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Abstract

In the automotive industry, lean projects and innovation creation come to life
by being updated under the control of systematic interdisciplinary process
flows. The lean product development process that changes the shell, defined
under the light of the variables created by the competitive conditions, is today
measured by the value flow efficiency and the global market spread of the fi-
nal product. Consequently, the lean product development approach, which
aims to identify and purify all the wastes that do none value or create value to
the system or cause burdens in the new product development process, is
shaped by step-by-step approvals in the flow. In the main automotive indus-
try company practices within the scope of the research (3 national, 3 interna-
tional), the beginning of the concept of lean in design is to define and optim-
ize the steps in the product development process under the value stream map.
Therefore, the product function for which the customer has paid for, the
function of the new product or the physical structure used to meet the needs
in question, the comfort, life, experience, innovations of the scope that con-
stitute the new product concept are planned and verified and implemented in
the simplified automotive design stages at the beginning of the lean product
development process. In this research, initial automotive design objectives
and stages are at the focal point of the innovation and added value creation
brought by the concept of “lean” approach. The research is modelled on the
determination of steps that do not create added value together with the points
where the flow circuits’ or stems, the process is devalued, the interdisciplinary
holistic studies intensify, the information and delay begin and end in the se-
quential and simultaneous design validation step transition stages, which are
examined under the lean approach. As a visual and virtual tool that enables
the elaboration of nominal values such as the total duration of the design ve-
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rification stages and the influence of interdisciplinary stakeholders or the test
level of the product design with the new product added, it reveals the value
flow or losses. Hence research; from innovation creation and new product
design steps, which constitute the initial stages of the lean product develop-
ment process, to design verification analysis, the efficiency of the automotive
company processes within the scope of the research has been measured by
comparing using lean automotive design techniques, methods and concepts.
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1. Introduction

Computation of add-value creation that requires purification (Muda) and lean
approach in each phase of the process of designing and developing new products
in the automotive industry is revealed by the pure optimization of the design ve-
rification structure under the cause-effect relationship of defined basic stages [1]
[2] [3]. Therefore, when focusing on value creation or conservation, the focus of
lean process is; it lies under the purification of functions and equipment that the
customer pays for, meets their functionally defined needs, meets the needs
within the framework of comfort, environment and safety, or that the customer
will not use in the product life cycle. The value stream map of lean product de-
velopment that constitutes the design verification-oriented approach: the ap-
proach questioned throughout the basic design stages, which is essential for each
new product piece, group and subsystem, includes the distinction of activities
and parts that create or do not create added value [3] [4] [5] [6]. Therefore, in
order to identify and reduce the waste resources in the product or process struc-
ture in all lean product development stages, the formation of a future case scena-
rio contains the in-house up-to-date know-how archives in the holistic structure
analysis where the value flow intersects with the design verification steps.

When the currents involved in the lean product development stages of the
automotive industry, from the development of the product and process structure
to the formation of the lean approach, are examined, sequential definitions and
works are formed rather than design verification or value flow [7]. In the end of
18th century the focal spot developments of the product have been manufactu-
rability for companies that have started mass production within the comfort and
development of humanity (Figure 1). Half a century of competition fueled by
world wars brought the concept of new, or best, newest product [7]. As shown in
Figure 1, this period has created price-oriented main and sub-brands, national
and international logistics systems, distribution, automation for mass and mass
production, product manufacturing-oriented quality and sequential processes.

Under the definition of the sequential phase that makes up the process within
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the framework of current situation analysis, global competition has formed the
flow of product development simultaneously with the time-oriented co- opera-
tion of these stages (Figure 1). As shown in Figure 1, the development of new
product-oriented process approaches in the manufacturing industry during the
last century has been shown periodically.

As given in Figure 1, the lean product development process has focused on
“innovation” and “feasibility” until today. Therefore, the expectations of the
customer from the product, customer focus, the “value” or “price” that the cus-
tomer gives to that product and that product function have come to the fore
with economic developments today. “Lean Tools” in the value stream, therefore
“lean management” in the final product, includes important interdisciplinary
issues and approaches.

