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Abstract

New product development is an important key to sustainable business management.

Although mass production brings good quality and cheap products, the overproduc-

tion afterwards often becomes a difficult problem for enterprises to manage sustaina-
bly. Therefore, companies must be committed to developing new products in order to
continue to create demand for sustainable business. As new product development be-
comes more and more important, related tools for product development are gradually
being developed. However, most of these product development tools focus on how to

improve product stability and reliability (axiomatic design, TRIZ, and Taguchi
method) , manufacturing and comprehensive quality control (TQM and 60) , and

comprehensive management thinking (DSS and PLM) . Although the above technol-
ogy has made progress in concept and technology, it is still insufficient for the overall
product development and integration work. This research focuses on the new product
development process, discusses how product development responds to technical con-
straints and consumer market needs, and proposes optimal product design procedure.
This new product development process covers design strategy analysis to mass pro-
duction of products. This process integrates management methods and processes such

as market design engineering, manufacturing, and marketing.

Keywords: New product development, new product development process, sustainable

business

Introduction ways been an issue that must be faced in
the sustainable operation of enterprises.

New product development has al-
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product functions and content are be-
coming more and more complex and the
product life cycle is becoming shorter
and shorter, making new product design
and development work more and more
important. For new product develop-
ments in volume production scale, de-
velopment costs include initial market
development and design costs, as well as
subsequent mold, tools, testing, produc-
tion equipment inputs, and more (Ulrich
and Eppinger 2016; Trott 2012) . Once
the development fails, the inventory and
related equipment generated may be-
come idle and lost. Although the success
rate of new product development is low,
the company is mostly conservative and
cautious about new product develop-
ment, but companies still need to con-
tinue to develop new products to main-
tain survival and profitability. For com-
panies, there are major incentives for
new product development including
(Assink 2006; Li et al. 2007; Cooper et
al. 2005; Saravia et al. 2008) :

1. Although the success rate is very
low, the reward for success is very
impressive: 60% of new product
development plans were discontin-
ued before listing, and 40% of suc-
cessful listings were unable to
profit from exiting the market. Al-
though the success of new product
development is difficult, once the
new product development is suc-
cessful, the profit is usually several
times or even more than 100 times.
Therefore, new product develop-
ment has become the key to enter-
prises' competition, survival and
creative advantage.

2. Design strategy is critical to quality
and cost: Usually the cost of the
product design phase is about 5%,
but 80% of the product costs are
established in the design phase.

3. Only innovation can survive:
Products have their life cycle and
must be developed continuously,
otherwise they will be eliminated
by the market.

The development of related tech-
nologies and tools for product develop-
ment is becoming more and more ma-
ture. There include: single purpose de-
sign (reverse engineering, concurrent
engineering, DFA, DFM, DFC, DFT and
QFD) ; stable design (axiomatic design
Taguchi method and TRIZ) ; compre-
hensive thinking design (DFSS, PLM,
design thinking and lean thinking) ;
Manufacturing and quality stability de-
sign (TQM and 60) (Krajewski et al.
2015; Heizer et al. 2017; Stevenson
2018; Fitzsimmons et al. 2019) . How-
ever, for the complete process of new
product development, including: pre-
liminary specification design, verify
whether the cost performance has mar-
ket competitiveness, confirm the feasi-
bility of development, complete the
prototype test, and complete the mass
production marketing plan. These still
need to be strengthened.

Features that new products require
include: achievability (appropriate qual-
ity and price) ; meet the needs of con-
sumers; both competitive and custom-
ized. For the research of new product
development process management and
the application of current practice, the
development tools are similar, but the
tools still have their emphasis. The R&D
tools are mainly for the stable imple-
mentation of all stages of R&D work:
engineering, testing, trial production,
mass production, marketing, after-sales
service and environmental recycling.
The common limitation of each tool lies
in the fact that most of the components
that rely on the design of subjective
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judgments from the design concept to
the concrete presentation of the proto-
type are mostly.

