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Abstract. The main purpose of this white paper is to analyze current research on Six Sigma
in the auto parts industry and identify opportunities for further research. This study used a
systematic literature search of the most recent scientific articles (2013-2022) searched using
specific inclusion and exclusion criteria. His two main categories of research goals emerged.
The development of Six Sigma and the impact of Six Sigma. In recent years, research on the
impact of Six Sigma is the most popular and has always been there from year to year, while
research on the development of Six Sigma is the least popular. The study can provide insights
to researchers, consultants and quality managers in developing and implementing Six Sigma
in the automotive components industry sector. This research found that there is a lot of
research on the complete Six Sigma methodology in the automotive component industry,
especially research on the impact of implementing Six Sigma. From these findings, the main
avenue for future research can be identified, namely Six Sigma Digitalization.

Keyword: Six Sigma, Automotive Component Industry, Systematic Literature Review
(SLR), DMAIC

Received 8 December 2022 | Revised 14 April 2023 | Accepted 10 May 2023

1. Introduction

Increased international competition is one of the most important achievements of economic
globalization. The speed and quality of achieving superior performance in a competitive world
depend on the selection of appropriate methods and the use of organizational capacity and its key
competencies. The automotive industry is one of the most active industries dealing with quality
improvement, lower production costs and continuous improvement activities [1].

The development and implementation of an effective quality strategy are important factors for the
long-term success of an organization [2]. In this sense, the Six Sigma methodology is a project-
oriented approach to reducing process variations and errors, i.e., increasing process capability.
Six Sigma was first developed by Motorola Inc. in 1986. Six Sigma is a powerful method for

*Corresponding author at: [Universitas Mercu Buana, JI. Meruya Selatan, DKI Jakarta, 11650, Indonesia]
E-mail address: [paridyaman@gmail.com]

Copyright © 2023. TALENTA Publisher Universitas Sumatera Utara

p-ISSN: 1411-5247 | e-ISSN: 2527-9408 | DOI 10.32734/jsti.v25i2.10450

Journal Homepage: https://talenta.usu.ac.id/jsti



Jurnal Sistem Teknik Industri (JSTI) Vol. 25, No.2, 2023 219

improving quality and reducing the error rate. Over the years, Six Sigma has evolved greatly in
both manufacturing and service companies. Six Sigma is one of the best techniques for improving
business processes. Six Sigma is a teamwork-based project to solve important customer and
process problems [3].

The rest of this paper is presented as follows: Section 2 presents a literature review of Six Sigma;
Section 3 presents the methodology to systematically review Six Sigma research in the automotive
component industry; Section 4 presents the current state-of-the-art and future direction of Six
Sigma research in the automotive component industry; and finally, Section 5 presents the
conclusion of this study.

The results of the Six Sigma concept facilitate the achieving of almost 'zero defect manufacturing'
and collecting high profits. The Six Sigma concept allows organizations to make fewer than 3.4
mistakes per million opportunities (DPMO). To achieve this goal, two approaches are followed.
Projects that lead to defect prevention must be carried out in the organization by implementing
the DMAIC (define, measure, analyze, improve and control) phases [4] and Six Sigma
applications can better impact operational efficiency and consistency to improve business
performance and align with customer needs [3].

