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Abstract

In this study, it is aimed to determine the ranking importance levels of the
stages to be taken into consideration for new product development on a
global scale in the automotive design process. New product design activity and
stage-gate process differences between local automotive firms (serial produc-
tion factory and stage-gate department in Turkey) and global automotive com-
panies (serial production factory and stage-gate department in Turkey) are
examined comparatively in the research area. In the automotive industry,
which has been developing for a century, the question of how the local com-
pany products operating in the last sixty years have not been able to spread
globally or how to develop global products is the background question of the
research. For this purpose, one on one interviews were held with the managers
of 3 national and 3 international automotive companies, who worked in the
same region and who had previously designed a new vehicle, with design and
product development departments. According to the data obtained by the AHP
(Analytic Hierarchy Process) in the automotive design process, the importance
of the criteria that should be taken into account for global product development
has revealed. According to the results of the study, it was found that design
validation stages were the most important globalization criterion in automotive
design process as a new study area. In the comprehensive survey of the study,
no other publication has been encountered to measure or evaluate the stages in
the automotive design and new product development process in other sectors,
including the vehicle industry. As in every industry sector, in the automotive
industry, with the new product companies provide market development or
competitive advantage. The new product is the life channel of a company and
in the realization of this new vehicle; the disciplines of the automotive industry
are formed by a hundred years of experience.
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1. Introduction

New vehicle design or product development stages are the most important
building blocks for the sustainable regional expansion of automotive companies,
along with their competitiveness in global markets. In order to understand the
value of the design phases in firm performance or the role of design in general,
comprehensive research is carried out [1] [2]. The new product, which has com-
pleted the stages of vehicle design, plays an active role in the growth and shrin-
kage or expansion of automotive companies in the new markets with the im-
pression it gives to different users in different regional markets. Therefore, it is
difficult to distinguish the contribution of vehicle design financially in the mar-
ket share of the new product [1] [3]. The new vehicle design, starting with the
decision to consolidate or privatize the opportunities in the markets that are
targeted and expected to spread, extends to the control steps, including the veri-
fication of the product under these defined conditions. The functional meaning,
conceptualization, definition and testing of the system formed with the new
product constitute the basic structure of the design activities [4] [5] [6] [7]. In
order to understand the design, validation and development process in question,
the importance of these stages specific to the automotive sector, as well as the
determination of interdisciplinary collaborations, provides significant orienta-
tions. The development of a single automotive component with a focus on in-
novation initially influences the redesign of multiple connected vehicle parts [8]
[9] [10]. Therefore, the fact that the vehicle sales price, vehicle usage capacity,
number of production, and similar factors, which constitute the output of the
new product design process in the automotive industry, take place in the same
evaluation formula, reveals the calculation of all measures and impact. In the
new product development activities of automotive industry firms, the decisions
of designing, validating, modifying, testing, creating, positioning or arranging
such process stages minimizes the uncertainties of the ultimate vehicle’s global
success and minimizes the risk. In this sense, the effectiveness of the develop-
ment steps or the performance of the new product design stages, including the
production process related to the overall structure is established according to all
criteria [11] [12]. The use or selection of these processes constitutes the factors
affecting the market success of the new vehicle design. In order to verify the final
design for the different or the same market during the development of the new
vehicle, and to protect the data by archiving it, to update it over time, the process
and the regional distribution of the automotive company product are an in-

creasing chart. Vehicle design in the automotive industry has many current
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stages of development like, product verification on the new technologies to vir-
tual assembly. The rapid adaptation of new technologies in the automotive in-
dustry shows the dynamism of scientific diversity in the interdisciplinary new
product development process in this sector [13] [14]. For this purpose, the defi-
nitions, functions and identification of the new product development processes
in the automotive industry and the determination of the situation by identifying
the common phase collaborators reveal the needs of vehicle design activities. In
the study, the formation of new vehicles in the automotive industry was eva-
luated under the interactions of three different main development stages. Al-
though design and design verification constitute two different product develop-
ment titles, considering the stages of product development, a nested holistic
structure is revealed. These process components were compared in the same re-
gion, in the same market, manufacturing with same class vehicle, dependent on
global brand (MF) and independent local (BF) automotive companies were ex-
amined and the stages were compared [3]. In the study, six companies, which
were evaluated under two groups in the automotive main industry, were visited
in their factories and interviews were conducted. Sixty product development
managers who are the employees of six firms who participated in the study with
special permissions were identified with a defined code system within the
framework of the protection of ethical values. In the application part of the
study, the new vehicle design stage definitions obtained from the field study, de-
sign validation and product development process matched the importance of
common collaborators, firm-oriented criteria are determined by AHP method.
The research conducted in the automotive industry has been completed with a
discussion section and a result section which includes field limitations and poss-

