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Abstract

The function of decision-making in the management of new product devel-
opment and vehicle design activities is achieved by defining, constructing or
evaluating the outcome-oriented, and most effective steps from the sub-steps
that form this basic process. The choice of the sub-stages of the basic process
or the decision of how to do a job gains importance in terms of the efficiency
of the firm’s activities. Therefore, the decision making function is one of the
basic elements involved in the formation and development of the basic proc-
esses that can comply with the market dynamics of firms. With the new
product being developed, the selection, the current editing or the evaluation
of the steps that make up the vehicle design activities for the automotive in-
dustry companies that exist and compete in the market, bring about signifi-
cant gains. In the manufacturing industry, the design of the vehicle deter-
mines the market spread, while the competitive conditions are driven by the
new or improved product decision. In both cases, the automotive industry
firms must know the stages of the most appropriate vehicle design in their
own right, and the steps of forming new project dynamics must be devised in
this direction. In this study, the result oriented activity of the current vehicle
design phases used in the automotive industry companies is determined and
the order of importance of the stages is listed. For this purpose, under the
same conditions of competition (the same market, the same class vehicles de-
velops and manufactures), 4 in the automotive firm administration, a total of
40 employees (4 x 10 process manager) with the vehicle design was evaluated
by determining the effectiveness of the use of the stage. At this stage, analytic
hierarchy methods applied to each of the phases are explored in practice in-
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stead of the use of the significance level automotive company. Study of the
vehicle design phase of the automotive industry: structure, process modifica-
tions or new project reveals the important values to be configured according
to the size.
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1. Introduction

Repeated transactions are increasing the managerial responsibilities of managers
in the upper echelons day by day under the processes of firms’ development,
competition or uncertain and variable environmental conditions. The most fa-
vourable preference orientation of a manager in decision-making approach leads
to the evaluation of more than one quantitative and qualitative factor together
[1]. Within the decision directions of the firms, detailed synthesis sets are in-
cluded under the information gathering, situation evaluation and analysis, and
scientific approaches. Multi-step basic processes are planned, guided, or classi-
fied according to new project variables by determining the effect of each
sub-step. The ability of automotive companies to compete with existing or po-
tential competitors over new products can be achieved through the interaction
of many design process variables [2] [3]. In the course of new product develop-
ment processes, the current definition of these factors or the dynamic fiction is
important. The fact that automotive industry companies can make correct and
quick decisions and convert them into applications under defined processes
provides important contributions to competition power [4] [5]. Under this ap-
proach, companies using up-to-date decision support methods can effectively
use functional business processes under time factor. Vehicle design activities in
the automotive industry constitute the early stages of the new product develop-
ment process [6] [7] [8]. In the automotive industry, identifying the definition or
co-operation of current vehicle design phases is an important step in evaluating
these early creation processes. The effective use or editing of early stages, in addi-
tion to preventing the renovations in the subsequent project steps, increases the ef-
ficiency of the new product development process [6] [9] [10] [11]. Automotive
firms continue to struggle for existence with vehicle design and production, in a
severe competition environment with new product. However, these companies,
which provide development and propagation in the market with new vehicle de-
sign, provide important gains under the current editing of the stages [11] [12] [13].
In this study, each sub-stage of product development process, current vehicle de-
sign stages and final new product, which are important in automotive industry
companies, are evaluated by Analytical Hierarchy Method (AHP).
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2. AHP Calculation Method