2. Literature Review

In this increasingly advanced and growing global market competition, people's perspective in
choosing a product has changed. It has not only grown in terms of costs, but also in terms of
quality. Therefore, most companies assume that good quality is the most important thing since
quality is the fulfilment of services to consumers [4]. One of the most important factors in
improving product quality is quality control, which is part of the production process. To produce
the highest quality products, companies must make quality improvements and process
improvements in the hope of achieving the level of product defects until there are no defects [5].
Companies often use the Six Sigma method to control the product quality by minimizing the
number of defects [6][7]. The Six Sigma methodology focuses on deficiencies and variations,
beginning with the identification phase of the critical quality elements of a process through
determining suggestions for improving the deficiencies or deficiencies that are encountered. Steps
to reduce errors or failures are carried out systematically by defining, measuring, analyzing,
improving and controlling. According to Paul in 1999, this systematic step is known as the 5
phases of DMAIC. DMAIC is carried out systematically based on science and facts to achieve
the Six Sigma target of 3.4 DPMO (Defects per Million Opportunity) and of course increase the
profitability of the company [4]. It states that Six Sigma is a tool or tool used to improve processes
through customer focus, continuous improvement, and the involvement of people inside and
outside the organization [7].
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In this 4.0 industrial era, competition is becoming increasingly fierce, and quality products and
services are a requirement for competitive advantage and the need to ensure the sustainability of
business processes [4]. The DMAIC problem-solving methodology was one of several technigques
used for product quality [8][6][7]. Six Sigma is a quality control and improvement method
implemented by Motorola since 1986. Six Sigma is a form of quality improvement towards the
target of 3.4 defects per million opportunities (DPMO) for each product, both goods and services
reduce the number of defects. Six Sigma can also be defined as a business process improvement
method that aims to find and reduce the factors that cause defects, reduce cycle times and
production costs, increase productivity, meet customer needs, achieve optimal machine utility,
and get better results [9]. Both in terms of production and service. This method is based on
DMAIC, which stands for Define, Measure, Analysis, Improve and Control.

The Six Sigma concept facilitates achieving almost 'zero defect manufacturing' and collecting
high profits. The Six Sigma concept allows organizations to make fewer than 3.4 mistakes per
million opportunities (DPMO). To achieve this goal, two approaches are followed. Projects
leading to error prevention should be carried out in the organization by implementing the Define,
Measure, Analyze, Improve and Control (DMAIC) phases [4]. In this paper, we will show various
implementations of Six Sigma and DMAIC to minimize the chance of product defects in the
production process in the automotive component industry.

3. Methodology

This study presents the SLR approach to the current state-of-the-art of Six Sigma research on the
automotive component industry. Fink [10] A research literature review is a systematic, explicit,
and reproducible method of identifying, assessing, and synthesizing the existing collection of
completed and recorded work produced by researchers, scholars, and practitioners. A search for
the application of the Six Sigma approach was conducted on Google Scholar from a special range
of issue years from 2013 to 2022 with the keyword Six Sigma in the Automotive Industry.
According to Cruz-Benito [11], this methodology could be structured following the steps as
shown in Figure 1.

3.1. Define Research Objectives

The methodology outlined above serves as a framework for this study, which aims to achieve the
following objectives. Firstly, the study aims to examine the recent implementation of the six-
sigma methodology within the automotive component industry. By analyzing real-world cases
and examples, the researchers seek to gain insights into the application of six sigma principles,
techniques, and tools in this specific sector. This examination will provide a comprehensive
understanding of how six sigma is being utilized and the impact it has had on various aspects of
the automotive component industry.
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Secondly, based on the findings and observations from the study, the researchers intend to propose
acurrent research gap. This involves identifying areas where further investigation or improvement
is needed in relation to the implementation of six sigma in the automotive component industry.
By identifying these research gaps, the study aims to contribute to the existing body of knowledge
and provide valuable insights for practitioners, researchers, and industry professionals interested
in optimizing quality and process efficiency in this field.

3.2. Define Inclusion Criteria

The systematic literature review (SLR) for this study will adhere to two specific inclusion criteria.
Firstly, scientific articles included in the review must mention both "six sigma" and "automotive
component industry” in either their titles or keywords. This criterion ensures a focused
examination of the implementation of six sigma within the broader business process of the
automotive component industry, rather than limited aspects or specific tools of six sigma. By
applying this criterion, the study aims to gain insights into the overall application and impact of
six sigma in this industry.

Secondly, the SLR will only consider scientific articles published within the last 10 years,
covering the period from 2013 to 2022. This timeframe selection allows for the inclusion of recent
research and developments in the field, ensuring the review captures the most up-to-date insights,
methodologies, and case studies related to the implementation of six sigma in the automotive
component industry. By focusing on literature from this specific period, the study aims to provide
valuable and relevant information for the objectives at hand.

