust

\ Spraying

technique is only

is not enough to .
resist rust

the Sigma Level, the roof panel packaging process
is at level 3.33.

3.3. Analyze phase

At this phase, analysis and identification of
the main causes of the defect are carried out.
Based on the making of the Pareto diagram and the
P control chart, it is found that the type of defect
that is very influential on CTQ is rust defect. Next
will be an analysis of the root cause of the rust
defect problem is. The tool used in this stage is the
Fishbone diagram. Making this Fishbone diagram
is an analysis and identification of the causes of
rust defect problems based on brainstorming to
line heads, operators, and field supervisors.

The cause of rust defects in the roof panel
packaging process is caused by human factors,
method factors, machine factors, and environ-
mental factors. The human factor is caused by the
operator's lack of knowledge about the quality's
effect, applying anti-rust to the roof panel. The
first method factor is the lack of anti-rust
application on the roof panel, which will be coated
with EVA foam. EVA foam is not given anti-rust;
the second factor is an insufficient anti-rust appli-
cation volume because there is no standard
volume of anti-rust application. The anti-rust wear
spraying machine causes the engine factor. Envi-
ronmental factors caused by high humidity in the
sea accelerate the process of rust and electrolytes
in the surrounding environment, which are the
main causes of corrosion (Fig. 6).

Man

The operator sprays
anti rust with low
volume

Less of knowledge
of the effects of
quality

There is no standard Operators spray
volume for anti rust one-way anti rust only on
application the panel roof
-]l Rust
s ] Electrolytes (acids or salts) are a
Shipping travel by .
sea, high air charg.e tf:{nsfe-r medmm,_ . Spraying machine
tumidity resulting i electrons being easily does not spray
- bound by oxygen in the air properly
The main factor in
corrosion
Accelerate ..
E The salt content is in Spraying machin
Eristn seawater and the acidic “fmyn;i ¢
content is in ranwater
Emironment Machine
Fig. 6. Fishbone diagram rust
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Table 1. Improvement plans using the 5W + 1H method

What Why How Where Who When
For the operator to know
Less operator EEE ef;ectfig;?:: “t)(l)fd uigg Provides knowledge
knowledge pa\bout minier% volume of anti- abou_t the impact of the On the Line Head In
the effects of rust, it is necessary to quality effect, at least CEVD line Proses March
. . y giving anti-rust volume to Packaging 2019
quality provide knowledge about
. . the panel roof
the impact of quality
effects
For sufficient anti-rust Making Standard Operator,
Spraying spraying on the roof and Operating Procedures On the Line Head, In
technique is only Eva foam panels, an anti- regarding anti-rust . Packing March
. - - CEVD line
one-way rust spraying SOP is spraying steps on panel Spec. 2019
required roof and Eva foam engineering
For the anti-rust
There is no application to match the Eﬁfﬁg; d In
standard volume volume, it is necessary to Make the standard anti- On the . !
- e . Packing March
for anti-rust make a standard volume of  rust application volume CEVD line spec 2019
application anti-rust application on the pec.
part engineering
So that the spraying
Spraying machine wizhhneiggszsr;ottjwrigkzug Standardize the schedule On the In
wears out standardization  schedule I:]chchf}?]r;glng the spraying CEVD line Operator %irg h
for the replacement of the
spraying machine
To anticipate the potential Provides additional anti- In
Accelerate for rust caused by humidity  rust on parts, especially On the
. . o . : - . Operator March
corrosion in the sea, it is necessary to  those with a high potential CEVD line
; 2019
add anti-rust to the part for rust
To anticipate the potential
for rust caused by Provides additional anti- In
The main factor in  electrolytes in the rust on parts, especially On the Overator March
corrosion surrounding environment, those with a high potential CEVD line P 2019

it is necessary to add anti-
rust to the part

for rust

3.4. Improve phase

Based on the analysis results in the previous
stage, repair of the rust defect types can be done
using the 5W + 1H method, developing a plan for
improvement and quality improvement. The table
of quality improvement plans for rust defect types

can be seen in Table 1.

Based on the repair plan results using 5W +
1H, the proposed improvements that can be made
to reduce the type of rust defects in the roof panel
packaging process are by making an anti-rust
spraying SOP. Proposed improvements that have
been identified based on the 5W+1H Method in
Table 1 are followed by implementing corrective
actions on controllable factors. The corrective
action that has been taken to minimize the number
of defects in roof panel products is to create an
anti-rust spraying SOP. The results of the

proposed anti-rust spraying steps can be seen in

Fig. 7.

