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ARTICLE INFO ABSTRACT

Keywords:

Six sigma quality index
Uncertain data
One-sided specification
Fuzzy test

Depending on the quality characteristic, a process capability index (PCI) can be used for one-sided specifications
or for bilateral specifications. A number of researchers have investigated the statistical properties of one-sided
specification indices and proposed methods for applications. The later introduction of the Six Sigma approach
also assisted many firms in effectively enhancing their production capacities, reducing waste, and increasing
effectiveness. Chen et al. (2017a) modified the PCI for one-sided specifications and proposed the Six Sigma
Quality Index (SSQI), which coincidently equals the quality level and has a one-to-one relationship with yield.
However, uncertainty in quality characteristic measurements is common in practice, which can lead to judgment
errors in conventional process capability assessment methods. This study therefore developed an SSQI for one-
sided specifications based on the fuzzy testing method created by Buckley (2005) and develeoped a Six Sigma
fuzzy evaluation index and testing model. In addition to having a simpler calculation procedure, the model takes
the process capability and Six Sigma quality level into consideration and can process the uncertainties in the data
to make it more convenient for the industry to solve engineering issues. Finally, we presented a practical ex-
ample to demonstrate the applications. The model proposed in this study can provide the industry with a

practical approach to assess process quality in a fuzzy environment.

1. Introduction

Process capability indices (PCIs) are effective tools used to de-
termine whether the process capability and performance of products
reach requirements. Depending on the quality characteristic, a PCI can
be either for one-sided specifications or for bilateral specifications. With
PCIs, users can analyze and improve process and product quality, en-
sure that the process quality of the product remains over a certain level,
and also prevent the production of defective products, The earliest PCIs
used to evaluate quality characteristics with one-sided specifications,
Cpy and Gy, were proposed by Kane (1986). These two indices have one-
to-one relationships with yield and can therefore fully reflect process
yield: Yield% = @ (3Cp,) and Yield% = @ (3Cy), where
Cou = (USL — pt.)/30, is a smaller-the-better (STB) index,
Cp = (., — LSL)/3a, is a larger-the-better (LTB) index, i, and o, denote
the process mean and standard deviation, respectively, and USL and LSL
represent the upper and lower specification limits. A number of re-
searchers have investigated the statistical properties of one-sided

specification indices and proposed methods for applications, including
Prasad and Bramorski (1998), Chou and Owen (1989), Chen et al.
(2002), Pearn and Chen (2002), Chen et al. (2007), Hsu et al. (2016)
and Chen et al. (2017b). These two indices are currently the PCIs most
commonly used to evaluate quality characteristics with one-sided spe-
cifications and can be employed to assess the process capability per-
formance of one-sided specifications in various industries.

The later introduction of the Six Sigma approach also assisted many
firms in effectively enhancing their production capacities, reducing
waste, and increasing effectiveness (Huang et al. (2010); Chen and
Chen (2016); Chen et al. (2017a)). Like the PCls, the Six Sigma quality
levels have also become good quality control methods and commu-
nication tools in the industry. As a result, many researchers, such as
Chen et al. (2009), Huang et al. (2010), Wang et al. (2011), Chen et al.
(2012), Chen et al, (2017a), and Wang et al. (2017), have examined the
relationships between PCIs and the Six Sigma and their applications so
that both approaches can be easily used to solve engineering problems
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ABSTRACT

Keywords:

Six sigma quality indices
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Supplier selection

Fuzzy numbers

Under the impact of global warming, enterprises must grow, take care of the protection of the green environment
and reduce the impact on society. Therefore, 4R (Reduce, Reuse, Recycle, Recovery) is an important green
concept. For sustainable production, improving product quality is one of the most crucial strategies, because
enhancing product quality can reduce process scrap and the rate of Reduce, increase product availability,
prolong maintenance intervals, and increase the rate of Reuse for maintenance as well as the rate of Recycle for
the reproduction of all components. Meanwhile, owing to the increase of the service life, the time of Recovery
will be postponed. Taiwan's electronics industry has developed from semiconductor technology to peripheral
electronic components with a complete industrial ecosystem and a highly specialized division of labor, In the
entire specialized and cooperative industrial chain, suppliers must be carefully selected to ensure the quality of
each component and the final product quality. To sum up, this paper can fully reflect the six sigma indicators of
the process yields and quality levels to construct a complete green supplier fuzzy selection model. The fuzzy
evaluation model developed in this paper analyzes whether the method of collecting the required data is con-
sistent with the traditional method of collecting data, which can increase the practical convenience. Besides,
regardless of the sample sizes, more accurate judgments can be made to select suppliers, assisting the businesses
and all suppliers to improve process quality (technical upgrades) and performance and thereby increasing 4R

benefits as well as moving towards the goal of industry sustainability.