This study explores products with
different drive characteristics (mar-
ket-driven, technology-driven) from the
perspective of product development
processes. Discussion and analysis in the
process of product development: how to
respond to technical constraints and di-
versified needs of consumers; review the
lack of current R&D tools; myths and
engineers' myths about product design.
Based on the results of the analysis, this
study will propose: product development
strategies that can be adopted, applica-
tion techniques and tools, tasks and

practices at each stage of the develop-
ment process, and build an optimal new
product with marketability and feasibil-
ity development process to make prod-
uct development work more efficient
and efficient.

The new product development tools

In different technologies and com-
petitive environments, companies have
different considerations for developing
new products, and thus develop various
analytical tools. Table 1 shows the core
technologies and practices for different
product development tools and the limi-
tations of this tool.

Table 1. Conceptual Guidance Tool

tool core strategy tool limitations purpose description reference
reverse imitate, speed the latter part of the project to the com- | imitation fast listing Roxana et al.
engineering pletion of R&D (2013)
concurrent speed, cost design, engineering to the completion quick listing Loch.and
. . of R&D Terwiesch
engineering (2000)
customer, function, independent axiomatic and information | beyond the limitations | Arcidiacono et
. . prototype, axiomatic. of experience and al. (2017)
axiomatic . . Lo .
design process a generalized ratlopal {iemgn is avail- tools
able but the operation is still slightly
rough.
customization, cost subtractive thinking, unable to handle customized design Akao and
QFD the needs that customers cannot express | strategy: optimization | Mazur (2003)
of technology and
customer needs
design parameter, engineering parameter selection, provide principles and | Belski and
prototype complete prototype design guidance for Belski (2015)
TRIZ .
structural and detail-
ing
integrate QFD and comparing the relative factors of com- customized design Pande et al.
DFSS competitive think- petitors with competitive (2000)
ing thinking
manage thinking lack of design strategy thinking in the quality assurance and Corallo et al.
PLM after product design | previous paragraph, focusing on the control in the latter (2013)
retrospective design of the latter para- stage
graph.
ensure quality control defective products at 3. 4ppm measurement guaran- Pande et al.
60 management think- level tee quality (2000)
ing
comprehensive concept and practice from top to bot- total quality Anvari et al.
quality assurance tom (2012)
oM management think-
ing
collaborative | the overall benefits design front to quality management of reduce wear and sta- Kamrani
design are optimized mass production bility (2008)
. reduce waste (qual- | design front to quality management of reduce waste, stabilize | Womack and
lean think- . i . .
ing ity, t.lex.lblhty, cus- mass production qual{ty and compre- Jones (2003)
tomization) hensive effects
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customization and prospective customization, design, prospect customiza- Brown (2010)
optimization are the | engineering to mass production and tion priority and pro-
guiding objectives; service totype realization
design Fhe latter paragraph thinking.
thinkin is based on this
g concept to modify
the design, manu-
facturing, and ser-
vice processes.
L quality, cost quality from the later stage of the pro- stable quality Zio (2009)
reliability . .
. . ject to the completion of research and
engineering
development
DFM DFT | quality, cost design, engineering, quantity manage- technical implementa- | Bargelis
DFC DFQ ment tion (2007)
quality, cost, speed design, engineering, quantity manage- technical implementa- | Bargelis
DFA ment tion (2007)
DfDA

The new product development
tools listed above have their own uses
and solve the problems encountered in
different new product development
types. However, summarizing the cur-
rent new product development man-
agement processes and tools, this study
still find some limitations, as described
below.

Management limitations: based on the
principle of stability, lack of innova-
tion and customization, usually suit-
able for the extension of existing prod-
ucts.

Marketing limitations: The separation
and positioning of products are often
abstract and difficult to present. The
effect of product differentiation is
more difficult to predict.

Design limitations: Detail design and
customer strategy parameters are pri-
marily dependent on the subjective
experience of the design engineer.
Relevant research and development
tools such as axiomatic design, TRIZ
or design thinking can only be used as
an aid or reference.

For the optimization of new prod-
uct development, the optimal design
mainly emphasizes the combination of
resources that meet the needs of con-
sumers and the competitive market.

That is, consumers will choose prod-

ucts with relatively high CP values.