ible future work suggestions.

2. Virtual Design Verification Phase in the Stage-Gate
Process

This research identifies the common partnerships of automotive design activities
as well as the design validation stages formed in the new product development
stages. The design verification stages in the commercial vehicle industry control
the suitability of each new concept from the steps of the automotive design ac-
tivity according to the project objectives. Within the scope of the product design
activities, 24 flow steps matching 14 stages and product development steps have
been defined to 3 local (BF1, BF2, BF3) and 3 global (MF1, MF2, MF3) automo-
tive companies. In the field study findings, the design phase of the 38 stages, 6 in
the first 14, and 8 in the remaining 24 steps were determined. Considering the
development of the new vehicle, these design activities and design validation
stages were evaluated with the AHP method [3].

In the new project formation, vehicle design activities, usage or idea sketch,
2D product sketch and vehicle technical aspects, concept development are
formed in the initial stage of the product development process in automotive
industry. Verification steps mean “design that fulfils the defined function” [15].
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Design validation studies provide the next step in the product development
process by comparing input requirements to determine whether the automotive
design activity outputs meet project objectives. In other words, it includes a se-
ries of tests conducted for the validity of the positive response of different prod-
ucts in different environmental factors [16] [17]. In the new concept develop-
ment, the vehicle development process, which extends to the detail design of the
parts of the main structure applied by using 3D CAD programs, is tested with
different analysis of different scientific approaches. The design validation ap-
proach in the automotive industry includes new functions, new forms, new
ideas, and testing on the main structure. Under the conditions of heavy competi-
tion, the stage of product development, which will add value to the new product,
will provide a market spread, and phase-out of this information under the main
structure with defined procedures and time interval. The design validation ap-
proach controls all production processes, from the measurement of different
scientific approaches under environmental factors, to the parts connection de-
tails used in assembly lines [12] [18]. The design validation studies that will be
carried out at the beginning of the basic process prevent the modifications that
will occur in the continuation of the process. Vehicle design activities and prod-
uct development process constitute the organization of a productive efficient re-
source management. The process of optimizing or determining the stages of this
process, and its management, provides a direct proportion to the success of the
market. The reason why design validation studies are considered as a new gen-
eration approach in the product development process is the result of the numer-
ical easy synthesis of the conceptual outputs and the transfer of alternative solu-
tion suggestions or boundary conditions through computer aided visual me-
thods [19] [20] [21]. International ministries of industry adopt the results of
computer analysis for the safety factors of a similar vehicle (ECE, EEC, EC, REG,
SAE): collision test, tipping test, self-weighting test of the superstructure. The
fact that these structural tests have been carried out by physical vehicles to date
show the rapid development of design validation studies in product develop-
ment stages. In the design activities, the visual development of the strength veri-
fication results of the main structure formed by new concepts form the boun-
dary information for the next vehicle design project. Prior to new generation de-
sign validation approaches, Verganti (1997) argued that it would play an impor-
tant role in testing and advancing the concepts of physical prototypes that will be
produced in the early stages of vehicle design process [22]. In today’s design ve-
rification studies, virtual prototype, virtual assembly, real-time virtual product
experience and similar stages are used to explore or test new ideas and concepts
with the same dynamic thinking approach [13] [14] [23] [24].