1. Introduction

Since 1980, the electronics industry in Taiwan has been progressing
from semiconductor technology to PC assembly and the standardization of
peripheral components. This development represents a complete ecological
chain. There have also been substantial advancements in Original
Equipment Manufacturer (OEM)/Original Design Manufacturer (ODM) re-
search, development, and manufacturing. According to the latest report of
Trend Foree's Tuoba Industrial Research Institute, Taiwanese firms account
for approximately 70% of the world's foundries, 50% of the world's semi-
conductor packaging and testing services, 40% of the world's touch panels,
and nearly 30% of LCD panels and light-emitting diodes (LEDs). Taiwanese
manufacturers conduct extensive research and development, and supply the
compenents and OEM for products for every type of high-tech device. All of
the components required for these products must be sourced, purchased,
and then assembled. Increasingly competitive global markets are cutting
into profits, thereby necessitating reductions in scrap and rework by

implementing improvements in the quality of parts and assembly.

The 4R principle (i.e., recycle, reduce, reuse, and replace) has been
promulgated by a wide range of researchers, including Tang et al, (2004),
Grubbstrém and Tang (2006), Zanoni et al. (2012), Chen et al. (2014), Wei
et al. (2015a,b). Reproduction refers to the disassembly and reprocessing of
old products and their reassembly as new ones, Reproduction reduces the
cost of materials; however, it often requires considerable manpower, Im-
proving the quality of components and assembly can reduce the amount of
scrap and rework, thereby increasing product availability and extending the
service lifetime. This means that any company seeking to produce a high-
quality product at low cost must find a good supplier, i.e., a supplier capable
of ensuring components of good quality.

Grossman and Helpman (2002) identified supplier outsourcing strate-
gies as an element crucial to market competitiveness and flexibility in
business operations. The selection of a supplier is generally based on sales
performance, Chen et al. (2005) and Chen and Chen (2006) reported that
the current competitive environment is essentially a competition among
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ABSTRACT . ARTICLE HISTORY

To reduce the pollution caused by the carbon emissions of automobiles and locomotive vehicles, many Recelved 2 February 2018
countries around the world have encouraged citizens to use bicycles for short-distance trips in recent Accepted 12 February 2019
years, Bicycles are comprised of many parts, and quick-release hubs are highly important for the fixtures KEYWORDS

on the front and rear wheel axles of a bicycle. The quick-release hub is a multi-quality characteristic Quick-release hub; multi-
product, including two larger-the-better quality characteristics (quick-release stroke and tensile quality characteristic; six
strength) and three nominal-the-best quality characteristics (axis size, assembly distance, and the sigma quality index;
outer diameter of the spindle). To improve the quality of quick-release hubs, this study proposes confidence interval; process
a multi-quality characteristic analysis table (MQCAT) and a multi-quality characteristic analysis model capability index
(MQCAM). The proposed method can provide a valuable reference by which to guide efforts aimed at

improvement for quick-release hub manufacturers. A quick-release hub manufacturer in central Taiwan

Is presented to illustrate the feasibility of the proposed method. In addition, a comparison with recent

methods is provided to demonstrate the advantages of the proposed method. Finally, conclusions are

made based on the research study findings.

1. Introduction quick-release pole will narrow (enlarge), and the quick-
release hub can be fastened (loosened). Therefore, a quick-
release hub user can easily disassemble the wheels by simply
releasing the quick-release axis; then, the bicycle wheel can
be cleaned, maintained, and taken along without any sup-
porting tools. While a quick-release hub is a highly conveni-
ent tool that is easy to use, if a poor quality, oversized, or
undersized quick-release hub is installed on a bicycle, the
wheel will wobble and the quick-assembly pole will break,
thereby causing danger to the bicycle rider. Hence, quick-
release hub manufacturers need an effective method to
improve the quality of their products to provide customers
with stable, safe, and reliable quick-release hubs.