Under the researches of Womack (2002) and Liker (2011), it was developed by
the lean institute association specifically for the automotive industry and spread
in all industries [5] [6]. It is clear that the basic conditions of the lean approach,
which is valid for almost every industry, are the new product functions to be of-
fered to the consumer, the design quality, a sharp crossroads that will determine
the future of automotive companies and therefore the level of macro na-
tion-economies [8] [9]. Hence, “Lean product development” is applied under the
principle of continuity of new product design within product development stag-
es under a single or holistic approach, checkout in the final new vehicle struc-
ture, initial automotive design inputs, design-master stages, interdisciplinary de-
sign and engineering analyzes (CAE, CEA), life and physical road tests, design
and development time, production (supply and assembly) and after-sales costs,
experience and customer satisfaction, and it is a “purged” approach that does

not contain any unnecessary processes and elements [10] [11].
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Figure 1. New product development trends in the automotive industry [7].
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The advantages of lean product development can be listed as value follows
[12]: 1) As the product development performance can be seen, with the increase
in value innovation, the competitive power of automotive industry companies in
terms of production, sales and profitability increases; 2) In basic development
processes, the control of variable costs or the optimization of fixed quotation
and most importantly, all of the design capabilities benefit especially in the sus-
tainable development of innovation and decision-making mechanisms, with sa-
tisfactory results in development periods in terms of stage workloads, design re-
sponsibilities, vehicle safety or expenditure flow; 3) Along with the design
processes suitable for mass production of automotive industry companies, it rea-
lizes new product and production integration transformation in technical inno-
vation approaches and profitability in the development of after-sales parts or
new functions; 4) In the systematic product development processes of automo-
tive industry companies, the optimization of automotive design and scheduled
engineering time is supported by questioning the radical value creation of
stage-confirmation or verification (design verification) variables; 5) Along with
the customer-oriented product, which is the goal of simplification, it is the
cost-oriented efficiency created by the functions integrated into the product used
by the customer, and even the privilege of obtaining the increasing product
quality or reduction key process approaches.

The critical burble point or true origin, value creation and flow of lean prod-
uct development are defined step by step, with an end customer focus. In order
for the stage definitions in value creation to be meaningful, it is necessary to
create an expression in a certain unit that meets the customer-oriented prod-

uct-cost variables [5] [6].

2. Lean Value Flow Map

When the lean product development process in the automotive industry is ex-
amined within the scope of the research, determining and measuring the effect
of variables that shape and shape the value flow on the final new product creates
a holistic development structure for competitive manufacturing companies. Ad-
ditionally, the lean product development process (protection of the value or val-
ue creation, value flow map, push or pull and excellence origin), which is devel-
oping in a conceptual structure, is evaluated under the approach formed by 5
main focus points [5] [6] [9] [10]. Accordingly, the orientation underlying the 5
centering approaches: the pecuniary or non-pecuniary end customer defines the
value of the innovations on the new product and designs, develops and presents
the value as a producer. Consequently, expressing the defined innovation in
terms of a product that meets the needs of the customer at a certain time interval
and under a certain charge-expenditure constitutes the integrated result of the
aggregate value and composite value stream. Concurrently product development
model, which continues to be implemented today, is defined as the development

of push-pull systems, A3, Obea room, chief designer, kaizen, kan-ban and simi-
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lar process approaches and lean under the flow of value [5] [6]. In Figure 1, the
main field of system integration according to the new product development
flows up to the recent period and the customer demand structure, the collabora-
tion-oriented lean and concurrently executed new product design structures
based on the experience of stakeholders and project employees are presented [7].
In Figure 2, 7 fundaments 44 sub-principles have been put forward on the losses
and protection of new design under the value stream with the Toyota lean prod-
uct development research published by Liker in 2011 [6] [13]. In Figure 2, the
foundations of the product development steps realized in the new era in a lean
and virtual environment, along with the rapid development in software-specific
design verification programs in the last decade, value flow and mapping studies
in the field of application have been realized with the same pace [13]. As ex-
plained in Figure 2, the appearance of lean thinking, the value flow aimed at
comparing the performance of global automotive industry companies in differ-
ent continents under competition is based on a versatile research [1] [2] [5] [6]
[13]. The value flow, which focuses on the flow of production and product de-
velopment, concentrate on the flow of production and product development in
automotive design processes, and the definition of “Lean” for global automotive
companies, first dissemination with this research [3] [4] [5] [6]. Although lean
thinking is defined in these sources as a part of the company culture along with
the lean product development process, research and publications that provide
dissemination related to the subject have intensified in the last decade.

