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Abstract: Quality engineering is an interdisciplinary science which is concerned with not only producing
satisfactory products for customers but also reducing the total loss. Quality engineering involves engineering design,
process operations, after-sales services, economics and statistics. Although the Taguchi Robust Design is the first
concept comes to mind when thinking of quality engineering, the definition of this major has been used in different
manners in the literature. There are also differences on the definition of the quality which has been made by experts.
The aim of this study is to contribute to the literature to avoid deviations on definition of the concept of "Quality
Engineering”, which has not been defined yet by ISO Standards Institute.

Keywords: Quality, quality engineering, efficiency of quality engineering, Taguchi design, quality improvement

1. Introduction

Before making the definition of the concept of quality engineering and describing the
relationship between the quality engineering and the Taguchi methodology, there are important
benefits of making the definition of quality. It is seen that the concept of the quality has been made
in various ways by experts in the literature.

The very first definition of quality was made by Walter Shewhart as the “subjective and
objective aspect of commercial interest” [1]. Juran defined quality as “fitness for use” where
Crosby extended the definition as the “conformance to requirements”. Deming added the time
frame to the definition and made his own as “the present and the future need of the customer”.
Quality is the degree of meeting customer expectations by combined product characteristics of
engineering and manufacture from Feigenbaum’s view. For Taguchi, the quality is not only the loss
caused by the intrinsic functions of the product but also the loss on a society after the departure of
the product from the producer. According to I1ISO 8402, quality is the totality of features and
characteristics of a product or service that have a bearing on its ability to satisfy stated or implied
needs [2-3].

As seen every quality expert has his own quality definition. From all of these definitions it can
be deduced that the quality is a multidimensional concept and has unique characteristics for each
product or service group. Then on which part of the story of a product or service from design to
after sales services should be focused to cope with quality problems? The observations of Deming
are valuable to answer this question. He saw that the point of creation of the quality problems
mostly (85%) lies in the manufacturing processes of which managers are responsible for, where
direct operator related quality problems are only 15% of the whole. In parallel, Taguchi indicates
that product and process design has much more effect on the quality of the product or service, than
manufacturing and inspection [4]. So in order to prevent from the quality problems before they
occur on the production line or after shipment, design of the product and processes must be
carefully handled, and be kept track on to monitor and eliminate the variations.
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The variations on products or processes are the potential causes of the quality problems.
Montgomery provided a definition of quality related to variability as: “quality is inversely
proportional to variability” [5]. In order to reduce the variability the exact needs of the customers
must be well understood and these needs must be balanced with process capabilities and source of
variations. This is something beyond SPC or DOE individually and aims prevention than protection
[6]. Although there are several rules in defining the values of parameters or tolerances which aim to
reduce the variability; there is no overall concept for modelling the functional behaviour in order to
derive geometrical parameters for the design process [7].

In the literature quality control activities are divided into two sections; the first one is the
offline quality control (or quality engineering) which implies quality control activities at the
product planning, design, and production engineering phases, and the second one is the online
quality control that is the quality control activities during actual production [8]. For offline quality
control activities, experimental design is a valuable tool to reduce variability on manufacturing
processes, provide gap reduction between the real and target requirements and minimizes the
development time and cost. Taguchi’s orthogonal arrays provide faster achievement with less
number of experiments [9].

Concepts can be considered as ideas, objects or events that help us understand the world
around us, misconceptions, on the other hand can be described as ideas that provide an incorrect
understanding of such ideas, objects or events that are constructed based on a person’s experience
including such things as preconceived notions, non-scientific beliefs, naive theories, mixed
conceptions or conceptual misunderstandings [10].

As it’s mentioned in the foregoing discussions there are differences on the definition of the
quality which has been made by experts. The aim of this study is to contribute to the literature to
avoid deviations on definition of the concept of "Quality Engineering”, which has not been defined
yet by 1ISO Standards Institute.