3. Determination of Vehicle Design Stages Using AHP
Method

In the design verification and development processes in the automotive industry,

determining the impact values of the stages that guide the final product has im-
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portant consequences for the basic flow construction. In the study, considering
the impact assessment of the design, verification and development processes in
question, it has been proposed to collect qualitative and quantitative factors un-
der a result-oriented common formula. Within the scope of automotive compa-
nies, data such as determining the market success and spread of the new prod-
uct, determining the sales price, usage capacity or production quantities of the
vehicle passed through the design stages are carried out with quantitative infor-
mation. In the light of this quantitative information, fuzzy logic method is pre-
ferred to evaluate the formation stages of the new vehicle or to examine the ef-
fect of qualitative automotive design activities on the final product. AHP ma-
thematical model, one of the fuzzy logic methods developed by Saaty (1980), was
created to evaluate qualitative and quantitative criteria under the same roof [25].
This study focuses on the effect of new vehicle design stages in the automotive
industry on the competitiveness of the final product in competition, in terms of
market success, rather than the comparison of fuzzy logic methods (AHP, Top-
sis, Vikor, Kma, Dematel, Promeet, Electre, Gra etc.). Near this research, when
the studies using the AHP method are examined: In project selection [26] [27]
[28] [29], in the selection of project technology [30] [31], in the decision of
project design with the selection of digital technology [32] [33], in the decision
to choose equipment and new product [34]-[39], similar analysis models are
used. Nowadays, it has become more effective to increase competitiveness, profita-
bility and continuity or to provide global dissemination by using non-cost-driven
business processes [40]. The main condition for achieving this is the awareness of
the business processes and variables, as well as the good management of these
processes [41]. Process analysis has the steps of; process mapping, implementation

of process analysis, evaluation of process analysis [42] [43].

4. Evaluation of Product-Oriented Design Phase with
AHP Method

In this study, the design stages for the new vehicle development problem on a
global scale were examined by comparative one on one interview at the compet-
ing automotive firms’ level. In addition, for the solution of the problem and
testing of the findings, the product sales performance of these automotive com-
panies competing in the same market was analyzed. Within this scope, vehicle
design processes of six different automotive companies were examined and each
new product development phase was compared and tested with final market re-
sults. In our country, the selection of the automotive company including the
manufacturing and design processes on the same class product was evaluated
under two groups as global brand (MF) and independent local brand (BF). From
each automotive company, ten development managers, and four company man-
agers and in totally 84 company employees were interviewed. The companies
involved in the study within the framework of the protection of ethical values

and confidentiality agreements between companies are defined by the code sys-
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tem above. According to the results of the product sales performance and the
results of the one on one interview of the companies in question, new product
development phase differences are numerically explained in Figure 1.

The first five articles of the automotive companies in Figure 1 (product sales
performance information) were obtained from the Ministry of Industry database
and the last five items were obtained from one on one participant interviews. In the
field work of the study, with the participants, current or hand sketch process map-
ping, the design, verification, development stages of the automotive companies, to-
gether with the common step collaborations were formed in detail (Figure 2).

During the one on one interviews, the participants were asked to set the crite-
ria in Figure 2 according to their importance for the global new product design
and to evaluate each criterion over 5 points. The participants were asked to write
the most preferred development stage to the 1st place and the least effective de-
sign step to the 5th place for the globalization of the new product. The remain-
ing stages and criteria which are not preferred by the participants are also posi-
tioned in the last ranks (Figure 3). In this way, a stage-firm matrix was created
to show which stage each participant preferred for the globalization of the new
product due to which criteria (Figure 3). Therefore, according to the new prod-
uct design stages of the six automotive firms, the necessary inputs have been
created for the steps of the company managers (Figure 3).