Scientific articles obtained from database

v

Title and keywords screening
(17400 Filtered articles)

. Excluded articles not on
inclusion criteria

h 4

An in-depth review of selected articles
with clear method and objectives
(50 Case Study articles)

¥

Summarize the results of the review into
the four main objectives

Six Sigma Six Sigma Six Sigma Six Sigma
development strategy impact challenge
I [ I [

State of the current research related to
each objective

¥

Identification of current research gap and
suggestions for futureresearch

Figure 1 Applied research framework based on SLR methodology
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3.3. Search Scientific Database

The database used in this criterion is Google Scholar & Proguest Databases, which is widely used
around the world, covering not only journals but also conference proceedings, books, and thesis
or dissertation reports.

3.4, Assess and Screen the Results

Assessment and screening are necessary to select scientific articles with high relevance to the
research objectives and inclusion criteria.

3.5.  Analyze and Discuss the Results

Selected scientific articles will be analyzed and mapped into comparison tables to make the
current state of research easier to observe and infer.

3.6. Propose Current Research Gap

From the current state of research mapping, the gap in current research will be observed and then
proposed.

4. Results and Discussion

4.1. Scientific articles classification

This study identifies attributes contained in the scientific articles to offer insights into the
development, implementation strategy, impact and challenges of six sigma on the automotive
component industry. Scientific articles about six sigma implementations were collected from
2013 to 2022. A rigorous screening and review process as in Figure was done resulting in 50
relevant scientific articles on the automotive component industry and a case study that could be
seen in Figure 3.

457,000 scientific articles

All recent scientific articles on Six Sigma
in Google Scholar & Proquest Databases

17,400 scientific articles

Scientific articles fitting
inclusion criteria

17,000 scientific articles

Assessment and
screening

50 scientific articles

Figure 2 Screening and review process of scientific articles based on SLR methodology
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This study finds that the number of published articles in 2013 and recent years is relatively in
decline, as seen in Figure 5. Regarding the publication region, it is found that the Asia region has
significant contributions in recent years, that is Indonesia (37 articles), India (10 articles),
Malaysia (2 articles), and Iran (1 article). Article classification by publication region is presented

in Figure 6.

Table 1 Systematic Literature Review on recent six sigma implementation in the
Automotive component industry

Research

No.  Articles Identity | : Research Object Result
ocation
Increased sigma value of 3.83 to
1 (Sundana & Yusuf Indonesia Reducing defects on 4.10 by submitting several
2013) [12] radiator assembly proposed improvements in the
production process
Increased process capability (CP)
Increasing process from 1.29 to 2.02 and increased
2 (Sharma et al. India capabilities on engine process yield (CPK) from 0.32 to
2014) [13] crankshaft process 1.45 by reducing crankshaft end-
boring process variation during
engine manufacture
. . Raise the sigma level from 3.86 to
3 (Raju etljl' 2014) India tRe_duce defectsdln " 4.20 with improved backlash nuts
[14] steering gear products on steering gear products
Increased process performance in
March 2013 CP value of 1.00 and
Qualtycontrol inthe  u01i7005 Co v of .40 and
4  (Rijanto 2014) [15] Indonesia ma;:liﬁ%/n\évi;?ce)lcess CPK of 1.05 (with 2.73 DPMO),
May 2013 value CP of 1.54 and
CPK value of 1.54 (with 3.4
DPMO)
Sigma and DPMO values in 2013
Quiality improvement amounted to 3.73c and 12,879
5 (Danny 2014) [16]  Indonesia  in automotive exhaust DPMO showing automotive
products component companies can compete
with other competitors’ companies
It is expected that the results of
. Reducing waste in the Sigma Waste D_elays are 1.6_60,
6 (YYorie & Putro Indonesia OEM parts Waste Defect in the induction
2014) [17] production process process of 2.29¢ and Waste Motion
of: 2.35 when applying Six Sigma
30.
Quality improvement The level of sigma level after the
7  (Irawan 2014) [18] Indonesia in the assembly of results of the new repair reached
four-wheeled vehicles 5.02c with the target 6
Indonesia RZ?;;'?% g];tp;%dnlia Sigma-level research results at PT.
8  (Parwati 2014) [19] fender in the painting Abc is 3.25 with the main causes of
process NG spots
The results of the Sigma level
Quality control of line calculation are at a level of_4.7 with
9  (Suseno 2014) [20] Indonesia  Z production process a DPMO value of 732 with the
of kijang cars source of the causes of the problem,
there are machines, humans and the
environment
. hauh LO".Ver rejection on Reducing component rejection
10 (Misra & Chauhan Indonesia casting components from 7.8% to 1.54% in the blurry