Fig. 7. Anti-rust spraying steps.
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The steps for anti-rust spraying can be
described as follows:

a. (Point 1.1) Spray anti-rust oil on foam inner
panel roof number 1 along the foam surface on
the top and left side.

b. (Point 1.2) Spray anti-rust oil on foam inner
panel roof numbers 2,3, and 4 along the foam
surface on the top side.

c. (Point 1.3) Spray anti-rust oil on foam inner
panel roof number 5 along the foam surface on
the top and right side.

d. (Point 2.1) Spray anti-rust oil 1 layer evenly on
the surface of the roof panel part.

e. (Point2.2) Spray 2 layers of anti-rust oil evenly
on 3 points in the area where 1G foam sheet
will be installed.

f. (Point 2.3) Install 3 pcs of 1G foam sheet.

g. (Point 2.4) Spray 2 layers of anti-rust oil evenly
on each surface of 1G foam sheet.

3.5. Control phase

In this control phase, creating a p control
chart after implementing the repair with rust
defect data for May 2019 and finding out the
DPMO value and Sigma Level after the
improvement is done. The results of calculations
with the P control chart after the repair show the
results are still within control limits so that the
improvements made can be controlled statistically

(Fig. 8).

P Chart of Number Defects of Claim Importer

0.025

0.020
UCL=0.01724

Proportion
e
S
S

0.015
0.003
P=0.00205

0.000 O—.—l—L—‘—.—l—&—O—‘—.—D—O—O—O—. LCL=0

1 3 5 7 9 f B 15 17 19
Sample

Fig. 8. P Control after improvement

Comparing the DPMO value and sigma level
before improvement and after improvement. The
amount of DPMO and sigma level before and after
the improvement is shown in Table 2. The DPMO
value has decreased after repairs have been made.
The amount of reduction in DPMO after
improvements was 31.450 units, and the Sigma
Level increase was 1.04.

Table 2. Comparison of DPMO and sigma levels
before and after improvement

Performance Value
. Before After Difference
Baseline
Improvement Improvement
DPMO 33,500 2,050 31,450
Level Sigma 3.33 4.37 1.04

The four-block diagram shows that it is
included in the C quadrant with a Sigma Level
value of 3.33 (Fig. 9). These results show that
control is good, but on the other hand, technology
there are still deficiencies or weaknesses (process
control is good, poor technology). After improve-
ment by making SOP for anti-rust spraying, the
sigma level increased to 4.37 o entered in the D
guadrant so that it can be interpreted that the
control process and technology are already inclu-
ded in the world class quadrant.

Lowine
e
a4 B
E ERER ( -\% 4370
El= - =
C D
v ,g
- 4
-+ > 7
Poor Technolegy Good ST

Fig. 9. Four block diagram

Most of the automotive manufacturing
industry in Indonesia is in the middle and large
sectors. In operational activities, it is necessary to
control it so that it can run effectively and
efficiently. This case study has provided a future
direction for the automotive manufacturing
industry to apply the DMAIC method and move
forward to achieve a competitive advantage.
These case studies will guide similar industries to
achieve operational excellence and become more
competitive. Apart from reducing defects from the
process, this case study's implications are to
reduce process costs and increase productivity and
customer complaints. The foremost challenge in
implementing DMAIC is maintaining the results
that have been achieved [25] and many organiza-
tional-related factors that cause difficulty
achieving similar results many times [26]. The
results of the standardization carried out aim to
ensure that the program can be sustainable [27].
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This case study also implies that for the successful
implementation of the DMAIC methodology, top
management support is one of the critical success
factors.

4. CONCLUSION

Based on the analysis and discussion
described, the conclusions obtained from the
causes of rust defects in the roof panel packaging
process at PT TMMIN are human factors, method
factors, machine factors, and environmental
factors. A suggestion for improvements that can
be made to reduce the type of rust defects in the
roof panel packaging process is by making an anti-
rust spraying SOP. The improvement results show
a decrease in the value of DPMO from 33,500
units to 31,450 units and an increase in Sigma
Level, namely 1.04, from 3.33 to 4.37. This
research can be continued in future research by
applying the Lean Six Sigma method. Lean Six
Sigma method that integrates Lean with Six
Sigma. Future research will focus more on
reducing waste of causes of defects to get even
better results.
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