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Keywords Abstract

Orthogonal Array The process of classical data collection through a survey is time-consuming, expensive, and may not be
feasible. In practice, it is always good to make sure that the survey design works with the diversity of
factors and levels that affect the products or services. Since the data quality gathered depends solely on

Stated-Choice Survey

Discrete Choice the quality of the survey constructed and the written questions, this paper presents one of the most
Experiments and effective tools in designing a stated-choice survey using orthogonal array design to gather the
Analysis information that improves the inventory accuracy in electricity company’s warchouses. The stated-

choice survey provides an effective way to explore survey respondents’ preferences and evaluate the
Inventory Control interchanges that survey respondents make in considering several product and service combinations.
Inventory Accuracy This method will help inventory engineers and workers for data collection with more information and a

minimum number of questions and efforts.
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1. INTRODUCTION

Discrete choice experiments and analysis (DCA) are widely used in marketing research, health economics, and
other areas. They have been used to establish policy or survey questions, construct consumer preferences on a
specific topic, and assess current situations. Besides, they are instrumental when exploring and understanding
people’s preferences when data are not available of alternative products and services. In choice experiments,
respondents are offered a set of different choices to be selected from a set of possible options.

In logistic, there are several criteria evaluated and considered simultaneously before purchasing a material, or
a service. Verma & Thompson (1996) stated that purchasing decision about a material or service might
consider several parameters such as service or product quality, speed of delivery, special incentives for buying,
and price. Managers want to know how consumers integrate, value and exchange different product and service
features. The DCA approach provides a robust and systematic way of recognizing the relative weights and
change in attributes caused by decision makers' preferences. DCA approach is based on well tested, and
relatively comprehensive random-utility theory (RUT) leading to a wide-range of traceable and testable models
of selection behavior. In fact, RUT delivers a theoretical link among surveys, experiments, and the other forms
of stated choices and the actions detected in real-life settings. Categorical outcomes are obtained from discrete
choices because they select one alternative from each set of alternatives. Similarly, mathematical models
demonstrating customer choice of product and services can be linked to budgets, labor scheduling, service
offerings and several other factors called operating decisions. The statistical models can be employed from
discrete-choices of buying processes and incorporated in decision-support systems (DSSs) to build a model

*Corresponding Author, e-mail: aalkabaa@kau.edu.sa
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for unique approaches. Dolnicar (2013) offered certain schemes for measurement in the social sciences to draw
clear conclusions about various measurement challenges. Developing good survey questions is crucially
important and precisely depend on defining what is being measured. For most measurements, experts argue
for the requests of a good definition of the goals, however unable to provide helpful guidelines as how to build
the definition that conforms with the criteria stated. Theoretical meaning of factors is usually discussed, for
instance Bagozzi (2011) stated the ambiguity, vagueness, of factors. Dolnicar (2013) argues that good
definition of criteria had better not be vague, imprecise, ambiguous, or unclear. The criteria must be obviously
understood by the respondents who should agree on their meaning. When service marks are considered, if net
definition is not allowed, will increase the uncertainty of decision-making in providing information. This is
considered as the uncertain information, for reducing the effects of uncertain information, the intuitionistic
fuzzy sets can be presented by considering the membership degrees (Mi et al., 2019) to reduce the ambiguity
and vagueness. Yager (2017) presented the intuitionistic fuzzy sets to overcome the dilemma and develops the
degree of flexibility in representing the information preferred. Vetschera (2017) stated that in decision-making
problems determining the weights of criteria is the primary concern. In this context, analytic hierarchy process
(AHP) is an appropriate method Abdi & William (2010) and Ho & Ma (2018) for weight-determination like
fuzzy AHP, fuzzy TOPSIS and fuzzy VIKOR approaches. The economic globalization brought economic
integration of the world, the growth of services continue that becomes fast and steadily, is a global strategy of
comprehensive industries (Meimand et al., 2017). For instance, VIKOR and TOPSIS approaches are practical
methods to solve decision making problems, specifically in the condition where the assessment of options over
buying criteria are conflicting. The fuzzy extensions of TOPSIS, VIKOR and AHP play an important role in
the intuitionistic and hesitant fuzzy information, and linguistic information with hesitation (Liao et al., 2015)
for solving the decision-making problem.

On the other hand, the qualitative research approaches can be carried out for the intent of apprising the
enhancement of questionnaires for the inventory management solely. Nowadays, many surveys are conducted
online with the questionnaires time taking 15 min on average to complete it. Surveys taking longer than 15
min might need less randomness or include systematic errors related with fatigue or boredom (Hoerger, 2010;
Brosnan et al., 2018). Fan & Yan (2010) investigated short surveys and found out that they are less expensive
and have several advantages over long surveys, they may return higher completion rates. Brosnan et al. (2018)
proposed a statistical method for the evaluation and analysis of surveys, which is built on principal components
analysis (PCA) for the elimination of redundant information and items with the loss of minimum information
and optimal information gain. Abdi & Williams (2010) also studied the PCA to solve problems for determining
the principal components. Yet, traditional PCA is not able to recognize the differences of items redundant and
to provide optimum information for survey items. PCA suggests potential for reducing survey superfluous
items. Brosnan et al. (2018) stated that no item is superfluous if each major component exhibits significant
variability. Specialized sampling techniques are employed to attain balance between costs and statistical
accuracy. Kolenikov (2010) stated that data collection in large-scale statistical surveys involves data clustering,
data stratification, multiple and unequal selection possibilities, and sampling with or without displacement.
Survey-sample designers use stratification to increase efficiency, protect against poorly unbalanced samples,
to optimize the overall survey cost. Sampling weights are used for guaranteeing the unbiased estimation which
are adjusted so that the weighted totals of poststratification variables fit the population totals. Nevertheless, a
precise accounting for a complex survey design is extremely cumbersome.