To create high-quality products, quick-release hub manufac-
turers can adopt the Six Sigma method to improve and manage
production quality. The term Six Sigma was first coined by
Motorola in 1987 as a response to the need to improve quality
and reduce defects in their products/processes {Chen and Yang
2018). The target failure rate for Six Sigma projects would not
make more than 3.4 defective parts per million (PPM) opportu-
nities produced when the process mean u may shift 1.5¢ to the
left or right of the target value (Montgomery and Woodall
2008). Table 1 shows the relationships among quality level,
quality yield and defect rate (PPM) with a 1.5¢ shift. According
to Wyper and Harrison (2000), the profit increase within five
years from the implementation of the Six Sigma method by
Motorola was about USD 2.2 billion. Later, many companies
such as GE, T, HP, Dell, and Ford made great efforts to promote

The advancements in science and technology have led to
serious environmental impacts, including global warming, the
imbalance between the supply and demand of energy, and
uncontrollable climate change (Friedman 2008). To address
the above problems, many countries around the world have
encouraged citizens to use bicycles for short-distance trips,
thereby reducing the effects of carbon emissions from auto-
mobiles and other vehicles on the environment. For instance,
Taiwan has invested approximately USD 7 million in planning
and establishing the bicycle lane system since 2002 (Chang and
Chang 2003); Holland has spent about USD 28 billion on imple-
menting a national subsidy bill for bicycle lanes (Rietveld and
Daniel 2004); 28 countries have implemented 461 bicycle-
sharing plans (Zhang et al. 2015).

As bicycles feature diverse functions and materials and
the overall structures of bicycles consist of many parts and
components (Wilson 2004), it is difficult for bicycle manufac-
turers to monitor and manage production quality. The quick-
release hub (see Figure 1) is a special fixture part on the axles
of the front and rear wheels. In general, a quick-release hub is
a metal pole of about 100-150 mm, with screw thread, an
exclusive supporting nut on one end, and a small handle on
the other. The functional principle of a quick-release hub is as
follows: there is a cam on the surface of the handle, and the
cam and the handle interact. If the handle is switched off, the
cam will promote the handle. In this way, the distance
between the handle and the nut on the other end of the

CONTACT Kuen-Suan Chen @ kschen@ncut.edu.tw @ Department of Industrial Engineering and Management, National Chin-Yi University of Technology, No.57,
Sec. 2, Zhongshan Rd,, Taiping Dist., Taichung 41170, Taiwan
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ARTICLE INFO ABSTRACT

Article history: This paper proposes an operating performance index (OPI) based directly on the Six
Received 4 October 2018 Sigma process quality index. We considered the following case: the number of customers
Received in revised form 8 April 2019 arriving at a store follows a Poisson process of rate A and the sequence of inter-arrival
Keywords: times is an exponential ranflom variab'Ie .with mean T, where 7 = 1/A. In operating
Operating performance index (OPT) performar_lce assessiments, using the statistical testing to evaluate the OPI can lower the
Fuzzy hypothesis testing risk of misjudgment caused by sampling error. A smaller sample size entails a larger
a-cuts sampling error, while a larger sample size entails a smaller sampling error. Thus, using
Membership function critical value for statistical testing can result in inconsistencies for different sample size.
Fuzzy number We therefore referred to the one-tailed fuzzy method proposed by Buckley (2005) for

the parameters of population distributions and developed a two-tailed fuzzy test for the
OPI to assess operating performance. The advantage of this approach is that conventional
measurement methods can be used during data collection, and then the confidence
interval of the OPI can be used to construct a fuzzy membership function for fuzzy
testing. This not only lowers the risk of misjudgment caused by sampling error, but also
enhances testing accuracy.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The Six Sigma quality approach proposed by Motorola in 1986 is an effective tool that helps firms enhance quality,
lower costs, and increase profits, as well as improve process quality and performance [1-3]. Chen et al. [4] emphasized
that process capability indices are widely used in the industry to assess, analyze, and improve process quality and serve
as an effective tool for communication among internal engineers, sales personnel, and customers. Other statisticians and
quality engineers such as Chen et al. [5], Huang et al. [6], and Wang et al. [7] have examined the relationships between
process capability indices and Six Sigma quality levels. Chen et al. [8] referred to the above studies to propose the Six
Sigma process quality indices.