Therefore, product design must focus

on:

1. For products with a small number
of innovative competitors and al-
ternative technical conditions, the
CP value comes from the cus-
tomer's perception of the value of
the product, the importance of
solving the problem, and the cost
that must be paid.

2.  For products with technological
choices, due to limited technical
capabilities, innovation competi-
tion comes from design strategies.
CP values emphasize customer
comparisons and individual needs
for products and design costs
(prices paid by customers and
learning costs) .

3. Products that are highly competi-
tive and mature in the market
mainly emphasize comparative
interests, so reducing costs, im-
proving quality, and service are
key.

The CP value is usually increased
by lowering the price and improving
the quality and service. In general, in
the process of product design, the way
to adjust the CP value can be divided
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into the following six categories: 1.
cost (price) 2. popular (appearance) 3.
brand (advertising) 4. quality (process)
5. function (design) 6. service (aging) .
The method of adjusting the CP value
includes: (1) improving performance,
the price is constant or the difference is
not large; (2) the price is lowered, the
performance is unchanged or the dif-
ference is not large; (3) the perform-
ance is improved by the inductive fac-
tor, and the perceived CP value is im-
proved. (4) reduce learning costs and
increase the perceived CP value.

Optimize New Product Develop-
ment Processes

This research focuses on the new
product development process, starting
with product positioning, through
specification design, quality design,
and marketing strategy. The new
product development process is di-
vided into four major stages (optimal
specification, optimal prototype, opti-
mal production, and optimal marketing)
and seven major procedures (product
position, specification design, con-
figuration design, engineering tech-
nology, reliability, production quality,
and marketing strategy) . In the opti-
mal specification phase, the main tasks
include feasibility analysis, product
positioning, and product specification
design. In the optimal prototype stage,
the main work includes detailed design
of the product, engineering design of
the mold and fixture, and product test-
ing. In the optimal production stage,
the main work includes product mass
production design and process quality
control. In the optimal marketing phase,
the main tasks include marketing
strategy setting and market competi-
tion response. Figure 1 illustrates the
optimization of the new product de-

velopment process. Table 2 describes
the contents of the stage of product
development process.

Systematic Thinking And Tools For
New Product Development

The factors to be considered in the de-
velopment of new products are very
complicated. In addition to the factors
of the enterprise itself, it is also neces-
sary to consider the competition and
opportunity factors of the market. This
research focuses on the control of key
stages and processes in new product
development, and integrates new
product development trends to develop
specific and feasible development
processes. The common types of new
product development can be divided
into two categories: market-driven
spindle and technology-driven spindle.
The following are the product devel-
opment strategies and tools used in
each stage of product development for
these two types.

Market-driven development of new
products

New product development based
on market-driven, can be divided into
four stages, usually products starting
from original technology. At this time,
when thinking about product sales
practices, the products that are
launched usually have a shortage of
supply (A. Production orientation) .
This phenomenon of short supply will
attract investment in mass production
and cause oversupply such as competi-
tion or market saturation. Enterprises
must rely on sales to clear inventory to
maintain economic production scale (B.
Sales orientation) . After oversupply,
companies often need to avoid vicious
price cuts through market segmenta-
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saturated stage, companies must inno- stage.
vate marketing techniques to attract
customers to re-consume (D. Innova-

innovati

P-0 product position

on ‘ marketing

tive orientation) . Table 3 shows the
strategies and tools that are appropriate
for new product development in each

Market ~ marketing manufacturing
driven ) technology
sale " design driven
production j\ technology
P-1 specification design
material | Program | Modual Human function Optlp] L service Human facility | process | Modual
resource design resource