The statistical method aims to decrease survey size, to solve the managerial problems of acquiring optimal
information with minimal cost involving data collection across multiple points in time to improve data quality,
both longitudinal and repeat cross-sectional. The PCA is a standard method for reducing a set of survey items
(Boyes et al., 2009). Cervellera et al. (2007) presented multivariate adaptive regression splines in high-
dimensional inventory forecasting of water reservoir problem using stochastic dynamic programming, and
orthogonal array (OA) experimental designs. They also studied the implementation of artificial neural
networks (ANNSs) as an alternative approach and found out that ANNs performed better with the OA-Latin
hypercube designs. Ambreen et al. (2019) studied to find out disparate stock administration systems of
assembling organizations in Pakistan to investigate the inventory management procedures functionally in the
country. The problems of stock administration determined in this study are poor production schedule, spillover,
stockout circumstance, high lead time and mishandling of records, it was determined that these parameters
have significant influence on the effectiveness of inventory management system. Otchere et al. (2016)
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examined the existing inventory management practices of a chosen company in Ghana. The study used
interview administered questionnaire to collect data from staff of the company for keeping the stock always
available. The survey revealed that, the company faced with serious long lead time challenges in ordering parts
leading to cancellation of purchase orders, so losing customers.

2. MATERIAL AND METHOD
2.1. Orthogonal Array Design

There are several related meanings of orthogonal concept in statistical and mathematical sense. Statistically
speaking, two factors are orthogonal if they are statistically independent, a factor does not significantly affect
the other factor in an experimental design. Therefore, orthogonal array avoids factors from being too
complicated or redundant. The orthogonal design includes each of the level combinations (factor pairs) an
equal number of times. For illustration, consider three factors A, B, and C, each has two levels 1 and 2 as
shown in Table 1. It can be seen that the AB pairing (1, 1); (2, 1); (1, 2); and (2, 2) and other two pairings, AC
and BC, have only one occurrence or repeating, at each level combination.

Table 1. Orthogonal Design

Factor

A B C
5 1 1 2
3
= 2 1 1
S
& 1 2 1
LL

2 2 2

In contrast, the non-orthogonal design does not contain factor level pairing the same number of times. For
example, Table 2. displays AB level combinations; (1, 1); (2, 1); (1, 2); and (2,2). However, the other two
pairings AC and BC, have a duplicated and missed level combinations. For AC, (1, 2); (2, 1); (1, 2); (2, 1);
and the (2,2) combination is missing. For BC, (1, 2); (1, 1); (2, 1); (2, 1); and the (2, 2) combination is missing
and (1,2) is redundant.

Table 2. Non-Orthogonal Design

Factor

A B C
©w
g 1 1 2
i
- 2 1 1
8
S 1 2 1
L

2 2 1

Therefore, the features provided by orthogonal design help the analyst in constructing effective experiments
that can estimate each main effect and interaction independently. On the other hand, if the design is not
orthogonal, either by plan or by accidental loss of data, the results and explanations may be misguided.

The name of the orthogonal array is well known to statisticians in designing optimal experiments that require
complete or only a fraction (short duration) of all factorial combinations. An orthogonal array defines a
balanced layout, that is the factor levels are weighted alike. Then each factor can be evaluated separately from
all other factors, thus the influence of one factor does not impact the estimation of another factor.
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Each column in an orthogonal array defines a specific factor that can have two or more levels. Each row
represents a run that indicates the factor level combinations for the run.

An orthogonal array OA is denoted by (N.f.l.t). The parameters N, f, I, and t represent the number of runs
(rows), the number of factors (columns), the number of levels, and strength of the design, respectively. For
illustration, Table 3 shows an OA (8.7.2.2) which includes only 8 runs which represents a fraction of the full
factorial design. On the other side, if a full factorial design were used, it would have 27 = 128 runs, which
consumes more costs, times, and efforts. It can be noticed that any 2 columns (factors) of the array of Table 3,
for example the first (A) and the third (C), each of the factor level combinations 11, 12, 21, and 22 occurs
exactly the same number of times (two in this case) and that represents the strength of the OA. In general,
orthogonal array designs emphasis mostly on major effects. However, some of the arrays allow a few selected
interactions to be studied. Orthogonal arrays are widely used in computer science, engineering, and business
Gopalakrishnan & Stinson (2008) and Garcia-Diaz & Phillips (1995).

Table 3. Orthogonal Array (8.7.2.2)

A|B|C|D]|E]|F

o |l Nl w|IN|F
NN N R R R
NN P RPN~
Rl DN PR
NI I B O I B O I B O I
[ I ST N Y T B O S B T
RN [N R RN
N R, P[NP, O

3. RESULTS AND DISCUSSION

The method starts by the analyst for creating a choice design that defines the main factors for constructing the
guestionnaire. Each factor contains different levels or alternatives that properly define various choices
provided by the factors. A number of factors’ alternatives construct the options. A group of possible options
defines a choice set, and each set contains the choice of the questionaries. After, the options are constructed,
the total number of questions per respondent is defined based on different designs of orthogonal arrays (Sloane,
2007). For an illustration purpose, Figure 1 depicts the overall conceptual approach applied in this study.

B

forming survey questions selecting appropriate OA from deploy the questioner
(factor descriptions and levels) OA’s library

Figure 1. Overall Conceptual Approach



Abdulaziz S. ALKABAA, Osman TAYLAN

322 GU J Sci, Part A, 8(3): 318-326 (2021)

Any manufacturing or distribution company’s success in today’s interrelated fast global supply chain logistic
environment is directly linked to the organization’s degree of inventory accuracy. However, the effort and
approach required to achieving inventory accuracy are often misunderstood and underestimated. Every year
the inventory committee people in the Electricity Company count and record physical items in warehouses and
comparing them with quantity in the system record; that is, the accuracy here is the percentage of matching
between the physical quantities and the recorded quantities in the inventory’s system, a traditional cycle
counting procedures are scheduled with no accuracy concern. Moreover, no suggested tools for accuracy
improvement are studied. The linked inventory systems become unreliable and uncertain, especially when that
happens in a critical and vital sector like Electricity Company warehouses. The problems associated with the
system unreliability affect the supply chains with many wrong purchasing orders created by the purchasing
department for the causes of shortage materials. As a result, excess materials and high costs for the inventory
will be.