2. Taguchi’s Contributions to Quality Engineering

As Montgomery stated, the quality is inversely proportional to variability. Hence, to be able to
produce a qualified product, the main source of variation must be well understood. Mainly there are
three source of variation; manufacturing variation, deterioration variation and usage variation [11].
Initial design is determining phase for the quality level of product during its whole life. So the
design phase must take all possible variation sources into account and should find a way to define
the levels of controllable inputs that make the product and process less impressionable from the
changes on uncontrollable inputs / noise.

There are numerous of factors that can directly affect the product or process’s stability. Some
of these factors are controllable where some others are uncontrollable or expensive and hard to
control. Moreover different combinations of these factors cause different quality problems. With
the proactive approach, in the initial design phase, these factor combinations should be simulated.
Here, the experimental design is a valuable tool for simulation. This tool is not only a statistical
approach but also a technique that can be used in research and development, and as a support and
complementary of other quality approaches to minimize cost, enhance quality and maintain
reliability of the results [12]. By exploring the attitude surface of a process performance against the
different levels of inputs via experimental design, the important factors which have greater affect
on quality can be deducted and variations can be eliminated by manipulating these factor.



Since the number of these factors makes full factorial experimental studies infeasible, Taguchi
proposed his technique which is based on Karl Gauss's quadratic loss function and orthogonal
arrays (OAs) that use the non-linearity of response parameters to decrease the sensitivity of the
quality characteristic to variability [13]. With the OAs, Taguchi systematically manipulated the
controllable factors and could determine which factors (product and process parameters) are most
sensitive to variation or noise and which factor level settings (parameter values) minimize the
variability in the desired performance parameter with less of experiments and in less time [14-16].

Besides being only an experimental design technique, Taguchi method is an extremely
beneficial technique for high-quality system design. Moreover he presented the experiment designs
as OAs library that lets engineer to use directly without reinventing the wheel. He used a
performance metric called signal-to-noise (S/N) ratio that combines the mean and standard
deviation to analyse data from a robust design [17].
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Figure 1. Sources of variation [11]. Figure 2. Quality engineering [4].

From the viewpoint of quality engineering, robust design activities should be conducted by
research and development departments before actual products are planned [18].

3. Quality Engineering Techniques and Where they are standing, on or off the line?

Quality Engineering is defined as “the branch of engineering which deals with the principles
and practice of product and service quality assurance and quality control” [19]. Juran groups the
activities conducted in the companies to assure quality in three processes: quality planning, quality
control and quality improvement. Quality improvement activities are mostly conducted as projects
and have a proactive approach so distinguish itself from quality control activities which are on-line
and reactive in nature [20].

Quality engineering is a series of operational, managerial, and engineering approaches to
ensure that the quality characteristics of a product are at the required levels from the viewpoint of
the customer for the duration of the product life. To achieve a high quality product, quality
engineering approaches must be applied over each phase of the product life cycle. As opposed to
off-line quality engineering, on-line quality engineering refers to techniques employed to maintain
quality during the manufacturing process (see in Fig. 2). Statistical quality control (SQC) or
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statistical process control (SPC) is a primary on-line control technique for monitoring the
manufacturing process or any other process with key quality characteristics of interest. The major
goal of SQC (or SPC) is to monitor the manufacturing process, keep the values of mean and
standard deviation stable, and finally reduce variability. Some additional quality techniques for on-
line quality engineering include acceptance sampling and other quality inspection methods.

5. Conclusion

As it has been understood from this study, the concept of quality engineering has been used in
different manners in the literature. The first concept that comes to mind when you think of the
quality engineering is Taguchi Robust Design. Taguchi robust design, designs the quality as system
design, parameter design, and tolerance design and has been used as the concepts of off-line quality
engineering approach in the literature. What is understood from on-line quality engineering is the
activites of quality control and quality improvement and carried out during manufacturing and
bases on the comparison of what’s planned and what’s realised. Thus quality control is a part of on-
line quality engineering rather than off-line phase and tries to ensure planned and/or improved
values are satisfied during mass production.
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