These Six Sigma process quality indices have also been applied to non-manufacturing industries. For instance, Lin
et al. [9,10] developed performance evaluation indices for physical fitness based on similar concepts, and Chen and
Yang [11] directly used the smaller-the-better index to assess performance in the service industry. Chen and Yang [11]
focused on the following case: the number of customers arriving at a store follows Poisson distribution of rate X and the

* Correspondence to: Department of Industrial Engineering and Management, National Chin-Yi University of Technology, No.57, Sec. 2, Zhongshan

Rd.,Taiping Dist., Taichung 41170, Taiwan.
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Many researchers have employed fuzzy linguistic scales to measure customer fuzzy
perceptions and increase the reliability of their research. However, complex response
methods may affect the precision of responses and the willingness of respondents.
Thus, based on the concepts of distance and probability, we propose a simple
response method for fuzzy linguistic scales to address these issues. In addition to a
performance evaluation matrix to quickly identify items in need of improvement, we
included order statistics and nonparametric statistics in a performance improvement
verification model that solves the problems posed by sample size differences in pre-
and post-improvement. This model is also applicable when the population does not
follow a normal distribution. Finally, we used a case study with a CALL system to
demonstrate the application of the proposed model, which fulfils the spirit of
continuing improvement in total quality management.

Keywords: performance evaluation matrix; order statistics; performance improvement
verification model; CALL system

1. Introduction

The objective of this study was to develop a performance improvement verification model
and demonstrate its effectiveness through application to a case study of an e-learning
system. This section presents the background, motives, and objectives of this study as
well as the structure of the paper.

We first explain the research background. LLambert and Sharma (1990) were the first to
construct a performance evaluation matrix (PEM) by collecting the voice of customers
(VOC) regarding satisfaction and importance. This approach has since been widely
applied to evaluate and improve performance in various industries. For example, Hung,
Huang, and Chen (2003) used the beta distribution to describe the satisfaction of customers
and the factors to which they attribute importance. They further proposed satisfaction and
importance indices with standardised meaning, thereby enhancing the convenience of PEM
application and the effectiveness of performance management and monitoring. Since then,
many researchers have replaced the importance index with the regression or correlation
coefficients of overall satisfaction and individual satisfaction, which can reduce the
amount of data required by 50%, increase the willingness of customers to fill out question-
naires, and decrease the probability of assessment errors, For instance, Chen, Chen, and Lin
(2012) replaced importance with the coefficients of the multiple regression model of

*Corresponding author. Email: march@ncut.edu.tw
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Abstract: Sustainable and green technologies include renewable energy sources such as solar power,
wind power, and hydroelectric power. Renewable power output forecasting is an essential contributor
to energy technology and strategy analysis. This study attempts to develop a novel least-squares
support vector regression with a Google (LSSVR-G) model to accurately forecast power output with
renewable power, thermal power, and nuclear power outputs in Taiwan. This study integrates a
Google application programming interface (API), least-squares support vector regression (LSSVR),
and a genetic algorithm (GA) to develop a novel LSSVR-G model for accurately forecasting power
output from various power outputs in Taiwan. Material price and the search volume via Google’s
search engine for keywords, which is used for various power outputs and is collected by Google APIs,
are used as input data. The forecasting model uses LSSVR. Furthermore, the LSSVR employs a GA to
find the optimal parameters for the LSSVR. Real-world annual power output datasets collected from
Taiwan were used to demonstrate the forecasting performance of the model. The empirical results
reveal that the proposed LSSVR-G model is superior to all other considered models both in terms of
accuracy and stability, and, thus, can be a useful tool for renewable power forecasting. Moreover, the
accuracy forecasting thermal power and nuclear power could effectively assist in understanding the
future trend of renewable power output in Taiwan. The accurately forecasting result could effectively
provide basic information for renewable power, thermal power, and nuclear power planning and
policy making in Taiwan.

Keywords: renewable energy; least-squares support vector regression; social media

1. Introduction

Governments currently promote methods of electricity generation with high efficiency, minimal
pollution, and greenhouse gas emissions in accordance with the United Nations’ Sustainable
Development Goals (SDGs). Sustainable and green technologies have been widely studied, including
non-dispatched renewable energy sources such as solar power and wind power. However, thermal and
nuclear power outputs still contribute a higher percentage toward industry and public requirements
in Taiwan. Governments need to engage in long-term planning for electricity generation. Therefore,

Sustainability 2019, 11, 3009; doi:10.3390/s1u11113009 www.mdpi.com/journal/sustainability
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Abstract: The electronics industry in Taiwan has achieved a complete information and communication
technology chain with a firm position in the global electronics industry. The integrated-circuit (IC)
packaging industry chain adopts a professional division of labor model, and each process (including
wafer dicing, die bonding, wire bonding, molding, and other subsequent processes) must have
enhanced process capabilities to ensure the quality of the final product. Increasing quality can also
lower the chances of waste and rework, lengthen product lifespan, and reduce maintenance, which
means fewer resources invested, less pollution and damage to the environment, and smaller social
losses. This contributes to the creation of a green process. This paper developed a complete quality
evaluation model for the IC packaging molding process from the perspective of a green economy.
The Six Sigma quality index (SSQI), which can fully reflect process yield and quality levels, is selected
as a primary evaluation tool in this study. Since this index contains unknown parameters, a confidence
interval based fuzzy evaluation model is proposed to increase estimation accuracy and overcome the
issue of uncertainties in measurement data. Finally, a numerical example is given to illustrate the
applicability and effectiveness of the proposed method.