One of various suggested solutions to the electricity company is to design a stated choice questionnaire for the
purpose of exploring and analyzing a lot of information to improve the inventory accuracy from the groups of
inventory engineers and workers with minimum number of questions. This application intends to study
different alternatives influence improving inventory accuracy. There are eight factors of interest: layout of
warehouse areas, material classification types, gate security, tracking material equipment, inventory system
structure, material documentation method, material handling type, and storage design. Table 4 lists the factors
and the associated levels to be considered in the study.

The proposed design for the survey is displayed in Figure 2 by the option or group of relevant factors that are
suggested to improve inventory accuracy.

As shown in Table 4, the orthogonal fractional factorial OA (16.8.2.3) was selected from the orthogonal array’s
library Sloane (2007) that allows sixteen questions, as it can be observed from Table 5 below of the stated
choice questionnaire, that each row of the design defines four options (A, B, C, D).

Table 4. Orthogonal array OA (16,8,2,3)

A B C D E F G H

1 0 0 0 0 0 0 0 0

2 0 0 1 1 1 1 1 0

3 0 1 0 0 0 1 1 0

4 0 1 1 1 1 0 0 0

5 1 0 0 1 1 0 1 0

6 1 0 1 0 0 1 0 0

7 1 1 0 1 1 1 0 0

8 1 1 1 0 0 0 1 0

9 1 1 1 1 1 1 1 1

10 1 1 0 0 0 0 0 1
11 1 0 1 1 1 0 0 1
12 1 0 0 0 0 1 1 1
13 0 1 1 0 0 1 0 1
14 0 1 0 1 1 0 1 1
15 0 0 1 0 0 0 1 1
16 0 0 0 1 1 1 0 1
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All questions asked to the same respondent are grouped as blocks. As presented in Table 5, the proposed stated
choice design suggests two blocks, as appears in Table 5 with a dashed line separated between them, with eight
guestions each. Consequently, two respondents will be required to complete the questionnaire. This can be
completed, for example, by circling one of the letters A, B, C, D for each row shown on the last column of the
guestionnaire of Table 5. The letters must be selected only once by each respondent. For example, respondent

number 1 may select C, A, D, and B for rows 1,2,5 and 8, respectively. Therefore, redundancy of options is
not allowed.

Internal design
Warehouse _|: .
External design
Option A
Layout .
planning Security Automated gate in
gate _|
Automated gate out
ABC
Material _|
receiving Priority
Option B
Material
handling Documentation Method |
type ‘1
Method I
SAP
System —|:
structures Oracle
Option C
Warehousing
system Tracking RFID
technology —|
Barcod
Shelf design
Storage —':
design Internal layout
Option D
Continue with
current practice Material FIFO
handling _‘ o

Figure 2. Factors and Levels that Affect in Improving the Inventory Accuracy
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Table 5. Stated Choice Questionnaire for Improving Inventory Accuracy /» Electricity Company Warehouses

Option A Option B Option C Circle
Set Only
- Material . . ] One
Warehouse Security S Documentation System Tracking Storage Material Option
. Receiving . .
Design Gate Type Structure Methodology Design Handling
Method
1 Internal | Automated ABC Method | SAP RFID Shelf FIFO | ABCD
Design Gate In Design
2 Inteljnal Automated Priority Method II Oracle Barcode Internal FIFO ABCD
Design Gate In Layout
3 Internal |- Automated ABC Method | SAP RFID Internal FIFO | ABCD
Design Gate Out Layout ===
Internal Automated - Shelf
4 Design Gate Out Priority Method I1 Oracle Barcode Design FIFO ABCD
5 External | Automated ABC Method II Oracle Barcode Internal FIFO ABCD
Design Gate In Layout
6 External | Automated | 505 Method | SAP RFID Shelf FIFO ABCD
Design Gate In Design
7 Exte_rnal Automated ABC Method I Oracle Barcode She_lf FIFO ABCD
Design Gate Out Design ===
External Automated - Internal
8 Design Gate Out Priority Method | SAP RFID Layout FIFO ABCD
External Automated - Internal
9 Design Gate Out Priority Method I1 Oracle Barcode Layout LIFO ABCD
10 | External | Automated ABC Method | SAP RFID Shelf LIFO ABCD
Design Gate Out Design
11 Exte_rnal Automated Priority Method I1 Oracle Barcode She_lf LIFO ABCD
Design Gate In Design
External Automated Internal
12 Design Gate In ABC Method | SAP RFID Layout LIFO ABCD
Internal Automated - Shelf
13 Design Gate Out Priority Method | SAP RFID Design LIFO ABCD
14 | Intermal | Automated ABC Method II Oracle Barcode Internal LIFO | ABCD
Design Gate Out Layout
15 | Internal ) Automated | o0 Method | SAP RFID Internal LIFO | ABCD
Design Gate In Layout
Internal Automated Shelf
16 Design Gate In ABC Method I Oracle Barcode Design LIFO ABCD
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4. CONCLUSION