New product development in the automotive industry creates profit-based proc-
esses of existence. Among the main activities, the use of some steps or the stage
value can add value to the result-oriented structure of the automotive company
processes. The automotive industry companies must make the most appropriate
new product development phase in line with the project targets in order to pro-
vide the market development and spread in the vehicle class they are in. Auto-
motive industry firms in extend market share and effective deployment their ve-
hicles to ensure the class project goals to make the most appropriate product
development phase. Within the vehicle design process of the automotive indus-
try companies, the final new product can be determined by the Analytical Hier-
archy Process (AHP) method, which creates the most impactful steps. From the
fuzzy logic solutions, the AHP creates an easy-to-understand methodology in
the decision-making or evaluation process, along with multidimensional qualita-
tive and quantitative factors, result-oriented mathematical model combinations.
AHP, developed by Saaty (1980), is a methodology that evaluates knowledge,
experience, processes, personal thoughts and predictions with logic mathemati-
cal formulas [14] [15]. This mode of operational research is a widely used, fast
and efficient method for solving multi-criteria decision-making problems fre-
quently applied in practice and in scientific approaches. Because of these gains,
the use of AHP varies: the choice of product design collaboration [16] [17] [18]
[19] [20], the most appropriate product choice [21] [22] [23], the current proc-
ess selection and implementation [24] [25] [26] [27] [28], applications [29] [30],
technology selection [31] [32] [33] [34], investment decisions [35] [36] customer
evaluation [37] [38], risk management [39], supplier selection [40] [41] [42]
[43]. The AHP generates the result by evaluating the alternatives in a hierarchi-
cal structure at the level of main or sub-criteria and possible sub-criteria in the
framework of the objective that creates the main problem. For mixed, difficult to
understand or non-stereotyped problems, the result is a focused method and is
based on three basic stages. The first phase is the significance hierarchy deter-
mination, the second stage is the sub criteria or alternative determination of su-
periority, the final step is logical and statistically consistencies in the sanity check
flow of the coefficient in the AHP mathematical model. The use of the AHP
method provides effective solutions in the selection or evaluation of proc-
ess-oriented systems. All parts of the AHP structure form one with the other. In
addition, each piece is dependent on each other, and how the ratio of each
change leads to other factors can be followed clearly. The traceability or elasticity
of the AHP tier structure provides observable phase values for the decision site.
The main problem with more than one option is that the variables that make up
the defined alternatives are weighted within the whole of the factorials, taking
into account the gradual importance of the variables. AHP is the method of re-
vealing the importance preference of each criterion or process within the whole,

which constitutes each alternative in hierarchical structure, under observable
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stages. AHP method is based on the decision scale (5 Scale) benchmarking as
reported in Table 1.

After the basic problem has been transformed into a gradual structure, each
variable in this model is treated according to the degree of importance over the
weight of 5 scale (Table 1) with each other. Under the scaling unit given in Ta-
ble 1, each factor with integrated values forms a cross matrix with binary com-
parisons according to the significance matrix (Table 2) [14]. As a result each
factor is based on the logic of the other variable accumulate endless levels of
preference. Therefore, each factor has a single value within the whole. The
“W{ W’ expression used in the binary comparison matrices that define the “sig-

« »

nificance” of the “/” factor from the “/’ variable in order to achieve “W”. For

« »

example, if the scale is 5, it means that the value of “/” is 3 times higher than the

« »

'/ factor. Another way to explain this situation is that the factor

« »

'/’ is expressed
in the binary comparison matrix where the factor “/ is 2/3 significant [14]. The
basis of the AHP calculation method is based on the determination of the ratio
of the eigenvectors created by the binary comparison matrices to each other. The
method used in the study, the eigenvector of each binary comparison matrix is
positioned in the hierarchy, tested by Expert Choice (EC) software. In addition,
each row value in binary comparisons was normalized by considering the con-
sistency ratio and control over the whole cell average of the matrix structure was
ensured. The computation of the consistency of the binary comparison matrix,
which forms the core of the main structure, is based on the continuity condition.
Consistency calculations of binary comparison matrices: the highest relative ra-
tio occurs at “Amax” matrix level with “n” equal value. To calculate the signifi-
cance levels of the factors, the geometric mean of each horizontal column is the
“row effect value”. By normalizing the rows of the clustered binary comparison
matrices, the “relative significance value” (W) is calculated. The impact values of
each line in the binary comparison matrices are multiplied by W and the impor-
tance ratios of the second stage “R2” are calculated. The next step under the

mathematical model is to divide the master cluster variables corresponding to

Table 1. AHP rating scale [14].

Level of e .
Definition Interpretation
Importance
1 Equally preferred Two activities contribute equally to the objective
N Moderately Experience and judgment slightly favour one activity over
another
Experi djud t strongl tially f
5 Strongly xp'>e'r1ence and judgment strongly or essentially favour one
activity over another
An activity is strongly favoured over another and its dominance
7 Very strongly . .
demonstrated in practice
The evidence favouring one activity over another is of the highest
9 Extremely . R
degree possible for affirmation
Intermediate . X
2,4,6,8, ... I Used to represent a compromise between preferences listed above
values
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Table 2. Formula of the binary comparison cross matrix and position within the mathe-
matical model [14].

a, a4, a; - q, 1 l/an 1/a3I l/anl

ay n Gy @y, ay 1 1/032 o l/anz
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0 n
Level 2 b =a, Zan w, = Zaq /n
i=1
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Level 3 D= I:a” ] X[w ]M1 = [d,,]m A= ii/n

-1 W,

i

the obtained “R2” ratios, yielding the arithmetic mean of the third rank “R3” and
the highest value “Amax” of the match. In all these stages, the consistency rate is
determined at each stage and the deviations within the result are controlled.
Within the calculations, the control of the consistency deviation value indicates
that the installed system operates at the detail level. Hence, the definitions calcu-
lated under the binary comparison stages are consistent with the consistency of
the final selection stage. In other words, one hundred percent consistency of
consistency within the AHP method requires that the uncertainty over the vari-
ables be ignored. Therefore, in order to take into account possible risks, consis-
tency must be under control. In Table 2, in the AHP binary comparison struc-
ture, the rate calculated by Saaty (1980) modelling method is used to check con-
sistency [14].