Keywords: integrated-circuit packaging; Six Sigma quality index; confidence interval based fuzzy
evaluation model; a-cuts; membership function; fuzzy number

1. Introduction

Integrated-circuit (IC) packaging is a procedure in which a processed wafer is cut into dies and
then coated in materials such as resin, ceramics, and metal. The small volume of ICs means that
electronic components are very close together, but this allows circuits to work faster and more reliably
and protects the crystallites from external contamination. Thus, ICs are fundamental components
of electronic products [1]. The cluster effect in the electronics industry in Taiwan has resulted in
a complete information and communication technology industry chain with a firm position in the
global electronics industry [2-4]. At present, the output values of Taiwan’s wafer foundry industry
and IC packaging and testing industry take up the largest shares of the global market (approximately
70% and 50%, respectively). Companies in Taiwan also provide vertically integrated services including
design, research and development (R&D), component supply, assembly, and original equipment
manufacturer (OEM) manufacturing, such as MediaTek's IC design services, Taiwan Semiconductor
Manufacturing Company (TSMC)’s wafer foundry services, and Foxconn’s assembly and production
services [5]. During the production process, the quality of all components and the assembly must be
ensured so as to provide consumers with safe products of good quality and performance. For this,
process capability indices (PCls) are useful and convenient tools used to determine whether the process

Appl. Sci. 2019, 9, 2623; doi:10.3390/app9132623 www.mdpi.com/journal/applsci
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> ABSTRACT Chip resistors are a type of resistor among passive components; they are mainly used to
regulate the voltage and current in electronic products. A single electronic product may be embedded with
dozens of or even more than a thousand thin-film chip resistors varying in resistance. Thin-film chip resistors
have low temperature coelficients, which makes them stable and reliable. They have five primary nominal-
the-best (NTB) quality characteristics: length, width, height, upper width, and lower width. To increase
the quality of thin-film chip resistors and prevent losses from customers returning low-quality or defected
products, this study proposes a quality capability assessment method. The proposed method takes sampling
crrors into account and includes acceptance criteria for individual quality characteristics and the total quality
capability. If either of the criteria is not fulfilled, then the manufacturer must improve quality capabilities.
A case study of a manufacturer in central Taiwan is presented to illustrate the feasibility of the proposed
method. Finally, conclusions and recommendations for future work are presented.

: INDEX TERMS Thin-film chip resistor, process capability index (PCL), quality capability analysis
chart (QCAC), normal-the-best (NTB), lower confidence limit (LCL).

I. INTRODUCTION Ii
Taiwan’s clectronic industry has unrivaled manufacturing
capabilities. There are over 55 passive component manufac-
turers in Taiwan, among which Yageo is the top chip resistor
manufacturer in the world. The output value of Taiwan’s pas- w
sive component industry is the second highest in the world.
In 2017, the value of Taiwan’s passive component cxports
reached USD 2.58 billion, 23.6% of which was from chip
resistors. In 2018, the value of chip resistor exports reached
USD 743 million, which was 30.47% more than that of the
previous year [1]. Chip resistors are a type of resistor among
passive components and are mainly used to lower the circuit
voltage and limit the current in electronic products. They are
essential components of the majority of high-tech electronic
products. The chip resistors can be divided into thin-film chip
resistors and thick-film chip resistors. The former offer better
precision and lower temperature coefficients, which means
more stable and reliable resistance.

Figure 1 displays the five primary nominal-the-best (NTB)

/ Tap Inner electrade
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FIGURE 1. Quality characteristics of thin-film chip resistor.

length (L), width (W), height (H), upper width (UW), and
lower width (LW).