P-2 Configuration design

P-3 manufacturing engineering

P-4 function test

P-5 Trial production
P-6 Mass production

Figure 1. The Optimization Of The New Product Development Process
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Table 2.  Stage Of Product Development Process

stages procedurd work stage work mission work content output
target product posi-| 1. analysis of enterprise | 1. feasibility analysis
. |tioning;  feasibility| market strategy 2. preliminary specifica-
p-0 prOdltl.Ct post- analysis of technol-|2. confirm the feasible tions
ton ogy, price and mar-| preliminary specifica- |3. prototype-0
optimal ket tions
specification 1. design parameter 1. design parameter
e . simulation trade-off calculation
specification |product design . o
p-1 design strategy 2. confirm the optimal 2. market competition
design strategy analysis (CP value)
3. prototype-1
1. parameter expansion | 1. complete the detailed
p2 configgration product detailing 2. design and build design ‘
design samples 2. sample confirmation.
3. prototype- 2
engineering design; | 1. design of mold and 1. tool completion con-
. engineering |tool design; fixture firmation
optimal p-3 . . -
prototype technology corpponent optimi- | 2. making a preliminary | 2. prototype-3 (operable
zation prototype prototype) .
1. functional and reliabil- | 1. reliability analysis.
product function| ity testing 2. prototype-4 (functional
p-4 reliability |[testing and  im-|2.component specifica- prototype)
provement tion correction confir-
mation.
1. mass production tech- |1. BOM, SOP, SIP, and
nology development DCN
and confirmation. 2. technical confirmation
. . mass production test; | 2. raw material data filing.| of process and tools
optimal ) production bl duction|3 facturi . 3 d equi ¢
production p-5 quality stable produc - manufacturing engi -process and equipmen
quality neering data documen- | validation
tation. 4. prototype-5 (mass
production confirma-
tion)
1. data file confirmation | 1. ECN and MRP confir-
mass production 2. complete personnel, mation
optimal 6 marketing |market competition| equipment and materi- |2. matching product and
marketing P strategy and response strat-| als marketing strategy
egy 3. prototype-6 (p-5 and
marketing combination)
Table 3. Market-Driven New Product Development Stages, Strategies And Tools
production orienta- . . marketing orien-| . . . .
stage . sales orientation . mnovative orientation
tion tation
predominance speed imitation modularization sensible marketing
trat technology intensive | time base competition | customization instant advertising
strategy patent low price differentiation brand endorsement
niche market
technology hiding reverse engineering QFD DFC event marketing
DFT DFC pricing strategy modularization | cross-industry alliance
tool technical stock promotional techniques | customization polygonization
leading strategy DFC differentiation
DFM DFA Zero inventory
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However, market-driven new prod-
ucts do not fully follow the evolution of
the above stages. In addition to the com-
plete four stages of product development,
new products can be developed at each
stage, such as modifying the appearance,
institutional composition, changing the
process to reduce costs or improving
quality, and also targeting products to
focus on marketing and services. Figure
2 illustrates the process and specific
practices of A. Production Orientation, B.
Sales Orientation, C. Marketing Orienta-
tion, and D. Innovation Orientation as
New Product Development Drivers.

D. Innovation Orientation
C. Marketing Orientation
B. Sales Orientation

A. Production Orientation

Figure 2. Market-Driven Four
Stages Of New Product Development

1. Production orientation is the begin-
ning: new products developed by new
technologies

The new product starting from the
production-oriented stage will go
through the complete new product de-
velopment process at all stages of PO to
P6 in Figure 1. The development of new
products captures the benefits of each
phase through the four-stage process of
ABCD. However, the -corresponding
strategies of different stages must also
be adjusted during the development
process. This new product development
type will allow a complete view of the
design and production process. Such a
company with a complete process of

developing new products usually has a
large scale and has good research and
development capabilities. The competi-
tive environment faced by new products
will dominate from the monopoly to the
oligopolistic and finally close to perfect
competition. The development process
of new products often goes from patents
or technology-exclusive products, ex-
perience of technology imitation, patent
expiration and other factors, and gradu-
ally moves toward marketing as a means
of competition. As new products mature
and become more popular, the market
will gradually become saturated. Enter-
prises will be able to obtain complete
market benefits through design innova-
tion, process innovation, and marketing
innovation.