In each box in Figure 2, the 7 basic principles that ensure the holistic flow
of the lean product development process; the customer and market approach
of the project (1), the use of the company’s project and know-how standards
(2), the communication structure that ensures the project flow (3), project
phase stakeholders and step transition system (4), innovation approach and
methods (5), employee and leader-manager culture (6), project and firm basic
objectives (7) (Figure 2). Therefore, the lean product development approach is
a holistic process flow with 7 basic perspectives in Figure 2. The 7 fundaments
priorities in the value flow given in Figure 2 are structured on the activation of
the traction (yoke) system in order to maintain the continuity of the product
development stages that create value in the formation of the innovative func-
tion-part, then apply a repulse (poka) flow to all stages in order to eliminate
the waste created by traditional product development steps and their drifts
[13]. Therefore, Liker (2011): 1) Continuous improvement (Value Stream
Mapping); 2) Standardization (KPI system); 3) Visual Management (Value
Protection/ Value Creating Area Detection/ Go to Gemba); 4) Flow and Pull
principles (Demands for changes in design/ value); 5) Zero-Failure Principle
(Product Development Towards Goals (Value Creation)); 6) Leadership and
team definitions (Culture Change); 7) Frontloading of Information (Definition
of design verification criteria), finally, it is to include continuous improve-

ments in the system with the goal of excellence [6]. Linear value flow in lean
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Figure 2. Lean product development process principles [13].

product development is initially formulated by systematic data collection and
data analysis, creating unit value and constituting a basis for connections.
The front end of lean product development process in determining the me-
tric unit in which each discipline or function is accepted; it is the most im-
portant input for determining the scale and calculation of losses in the value
stream map.

Lean product development renewal plan consists of four basic stages: research,
design, validation and development. In the value flow presented in Figure 3, two
different approaches are used to define lean product development; the adapta-
tion of lean product development principles to the product development process
under the value stream (Flow and pull system) or the elimination of consume in
the product development system (value stream map) are methods and ap-
proaches used to ensure flow [6]. As can be seen in Figure 3, squander away is
defined in the product development process under the design verification phase
transitions and the prevention of cycle or work cost that does not add value, a
value map for simplification and a value chain are defined. Today, automotive
products design concepts and new product development processes, which are at
the centering of competition, include innovation-based approaches. As ex-
pressed in Figure 3, the concept of new product is a very comprehensive term
that includes: pure-stock new product, improved new product, modified new
product [6].

As explained in Figure 3, lean product development is a long and complex
structure full of risks that the company undertakes to create a new vehicle de-
sign. This main and sub-new product-based structure is affected both by exter-
nal environmental factors that the company uncontrolled, and by internal cogni-
tive processes [6] [14]. In the severe global fierce competition environment, au-

tomotive main companies can acceptable level of risk by reducing the

DOI: 10.4236/jtts.2021.111003

42 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2021.111003

F. A. Paker

Marketing Busniss Model Non-Value Adding Duration
Clay Model-Alt. Value Adding Duration
A X
2D Styling A \ Engineering Design \Starting Supplier
AV \

3D CAD Design

\

3D CAD Model

N
m
\\‘L\ Supplier Development \
N\ \

3D Prototype

1 &

Production Plan 4
!

Production Mould Process Development: Product
< Qualite
al

Project Start Equipmant Production

< >
< >
Concept Design Time Line Production Start

Figure 3. Value chain of automotive design flow in lean product development [6].

uncertainties in the market success and deployment of the new product with the
hierarchical stage assembly at different phase of the new product design and lean

development process.