In Table 2, the consistency ratio in the mathematical model is calculated by
the structure of “Amax — n/n — 1” (consistency ratio: consistency value/deviation
ratio). Therefore, if the consistency ratio is less than or equal to 0.1, the consis-
tent output of the matrix value is assumed. In another approach, if this ratio is
greater than 0.1, the matrix does not produce consistent results. Against this
situation, the binary comparison rates that make up the selection need to be
checked again. This study (Table 2), which is carried out under the AHP
method, is calculated by the structural structure of the variables, which is formed
by the impact importance levels. In the application section of the study, the cal-

culation method of the AHP mathematical model is given in detail.

3. Method of Determining Vehicle Design Stages

The new product development process in automotive industry firms starts with
vehicle design stages and results under manufacturing steps. Therefore, vehicle
design activities consist of the basic stages of the formation, development and
testing of the new product. The impact of these key phases on the new product
has important implications for competitive automotive companies. With the
new product processes, automotive companies create significant value creations
such as market acquisition, development and spread under competition. De-
tailed research has been carried out on the equivalent products of the automotive

companies that make up the definition and comparison structure of the vehicle
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design stages in the focal point of the study. In the same competitive environ-
ment, the working limit of the companies involved in both design and manufac-
turing was determined. Therefore, one-to-one interviews were conducted with
10 process managers from each automotive company included in the field sur-
vey. The fact that the company managers taking part in these interviews for at
least 5 years, taking an active role in product development or design stages con-
stitutes the final scope of the research. In addition, in the context of the conser-
vation and confidentiality of ethical values, large automotive companies and
managerial staff who were involved in the field survey were provided with study
data under a specific code system. Automotive companies that emerged within
the framework of the determined limits are divided into two classes, being de-
pendent on local and international brands. This company classification is pre-
ferred for the formation of opposite data in the structure of comparison of
in-depth information about the subject. The current vehicle design stages identi-
fied in the automotive companies within the scope of the research are given in
Table 3. As it is explained in Table 4, the participant companies, which do not
have some stages, carry out detailed plans to incorporate these works into their
bodies. It has been determined that these companies, which do not have such
stages, partially performed these processes in different defined steps. Therefore,
the phase definitions and impact scores included in the evaluation structure are
modelled under this perspective. As a result, each automotive company em-
ployee has determined the importance level of each vehicle design phase in
terms of impact value on the new product (Table 3). As stated in Table 4, the
vehicle design stage value given by each automotive company manager is formed
under a 5-scale arithmetic average value being created.

In Table 4, the vehicle design stages determined in the field work of the com-
peting automotive companies (data such as testing of software, hardware, occu-
pations and duration research data) were used. Therefore, for each stage in Ta-
ble 4, each profession and every hardware or software use is evaluated under the
study.

In Table 4, the basic phase definitions of software, hardware, occupation and
similar features as determined in the design stages are evaluated by the employ-
ees in Table 4. 2D sketch; in the creation of new concepts, the drawing of the
ideas through paper or computer (2D) interface, which includes the drawing
works. This is the beginning phase of the project, in which creative values, new
ideas or differences in the product become identifiable in the project objectives
and competitive environment. 2D Technical view: drawing of the vehicle draw-
ings from the sketch stage, according to the production and product structure,
technical drawing standards. It is the basic step structure which includes the
transformation of draft and idea works into manufacturing preparation. 2D
Presentation: Draft and sketches are created with technical drawings expressed
in the selection of vehicle alternatives to the top management. The approval proc-

ess of the contents of the presentation prepared in computer or paper environment
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Table 3. Current vehicle design phases of automotive companies.