The product sales performance information, along with the matrices obtained
from the field study, has been calculated in the EC software (Expert Choice
software for the AHP) at the level of alternative vehicle or firm, under main and
sub criteria, after being arranged in the company specific. Therefore, AHP me-
thod with the EC software, the stages of the new vehicle design, the importance
of these criteria, respectively, at the level of automotive companies, the final
product-oriented result was obtained. According to the results of one on one in-
terview, firstly consistency ratio calculations were taken into consideration in the
decision matrices obtained from 84 participants, 50 participants were observed
to be consistent, and it was deemed appropriate to consider these decision ma-

trices. The most important factor in the mathematical model is to obtain the

Research Area: Global (3 MF) and Local (3 BF) *Automotive Company in Turkey
MF1 MF2 MF3 BF1 BF2 BF3
Company Profile Global Global Global Local Local Local
Vehicle Segment Minibus Minibus | Minibus | Minibus | Minibus | Minibus
Marketing Price (TL) 95.000 90.000 85.000 150.000 120.000 110.000
Production Amount (2017) 36.000 5.498 2.642 7.000 5.000 2.100
Passenger Capacity 16 Seat 14 Seat 12 Seat 18 Seat 16 Seat 14 Seat
6 Stand 4 Stand 8 Stand 6 Stand 4 Stand
Product Life Cycle (Year) 5 6 8 10 12 14
Project Duration (Month) 48 47 48 24 23 24
Product Development Phase 24 Stage | 20Stage | 16Stage | 12 Stage | 10 Stage | 8 Stage
and Employee 1.300 800 270 72 60 40
Vehicle Design Stage and 14 Stage 12 Stage 10 Stage 8 Stage 6 Stage 4 Stage
Employee 30 18 6 4 2 2
Design Verification 7 Phase 5 Phase 3 Phase 3 Phase 2 Phase 1 Phase
*MF and BF Automotive Company Group: New stage-gate process and serial production application in Turkey