2.1. Key Features of Value Stream Map

Simplifying the entire process in a sustainable, iterative (updating its own de-
velopment) structure with the design verification clearance steps under the value
flow and ensuring dissemination in company functions comes to the fore under
the formation of chief design managers and expert improvement project teams
with a lean culture. The first product development process step in which simpli-
fication is initiated is the automotive design stage, where the design verification
pre-knowledge is transferred, where innovations occur. The core process in
question, the particles and the holistic formation of the fundamental structure
support the lean approach, and include defined problem-solving methods and
detailed measurements under metric units [14] [15]. The sub-sets, which make
up the company management and product development departments, set up a
clean and self-directed communication that includes lean project parameters and
cost (timeline plan and workload) oriented flow information. Therefore, product
development and automotive design phase transition measurements performed
under lean tools are used in the installation or updating of design verification
steps according to the improvement roadmap. In addition to the lean product
development process improvements, management opinions and expertise re-
ports of all departments are evaluated in a result-oriented manner. In addition, a
dynamic interaction method is used, which includes the development of auto-
motive design processes, which are the focus of lean product development stu-
dies, and visual communication (obea project room, A4 communication, etc.)
that all departments can follow [6]. This interaction reflects instant changes and
updates to all project employees instantly. Additionally, link is established be-
tween team members, value stream, lean tools, lean metrics and customer de-

mand priorities for an integrated circuit to lean product development processes.
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2.2. Fundamental Structure of Value Stream

Sustainable leaning modeled under the value stream ensures the continuity and
cycle of development up to production by revealing the link or formula between
the new product and new product development and design processes. In the new
product development process, “value creation” and “value conservation” consist
of eight fundamental flow steps [6] [7] [13] [14]. Therefore, these are: 1)
Lean/culture; 2) Value flow decision/choice; 3) Lean deployment/learning; 4)
Current situation analysis/map; 5) Lean metrics/unit; 6) Best-case future scena-
rio/synthesis; 7) Kaizen plan/prediction h-Kaizen plan/application. The value
stream revealed by the design verification or stage approval models the lean
product development management as well as the simplification of all automotive
design activities of automotive industry companies. The fact that any smallest
structure in the organization understands the concepts of simplification and di-
rects the business processes in this direction is the additional indicator of the in-
ternalization of the cycle in question. Therefore, simplification enables val-
ue-oriented (metric unit) control of the steps in the flow of all new product de-
velopment and automotive design activities or the design verification phase

transition approval processes.

3. Value Flow-Map

It focuses on leaner in new product development processes, purification and
elimination of disciplines that provide new products and development or con-
sume that does not add-value in interdisciplinary activities. When the definition
of value is examined, it is seen as the whole of the design activities that the cus-
tomer pays for, pays for it, and that will bring the innovative transformation and
functions of the new product to life-cycle. Therefore, work out the cost of; vir-
tual or physical testing, verification, advertising, training, production-stock, ma-
terial-stock, discard, rework, inventory, over-processing or control, approval and
similar transactions are calculated under value creation and find their equiva-
lent. The immediate cause and effect relationship of the consume in the forma-
tion of innovations that the customer does not use or new product functions that
they are not aware of is examined in depth as a whole. Additionally, functions,
values or studies that do not appear to be result-oriented on this final new prod-
uct constitute waste. These studies, which are included in the process of design-
ing and developing new products, constitute the lean values’ that need to be
studied for the new product-oriented formation reasons of these variables.
However, in the retainable lean approach, it is a priority for a sustainable cycle to
identify the root causes of consumes and to find these track-out points in the
new product development process before eliminating waste generation. Princi-
pally, the lean approach in the automotive sector is destroyed under the re-
sult-oriented metric value together with the stages it depends on when the root
cause of consume is identified. Therefore, fundamentally all automotive design