This paper presents the process of conducting orthogonal arrays to construct a stated-choice factorial survey.
Since the quality of the data gathering relies solely on the quality of questionnaire constructed and written
guestions, applying the stated choice survey is intended to effectively gather the information that helps improve
the inventory accuracy in an electricity company warehouse. From a pool of several factors, eight factors with
two levels are selected to improve the accuracy problem. Four options that combine relevant factors in sixteen
sets of multiple choices are considered in the stated-choice factorial survey. The inventory's engineers and
workers will be targeted for data collection with more information with a minimum number of questions and
saving efforts, time, and costs of collecting the data. There are several issues needed to consider in designing
a stated-choice factorial survey. For instance, how far factor levels can deviate from the current knowledge of
the respondent and the order of presenting the questions.
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The kinetics of wind turbine blade operation in a wind field domain is complex, as rotor blades in attempt
to overcome the aerodynamic loads (drag and wake) counteracting the motion of the blade undergo
deflections due to induced stresses. In this study, blade tip deflections and induced stresses on NACA
4610 horizontal wind turbine airfoil were investigated at different wind speeds for three (3) different
blade configurations (hollow with spar, hollow no spar and solid configuration), to determine rotor
configuration with optimum service performance. Using QBlade v0.8, aerodynamic load induced
stresses were computed for normal and tangential loads at wind speeds of 2, 4, 6 and 8 m/s for three

horizontal axis wind turbine rotor blade configurations namely: hollow with spar, hollow no spar and
the solid configuration. The blade tip deflections as well as the resultant fatigue stress for both x and z
axis at wind speeds of 2, 4 6 and 8 m/s were observed to increase proportionately with the wind speeds.
Within a wind speed of 2-8 m/s, tip deflections increased from 5.8203e-03 to 0.2873 mm and 0.5700 to
1.7347 mm on the x and z axis, while the resultant fatigue stresses also increased from 2.77 to 8.19 MPa
for the hollow blade configured with spar. The tip deflections also increased from 5.86483e-03 to 0.2971
mm and 0.589 to 1.7900 mm on the x and z axis with resultant fatigue stresses from 2.88 to 8.54 MPa
for hollow blade configured with no spar. Similarly for the solid blade configuration at wind speed of 2-
8 m/s, the tip deflections increased from 3.530097e-03 to 0.180601 mm and 0.363439 to 1.09563 mm
with resultant fatigue stresses also increasing from 1.91 to 5.55 MPa. Maximum von-Mises stresses
recorded along the blade radius occurred at the mid-section (1.2 m), and were 5554030, 81898880 and
8536480 Pa for solid, hollow with spar and hollow with no spar. The solid blade configuration produced
the lowest blade tip deflections, fatigue stresses and von-Mises stresses, indicating that it has a higher
load bearing capacity than hollow blade with spar and hollow blade with no spar.
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1. INTRODUCTION

The wind speed in Nigeria varies from 2 m/s to 9.5 m/s, making Nigeria one of the countries in the world with
low wind speed (Oyewole & Aro, 2018). For aerodynamic purpose, rotor blade materials such as the wind
turbine must possess high fatigue strength, stiffness and low density for optimum performance (lkpe et al.,
2016), even in low wind speed regions. EI Khchine et al. (2019) demonstrated that horizontal wind turbine can
function in low wind speed regions compared to the vertical axis wind turbine. Wind turbine rotor blades are
subjected to high fatigue cycle and vibrational frequency that can expose the blades to failure during rotation
if proper monitoring and control devices are not installed. In addition, it is subjected to a wide range of loads
such as flapping, tension and compression, twisting etc. all induced by the rotational movement and variable
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aerodynamic loads (Hogg, 2010). Lee et al. (2015) conducted an experiment on the downtime and maintenance
cost of a wind turbine, and found that, the rotor blade incurs 30% of the total cost and as well contribute to
34% of the wind turbine downtime. Sutherland (2000) placed more emphasis on glass fibre as a better wind
turbine blade material due to its high-strength-to-weight ratio, high stiffness and its ability to adjust to the in-
service loading condition of the rotor blade. Okokpujie et al. (2020) employed AHP and TOPSIS multi-criteria
decision method in the selection of four (4) suitable horizontal wind turbine blade materials. Performance
scores for these materials via TOPSIS techniques were: 78% for aluminium alloy, 43% for stainless steel, 67%
for glass fibre and 25% for mild steel, indicating aluminium alloy as the most suitable, followed by glass fibre.
Etuk et al. (2020) examined the normal, radial, axial and tangential loading cycles undergone by wind turbine
rotor blades and their effects on the displacement of the blade structure using QBlade finite element sub
module. Geometry of the deformed blades were characterized by twisting and bending configuration at
maximum strain deformation at frequencies up to 200 Hz. From the deflection values obtained, it was found
that normal loading cycle would cause the highest level of structural damage on the rotor blade followed by
radial, axial and tangential loading. In this study, induced stresses and tip deflection caused by aerodynamic
loads were investigated on three (3) wind turbine rotor blade configuration to determine the optimum
configuration for best performance.

2. MATERIAL AND METHOD

This Study was carried out using three horizontal wind turbine blade configurations as shown in Figure 1. The
loading data was imported from a previously simulated turbine that uses the same rotor. For the structural
blade design module, a simple structural model for the blade was defined inside the Structural Blade Design
and Analysis tab in QBlade v0.8. The model was defined and simulated using isotropic material properties
only. After defining the structural model and the Save button was clicked, the sectional blade properties were
automatically computed. Static loading simulation was set up from the Static Loading/Deflection tab where
the blade tip deflections as well as the resultant fatigue stress for both x and z axis of the blade were computed
for the three (3) blade configurations (hollow with spar, hollow no spar and the solid configuration) at various
windspeeds (2, 4, 6 and 8 m/s). After clicking the Save button, the static deflection and blade surface stresses
(von Mises) were computed and displayed in the 3D Views. At this stage, the structural properties as well as
the results of the loading simulation were plotted in graphs, by changing to Graph View in the toolbar.

b

a. Hollow with Spar b. Hollow No Spar ¢. Solid Configuration

Figure 1. lllustration of the Rotor Blade Section, a) Hollow with Spar, b) Hollow No Spar,
¢) Solid Configuration

Figure 1 represents typical rotor blade configurations for horizontal wind turbine application. It can be
observed in the above rotor blade configurations that some blades are configured with a hollow pattern
reinforced with spar, some are configured with just a hollow pattern with no spar while some are configured
without spar and hollow pattern. The hollow pattern is simply a configuration in which a centre hole or trench
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is made at the mid-section of the blade. This is sometimes applicable to high density rotor blades where the
mid-section are made hollow in order to reduce the blade density. In such case, the trench can extend fully or
partially along the length (i.e., span-wise direction) of the blade.