Figure 1. Product values of the automotive companies that make up the comparison.
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: . Automotive Company Profile/ Exten Occupa
Vehicle Design Stage MFLIMF2 IMFLBFi | BF2 | BF3 Phase Software tion
1 | 2D Idea, Doodle + + + - - - | V.D. |[AC-AD.-PS | E
2 | 2D New Vehicles Sketch + - + + + + | V.D. A.C.-A.D.-P.S E., G.
3 | 2D Technical Drawing + |+ |+ |+ |+ ]| - |DV.As-DC-SW | E,T
4 | 2D Presentation -Approval + + + - - - | V.D. A.C.-AD.-P.S E., G.
5 | 3D Clay Model + + - - - - | D.V. |G.C.-D.C.-N.X |E,, H.,S.
6 | 3D Scanning Vehicle Clay Model | + | + + - - | DV. |GC.-D.C-NX | E, M.
7 | 3D CAD Vehicle Model + + + + + + | V.D. ]AS-D.C.-S.W | E,M.
8 | 3D Virtual Prototype + - - - - - | D.V. [S.C.-V.R. E., M.
9 | 3D Rapid Prototype + + + + - - | D.V. |[G.C-D.C-N.X | E, M.
10 | 3D Interior/Exterior Trim Design + + + + + + | V.D. |[R.C.-D.C.-S.W | E., M.
11 | 3D Int./Ext. Functional Prototype | + + + + + - D.V. [IRH-D.C-SW | E,M.
12 | 3D Virtual Production Assembly | + + - - - - | D.V. D.C-NX.-SW | E, M.
13 | 3D A Class CAD Surface + + - - - - V.D. A.S.-D.C. E., T.
14| 3D CAD Vehicle Model Transfer | + + + + + + V.D. R.H-D.C T., M.
Code Software Code Software Code Occupation
A.C. Autodesk Alias Concept | N.X. | Siemens Unigraphics E. Industrial Designer
A.D. Autodesk Alias Design R.C. | 3D Rhinoceros T. Draftsman
P.S. Adobe Photoshop G.C. | GeomagicCimatron H Sculptor
AS. Autodesk AutoStudio V.R. | Chaos Software VRay G Grapher
D.C. DassaultCatia K.S. | KeyShot S Ceramicist
S.W. Dassault Solid Works S.C. | Autodesk Show Case M. Mechanical Engineer
Code Phase [ Code ] Phase
V.D. Vehicle Design Process | bpv. | Design Verification
Product Development Process  |Automotive Company Profile/ Exten Phase Oceupation
(Stage-Gate Process) MF1 [MF2 [MF1 | BF1 | BF2 | BF3
1 | Strategic Project Management + + - - - - |PLM | MM, EM, KM
2 | Regional Vehicle Management + - + - - - | PLM | MM, EM, KM
3 | Vehicle Architecture + + + - - - PLM | MM, EM, KM
4 | Project Management + + + + + + | PLM | MM, EM, KM
5 | Value Eng. + | + | + | + | - | - | MRP| MM, EM, KM
6 | Viability of New Technologies + = = . - - | CAD | MM, UM, KM
7 | Functional BIW Eng. + + + - B - | CAE | MM, UM, KM
8 | Elc. &Elctr. System Eng. + + + + + + | EAD | EM, TM, BM
9 | Chassis Cowl Eng. + + + + + + | CAD | MM, UM, KM
10 | Body Eng. + + + + - - | CAD | MM, UM, KM
11 | R&D Purchase Eng. + + - - + + | ERP | MM, EM, KM
12 | R&D Manufacturing Eng. + + + + + + | MRP | MM, EM, KM
13 | Interior / Exterior Trim Eng. + + + + + + | CAD | MM, UM, KM
14 | Vehicle Packaging Eng. + - - - - - | CAE | MM, EM, KM
15 | Vehicle Ergonomic Eng. + + - - - | CFD | MM, EM, KM
16 | Interface Control Eng. + + - - - - | EAD | MM, EM, KM
17 | Thermal Aerodynamics Eng. + + - - = - | CFD | MM, UM, KM
18 | Power Chassis Cowl Eng. + + + + + - | CEA | MM, UM, KM
19 | Vehicle Structural Analysis Eng. + + + + + - | CAE | MM, UM, KM
20 | Vehicle Bodywork Eng. + + + - + + | CAE | MM, UM, KM
21 | Prototype Verification Eng. + - - - - - | CMM| MM, UM, KM
22 | R&D After Sales Eng. + + B + = - | ERP | MM, EM, KM
23 | Vehicle Test Management + + + + + - | CMM| MM, EM, KM
24 | Reg. &Hom. Eng. + + + + - + | PLM | MM, EM, KM
Code Definition Code Software Code Occupation
Eng. Engineer CAD | Catia,Unigraphics, Solidwork | MM | Mechanical Engineer
Elc. Electrical CMM | Cimatron, Simulator, Quindos | EM | Industrial Engineer
Electr. | Electronical CAE | Matlab, Patran, Nastran EM | Electrical Engineer
Reg. Regulation CEA | Ansys, Abaqus TM | Electronical Engineer
Hom. | Homologation CFD | Fluent, T-Gambit BM | Computer Engineer
BIW Body In White EAD | Proteus, Mentor Graphics UM | Aircraft Engineer
M Month M-ERP| SAP, Oracle Agile, Dynamics | KM | Mechatronics Engineer

Figure 2. Design verification and development stages of automotive companies
participating in the research.

final significance value of the sub-criteria as a result of the sum of the primary
criterion based on the hierarchical structure as compared to the alternative au-
tomotive product comparison data. The criterion value of each stage that affects
the global development of the new product is tested by the market’s sales infor-
mation. This final sub-criterion and AHP model are presented in Figure 4.

With the calculated effect rates, the price and capacity of the vehicle, the main
criteria, which are included in the mathematical model used to determine the
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Key Criteria Rate Sub Criteria MF1|MF2| MF3| BF1| BF2 | BF3

2.42 Production Price (TL) 1.69 | 1.84 | 2.31| 1.31|1.38| 1.46

MARKETING PRICE IAnnual Production Amount (Year) |6.18]0.94| 0.46| 1.21|0.85| 0.36
1.57 [Vehicle Passenger Capacity 1.86 | 1.52| 1.02| 2.20| 1.86 | 1.52

VEHICLE CAFACHY Product Life Cycle (Year) 2.54|2.18| 1.82| 1.45]1.09 | 091
0.44 [Project Cost 292256 2.24| 1.06]| 0.69 | 0.52

FROECT ERAMEWORK Project Duration (Month) 225|218 2.25[1.12]1.07 | 1.12
PRODUCT DEVELOPMENT]| 1.59 Product Development Phase (P&D) |2.67 | 2.23 | 1.77| 1.33] 1.11 | 0.88
PROCESS P&D and V&D Collaboration Stage | 2.77 | 2.23 | 1.66] 1.11| 1.11 | 1.11
VEHICLE DESIGN 397 \Vehicle Design Stage (V&D) 259222 1.85[ 1.48]1.11 | 0.74
ACTIVITY " Design Verification Phase 3.33 1238 1.44| 1.42]10.95 | 0.47

Figure 3. The importance of the criteria in the comparison at the vehicle & company.