2015) [21]

in-house block
machines

hole in the bypass flap housing




Jurnal Sistem Teknik Industri (JSTI) Vol. 25, No.2, 2023 224
No.  Articles Identity ITesea_rch Research Object Result
ocation
Increased painting Reducing failure in the painting
11 (Abdul Rahman et Malaysia process on vehicle process of an average of 10 DI_DUs
al. 2015) [22] assembl to less than 3 DPUs by reducing
y fibre defects
Reducing defects in The BMW X3 Painted Body
12 aesaron Indonesia the handling painte riving process is still within the
(C 2015) he handli inted drivi is still within th
[23] body BMW X3 control limit, no defect is out of
_ process control
13 Sfjclzigrzltsz)t(r)ggroﬁ) Indonesia Quality control on The result of part NXS-001 part is
[24] Part NXS-001 equal to 23,348.3 DPMO or 3.46
' Reducing defects in The decr_ease in the DPU of 0.005
14 .(_Sudarwatl & Indonesia Metal Finish in the 10 0.002 n bump de_fects and flovy-
Wijaya 2015) [25] Welding Process out defective reduction of 62.3% in
9 the welding process
Qualty controlpart o e quare
15 (Zahara 2016) [26] Indonesia  trim r;ag&t:;;tﬁg right right after the repair is 5563 DPMO
with 46
. . Quiality control on After a repair of a decrease in
16 (Kawi 2015) [27] Indonesia disk brake products product defects from 79% to 1.3%
(Yadav & Reduce reiection on Increased level of sigma process
17 Sukhwani 2016) India he ool J”n i from 2.996 to 3.865 by reducing
[28] piing p the defect of the clutch plates
Reduce product Increased process capabilities of
(Norzaimi and Ani . defects in the car (CP) 0.96t02.14 _and process
18 2016) [29] Malaysia audio assembl performance (CPK) increased from
rOCesS y 0.80 to 1.84 with process
P improvement in car audio assembly
. . Memorize the proposed
19 (Sucipto et al 2016) Indonesia sismcéﬂgtcgﬁhﬁno improvement for the problem of
[30] roducts defects defective products on the Cushion
P Seat Mount FU 150
Control reject . L 0
(Ritme et al. 2016) . contamination on The increase in yleIO!s from 97.64%
20 [31] Indonesia marking on the mark to 97.80% and the Sigma level rose
scan p?ack process from 4 <6 <3 t0 5 <6 <6
(Kusumo 2016) Minimization of Reducing waste with a total
21 Indonesia waste in the accu production rise from 499,608 to
[32]
making process 1,067,886 Accu Plate
_ Reducing waste and The appllpatlon of Six Sigma can
29 (Kaushik & Kumar India imorovina the quality 1315 the Sigma level from 1.59¢ to
2017) [33] P g the quallty 5.53c by varying the size of the
of seat slide lock nuts :
lock nut on the chair
. The application of Six Sigma and
23 (Noori & Latifi Iran Ri?#gfndﬁ?géz;g ct):e the improvement of organizational
2017) [34] gthe ma?:ﬁine shaft management can increase the
Sigma level from 0.96 to 3.0c
24 (Imtihan 2017) Ql:ﬁ',:ﬁg '{:ﬁ;%ggem Increased level of sigma from 3.14
[35] Indonesia automotive y 6 to 4.32 ¢ on the inner body with
component redesigned production equipment
(Anggarini 2017) Defect reduction in Decrease in defect/unit value from
25 99 Indonesia 4.197% to 0.948% in the battery
[36] the accu paste process
paste process
Product Manufacturing Button
(Swastika Eryan et Quality improvement Door Lock Control Knob has a
26 y Indonesia  on button door lock Sigma level of 3.72 and provides a