(a)

Automotive Company

Current Vehicle Design Phases Currency Software Occupation
MF1 MF2 BF1 BF2

C1 2D Sketch + - + + A.C-AD.-P.S E,G.
C2 2D Technical Drawing + + + + AS.-D.C-SW E,T.
C3 2D Presentation + + - - A.C.-A.D.-P.S E,G.
D1 3D Clay Model + + - - G.C.-D.C.-N.X E,H,S.
D2 3D DT CNC + + + - G.C.-D.C.-N.X E, M.
D3 3D CAD model + + + + AS.-D.C.-S8.W E, M.
D4 3D CAD Detail Design + + + + D.C.-R.C-8.W E., M.
Vi 3D Production Assembly + + - - D.C-NX.-SW E., M.
V2 3D Rapid Prototype + + + - G.C-D.C-NX E., M.
V3 3D Functional Prototype + + + + R.C.-D.C.-S.\W E., M.
V4 3D Data Control and Transfer + + + + R.H-D.C T., M.
(®)

Abbrev Software Abbrev Software Abbrev Occupation
A.C. Autodesk Alias Concept N.X. Unigraphics E. Industrial Designer
AD. Autodesk Alias Design ~ R.C. Rhinoceros T. Draftsman
P.S. Adobe Photoshop G.C. Cimatron H. Sculptor
AS. Autodesk Auto Studio ~ V.R. VRay G. Grapher
D.C. DassaultCatia K.S. Key Shot S. Ceramicist
S.W. Dassault Solid Works S.C. Show Case M. Mechanical Engineer

Table 4. Effectiveness values of vehicle design stages at the level of automotive compa-
nies.

The phase of impact value automotive companies

Current vehicle design phases

MF1 MEF2 BF1 BF2
2D Sketch 9 7 4 5
2D Technical Drawing 9 8 6 7
2D Presentation and Approval 8 5 9 7
3D Clay Model 9 4 8 6
3D DT-CNC 5 5 8 9
3D CAD model 9 6 3 1
3D CAD Detail Design 2 4 9 5
3D Production Assembly 9 7 4 1
3D Rapid Prototype 4 6 9 8
3D Functional Prototype 3 3 7 9
3D Data Control and Transfer 8 4 9 6
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to the senior management varies according to the automotive company. 3D Clay
Model: It is the mass structure of the product, which physically identifies the ve-
hicle model produced and selected with the use of clay mud (which is solidified
at ambient temperature, formed at low temperatures) for automotive industry
use. Within the scope of 2D sketches, under the support of technical drawings, it
is the hand-made production of various scales, manufacture of the mud models.
3D DT & CNC: The machine that converts the vehicle model formed from
physical clay mud to the computer environment (physical objects, multi-axis,
high-resolution photos under the computer coordinate system, point cloud
forming, digital scanning device (DT)). The new model of the new vehicle
formed by DT is the mathematical model (CAD) defined under the com-
puter-aided three axis coordinate system. This stage creates conversions and
modifications between the computer environment and the physical clay model.
3D model (defined under the triangular: x, y, z, coordinate system) transported
by DT, with the support of the CNC (numerically computerized milling machine
in 3-axis or 5-axis coordinate system) takes the form of physical final product
model. 3D CAD model: It is the working stage of CAD, which a whole is set of
3D data obtained after clay mud model manufacturing and CNC renovations.
All of the information obtained from the previous stages, within the functional
product structure, includes editing work. 3D CAD Detail: It is the process of de-
fining the details required for each piece of CAD vehicle model to perform its
usage functions in CAD environment. 3D CAD is defined in the vehicle model,
the inner shell of each part of the outer shell, again in the virtual CAD environ-
ment is the stage of creation. 3D Mounting: This means that all parts of the 3D
CAD vehicle model which is formed after the stage work up to this point, will be
assembled in the serial production line. Nowadays, these new vehicle test instal-
lations are carried out under computer simulations. 3D Rapid prototype: is the
modeless physical production technology, for the control of the functional use of
new vehicle parts, which have been tested before the mass production, for the
manufacturing and assembly trials. Although it is a new developing technology,
it is completed in a very short time with the help of devices working in the
computer environment. 3D Functional prototype: is the first trial installation
phase of the parts of the new vehicle manufactured with serial production
moulds. At the stage where the components of the whole constructions are per-
formed in the process of adaptation and function, studies are carried out on the
model for testing or certification of the new vehicle. The pre-production trial
phase of the new vehicle runs all functions before mass production. 3D Data
transfer: is the stage of sharing the 3D CAD data of the new vehicle with process
stakeholders, whose conceptual formation, development and testing has been
completed. It expresses the sharing of new vehicle information through 3D data
by all process partners. In this step, the difference of the software used by each
stage of the partners is the loss of CAD data.