Goal | New Vehicle Development Process Factors Global Impact A t |
MARKETING VEHICLE PROJECT STAGE-GATE VEHICLE DESIGN
Key Criteria PRICE CAPACITY FRAMEWORK| PROCESS ACTIVITY
0.242) 0.157) (0.044) (0.159) 0.397)
Sales Vehicle Passenger Project Product Development| Vehicle Design
Sub Criteria Price Capacity Cost Phase (P&D) Stage (V&D)
(0.195) (0.129) (0.029) 0.092) (0.083)
Annual Production| Product Project P&D and V&D Design Verification|
Amount Life Cycle Duration Collaboration Stage Phase
(0.047) (0.028) (0.015) (0.067) (0.314)
T T T T
Alternativ MF1 MF2 MF3 BF1 BF2 BF3
ernatives (0.288) (0.202) (0.161) (0.137) (0.112) (0.091)

Figure 4. AHP comparison model and EC software impact rates.

selection (process), are the output of the new product development process
(Figure 4). Therefore, these criteria both affect the working model and are eva-
luated in the design process-oriented test of the market results of the ben-
chmarking firms. Figure 5, shows the result matrix, which includes the effect
rates of the main and sub-criteria obtained by the EC software.

The importance impact rates of the development stages that affect the global
new product design, as determined by the AHP method, are explained in Figure
5. In Figure 5, the values reflecting the comparison selection of alternative ve-
hicles (competing automotive company products) are given. Under development
processes, the effect rates of alternative vehicles, which reflect the market per-
formance of the final product, have been discussed in order to reveal the steps
involved in the design of the new vehicle, as mentioned earlier, which contribute
to the globalization of the new vehicle. As seen in Figure 2, the new product de-
velopment phase differences used by the automotive companies in the increasing
competition conditions have a dominant effect on the new vehicle. The design
stages, which are effective on the development of the global new product that the
participants (automotive and product development process managers) define,
have been calculated in the importance of these criteria along with the impact
rates overlapping with the market performance of the new vehicle. When the
results are evaluated in terms of decision-makers, the main reason why MF type
automotive companies who develop new products on a global scale is more pre-
ferable is the 31.4% rate of design validation stages that lead to the guiding role
of the project results. In this computer environment, the new developing design
verification steps constitute the most preferred criterion among the participants.
In addition, the design validation steps correspond to the results of the domi-
nant market performance of the product belonging to this group, together with

the determination of the use of MF type automotive companies in vehicle design
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oty | s | Moma

Derived Priorities with respect to VEHICLE PRICE < GOAL Derived Priorities with respect to ANNUAL PRODUCTION AMOUNT< GOAL

INCONSISTENCY RATIO =0.10 INCONSISTENCY RATIO = 0.10
An Inconsistency Ration of .1 or more may warrant some investigation An Inconsistency Ration of .1 or more may warrant some investigation
IR E— FrobucTioN Fricr [ I |

[VEHICLE CAPACITY 157

| [n~uaL probucTion amount [.047 [ |

PROJECT FRAMEWORK | .044 [

] VEHICLE PASSENGER caPAcITY [.129 _:

BTAGE-GATE PROCESS | 159 [ | probUCT LIFE CYCLE [-o2s T |
VEHICLE DESIGN ACTIVIT] 397 [ | ProJECT CoST o029 T |
PrOJECT DURATION o5 T ]

EHICLE DESIGN  ACTIVITY| .083
V&D)

PESIGN VERIFICATION PHASE [ 314 _

Figure 5. Comparison matrix, main and sub-criteria (EC software view).

stages. In the study, when the factors affecting the improved vehicles introduced
to the market under increasing competition are evaluated, it is observed that the
criteria with the lowest importance are the project time by the decision makers.
In this case, it is concluded that the decision of the decision makers (automotive
company managers) under a different scientific approach is more important
than project time. Figure 6, shows the effect rates of automotive company
products under the criteria. The effect rate of the alternatives obtained from the
use of EC software is highly valued in automotive products developing global
products as will be seen in Figure 6.