al.2017) [37]

control products knob

proposed improvement in the
manufacturing process
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No.  Articles Identity ITesea_rch Research Object Result
ocation
Sigma's value in the 2dP type
cylinder painting master process
(Djalmono et al Indonesia Reduging prodyct between 3.581_ and 3,812 shows
27 ' defects in the cylinder  that the production of the 2DP type
2017) [38] . . -
part master cylinder painting master is at the
industrial average level in
Indonesian
The results of the most influential 3
(Widyaningsih . Minimizing waste in waste analyses of the produc'tion
28 2107) [39] Indonesia the process of process, namely Transportation,
mainframe production Waste Excess Processing and
Waste Waiting
Quality analysis The total sigma value for the
. manufacture of the front door
(Erizal 2017) . product panel front " .
29 Indonesia Kijang Capsule is 3.52. The most
[40] door outer toyota T
Kijang capsules common type of disability is the
type of Ding and Dents defects
30 (Ambar et al. 2018) Indonesia Product quality Increased Sigma level from 4.12¢
[41] control stay headrest to 4.296 on Prduk Stay Headrest
The results of the level of sigma
. . Quiality improvement  obtained were 3.39 to spoke the rim
31 (Christy 2018) [42]  Indonesia in wheel products cracked, 3.82 pieces of rims, and
3.65 face shrinkage
Increased level of sigma process
(Gandhi et al. India Reduce rejection on from 2.88c to 3.28c by lowering
32 2019) [43] the cylinder block blowholes defects in the cylinder
block
Increase the Sigma level from 1.25
33 (Ranade 2019) indi Reduce defects in tire  to 1.80 by increasing the frequency
ndia ; - e :
[44] making of cleaning and painting systems in
the tire production process
Increase the YeS““S of The increase in the output process
g4  (Pathmanaban India the graduation rate ¢ o504 1 999% on the ALHACT
2019) [45] from the Assembly engine assembly
Machine ALHACT
Decrease in the defect
(Nindiani et al. of the garnish- .
35 2019) [46] Indonesia assembly tailgate 3Ir118reased slgma value of 2.90 to
. .10 on garnish-assembly products
product in the
painting process
o Design improvement The _results of the DPMO
(Fitrianto 2019) . . calculation of 30.770.03 and the
36 Indonesia  of four-wheel vehicle . .
[47] products average level of Sigma level is
3.3696
Decrease in defective Increased value of Sigma Level
37 (Haryanto 2019) Indonesia paint dust spots fuel 3.88 to 4.94 by Standing the
[48] tank products inthe ~ Parameter Setting Temperature and
painting process Speed Conveyor
Increasing the baseline
L . performance process from Sigma
38 (Trlgziréokgget al. Indonesia Re(:_uce degectts n level 4.48 to 5.02 Sigma can reduce
) [49] Ire produc costs from IDR 1,427,500.00 to
IDR 161,000,000 or 88.69%.
The increase in product
Improvement process performance from PC=0.81
(Maryani et al . capabilities on casting becomes PC:1_.4, and the rising
39 ' Indonesia level from sigma level=2.9

2020) [50]