Figure 3. Stages Of Production
Orientation NPD

2. Sales orientation is the beginning: a
competitive new product that stabi-
lizes the market

Sales-oriented product development
will go through the two processes of
manufacturing and marketing of P5 and
P6 in Figure 1, and obtain the benefits of
each stage through the three stages of
BCD. In each stage, product develop-
ment is mainly based on imitation, but it
is still necessary to adjust the strategy to
balance production scale, expand sales
or clear inventory. When product tech-
nology matures and is accepted by the
market, it will attract more followers to
compete. Then there will be competition
for product price reduction. At this time,
product positioning and segmentation
should be carried out, emphasizing dif-
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ferentiated marketing, or emphasizing
emotional appeals such as brand and
appearance, and carrying out creative
marketing.

B 9 > _

Figure 4. Stages Of Sales Orientation
NPD

3. Marketing orientation is the begin-
ning: growth and repositioning to de-
sign new products

Marketing-oriented new product

development will go through the com-
plete product development process at all
stages of PO to P6 in Figure 1, and gain
the benefits of each stage through the
CD process. In each stage, the product
technology is mature, and the differ-
ences between individual products are
not large, and the development is usually
carried out in a way that imitates the
product. When the products are accepted
by the market, they will attract followers
to compete. In order to avoid price
competition, product development will
emphasize market segmentation and
customer design. When the products are
accepted by the market, they will attract
followers to compete. In order to avoid
price competition, product development
will emphasize market segmentation,
customer design, product differentiation
and the search for niche markets.

Figure 5. Stages Of Marketing
Orientation NPD

4. Innovation orientation is the begin-
ning: product innovation marketing

strategy in mature saturated market.

Innovation-oriented new product
development will go through the two
processes of manufacturing and market-
ing of P5 and P6 in Figure 1, and gain
the benefits through the D process. At
this point the product has become satu-
rated and the product must be innovative
to attract new consumption. This inno-
vative marketing emphasizes branding,
advertising, integration channels or
promotions to expand the market and

create new demand.
C ’

Figure 6. Stages Of Innovation
Orientation NPD

Technology-driven development of new

products

Technology-driven new  product
development process emphasizes
achievable engineering thinking design
and mass production oriented prototype
design. For the prototype guidance that
emphasizes practice as the spindle, it
should be driven by technology as the
main axis, which is more suitable for the
actual execution of the new product de-
velopment process. The preemptive and
competitive advantages that new prod-
ucts may have can be divided into four
states, A: technological innovation, B:
design fits, C: process optimization, and
D: marketing creativity. As shown in
Figure 7, ABCD can present new prod-
uct developments either continuously or
independently and continuously or cy-
clically. Table 4 shows the strategies and
tools that apply to technology-driven
new product development at all stages.
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Table 4. Strategies And Tools For Technology-Driven New Product Development

stage Technological Design fit Process optimization Marketing creativity
innovation
Technological Optimum design Quality strategy | Deepening service customized
strategy revolution Material agency Cost strategy Innovative value package

Prospective study | Manufacturing En-

Process Optimization

Sensible marketing Exterior

Dominant key gineering
brainstorming TRIZ QFD Reliability engineering] Promotion strategy
tool | research and De- | Module design DFC DFA DFM Event marketing
velopment DFM DFC DFA Foreign business alliance
a large scale. As new products mature
D. Marketing and become popular, or because market

C. Manufacturing
B. Design

A. Technology

Figure 7. Technology-Driven Four

Stages Of New Product Development

1. Starting with technological innova-
tion: complete new product develop-
ment process

The new products of technological
innovation will go through the complete
new product development process in all
stages of PO to P6 in Figure 1, that is,
through the four stages of ABCD proc-
ess to obtain the benefits of each stage.

Products will be monopolized to oli-

gopolistic, and finally close to a fully

competitive state. During the develop-
ment of ABCD, products that are mo-
nopolized by patents or technologies
will experience factors such as technol-
ogy imitation and patent expiration, and
gradually move toward marketing as the
main competitive means. In the devel-
opment process, companies also need to
adjust strategies at different stages. Such
companies with R&D capabilities to
fully develop new products usually have

competition will cause product market
saturation. Enterprises can obtain ap-
propriate benefits through B: design fits,
C: process optimization, and D: market-
ing creativity.