The term “spar” is a beam-like structural member that supports the ribs in an airfoil, aircraft wing or wind rotor
blades, and running span-wise at right angles to the blade leading edge. In other words, spars which serves as
a reinforcing members of a wind turbine rotor blade increases the structural strength and stiffness of the blade
to prevent tower strikes in the event of sudden wind gusts, forms the structural framework upon which
reduction in axial fatigue, improvement of compressive strain, buckling resistance as well as resistance to
gravitational and aerodynamic loads are well assured. Spars are usually “L or T” shaped member installed
within the hollow section of the rotor blade. It consist of upper and lower members known as spar caps and
vertical sheet members known as shear webs that span the distance between the spar caps of which the spar
caps are welded or riveted to the top and bottom of the vertical member to prevent buckling.

The third rotor blade configuration as shown in Figure 1 is the solid configuration which neither has spars nor
hole in the mid-section of the blade. The solid blade in this case is densely rigid with no internal holds, solid
in cross section with both interior and exterior part uniformly filled with the same material. Like every other
rotor blades, the leading and trailing edges are properly streamlined to meet aerodynamic specifications for
wind turbine rotor blades. Material and blade properties of the wind turbine rotor blade are presented in
Table 1.

Table 1. Material Properties of the 6000 Series Aluminium Rotor Blade

Properties Shell Ma_terial spe_cifications Internal Material specifications
6000 Series Aluminium Polyurethane 20GF 6SD
Density (kg/m?3) 2740 1360
Elastic Modulus (MPa) 7e+04 1.72e+03
Hollow with Spar:13.2465
Mass (kg) Hollow no Spar: 12.1003
solid: 31.535
. Rotational Speed 119(1/min
Section No. Shell Thickniss m) SpaE ThicIZness m)
1 0.00320 0.01280
2 0.0030 0.01200
3 0.0030 0.01200
4 0.00961 0.03844
5 0.00773 0.03092
6 0.00606 0.02423
7 0.00495 0.01981
8 0.00418 0.01671
9 0.00361 0.01444
10 0.00317 0.01269
11 0.00283 0.01132
12 0.00255 0.01021
13 0.00243 0.00974
14 0.00238 0.00952
15 0.00233 0.00930
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QBlade is a Blade Element Moment Method (BEM), Double Multiple Streamtube (DMS) and nonlinear lifting
line theory (LLT) design and simulation software for vertical and horizontal axis wind turbine. QBlade
incorporates a number of tools such as QFEM to setup and simulate the internal blade structure and perform
structural blade design, modal analysis, static deflection as well as stress analysis. QBlade v0.8 was employed
in the computation of aerodynamic load(s) acting tangentially and normally along the blade length for different
blade configurations and using Finite Element Method (FEM) to evaluate the induced stresses and tip
deflections at x, y and z axis. This was done in order to determine the most suitable blade configuration that
can withstand structural failure due to aerodynamic loads/forces from the wind. The respective chord lengths
and angle of twist of each section is shown in Figure 2. The total length of the blade was 2.2m, total number
of sections was 15 while the number of blades employed in the simulation process was 3. The blade was
divided into 15 sections the first three sections had the circular foil applied at the blade section while the
remaining 12 sections had NACA 4610 airfoil applied on them. The blade geometry/root coordinates is
presented in Figure 2. Loading data was imported from a previously simulated turbine that uses the same rotor.
In the structural blade design module, a simple structural model was defined for the rotor blade inside the
Structural Blade Design/Modal Analysis tab. The model was defined and simulated using isotropic material
properties only.

3 blades and 0.20 m hub radius [+] Blade Root Coordinates
Pos (m) Chord (m) Twist Foil 2500 m

1 0 0.16 0 Rool Foll 2isam

2 01 0.15 0 Roo Foll 2000 m

3 017 0.15 4] Rool Foil

4 025 0.445329 22,0984 NACA 4610 180 m

5 04 0.358177 15.0535 NACA 4410

1.400m

& 0.4 0.280741 7.1343 NACA 4510

7 08 0.229543 5.34817 NACA 4610 1400 m
g 1 0.193644 2.73627 NACA 4610

9 1.2 0.167236 0.833645 NACA 4610 1200 m
10 1.4 0147058 -0.411142 NACA 4410

1.000 m

11 1.é 0.131147 <1.74427 NACA 45410

12 1.8 0.118341 -2.65611 NACA 4510 0800 m
13 1.9 0.112814 -3.04823 NACA 4610

14 1.95 0.110241 -3.23087 NACA 4610 0.500m
15 2 0.10778 -3.40536 NACA 4610

<

Now | can |

Figure 2. Blade Geometry/Root Coordinates

3. RESULTS AND DISCUSSION

When the direction of wind flows along a cambered airfoil/wind rotor blade which has some degree of
curvature, the wind velocity and acceleration continues to change along the blade radius, producing
aerodynamic forces that acts on the blade as the wind speed changes. Two (2) components of force can be
taken at any given point on the curved blade. One component of force is normal to the tangent or towards the
centre of curvature of the rotor blade. This component is known as the normal force acting at that point. Normal
loading or forces are those forces acting perpendicularly to the direction of motion. In other words, normal
component of force does not change the magnitude of the flow velocity, but changes the direction of velocity
at that point. Values obtained for normal loading acting along the turbine rotor blade length at different wind
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speeds are graphically represented in Figure 3. The plot indicates that the normal loads increase as the wind
speed and the blade length increases

8,00E+01
7,00E+01
6,00E+01
5,00E+01
4,00E+01
3,00E+01

Normal Loading (N)

2,00E+01
1,00E+01

0,00E+00 ?—7"
0,00E+00 5,00E-01 1,00E+00 1,50E+00 2,00E+00

Blade Length (m)
—&—2m/s o 4m/s i 6mM/s 8- 8mls

Figure 3. Plot of Normal Loading (N) Acting along Blade Length

The other component of force is in the direction of tangent to the blade at a given point. This component is
known as the tangential force acting at that point. Tangential loading or forces are those forces acting along
the direction of motion. In other words, the said tangential force does not change the direction of motion but
changes the velocity magnitude. Values obtained for tangential loading acting along the turbine rotor blade
length at different wind speeds are graphically represented in Figure 4. The plot indicates that the tangential
loads increase as the wind speed and the blade length increases. This is because the trailing edge of the blade
towards the tip becomes narrower and more streamlined, as such overcomes drag and wake forces easily at
higher wind speeds.