aluminium alloy
wheels

becomes sigma level=4.0 by
eliminating product leakage
problems
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No.  Articles Identity Tgsz?igcnh Research Object Result
Reducing roof panel  The results of the improvement can
40 (Setiawan et al. Indonesia product defects on the  reduce the DPMO value of 33,500
2020) [51] quality of the units to 2,050 units and increase the
packaging process Sigma level from 3.33 to 4.37
The highest percentage of defects
- Analysis of in row 1 is 6.86% and the highest
41 (SUp“Eg'] 2020) Indonesia  automotive painting type of freckle/large defect is
components 36.3%, DPMO value of 7619 and a
sigma value of 3.9
(Armandhika Reducing defects on Increasgd value of slgma from 3.3
. to 4.0 with the repair of an outflow
42  Utomo et al. 2020)  Indonesia parts bracket comp
. defect on the part bracket comp
[53] jack i
jack
i . Increased level of sigma process
. Reducing defects in )
43 (Sundarmali 2021) India the motor starter shaft from 1:00 to 2.0c by reducing
[54] defects in the motorcycle starter
assembly
shaft assembly process
. . Increase the level of sigma from 2.5
(Bhargav et al. India R(_educmg variations to 3.5 by reducing variations in the
44 2021) [55] in the process of . . .
. A racing process and outside bearing
making bearings X
ball bearings
Increase the Sigma level from 4.37
(Guleria et al . Reduce rejection in to 4.81 in variations in
45 2021) [56] ' India ear makin measurements above teeth (mot)
g g and circle pitch
Diameter (PCD) in gear making
Improving the quality Reducing the Nylon scrap on a
16 (Ariyanto et al. Indonesia of the work process motorcycle tire product tire from
2021) [57] on motorcycle tire 5880 ppm to 3454 ppm with a
products maximum target of 4270 ppm
. . The enhancement of the Sigma
(Sukirno et al. . Reducing Defect on
47 2021) [58] Indonesia Pipe Exhaust XE 611 level_from 4.166 to 4!-.586 by
lowering defect welding holes
. - A decrease in the reject of 20.58%
(Rani et al. 2021) . Quallty_lmprovem_ent by achieving Sigma values to 4.39
48 [59] Indonesia in plastic automotive o
L with improvements to the causal
parts painting .
factors namely material
(Suda 2021) Improve production The results of the Sigma level
49 [60] Indonesia quality on a increased from 3,5005 to 3,9033 on
compression cylinder a compression cylinder
Ml?r:TrZ;sse\s,,v\?\fg?kand The calculation of the DPMO value
50 (Prasetyo 2022) Indonesia efficiency in the and Sigma level in the production
[61] Y process of leaf spring is equal to

production of leaf
spring automotive

14,947,7807 or 3.67c

Research based on types of automotive components

= Cassis and Body

12%
24% y &
24%
Drive Axle

Engine

Other

Figure 3 Classification of scientific articles by type of automotive component
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Research based on location
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Figure 4 Classification of scientific articles by research location
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Published articles on Six Sigma have varying specific objectives, but could be generally classified
as two main objectives:

¢ Six Sigma impact: Encompasses the impact of Six Sigma implementation on various
metrics, such as business performance, quality performance, or even sustainability
performance of an organization.

e Six Sigma development: Encompasses the development of Six Sigma in various
directions, such as Six Sigma scope expansion, Six Sigma integration with another
system, or even the means of Six Sigma digitalization.

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

=
o

o P N W b~ OO N 00 ©

| Six Sigma Impact  ® Six Sigma Developement

Figure 7 Scientific articles classification based on the research objective

As seen in Figure 7, this study found that the research on Six Sigma’s impact has significant
contribution in recent years (47 articles), followed by Six Sigma development (3 articles). The
research on Six Sigma impact was almost constantly published every year, while the research on
Six Sigma development is generally scarce but still exists in 2014, 2017, and 2019.

4.2. Current state-of-the-art of Six Sigma research on the automotive component industry

Six Sigma spread throughout the automotive supply industry through the simple truth that when
properly planned and implemented, Six Sigma offers significant benefits that can be realized
financially. Six Sigma will not only benefit the customers but will make the industry more
efficient, effective and trusted. The stronger the trust in the organization or the product, the more
likely that the organization will experience long-term success.

