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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 production factory and stage-gate department in Turkey) and global automotive companies (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 company 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 completed the stages of vehicle design, plays an active role in the growth and shrinkage or expansion of automotive companies in the new markets with the impression it gives to different users in different regional markets. Therefore, it is
difficult to distinguish the contribution of vehicle design financially in the market 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 verification 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 orientations. The development of a single automotive component with a focus on innovation 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 development 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 increasing chart. Vehicle design in the automotive industry has many current
DOI: 10.4236/wjet.2018.64062
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stages of development like, product verification on the new technologies to virtual assembly. The rapid adaptation of new technologies in the automotive industry shows the dynamism of scientific diversity in the interdisciplinary new
product development process in this sector [13] [14]. For this purpose, the definitions, 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 evaluated under the interactions of three different main development stages. Although design and design verification constitute two different product development titles, considering the stages of product development, a nested holistic
structure is revealed. These process components were compared in the same region, in the same market, manufacturing with same class vehicle, dependent on
global brand (MF) and independent local (BF) automotive companies were examined 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, design 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 possible 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 activity 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) automotive 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].
DOI: 10.4236/wjet.2018.64062
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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 series of tests conducted for the validity of the positive response of different products in different environmental factors [16] [17]. In the new concept development, 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 approach in the automotive industry includes new functions, new forms, new
ideas, and testing on the main structure. Under the conditions of heavy competition, 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 approach controls all production processes, from the measurement of different
scientific approaches under environmental factors, to the parts connection details 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 product development process constitute the organization of a productive efficient resource 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 generation approach in the product development process is the result of the numerical easy synthesis of the conceptual outputs and the transfer of alternative solution suggestions or boundary conditions through computer aided visual methods [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 development stages. In the design activities, the visual development of the strength verification results of the main structure formed by new concepts form the boundary information for the next vehicle design project. Prior to new generation design validation approaches, Verganti (1997) argued that it would play an important 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 verification 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 imDOI: 10.4236/wjet.2018.64062
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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 under a result-oriented common formula. Within the scope of automotive companies, data such as determining the market success and spread of the new product, determining the sales price, usage capacity or production quantities of the
vehicle passed through the design stages are carried out with quantitative information. In the light of this quantitative information, fuzzy logic method is preferred to evaluate the formation stages of the new vehicle or to examine the effect of qualitative automotive design activities on the final product. AHP mathematical 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, Topsis, 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, profitability 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 competing automotive firms’ level. In addition, for the solution of the problem and
testing of the findings, the product sales performance of these automotive companies 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 results. 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 managers 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 sysDOI: 10.4236/wjet.2018.64062
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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 mapping, the design, verification, development stages of the automotive companies, together with the common step collaborations were formed in detail (Figure 2).
During the one on one interviews, the participants were asked to set the criteria 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 design step to the 5th place for the globalization of the new product. The remaining stages and criteria which are not preferred by the participants are also positioned 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 product 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 method 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 interview, 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 matrices. The most important factor in the mathematical model is to obtain the

Figure 1. Product values of the automotive companies that make up the comparison.
DOI: 10.4236/wjet.2018.64062
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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 automotive 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 information. 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
DOI: 10.4236/wjet.2018.64062
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Figure 3. The importance of the criteria in the comparison at the vehicle & company.

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 evaluated in the design process-oriented test of the market results of the benchmarking 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 vehicles (competing automotive company products) are given. Under development
processes, the effect rates of alternative vehicles, which reflect the market performance 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 development 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 preferable 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 dominant market performance of the product belonging to this group, together with
the determination of the use of MF type automotive companies in vehicle design
DOI: 10.4236/wjet.2018.64062
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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 parameters of the new vehicle were compared. While market performance evaluation 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 development 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 consideration 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 managers, it is seen that design validation stages have an important role in the globalization of the new vehicle among the product development processes. This
DOI: 10.4236/wjet.2018.64062
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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 alternative 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 performance 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 preferences 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 data obtained as a result of the interviews with the 84 participants who were informed about the new product development process in the units within the
factories where the application was carried out were calculated. It was observed 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 structure with five criteria was created to reveal vehicle design stages. With the
AHP model, after determining the impact of each decision-maker on the criteria, 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.
DOI: 10.4236/wjet.2018.64062
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Figure 7. Product comparisons of automotive companies (EC software view).
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As seen in Figure 7, the results obtained from the EC software were transferred to the AHP effect rates under the comparison of the alternative 6 competing 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 performance 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 successful 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 importance 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 model 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 account the two stage criteria.

5. Conclusions and Discussion
In this study, AHP model EC software based fuzzy logic method has been developed for the problem of determining the stages affecting the new product design 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 product (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 product 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 software 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
DOI: 10.4236/wjet.2018.64062
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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 performances of the automotive company products included in the comparison structure were evaluated under the AHP model (Figure 9). Therefore, with the results
of the obtained EC software, the market performance parameters of the competing automotive company vehicles in the comparison constitute the test values. According to the test results, the proposed approach overlaps. In this context, 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 collaborations 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
DOI: 10.4236/wjet.2018.64062
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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 automotive 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 development 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 development 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 optimization of the response of the new product under variable conditions can be presented.
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