30,00

25,00

N
o
o
o

’

15,00

10,00

Tagential loading (N)

5,00

. V. V. VN V. V.
o e 4
0,00 o - e e h v v ) 4 -0—09

0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60 1,80 2,00
-5,00

L 4

Blade radius (m)

—0—2m/s 4m/s 6m/s 8m/s

Figure 4. Plot of Tangential Loading on Blade Length at Different Wind speeds
3.1. Deflection and Fatigue Results for Hollow with Spar

Figure 5 indicate the stresses and tip deflections along x and z axis of the rotor blade at wind speeds of 2, 4, 6
and 8m/s respectively for hollow blade with spar. Some level of curiosity may be arouse as to why the tip
deflection was determined for only x and z axis without considering the y axis. As presented in the blade
configurations in Figure 1, y-axis is towards the direction of the blade length and it is not possible for the blade
to elongate in that direction because it is constrained not to. As discussed earlier in Figure 1, the blade
configuration with hole and spar is designed as a reinforcement for the blade to withstand more aerodynamic
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loads than the hollow blade without spar. Ikpe et al. (2017a) suggested that engineering components subjected
to high or low loading conditions be reinforced for adequate stiffness, fracture toughness and yield strength at
critical operating conditions. The simulation for the hollow blade configured with spar in this case was carried
out at a wind speed of 2m/s, 4m/s, 6m/s and 8m/s and the corresponding tip deflections on the x-axis were
5.8203e-3, 7.56706e-02, 0.212186 and 0.2873 mm while the corresponding tip deflections on the z-axis were
0.5700, 1.08238, 1.61323 and 1.7347 mm as shown in Figure 5. The resultant fatigue stresses of 2.77, 5.00,
7.28 and 8.19 MPa for the same set of wind speeds as shown in Figure 5. From the aforementioned set of
results obtained for hollow blade with spar, it is obvious that an increase in the tip deflection of both x and z-
axis of the rotor blade led to increase in the resultant fatigue stress for each wind speed that the blade operates

under.
2.77 MPa DS.OUM:'U
D 0.00 MPa 0.00 MPa
x-axis tip deflection (mm): 5.8203e-03 x-axis tip deflection (mm): 7.56706e-02
z-axis tip deflection (mm): 0.5700 z-axis tip deflection (mm): 1.08238
Wind Speed: 2m/s Wind Speed: 4m/s
a b
7.28 MPa D 8.1% MPa
DO.OD tAPa 0.00 MPa
x-axis tip deflection (mm): 0.212186 x-axis tip deflection (mm): 0.2873
z-axis tip deflection (mm): 1.61323 z-axis tip deflection (mm): 1.7347
Wind Speed: 6m/s Wind Speed: 8m/s
c d

Figure 5. x and z-axis Tip Deflection at Wind Speed of a) 2m/s, b) 4m/s, ¢) 6m/s, d) 8m/s
3.2. Deflection and Fatigue for Hollow Blade No Spar

Figure 6 indicate the stresses and tip deflections along x and z axis of the rotor blade at wind speeds of 2, 4, 6
and 8m/s respectively for hollow blade with no spar. As discussed earlier in Figure 1, such blade configuration
may have limitations due the internal hole which may serve as a vacuum/voids that prevents the blade to
perform optimally or maintain its structural integrity in events of high impact loads on them. Furthermore,
such blade configuration may also fail to meet its design life due stress fatigue which can envelope around the
hollow region and eventually give way due to lack of reinforcement with spars to enable it withstand high
impact loads of prolong fatigue cycles at extreme operating conditions. The simulation for the hollow blade
configured with no spar was carried out at similar wind speeds of 2, 4, 6 and 8m/s, and the corresponding tip
deflections on the x-axis were 5.86483e-3, 7.806e-02, 0.21957 and 0.2971 mm while the corresponding tip
deflections on the z-axis were 0.589, 1.11707, 1.66475 and 1.7900 mm as presented in Figure 6. The resultant
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fatigue stresses of 2.88, 5.21, 7.59 and 8.54 MPa for the same set of wind speeds as presented in Figure 6.
From the aforementioned set of results obtained for hollow blade with no spar, the trend of the tip deflection
values for both x and z-axis of the rotor blade increases proportionately with the wind speed and this
subsequently led to increase in the resultant fatigue stress for each wind speed as was in the previous case of
hollow blade configuration with spar. From the two scenarios, blade tip deflection in both axis as well as the
resultant fatigue stresses for hollow blade configuration with spar were lower than hollow blade configuration
with no spar, indicating that hollow blade with spar may provide a higher structural strength than hollow blade

with no spar.
521 MPa
DU.OOIUIP(:

D 2.88 MPa
0.00 MPa

x-axis tip deflection (mm): 5.86483¢e-03 x-axis tip deflection (mm): 7.806e-02
z-axis tip deflection (mm): 0.589 z-axis tip deflection (mm): 1.11707
Wind Speed: 2m/s Wind Speed: 4m/s

a b

7.59 MPa 8.54 MPa
D | D |
0.00 MPa 0.00 MPa

x-axis tip deflection (mm): 0.21957 x-axis tip deflection (mm): 0.2971
z-axis tip deflection (mm): 1.66475 z-axis tip deflection (immm): 1.7900
Wind Speed: 6m/s Wind Speed: 8m/s

c d

Figure 6. x and z-axis Tip Deflection at Wind Speed of a) 2m/s, b) 4m/s, ¢) 6m/s, d) 8m/s
3.3. Deflection and Fatigue for Solid Blade