Recent research on the implementation of Six Sigma in the automotive supply industry has
yielded many positive results in business development and product quality. Sundana [12]
implementing Six Sigma can reduce defective products in the base 2w products with sigma values
from 3.83 to 4.10. Sharma [13] increased process capacity in the manufacture of engine
crankshafts from (CP) 1.29 to 2.02 and increased process yield (CPK) from 0.32 to 1.45. Raju
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[14] reduced defects in steering gear products and Increased the Sigma level from 3.86 to 4.20.
Rijanto [15] Quality control in the machining alloy wheel process by increasing the process
performance from Cp 1.00 and Cp999k 0.91 to a Cp value of 1.54 and Cpk of 1.54. Danny [16]
improved the quality of exhaust products with sigma and DPMO values in 2013 amounted to
3.730 and 12.879 DPMO. Yorie [17] reduces waste in the OEM spare part production process
with sigma level results from waste delays of 1.66c, induced defect waste of 2.295, and motion
waste of 2.35 to 3c. Irawan [18] improved the quality of the assembly of four-wheeled vehicles
with a sigma level after the repair results only reached 5.02c with a target of 6. Parwati [19]
reduced product defects of the front fender 1pa red met 7 parts in the painting process with a
sigma level of 3.25c. Suseno [20] quality control on line z of the Kijang car production process
with a sigma level of 4.7 and a DPMO of 732. Misra [21] reduced the rejection of casting in-
house components of the engine block from 7.8% to 1.54 %. Abdul Rahman [22] improved the
painting process on vehicle assembly by reducing failures from 10 DPU to 3 DPU. Caesaron [23]
reduce defects in the BMW X3 painted body handling process with the BMW X3 painted body
handling process still within control limits. Christoper [24] quality control on NXS-001 parts with
a result of 23,348.3 DPMO or 3.46. Sudarwati [25] reduced flow-out defects in the metal finish
in the welding process from 0.005 DPU to 0.002 DPU, and Zahara [26] quality control of rear
quarter right APV Arena trim parts with 5563 DPMO or 4c level. Kawi [27] quality control on
disc brake products resulted in a decrease in defective products from 79% to 1.3%. Yadav [28]
reduces the resistance of the coupling part by increasing the sigma level from 2.99c to 3.86c.
Norzaimi [29] reduced product defects in the car audio assembly process from (CP) 0.96 to 2.14.
Sucipto [30] reduced the FU 150 cushion seat mount product defect by providing a proposed
improvement for the defective product problem on the FU 150 cushion seat mount. Ritme [31]
Contamination control of marking waste in the scanning package marking process with
throughput increase from 97.64% to 97.80%. Kusumo [32] Waste minimization in the battery
manufacturing process reduces waste by increasing the total production from 499,608 to
1,067,886 battery plates. Kaushik [33] reduces wastage and improves the product quality of the
seat slide lock nut with a sigma level from 1.59¢ to 5.536. Noori [34] reducing errors in the
grinding process on the machine spindle by implementing Six Sigma and improving
organizational management can increase the Sigma level from 0.9¢ to 3.0. Imtihan [35] improves
the quality of automotive interior body components by increasing the Sigma level from 3.14 to
4.32. Anggarini [36] Reduction of defects and variations in plate thickness Pasta in the battery
pasting process Decreased defect value from 4.197% to 0.948%. Swastika Eryan [37] improved
the quality of the door lock control knob button product with a sigma result of 3.72 and provided
suggestions for improvements to the manufacturing process. Djalmono [38] reduces product
defects in the 2dp type part master cylinder with a sigma dai value of 3.581 to 3.812.
Widyaningsih [39] minimizes waste in the k 16r mainframe production process with the results
of the analysis of the 3 wastes that have the most influence on the production process, namely
transportation, excess processing waste and waiting waste. Erizal [40] tested the quality of the
front door outer panel of the Toyota Kijang capsule with a sigma value of 3.52c. Ambar [41]