The lower stages of each vehicle design activity as defined above consist of

three basic stages according to the process flow. Along with the vehicle design
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phases defined as concept formation, development and testing, the operation of
the lower stages constitutes a structure as given in Figure 1. In order to trans-
form the hierarchical structure defined in Figure 1 into mathematical evalua-
tion, the use of the steps in each automotive company or its significant impact
on the new product was determined in the field studies (Table 4). The effect of
each main and sub-process in Figure 1 on the use of automotive companies in
the new product is evaluated over 9 points. For each process value to be mod-
elled according to the AHP comparison scale, it is calculated under the new
product effect rate of the other automotive firm value design stages over 9 sys-
tem points. Example: The 3D virtual assembly stage is the most efficient vehicle
design step for the MF1 automotive company, but the BF2 vehicle manufactur-
ing has the lowest impact value for the same company.

In Figure 1, the main and sub-stages, the relative importance ratios of the
comparison of automotive firms that make up the alternatives, have been tested
by EC software. In addition, the effect of the stages, that constitute the vehicle
design activities on the new product, in terms of the automotive companies in
the alternatives, is calculated as, relative importance value. The results of the
study, the relative significance and the consistency of the comparisons were
tested by EC software.

4. The Implementation of Findings

For the phase definitions of vehicle design activities, the main automotive com-
panies, including the application area, were visited. In this field study, it was de-
termined that the definitions that emerged during the interviews with the com-
pany managers formed the effect value for the new product. Therefore, the total
weight ratios and the effect of the phases of the main and sub-stages of each
automotive company in the vehicle design activities on the new product have
been determined. Also, in this study, as shown in Table 5, cross-matrices were
formed by pairwise comparisons. In order to find the use and impact values of
the sub-stage criteria of vehicle design within the automotive companies, the
weight ratios of the consecutive main stages, which are defined as, Concept for-
mation phase, Concept development phase, Concept testing phase alt, have been
calculated. For this purpose, using the string in Table 2 based on the evaluations
in Table 1, the main stage ratios were compared with each other, and the paired
comparisons formed the cross-matrix results (Table 5). In Table 5, new product
in the development process, the main phases of the most significant processes
affecting the 46.6% compared to the value of “Design creation phase”, and 20.4%
relative significance at least developed vehicle impact value ( W) was determined
with “Design verification phase”. Using the comparison cross-matrices, for the
purpose of determining the baseline effect values, with the determination of the
relative significance, as described previously, the cross-matrices forming the
double comparisons are normalized by calculating the largest eigenvector. EC

software was used for the mentioned study.
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Goal | The determination of the impact of the new product of vehicle design phase |
Main Stage Design Design Design
Creation Phase(0.466) Evolution Phase Verification
(30 Phase(0.204)
Sub Stage 2D Sketch 3D Clay Model 3D Rapid
(0.466) (0.375) Prototype.427)
2D Technical 3D DT&CNC 3D Functional
Drawing(0.333) (0.208) Prototype
(0.353)
2D Presentation- 3D CAD Model 3D Production
Approval(.200) 0.291) Assembly
(0.158)
3D CAD Detail BD Data Control ve|
Trim Transfer
(0.125) (0.061)
Alternative MF1 MF2 BF1 BF2
Vehicle

Figure 1. The model structure of the determination and effects of vehicle design stages on
the new product by AHP method.

Table 5. Binary comparison of the fundamental vehicle design phase.

Design Evolution  Design Verification Design Creation Relative Significance

Phase Phase Phase Value (W)
Design Evolution 1 5/3 5/7 0.330
Desi
sIgn 3/5 1 3/7 0.204
Verification
Design Creation 715 713 1 0.466

Consistency check= 0.9 < 0

The test values obtained by the EC software were calculated by the
cross-matrix ratios in Table 5 and the relative significance vector for the first
stage of the problem was calculated. Therefore, for the solution of the sample
problem at the level of automotive companies, it is revealed that the vehicle de-
sign phase that has the most effect on the new product is the concept of new
formation phase with 46.6%. This result is followed by the Concept development
phase with 33% and Concept testing phase with 20.4% values. The consistency
rate of the paired comparison matrices, which were created for the first level
study of the problem tested with EC software, was calculated as 0.9%. Since the
consistency of the AHP mathematical model does not exceed 1%, the
cross-matrices have a valid comparison value. For the next step of the decision
or selection model: The comparison of the sub-stages forming each basic phase,
the evaluation rates defined in Table 5, and the sequence in Table 6, were com-
pared with each other, and the comparison, cross-matrix calculations were
tested under EC software (Tables 6-8). As a result of these calculations, it has
been determined that the sub-stage of the 3D Data Transfer is 1.2% behind all
the basic stages and the formation of the new product, is the least effective vehi-
cle design step. In Table 6, the concept formation phase is calculated as the ve-

hicle design phase with the highest impact value of the new product in the lower
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Table 6. The main processes “Design Creation Phase” of the binary comparisons lower

sub-stages.
Design Creation Phase ~ 2D Sketch 2D Technical Drawing 2D Presentation w
2D Sketch 1 715 7/3 0.466
2D Technical Drawing 5/7 1 5/3 0.333
2D Presentation Approval 3/7 3/5 1 0.200