activities and new product development processes or disciplines flow within the
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framework of retrospective lean approach, with design verification phase transi-
tions, by determining the preferred metric “value” perceived by the customer on
the new product. This approach maps the incremental value stream and creates
the result-oriented metric effect weights of the lean product development steps.
The value stream or map defines the innovation output and innovation conser-
vation step by step in the lean product development process, scaling the step
transitions together with the basic disciplines and interdisciplinary studies.
Therefore, it develops and improves “lean future-case flow” in places where val-
ue flows in the design and development process of innovation, or in disciplinary
or interdisciplinary phase transitions, which are stagnation and accumulation in
the process. On the flipside, this diagnostic approach constitutes the “Flow and
pull principle” in lean product development. The process-oriented emergence of
innovation on the new product perceived by the customer and its inclusion on
the final new product come into play under the flow-pull system, under the lean
structuring of the new product development process. It is the activation of the
“poke (flow-push) system” for the design verification detail definitions at the re-
circulating cycle points that form the flow-cycle after the installation of the
flow-pull (yoke) system or during the phase transitions, after the first stage of
sustainable leaning in the automotive design and development processes of the
new vehicles product. The verification of the lean product development process
under the innovation-oriented design poke system is modeled according to the
comparative results of poke-yoke systems, measuring for “new future-situation
flow” or “sustainable perfection” [5] [6] [14] [15]. In the lean product develop-
ment process, the innovation and design-oriented value flow is not only under
the structuring of individual stages, disciplines or interdisciplinary steps, but
according to the formation of innovation on the new product and the articula-
tion of innovation to the final new product, the whole process is reviewed and
improved.

Therefore, the field study of the research was discussed in terms of compara-
tive automotive design flows at the local (LC) and global (GC) key company lev-
el of the new and lean future case applications in lean product development
processes in the automotive industry. The flow variables that make up the com-
parative structure in the sample in question are questioned under the final re-
gional “market share ratios” of the “minibus” product designed under competi-
tion by “6 automotive industry companies” participating in the research. Con-
sequently, in the process of new vehicle product design and development, the
map of the customer or innovation-oriented value flow, from the customer to
the development process, by following the innovation formation path of the
product, each discipline in the lean diffraction, each interdisciplinary design ve-
rification transition step, is examined in-depth, to each participating automotive
company in the comparison specially evaluated. In the second stage of the study,
the “future situation” map, which shows how the process should flow by asking a

number of critical key questions, is presented specifically for the company in the
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comparison structure [16] [17]. Lean product development process practices,
which are included in the comparative structure of 6 automotive industry key
companies included in the field study, are divided into two components in the
value stream: all new product development flow disciplines and interdisciplinary
phase transitions where design validation takes place are detailed [17] [18] [19].
In lean product development, all activities of the design and innovation value
stream that do not create value are determined and purified from the process
[14] [19].

In the heavily competitive automotive industry, determining the effect of in-
novation acquisition value, the conservation in the design and product develop-
ment process flow or the transfer of the result to the new product, from a single
stage in the lean product development process (market or customer research,
design, design verification, testing, development, etc.) lend assist to see more.
The mapping of the current flow in question reveals not only the wastefulness
but also the consume sources in the step by step value flow paths. Therefore, this
provides the formation of a common metric unit of measurement or platform
and spoken language covering all functions of the company, from design to
production. As the flow-related scale that forms the comparative structure in the
study is visible, result-oriented retrospective analysis and synthesis create a sup-
portive roadmap (Figure 4). Otherwise, many findings and occurrences taken
from the research field constitute values outside the detail comparison structure.
The example in Figure 4 connects new definitions and concepts specific to each
firm in the field study of the research with techniques under the one on one in-
terview and data envelopment method [20] [21] [22]. As can be seen in Figure 4,
the new product development process consists of 6 fundamental stages. These 6
basic stages define the relevant activities and time simultaneously (Figure 4).

In the figure above, product development stages are given with letter codes, A,
B, C, etc., while the durations of these stages are given in numbers (times in
months) in the next step after the letter code (Figure 4). In the example given in
Figure 4; design verification (E) studies take 18 months between the “C” stage
and “F” stages. Therefore, the work-time-oriented process creates a structure
with a total time of 48 months and a co-work flow, as can be seen in Figure 4.
This timeline and job oriented process development is the key concept of the
development of competition in all sectors in the process of new product devel-
opment. Therefore, when the variables in the subject-specific application area
are examined, the steps and sub-design stages involved in the new product de-
velopment process are investigated step by step, and their flow-oriented effects
are investigated in the studies of Eppinger (2012), Ulrich (2015), Ullah (2016),
[21] [23] [25]. In his 