Small in volume, thin-film chip resistors are mainly used in
consumer electronics such as laptop computers, digital cam-
eras, and mobile phones. They are also being used in emerg-
ing industries for the Internet of Things, wearable devices,

quality characteristics of a thin-film chip resistor, namely,

The associate editor coordinating the review of this manuscript and
approving it for publication was Fanbiao Li.
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and intelligent control. A single electronic product may be
embedded with dozens of or even more than a thousand chip
resistors varying in tolerance. Thus, installing a thin-film chip
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Abstract: Reliability and product process quality are essential in meeting market demand and
enhancing competitiveness in the machine tool industry. In addition, manufacturing time
performance is also one of the important indices. Therefore, this paper focuses on process quality
and manufacturing time and defines a manufacturing time performance index to feedback the
acceptance rate of the manufacturing time. The process performance evaluation chart delineated
the observations of variations in various workstations, and, hence, in controlling the stability of the
work process. The Six Sigma quality indices are constructed by the process accuracy indices and
precision indices are represented by X-axis and Y-axis respectively. The process quality evaluation
chart evaluates the level of the process quality, as well as proposes the direction of improvement.
The manufacturing time performance—Z-axis is used to assess whether the manufacturing time
performance meets the requirements. The process performance evaluation chart constructed by
this paper makes it easier for researchers to observe which workstations have a process variation in
the process, to control the stability of the process effectively, to provide the improvement reference
for staff on the scene and to enhance the competitiveness of the industry.

Keywords: quality characteristic; Six Sigma quality index; manufacturing time performance index;
process performance evaluation chart

1. Introduction

The machine tool industry is the foundation of all manufacturing industries and mainly
produces components for various types of machining platforms and processing equipment, Machine
tools play a pivotal role in the development of the entire machine industry and thus are known as
the “mother of all machines”. The development of the machine tool industry in a country is strongly
correlated with its economic system as machine tools are a major foundation for the nation’s
economic development and demonstrate national competitiveness. Numerous industries must rely
on machine tools to achieve production value. Taiwan is the seventh-largest machine tool producer
and fourth-largest machine tool exporter in the world. Japan and Germany have enacted policies to
depreciate their currency, and China has experienced rapid and considerable technological
development. Consequently, Taiwan’s advantage in the export of machine tools has been declining.
To satisfy market demands and improve the competitiveness of the industry, improving the quality
and manufacturing process of machine tools and mitigating the effects of international competition
are necessary steps to take,

Appl. Sci. 2019, 9, 3105; doi:10.3390/app9153105 www.mdpi.com/journal/applsci
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Testing process quality of wire bonding with multiple gold wires from viewpoint of producers
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Wire bonding involves welding multiple gold wires to connect integrated circuits (ICs) to external circuits for power and
signal transmission. Poor-quality wire bonding can prevent the IC and the electronic product from functioning effectively.
In view of this, we developed a model to assess and control the quality of wire bonding with multiple gold wires from
the viewpoints of both process and producers. We first analysed the consistency of wire bonding process performance. The
Six Sigma quality index was then used to directly assess the quality of the wire bonding process and thereby examine its
relationship with process yield. Furthermore, we derived the upper confidence limit of index Qpy; by statistical inference,
and used it to develop a testing model to ensure rigorous quality assessment. A real-world application in an IC packaging
factory located in the Taichung Science Park, Taiwan, demonstrates the effectiveness of the proposed method.

Keywords: Wire bonding; process quality; consistency analysis; Six Sigma quality index; hypothesis testing

1. Introduction

Integrated circuits (ICs) involve the use of microelectronics technologies to integrate numerous extremely small electronic
components onto a silicon chip to form a miniature electronic circuit. The electronic components can be divided into active
components (transistors and diodes) and passive components (resistors, capacitors, and inductors). The small size of ICs
necessitates a high level of proximity of the electronic components to one another, which greatly shortens the distance
of electron motions, increases the speed and reliability of circuit operations, reduces energy consumption, and cnhances
operating performance. For these reasons, ICs are indispensable components of electronic products.

In the face of international competition, enterprises must endeavour to increase their competitiveness and progress
towards sustainable development. This includes adopting customer-oriented operating strategies and striving to produce
high-value products that meet customer needs. As a result, electronic products are becoming more compact and lightweight
while offering greater performance and more functions, which means that ICs require more electronic components and
circuits to meet the diverse needs of customers. Furthermore, ICs must be linked to external power and have electronic
circuits to convey the power and signals needed by all of the electronic components in order to ensure that the electronic
product functions effectively.

The above shows that ICs are crucial components in modern electronic products. Electronic components and circuits
must be protected against external or environmental factors during the IC production process to prevent physical or chemical
damage (such as collision, scratches, moisture, and corrosion). The complete structure for ICs can be formed by the IC
packaging processes. The packaging protects the IC and also provides routes for power transmission and heat dissipation
so that the small circuits are interconnected and have better thermal conductivity. Clearly, an IC’s performance is closely
associated with the packaging process, the procedure of which is displayed in Figure 1. Depending on the way the IC is
linked to the printed circuit board (PCB), pin through hole (PTH) technology or surface mount technology (SMT) may be
used for the packaging. Figure 2 presents a dual-in-line package (DIP), which is a form of PTH packaging.