Figure 8 Stages Of Technological In-

novation NPD

2. Starting with design fits: the product
market is relatively mature and will
compete with design differentiation

The development of new products
based on design adaptation will go
through the development process of each
stage of P1 to P6 in Figure 1. The prod-
ucts mainly obtain the benefits of each
stage through the process of running
through the main BC and part of the AD.

Products must adjust different strategies

at different stages. The front section is

based on technical originality and design
ingenuity, while the latter section is
based on process optimization and mar-
keting. Overall, design, production and
sales still need to retain its flexibility.

When the product technology is mature

and accepted by the market, it will at-
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tract followers to join the competition.
Products will face competition from
price cuts, similar technologies and
similar products. At this point, the prod-
uct can usually be adjusted through po-
sitioning, differentiated design and
marketing methods.

B 9 5

Figure 9. Stages Of Design Fits
NPD

3. Starting with process optimization:
stable supply of mature products and
process optimization

Process optimization new product
development emphasizes process opti-
mization as the core competition and
will experience the various stages of P3
to P6 in Figure 1. Through the CD two
processes, the company's acquisition
phase benefits mainly through cost re-
duction, quality improvement and stable
production supply. But companies must
also build better competitive conditions
to assist in product promotion during the
marketing phase. When the products are
accepted by the market, the product
strategies that the company can adopt
include: reducing costs, improving qual-
ity, establishing preemptive advantages,
and establishing barriers to entry for
anti-blocking followers.

Figure 10. Stages Of Process
Optimization NPD

4. Starting with marketing creativity:
product innovation marketing strat-

egy in mature saturated markets

Marketing creativity new product
development will go through the new
product development process from PS5 to
P6 in Figure 1. In general, the product
will only go through a process of D, and
the benefits of each stage are saturated
and mature. Although innovative mar-
keting can be extended to the market,
products must also adjust the possible
opportunities at each stage to create new
demand. After the product is positioned,
it should be differentiated into marketing,
and then assist the emotional appeal of
brand and appearance to carry out crea-

tive marketing.
c ,

Figure 11. Stages Of Marketing
Creativity NPD

Conclusion

Product development has always
been an important issue for enterprise
survival and competition. Although
many systematic and effective technolo-
gies and tools have been developed, the
chances of successful new product de-
velopment are still low. Based on the
process concept of new product devel-
opment, this study explores the relevant
characteristics, problems and counter-
measures of new product development.

This research is aimed at the opti-
mization of the new product develop-
ment process. There includes four major
stages: optimal specification, optimal
prototype, optimal production, and op-
timal marketing, and seven major pro-
cedures: product position, specification
design, configuration design, engineer-
ing technology, reliability, production
quality, and marketing strategy. In addi-
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tion, this research also divides the main
axis of product development into two
major categories: market-driven spindle
and technology-driven spindle.

The results of the research found
that under the design of new technolo-
gies, the success factors of product de-
velopment are usually based on design
strategies and marketing methods. For
manufacturing, it is regarded as a tool
parameter, and the product supply is of-
ten completed in the form of an OEM. If
the product emphasizes market-driven,
the brand shaped by quality and techni-
cal stability becomes a source of com-
petitive advantage. After the product
market matures, the factors for success-
ful product development are complex
and diverse. In addition to considering
competition and innovation, companies
must adapt resource allocation to meet
market and customer needs while main-
taining flexibility and strategic resilience
to enhance product competitiveness.

Since most products have their life
cycle, from initial policy, positioning, to
the development phase of design and
engineering. Since most products have
their life cycle, from the initial policy,
positioning, to the development stage of
design and engineering, product devel-
opment needs to consider the mass pro-
duction and the feasibility of engineer-
ing technology. Since most products
have their life cycle, from initial policy
and positioning to design and engineer-
ing development, product development
needs to consider mass production and
engineering feasibility, and how prod-
ucts respond to technical constraints and
consumers demand. In the process of
competition and development, products
must seek new changes, and more need
to carefully evaluate product design
strategies. From assessing competition,

technology and resources, in response to
market changes, companies can adapt to
market competition and pursue maxi-
mum profits.
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