Consistency check = -1.779 < 0

Table 7. The main processes “Design Evolution Phase” of the binary comparisons lower

sub-stages.
Deﬂgr}‘)::szluﬁon 3D K Clay Model | ;DCN ¢ 3D CAD Model SES:ID w
3D Clay Model 1 9/5 9/7 9/3 0.375
3D DT & CNC 5/9 1 5/7 5/3 0.208
3D CAD Model 7/9 7/5 1 7/3 0.291
3D CAD Detail Trim 3/9 3/5 3/7 1 0.125

Consistency check = -1.1111< 0

Table 8. The main processes “Design Verification Phase” of the binary comparisons
lower sub-stages.

3D Rapid 3D Functional 3D 3D Data &

Design Verification Phase Prototype Prototype Assembly Transfer W
3D Rapid Prototype 1 7/5 7/3 7 0.427
3D Functional Prototype 5/7 1 3 5 0.353
3D Production Assembly 3/7 1/3 1 3 0.158
3D Data Control & Transfer 1/7 1/5 1/3 1 0.061

Consistency check = -1.106 < 0

stages of the basic process, with a ratio of 21.7% of the 2D Sketch step. Although
the ratio of the sub-stages of the first sub-process of 2D sub-sketch (0.466) and
3D Rapid prototype (0.427) seems to be close within the AHP mathematical
model, the effect values of the new product are positioned in the 1st and 8th po-
sitions. Among the sub-stages that make up the conceptual development phase,
the position of the “3D clay model” in the impact order of importance consti-
tutes the highest variability in the analysis. In Table 8, 3D Rapid Prototype and
3D Functional Prototype stages, in 6th and 7th places, provides the highest im-
pact to the new product, among the sub-stages of the concept testing phase. In
addition, other “design verification phase”, testing of the sub stage “3D Produc-
tion Assembly” and “3D Data Control & Transfer” phases of new product im-
pact ranking at the status of 10 and 11, led to the lowest position of the weight
rate values. 2D Sketch and 2D Technical Views lam sub-stages within the basic

process of Concept formation phase in Table 6, constitute the highest vehicle
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design steps affecting the new product with their 1st and 2nd position according
to the calculations. Another sub-phase in the conceptual formation phase, 2D
Presentation approval, is ranked 5th with the new product impact value. Finally,
in Table 7, 3D Clay Model and 3D CAD Model vehicle design steps, which pro-
vide the highest potential impact to the new product, constitute the 3rd and 4th
ranking position among the lower stages of the “concept development phase”
basic process. However, the 8th and 9th positions of the other 3D DT & CNC
and 3D CAD detailing sub-stages forming the concept development phase in the
new product impact order produced the lowest weight ratios of the study. In the
study, the paired comparisons of the main and sub-stages calculated at the be-
ginning level constitute the total composite relative importance ratios according
to the results of the double comparison of the stage utilization values in the next
step. Thus, in the AHP model generated in Figure 1, the weight ratios of the ba-
sic stages are calculated in Tables 5-7.

Tables 8-10 were combined on the basis of relative significance values (W)
basic stages and lower stages (Table 11, Table 12).

Measurement of the impact new product under the vehicle design process for
each main-phase and every sub-stage, of the determination relative significance
values rates. The value in fundamental problem on the determination of the ap-
pendix includes the following formulas (Table 13). According to the model of
resources in research on analytic hierarchy method describes the stages of the
appendix [14] [15] [27] [44] [45] [46] [47]. Among the factors in all levels of the
analytic hierarchy model of “7=1,2,3,---,n and j=1,2,3,---,n” depiction “n
x 11" level, the first stage of the calculation of comparative cross-matrices. Table
13, the non-clustered indexes defined in the formula Al column contained in A
matrix. All diagonal values of the matrix A (Table 13: 1B column), question 1.
Therefore, in the case of “/ =/ equality gives the result of “a; = 1”. In addition,
A matrix is symmetric elements in themselves non-uniformity each other raises
the status of irreversible equality. Therefore, this equality “a;= 1/a;” is expressed
in the form. In this context, the state of A matrix question Table 13, 1B ex-
pressed with the formula in the column. In the case of equality in question con-
tained a criteria, the relative significance rate in terms of the effect of the solu-