In the application study, the weight ratios of the design stages defined by the
participants in the globalization of the product and the market performance pa-
rameters of the new vehicle were compared. While market performance evalua-
tion of vehicles is made, the market information of the products belonging to the
automotive companies performing the same class product, manufacturing and
design activities in the same region are formed by the use of a statistical data
archive belonging to a neutral official institution. The stages of product devel-
opment used by the participants for their companies were listed by comparing
the automotive companies included in the research. Therefore, the names of the
participants were questioned in one on one interview by taking into considera-
tion the step definitions of the participants. The comparison results are shown in
Figure 6. The results of the AHP method performed through EC software can be
summarized as follows:

- The number of employees involved in new product development and vehicle
design stages shows the intensive use of such criteria. As it is seen in Figure
6, the values of the automotive companies and the new product development
processes, which are under competition, are compared with the proposed
approach and the values obtained correspond with the market performances
of the companies in question. In the study directed by the company manag-
ers, it is seen that design validation stages have an important role in the glo-

balization of the new vehicle among the product development processes. This
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Figure 6. Comparative effect rates of alternative automotive company vehicles (EC software view).

can be explained by the fact that the weight of the relevant sub-criterion in
the AHP model is rather high (0.314) under that main criterion, and that the
alternative corresponding to the criterion in the decision model is in higher
priority ratios. In other words, since the main criterion weights as a result of
the evaluation of the participants and the order of importance of the alterna-
tive vehicles are the same, the matching situation occurs. This is due to the
overlap of the same point of view or order in the process of determining the
weight of the benchmark for testing the proposed approach. The perfor-
mance criteria for the five criteria that constitute the quantitative market data
of the five criteria indicating the characteristics of alternative vehicles were
initially calculated as a percentage. In other words, these quantitative criteria
are calculated by comparing the percentage share of the new product with the
share of market performance and the participant preference rates tested. It is
seen that the proposed approach gives better results than the participant pre-
ferences in most cases under these ten criteria, and in a few cases it is equal to
the market performance of the vehicle.

- In the study, firstly, the consistency rates of the criteria formed under the da-
ta obtained as a result of the interviews with the 84 participants who were in-
formed about the new product development process in the units within the
factories where the application was carried out were calculated. It was ob-
served that 50 employees’ answers were consistent with the questions given
by the company executives attending the interviews and the weights given to
each criterion were calculated by taking the matrices into consideration
(Figure 7).

- In the first phase of the research, a simple two-stage AHP hierarchical struc-
ture with five criteria was created to reveal vehicle design stages. With the
AHP model, after determining the impact of each decision-maker on the cri-
teria, the stage of the development process defined by each decision-maker
has been obtained by taking into consideration the importance of the new

product development stage of automotive companies.
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Figure 7. Product comparisons of automotive companies (EC software view).

DOI: 10.4236/wjet.2018.64062

939

World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2018.64062

F. A. Paker et al.

As seen in Figure 7, the results obtained from the EC software were trans-
ferred to the AHP effect rates under the comparison of the alternative 6 com-
peting automotive firm products, consisting of 2 sub-criteria, consisting of 5
main criteria. MF1 takes the first place in the number of product design, product
development process, project cost, product life cycle, production number of the
automotive company’s vehicle design activities and design verification stages.
The MF1 automotive company’s market leading position in the market perfor-
mance leadership and new product development process is the first in seven of
the 10 benchmarks. Alternative companies and criteria that should be evaluated
in Figure 7, is: The vehicle capacity value of BF1, the vehicle sales price criterion
of MF3 company and the project time of MF3 company. It is observed that the
short project time and the low price strategy of the MF3 Company have suc-
cessful secondary results under the AHP model. The performance results of the
AHP method through EC software are shown in Figure 7.