Figure 7 indicate the stresses and tip deflections along x and z axis of the rotor blade at wind speeds of 2, 4, 6
and 8m/s respectively for solid blade configuration. The simulation for the solid blade configured with no spar
and no hole at the internal mid-section was carried out at similar wind speeds of 2, 4, 6 and 8m/s, and the
corresponding tip deflections on the x-axis were 3.53097e-03, 4.728e-02, 0.133085 and 0.180601 mm while
the corresponding tip deflections on the z-axis were 0.363439, 0.685309, 1.01855 and 1.09563 mm as shown
in Figure 7. The resultant fatigue stresses of 1.91, 3.41, 4.92 and 5.55 MPa for the same set of wind speeds as
shown in Figure 7. From the aforementioned set of results obtained for the solid blade configuration in this
study, the trend of tip deflection values for both x and z-axis of the rotor blade increases as the wind speed also
increase and this also influenced the resultant fatigue stress for each wind speed, as it also increased. Results
of the simulation carried out on the solid blade configuration resulted in lower tip deflection for both axis as
well as the resultant fatigue stresses than the blade tip deflections and resultant fatigue stresses obtained for
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hollow blade with and without spar. This implies that solid rotor blade in wind turbine application can offer a
higher structural strength and less possibility of failure in its service condition.

D 1.91 MPa Da.-ﬂ 1Pa
0.00 MPa 0.00 MPa

x-axis tip deflection (mm): 3.53097e-03 x-axis tip deflection (mm): 4.728e-02
z-axis tip deflection (mm): 0.363439 z-axis tip deflection (mm): 0.685309
Wind Speed: 2m/s Wind Speed: 4m/s

a b

492MPa D 5.55MPa
D 0.00 MPa 000 MPa

x-axis tip deflection (mm): 0.133085 x-axis tip deflection (mm): 0.180601
z-axis tip deflection (mm): 1.01855 z-axis tip deflection (mm): 1.09563
Wind Speed: 6m/s Wind Speed: 8m/s

c d

Figure 7. x and z-axis Tip Deflection at Wind Speed of a) 2m/s, b) 4m/s, ¢) 6m/s, d) 8m/s

From the colour distribution patterns on the simulated bade configuration shown in Figures 5-7, red colour
indicates the area with the highest fatigue stress concentration on the rotor blade, royal blue indicates the
minimum fatigue stress on the blade or the state in which the blade is not subjected to fatigue loads, sky blue
indicates the state at which the blade begins to respond to stress due to fatigue cycles, aqua (SVG) blue
indicates further responses of the blade material to fatigue stresses lower than those signified by sky blue
(Owunna et al., 2018). The light green, yellow and orange colour profiles signifies fatigue stresses higher than
those signified by the blue colour profile but lower than those signified by red colour profile. From the rotor
blade simulation profiles represented in Figure 5-7, highest fatigue stresses is observed to occur at the mid-
section of the blade for each wind speed. This indicates that the rotor blade is prone to failure at a much higher
fatigue stress value in its mid-section. Fatigue stress in this context occurs when the rotor blade undergoes
cyclic repeated load which may translate into cracks depending on the extent of initial damage and the cyclic
loads afterwards. From the standpoint of fracture mechanics, the initial damage may occur on the blade
material after its properties have been depleted due to exposure to its in-service loading conditions. During a
large number of loading cycles, the damage develops on a microscopic level and grows until a microscopic
crack is formed. The microscopic crack grows further as the loading cycle progresses until it reaches a critical
length where the cracked blade material can no longer sustain the peak load and fails. Such a failure depends
on whether the material is ductile or brittle as well as the degree of peak load. The aforementioned discussions
on the three blade configurations simulated in this study is further buttressed in the graphical representation of
rotor blade tip deflections shown in Figures 8-9 which clearly reveals that the blade tip deflection increases as
the wind speed increase.
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3.4. von-Mises Stress Results for Blade Configurations