tion and how each alternative, within the framework of research strengths, or

Table 9. The “Design Creation Sub-Phase” of new product impact value (W) alternative

vehicles.
Design Creation Phase (0.466)
2D Sketch (0.466) 2D Technical Drawing (0.333) 2D Presentation (0.200)
MF1 0.360 0.300 0.275
MF2 0.280 0.266 0.172
BF1 0.160 0.200 0.310
BF2 0.200 0.233 0.241
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Table 10. The “Design Evalution Sub-Phase” of new product impact value (W) alterna-
tive vehicles.

Design Evolution Phase (0.330)
3D CAD Model 3D CAD Detail Trim

3D Clay Model (0.375) 3D DT & CNC (0.208)

(0.291) (0.125)
MF1 0.333 0.185 0.473 0.100
MF2 0.148 0.185 0.315 0.200
BF1 0.296 0.296 0.157 0.450
BF2 0.222 0.333 0.052 0.250

Table 11. The “Design Verification Sub-Phase” of new product impact value () alter-
native vehicles.

Design Verification Phase (0.204)

3D Rapid 3D Functional 3D Production 3D Data Transfer
Prototype (0.427) Prototype (0.353) Assembly (0.158) (0.061)
MF1 0.148 0.136 0.428 0.296
MF2 0.222 0.136 0.333 0.148
BF1 0.333 0.318 0.190 0.333
BF2 0.296 0.409 0.047 0.222

Table 12. The “Vehicle Design Main-Phase” of new product impact value ( W) alternative
firms.

Design Creation Phase = Design Evolution Phase Design Verification Phase

(0.466) (0.330) (0.204)
MF1 0.322 0.313 0.196 0.293
MF2 0.253 0.210 0.204 0.228
BF1 0.203 0.274 0.304 0.247
BF2 0.218 0.198 0.291 0.226

Table 13. AHP maths formula that creates the model structure [15].

A B
a, a, 4a; a, 1 l/azl l/aﬂ l/anl
a4y ay 23 @, ay 1 1/“32 o l/an'.’
1 A= a4y 4y a,, = [a(j :|"xn A= a; as; 1 o l/an}
a, 4a, 4a; ‘" a, | . a, a, a, e
2 bUZa'J/Zai/ W‘:Zb,//n
i=1 -1
3 p=[a] <[l [l 1=3
n 1 2 3 4 5 6 7 8 9 —
4 CR=_2=1_
RL 0 0 058 09 112 124 1.32 141 145 (n=1)-R1
; ow-[w]., ko
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based on feedback, under binary comparison method calculated [14] [15] [27]
[44] [45] [46] [47]. Analytic hierarchy method in the determination of factors
creates the next phase vector dominance. The vector of variables “n x 1”7 level
superiority is calculated with the expression “W =[w,] . Among the factors

> in the

nx1
>

defined in question the severity of “i=1,2,3,---,n and j=1,2,3,---,n
formula for the vector “W =[w,] ” to expose must be calculated horizontally
under. Therefore, “W” forming a horizontal vector equality status Table 13, 2A
column transmitted “b;” matrix values. The reciprocal of the arithmetic mean of
the elements of this matrix row equality are given in Table 13, 2B the formula
column. In addition, background this formula the percentage significance of
factors distribution vector rate [14] [15] [27] [44] [45] [46] [47]. Analytic hier-
archy math method in calculation of the consistency model of the third stage
i=1,2,3,---,n and j=1,23,---.n
vector of each advantage in validating the consistency check rate (CR) for the