The average value of each sub-criterion, taking into account the order of im-
portance of each sub-criterion, is calculated in Figure 7 for the purpose of
showing which main competitor firms are met at the level of the main criteria.
In Figure 7, the larger the value (convergence of 1 or 0.999) indicates a better
result. As seen in Figure 7, the design validation stage criterion is the highest
value among all main and sub criteria. While the flow of the mathematical mod-
el formed under the intended problem solving in 3 levels creates a more complex
formula, there is only one structure in the actual application that takes into ac-

count the two stage criteria.

5. Conclusions and Discussion

In this study, AHP model EC software based fuzzy logic method has been de-
veloped for the problem of determining the stages affecting the new product de-
sign in the automotive industry on a global scale. The problem is composed of
two stages (Figure 8). Therefore, in order to solve the problem, in the first stage,
it was determined how new product development and vehicle design stages in
automotive companies took place in practice. Then, the process of development
of the equivalent vehicle and automotive company were evaluated. In the first
stage of the study, benchmarking criteria have been established by taking into
account the effect of design validation development processes on the final prod-
uct (Figure 8). In the second stage, the market performance information of the
automotive company products has been reached to test the information obtained
(Figure 8). Each of the benchmarks taken into consideration is important prod-
uct development steps for the global expansion of the new vehicle passing
through the design phase (Figure 8). In this context, one on one interviews were
made with the automotive company and development process managers and
main and sub-factors were determined under the AHP method. Then, EC soft-
ware was used to calculate the weight of the criteria formed by the participants

with different decision structure at the firm level. The variability between the
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Figure 8. Sequencing of the sub-criteria affecting the globalization of the new product (EC software view).

design processes used in the research has been unified in six different structures
by becoming common at the participant company level. These comparative
process models were discussed together with the impact rates under the criteria
and the AHP method was solved by EC software (Figure 8).

In order to test the validity of this proposed approach, the market perfor-
mances of the automotive company products included in the comparison struc-
ture were evaluated under the AHP model (Figure 9). Therefore, with the results
of the obtained EC software, the market performance parameters of the com-
peting automotive company vehicles in the comparison constitute the test val-
ues. According to the test results, the proposed approach overlaps. In this con-
text, the main and sub-criteria of each competing automotive company product
are calculated numerically (Figure 9). According to the result of the proposed
approach with the AHP model, it is revealed that the use of design validation
phase as a sub-criterion has a significant effect on the globalization performance
of the vehicle (Figure 9). In addition, when the sub-criteria are compared at the
level of the competing automotive firm product, the results vary in the results of
the study despite the low impact of the project duration and vehicle price criteria
(Figure 9).

In this study, 14 vehicle design phases and 24 new product development steps
were determined in automotive company applications (Figure 9). The design
verification steps of the automotive companies involved in the research, along
with the vehicle design stages, as well as the new product development step col-
laborations play an important role in globalization dissemination. It has been
revealed that the design validation criteria have an effective role in the new
product development phase definitions of participant automotive company

managers and the market performance values of the vehicle. In the first stage of
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Figure 9. The results; Performance analysis of the criteria (EC software view).

the two-step study, new product development stages were defined in the auto-
motive company (Figure 9). In the second part, the impact significance levels of
these stages were determined (Figure 9). Therefore, as an exemplary application,
this problem can be easily adapted to other industry and sector studies. It is
thought that the proposed solution practice will take place in the global devel-
opment of the automotive industry. New disciplines such as design verification
activities in the automotive industry or vehicle industry are included with new
technologies. It is expected that scientific publications on the development or
current status of the automotive industry will increase. The new product devel-
opment stages currently discussed in this study or the factors that affect vehicle
design activities and current fiction can provide insight into the process analysis
of developing sectors other than automotive industry. In addition to this, in the
process development, studies on increasing the scientific diversity or optimiza-
tion of the response of the new product under variable conditions can be pre-

sented.
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