quality control of headrest products by increasing the sigma level from 4.12c to 4.29. Christy [42]
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reduces defective products in wheel products with the calculated DPMO value of 29,326. Gandhi
[43] reduces the resistance in the cylinder block by increasing the sigma level from 2.88c to 3.28c.
Ranade [44] reduced tire manufacturing errors by increasing the sigma level from 1.25 to 1.80.
Pathmanaban [45] increased the success rate of ALHACT machine assembly from 95% to 99%.
Nindiani [46] reduced the tailgate trim product defect in the painting process by increasing the
sigma value from 2.90 to 3.10. Fitrianto [47] Design for Product Quality Improvement of four-
wheeled wheels with a DPMO calculation result of 30,770.03 and an average sigma level of
3.36960. Haryanto [48] a reduction in paint defects of dust spots on fuel tank products in the
painting process with a Sigma Level result of 3.88 to 4.94. Trimarjoko [49] reduces defects in tire
products by increasing the sigma level from 4.48 to 5.02. Maryani [50] process capability
improvement in aluminium alloy wheel casting with product performance results from Cp = 0.81
to Cp =1.4 and an increased level of sigma level = 2.9 to sigma level = 4.0. Setiawan [51] reduces
defects in roof panel products in the quality of the packaging process with improvements that can
reduce the DPMO value from 33,500 units to 2,050 units and increase the sigma level from 3.33c
to 4.37c. Supriyati [52] reduces paint defects on automotive parts with a DPMO value of 7619
and a Sigma value of 3.9. Armandhika Utomo [53] decreased flow-out defects and ratio defects
in comp jack bracket parts with sigma values from 3.3 to 4.0. Sundaramali [54] an increase in the
starter motor shaft assembly from 1.0c to 2.0c. Bhargava [55] increased the sigma level from 2.5
to 3.5 reducing process variation in bearing manufacturing. Guleria [56] Reduced gear craft
resistance by increasing the sigma level from 4.37 to 4.81. Ariyanto [57] Improved the quality of
the work process on motorcycle tires by reducing nylon scrap in motorcycle tires from 5880 PPM
to 3454 PPM with a maximum target of 4270 PPM. Sukirno [58] reduces XE 611 exhaust pipe
imperfections by increasing the Sigma value from 4.16c6 to 4.58c. Rani [59] improved the quality
of plastic painting parts by reducing rejects by 20.58% with the achievement of the sigma value
being 4.39. Suda [60] improved the production quality of compression cylinders with the result
of a sigma level from 3,5005 to 3,9033. Prasetiyo [61] minimizes waste and increases work
efficiency in the production of leaf spring type MSM 2230 with a DPMO value of 14,947,7807
or 3.67c.

4.3.  Avenues for future Six Sigma research

Six Sigma \ ‘

impacts

Six Sigma Six Sigma

| impact
& strategy

/ 7

Figure 8 Shifting paradigm in Six Sigma research trend

This study found a classification of the main objectives of the collected articles, namely the large
number of studies that found that the current trend of Six Sigma research in the automotive
components industry shifted from studying the impact of the application of Six Sigma to its
development, such as combination and integration with other concepts such as TPM or TQM.
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Although Six sigma has implemented digitalization in recent years, some articles have not
implemented six sigma digitalization. The goal of implementing six sigma digitalization can have
a greater influence on future business strategies [62]. The importance of digitization in the
corporate environment is constantly increasing [62]. Due to the advancing digitization, almost all
industrial sectors are affected by its effects [63]. Digitization will have a major impact on future
business strategies. One of the affected areas is the implementation of optimization projects. The
digital networking of workplaces and automated data acquisition and evaluation also create new
opportunities for optimization projects [64]. A proven optimization approach is Six Sigma, which
consists of a total of five phases and is used as a globally recognized method for process
improvement and error reduction [65]. From the implementation of five-phase digitization, Six
Sigma can improve the process and reduce errors to the maximum.

Figure 9 Future research areas on Six Sigma digitalization

5. Conclusion

Using correct inclusion and exclusion criteria, 50 scientific articles were found in journals, books,
proceedings, academic social networks, and university websites. All 50 articles are included
because they are considered relevant to this study or are excellent examples of how to solve the
problem of defective products in the auto replacement industry using a Six Sigma approach. This
is because we have a methodology that as a result of this research, related topics and questions
related to Six Sigma in the auto parts industry were presented. The study found that research on
the complete Six Sigma methodology in the automotive components industry is numerous,
especially research on the impact of implementing Six Sigma. From these findings, the main
avenue for future research can be identified, namely the digitalization of Six Sigma or popularly
labelled as Six Sigma Digitalization.
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