During IC packaging, wire bonding involves welding gold wires to the chip and the inner leads of the lead frame so that
the IC is connected to the external circuit. This means that the gold wires are crucial media for power and signal transmission
between the IC and the outside, thereby making wire bonding one of the most important processes in IC packaging. Poor-
quality wire bonding can easily lead to poor connections or even disconnections between the gold wires and the chip or the
lead frame, which in turn prevents the IC and the electronic product from functioning normally. According to Roy, Das, and

#Corresponding author. E-mail: kuensuan.chen@ gmail.com
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Buyers are faced with selecting the optimal supplier, while suppliers are left to consider production costs. In this study,
we developed a two-phase selection framework that allows buyers to evaluate the performance of suppliers while taking
production costs into account for value maximisation. This scheme is a win-win solution capable of promoting long-term
relationships between buyers and suppliers. Under the assumption of normality, the first phase involves constructing a
new Six Sigma quality capability analysis chart (SSQCAC) which takes production costs into account. The objective is to
evaluate all potential suppliers using the 100 x (1-)% upper confidence limit (UCL) of an integrated Six Sigma quality
index (SSQI) Qpy;, when dealing with products with smaller-the-better (STB), larger-the-better (LTB), or nominal-the-best
(NTB) quality characteristics. According to interval estimation theory, this method can have a significant impact on the
consumption of resources; i.e. the production costs of the supplier can be decreased by reducing the production quality
to below that required by the buyer. The proposed method also filters out unsuitable suppliers in order to simplify the
decision problem and reduce computational demands and operational risks/costs without compromising the quality of the
final product. In the second phase, a detailed analysis is conducted using Euclidean distance measure (o seleet the optimal
supplier from among the remaining candidates. We conducted a real-world case study to evaluate the efficacy of the proposed
method. We also conducted comparisons with existing methods to demonstrate the advantages of the proposed method and
its managerial implications. Suggestions for future study are also provided.

Keywords: supplier selection; Six Sigma quality index; process capability index; Euclidean distance

1. Introduction

Globalisation and the development of information technology arc ramping up competition from lower-cost suppliers over-
seas (Viswanadham and Samvedi 2013; Su and Chen 2018). Maintaining one’s competitive advantage in the global market
requires the selection of the right suppliers and the production of high-quality products (Chen, Yang, and Chen 2015; Wet-
zstein et al. 2016; Zouadi, Yalaoui, and Reghioui 2018). Ghorabaee et al. (2017), Dupont et al. (2018), and Jain et al. (2018)
reported that the evaluation and selection of suppliers is a key role of supply chain managers, due to the fact that the pur-
chase of materials and services can eal up more than 50% of the total revenue (Weber, Current, and Benton 1991). Carr and
Pearson (1999) and Benton (2013) stated that some companies spend more than 80% of their revenue on the purchase of
materials and services from outside suppliers. Holweg, Reichhart, and Hong (2011) indicated that the cost of components
accounts for 70% of the total costs in most companies. Ferreira and Borenstein (2012) reported that the cost of purchasing
goods and services accounts for 50% to 60% of every dollar earned. Arabsheybani, Paydar, and Safaei (2018) expressed that
an unsuitable supplier could increase the cost of goods by as much as 30%, thereby reducing revenue. The selection of good
suppliers can reduce purchasing costs and improve competitiveness with benefits for buyers and suppliers alike (Omurca
2013; Wu, Liao, and Yang 2013; Banaeian et al. 2018).

There is a large body of literature on the supplier selection problem (see, e.g. Ho, Xu, and Dey 2010; Amindoust,
Ahmed, and Saghafinia 2013; Matinrad, Roghanian, and Rasi 2013; Karsak and Dursun 2016; Ghorabaee et al. 2017:
Govindan, Fattahi, and Keyvanshokooh 2017a). Most researchers claim that the selection of suppliers should be treated as
a multi-objective problem, involving a trade-ofl between manufacturing performance and competitive priorities (e.g. cost,
quality, delivery time, reliability, service, environmental impact, coordination requirements among supply chain members,
and agility and flexibility). Multi-criteria decision making (MCDM) methods, such as data envelopment analysis (DEA)

*Corresponding author. Email: kschen@ncut.edu.tw

© 2019 Informa UK Limited, trading as Taylor & Francis Group
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%}) 6@\ - ( Abstract

Purpose — The purpose of this paper is to establish mechanisms for process improvement so that
production efficiency and product quality can be expected, and create a sustainable development in terms
of circular economy.