< >

gate vector dominance. Factors ° > expression
value of 0.1 as a result less than or equal to from. In access to achieve consistent
CR value first A matrix equal the biggest attribute of Table 13, 2B is calculated
under the formula “A” contained in the column. Saaty (1980), for each other
matrix, artificial use of the random variable size “n”, consistency check rate (CI)
is calculated with relative random index (RI) with value (Table 13: 4A column)
[14]. Therefore, CI dividing the number of, RI times the undermentioned situa-
tions (Table 13) from the given equality 4B in column; by utilizing CR range is
verified. In addition, the CR ratio: other matrix relative consistency checks be-
tween the indices of the matrix value comparison of the parts contained in the
whole, resulting from a measure of harmony. The ratio of the value of the
aforementioned, CR rate 0.1 small in the hierarchy structure refers to the level of
acceptable inconsistency. AHP mathematical model in this value is larger
amounts than the CR rate, establishing the structure, creating a phase of the de-
cision makers to compare recurrence (Table 13: 4B column). AHP, evaluation
on the results of the fourth or final consecutive structure and obtaining the
community. AHP mathematical model all the first three stages under the hier-
archy model for calculation. This is the last step in the hierarchy structure cre-
ates each of “n” criteria “m x 1” size by creating the advantages of horizontal
vectors “m x 1’ level “DW” decision matrix stands out occurred. Therefore, the
computed matrix criteria as a result of the product of the “W” vector of su-
premacy between Table 13, under the 5A column vector given equality with 5B
column value of “R” [14] [15] [27] [44] [45] [46] [47].

The lower level phases of “R” effective rate = X fundamental stage “W” sig-
nificance (Table 13: 5A column).

The rate of a sub-affects the fundamentals of alternative criteria are attached
to the underlying “R” the significance (Table 13: 5B column) of this lower level
phase effect rate “R” = W x [(alternative automotive companies use value the
significance of the lower level sub-stage of the fundamental phase “W” x values
“R” effect rate) + (....... )+ e )+ e )].
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Table 14. Values of vehicle design stages affecting the new product (EC view).

Vehicle Design Process Alternative Automotive Vehicles

21.7% 2D Sketch Phase 29.5% MF1

15.5% 2D Technical Drawing Phase 22.9% MF2

9.4% 2D Presentation Phase 24.8% BF1

12.4% 3D Clay Model Phase 22.7% BF2

6.9% 3D DT&CNC Phase

9.6% 3D CAD Model Phase

3D CAD Detail Trim Phase

~
=

8.7% 3D Rapid Prototype Phase

7.2% 3D Functional Prototype Phase

3.2% 3D Production Assembly Phase

1.2% 3D Data Control and Transfer Phase

The calculation of vehicle design stage in automotive companies MF1 (Table
13: 5Bcolumn, AHP calculation example):

“R effective rate = 0.330 [(0.375 x 0.333) + (0.208 x 0.185) + (0.291 x 0.473)
+ (0.125 x 0.100)] + 0.204 [(0.427 x 0.148) + (0.353 x 0.136) + (0.158 x 0.428) +
(0.061 x 0.296)] + 0.466 [(0.466 x 0.360) + (0.333 x 0.300) + (0.200 x 0.275)] =
0.293

Sub-stages alternative automotive companies use to calculate values for: al-
ternative use value and lower automotive companies vehicles of the sub-stages
with the main-phase of collecting the sum of the values of significance “W” re-
sults (Table 13: 5B column). Therefore, Table 13 calculation method and the
selection values for each other alternative automotive company “R’ impact ef-
fective rate [14] [15] [27] [44] [45] [46] [47].

5. Conclusion and Recommendations

In this study, the effect of the design activities on the final product, which is
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composed of 11 sub-stages, which are under the basic steps, has been analysed in
the automotive industry companies within the scope of application, concept de-
velopment phase, concept testing phase and concept formation phase (Table
14). In addition, the 3 main and 11 sub-vehicle design phases used by the com-
peting automotive companies were identified and the impact of these processes
on the final product was evaluated. Analytical hierarchy method was used in the
evaluation studies and the results were tested with EC software.

As a result of the analysis, the impact significance value at the firm level for
each vehicle design phase is given in Table 14. The automotive company which
has the most effective use with the ratio of 0.295 is the MF1. Following MF1
automotive company, BF1 vehicle industry with a value of 0.247 is located. MF2,
BF2, automotive companies were found to be in third and fourth rank with close
to one another, with the results of 0.228 and 0.226 (Table 14). Vehicle design ac-
tivities in the automotive industry constitute the process of development process
in which multiple stages of high variability are evaluated simultaneously. With
the development of new products, regarding to the automotive companies who
are under heavy competition, this situation creates great pressure in the man-
agement level where the time is valuable. This choice is the first and most im-
portant step in determining the phase definitions for analysis. The decision to
form a new product development process fits best for automotive company cri-
teria and is an important prerequisite for efficient use of own resources (Table
14). The efficient use of resources is also of great importance in terms of the
continuity and competitiveness of the enterprise. The analytic hierarchy method
exemplified by this study provides great convenience to the firm’s senior man-
agement and enables the creation, updating and new process editing fast, effec-

tive and accurate.
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