Design/methodology/approach — The authors obtain a critical value from statistical hypothesis testing,
and thereby construct a process capability indices chart, which both lowers the chance of quality level
misjudgment caused by sampling error and provides reference for the processes improvement in poor quality
levels. The authors used the bottom bracket of bicycles as an example to demonstrate the model and methods
proposed in this study.

Findings — This approach enables us to plot multiple quality characteristics, despite varying attributes and
specifications, onto the same process capability analysis chart. And it therefore increases accuracy and
precision to reduce rework and scrap rates {reduce), increase product availability, reduce maintenance
frequency and increase reuse (reuse), increase the recycle rates of components (recycle) and lengthen service
life, which will delay recovery time (recovery).

Originality/value — Parts manufacturers in the industry chain can upload their production data to the cloud
platform. The quality control center of the bicycle manufacturer can utilized the production data analysis
model to identify critical-to-quality characteristics. The platform also offers reference for improvement and
adds the improvement achievements and experience to its knowledge management to provide the entire
industry chain. Feedback is also given to the R&D department of the bicycle manufacturer as reference for
more robust product designs, more reasonable tolerance designs, and selection criteria for better parts
suppliers, thereby forming an intelligent manufacturing loop system,

Keywords Internet of Things (IoT), Intelligent manufacturing, I-cloud, Process capability indices,
Production data analysis
Paper type Research paper

1. Introduction

Companies must take into account both their own growth and environmental protection;
many studies have consequently been conducted on green energy and the concept of a
circular economy (see Guo et al, 2017; Li et al, 2018; Lin ef al, 2016; Wang, 2016; Wang
et al, 2018; Wu ef al, 2010). Chen, Wang and Tan (2019) pointed out that sustainable
production can be achieved by the enhancement of product quality, which has the added
benefit of increasing product value and industry competitiveness. Increasing process
quality lowers scrap and rework rates, lengthens product life span, and reduces product

maintenance, which can in turn reduce environmental pollution. As technologies ™l e
associated with the Internet of Things (IoT) have gradually matured, the measurement Val ‘};‘J‘lﬁ}ﬂg
and collection of production data have continued to advance, enabling the collection of big © merald Publishing Limited

A . - 3 s ‘ 02635577
production data. Effective data analysis and application can enhance manufacturing  boi o11esmps03:2019 0166
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Abstract: Rapid advances in technology have shortened the upgrade and replacement cycles in
industries such as electronics, household appliances, and communication technologies. Within these
industries, high-voltage power film capacitors have become indispensable electrical components due
to their good electrical performance and high reliability. The selection and evaluation of suppliers of
these capacitors is therefore increasingly important. Suppliers play a crucial role in the electronics
industry; the quality of their products determines the degree to which the quality of the final
product can be guaranteed. Supplier quality also affects the ability of all the members in a supply
chain to control costs. Evaluation by decision-makers is highly significant in the supplier selection
process. However, when the opinions of multiple decision-makers are combined, issues such as
cognitive differences, fuzzy linguistics, and uncertainty are common. This study presents a supplier
performance index Sp; and derives the estimates of the index Spp, and its statistical properties.
The proposed index is not only helpful for the accurate measurement of supplier performance; it can
also reduce cognitive differences among evaluators in the decision-making process (that is, the sample
variability associated with the Likert scale). Evaluation scores for each criterion for the linguistic labels
are converted to triangular fuzzy numbers in order to reduce ambiguity. Subsequently, integrated
crisp values are obtained by defuzzification in a fuzzy inference system. A real-world case study of
the supplier selection of high-voltage power film capacitors is provided to illustrate the efficacy of the
proposed method.

Keywords: high voltage power film capacitor; supplier selection; fuzzy theory; performance
evaluation

1. Introduction

Rapid advances in technology have resulted in the flourishing of the electronics and information
industries; as such, the market demand for capacitors increases daily. Capacitors are a type of passive
component similar to batteries. They can store electrical currents temporarily as well as block direct
currents, couple alternating currents, store energy, and serve as bypasses. There are numerous types of
capacitors, each with a wide range of applications; for example, high-voltage power film capacitors
are commonly utilized in aircraft, ocean-going vessels, and high-frequency communication products.

Appl. Sci. 2019, 9, 5253; doi:10.3390/app9235253 www.mdpi.com/journal/applsci
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