The von-Mises yield criterion also known as maximum distortion criterion relates to plasticity theory which
states that yielding begin in ductile materials (such as 6000 Series Aluminium used in this study) when the
second invariant of deviatoric stress attains a critical value (Ikpe et al., 2017b; Owunna & Ikpe, 2019). It can
also be employed in predicting yielding of a material under variable loads. Under such condition, the material
is considered to have started yielding when the von-Mises stress is close to or reaches the yield strength of the
material and considered to have failed when the von-Mises stress exceeds the material yield strength (Efe-
Ononeme et al., 2018). However, if the von-mises stress value is much less than the material’s yield strength,
it can be considered that the material still has the strength to withstand additional forces/loads before failure.
This relates to the theory behind elasticity of materials which state that a given material under its service
condition can accommodate additional loads/forces provided its elastic limit is not exceeded (Ebunilo et al.,
2016; Ikpe & Owunna, 2017). Figures 10-13 represent plots of maximum von-Mises stress in in Pascal (Pa)
along the blade radius at 2, 4, 6, and 8 m/s for the three (3) rotor blade configurations considered in this study.
It can be observed that maximum von-Mises stress along the blade at 2 m/s is 2771490 Pa for hollow blade
configuration with spar, 2880810 Pa for hollow blade configuration with no spar and 1914440 Pa for the solid
blade configuration as shown in Figure 10. Maximum von-Mises stress along the blade at 4 m/s is 5001160 Pa
for hollow blade configuration with spar, 5208880 Pa for hollow blade configuration with no spar and 3410090
Pa for the solid blade configuration as shown in Figure 11. Maximum von-Mises stress along the blade at 6
m/s is 7279370 Pa for hollow blade configuration with spar, 7592530 Pa for hollow blade configuration with
no spar and 4917400 Pa for the solid blade configuration as shown in Figure 12. Finally for maximum von-
Mises stress along the blade at 8 m/s, 8189880 Pa is observed for hollow blade configuration with spar,
8536480 Pa for hollow blade configuration with no spar and 5554030 Pa for the solid blade configuration as
shown in Figure 13. Considering the von-Mises failure criterion discussed earlier, the maximum von-Mises
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stress value among all the wind speeds considered in this study occurred at 8 m/s which were 8536480 Pa
(approximately 8.53 MPa) for hollow blade configuration with no spar, 8189880 Pa (approximately 8.18 MPa)
and 5554030 Pa (approximately 5.55 MPa) for the solid blade configuration. These von-Mises stress values
has not exceeded the aluminium blade material yield strength of 2.76e+8 Pa (approximately 276 MPa),
indicating that the material has not failed. The difference between the maximum von-Mises and the yield
strength of the material indicates whether or not the blade material still has the capacity to withstand more
loads before yielding. Highest values obtained for maximum von-Mises stress on the rotor blade at various
wind speeds considered in this study is observed to occur at 1.2 m of the blade length. Since the loads acting
on the blade are not point loads and therefore distributed along the edge, highest values obtained for maximum
von-Mises stress on the rotor blade at various wind speeds in this study is observed to occur at the mid-section
of the rotor between 1 and 1.4 m of the blade length as graphically illustrated in Figure 10-13. This implies
that the mid-section of the blade is exposed to the highest service loads, and that failure will most like occur
along this section depending whether the von-Mises stress exceeds the blade material yield strength or not.
Wind turbine blades are composed of two faces (the suction face and the pressure face), bound together and
stiffened either by one or more integral (shear) webs connecting the upper and lower section of the blade shell
or by a box beam (box spar with shell fairings) (Brendsted & Nijssen, 2013). The shells are adhesively joined
together to the spars. The flapwise load is as a result of the wind pressure while the edgewise load is due to
gravitational forces and torque load acting on the blade. The flapwise bending is resisted by the spar, internal
webs or spar inside the blade, while the edges of the profile carry the edgewise bending. From the point of
loads on materials, one of the main laminates in the main spar is subjected to cyclic tension-tension loads
(pressure side) while the other (suction side) is subjected to cyclic compression-compression loads. The
laminates at the leading and trailing edges that carry the bending moments related to the gravitation loads are
subjected to tension-compression loads (Mishnaevsky et al., 2017; Etuk et al., 2021).
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Figure 10. Plot of Maximum von-Mises Stress along Blade @ 2m/s
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4. CONCLUSION

In this study, the in-service load(s) induced stresses on horizontal axis wind turbine rotor blade was
successfully computed for three (3) blade configurations (hollow with spar, hollow with no spar and solid).
The highest fatigue stress was observed to occur at the mid length of the rotor blade. The minimum stress was
at the blade tip where no stress is present due to its streamlined geometry. Compared to the hollow blade
configuration with spar and without spar, the solid blade though slightly heavier, was more rigid and compact,
with increased load bearing capacity and ability to withstand fatigue stress. Both the fatigue stresses and von-
Mises stresses were observed to increase proportionately with the wind speed, implying that the wind rotor
blade material is susceptible to deformation and failure at increasing wind speed, aerodynamic forces and in-
service loading conditions.
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Inovasyon Kapasitesi

Inovasyon; giiniimiizde isletmelerin rekabet avantaji olusturmasi, karliligini arttirmasi ve yeni iiriinlerle
pazarda yer alarak deger yaratmasi adina 6nemli bir arag haline gelmistir. Deger yaratan yenilik olarak
da ifade edilen inovasyona yonelik ¢esitli siniflandirmalar bulunmaktadir. Farkli tiirdeki inovasyonlarin,
farkli kaynaklardan beslenerek farkli derecelerde ortaya ¢ikmasi problemi isletmeleri inovasyon
yonetimi faaliyetlerine tesvik etmekte ve inovasyon stratejilerini  belirleme konusunda
yonlendirmektedir. Bununla birlikte isletmelerin inovasyon yapabilme yetenegini ifade etmek adina;
aragtirma geligtirme faaliyetleri, insan kaynaklar1 yatirimlari, is birlikleri, bilgi iletisim teknolojileri alt
yapilari, fikri miilkiyet haklar1 faaliyetleri ve inovasyon finansmani gibi konular igerecek sekilde
inovasyon kapasitesinin degerlendirilmesi gerekmektedir.

Bu c¢alismada, inovasyon yonetimi faaliyetlerinin, isletmelerin inovasyon kapasitesi {izerinde etkisi
incelenmis, Ankara ilinde faaliyet gdsteren, ilag ve saglik {irlinleri iiretimi gergeklestiren isletme
orneklem olarak segilmis ve tek grup 6n test - son test ¢alismasi yapilmistir. On test ve son test calismasi
esnasinda IMP3rove Inovasyon olgiim aracindan yararlanilmis ve saha galismasi neticesinde
inovasyonun bes boyutuna gore degisimler gozlemlenmistir. Sonug olarak inovasyon faaliyetlerinin
igletmelerin inovasyon kapasitesi {izerinde olumlu yonde etkisi oldugu saptanmistir
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Innovation Capacity

Innovation, has become an important tool for enterprises to create competitive advantage, increase their
profitability and create value by taking part in the market with new products for today. There are various
classifications for innovation, which is also referred to as value creating newness. The problem that
different types of innovations emerge at different degrees by feeding from different sources encourages
enterprises to take action in innovation management and direct them to determine innovation strategies.
For all that, in order to express the innovation competence of enterprises; Innovation capacity should be
evaluated, including research and development activities, human resources investments, collaborations,
information communication technologies infrastructures, intellectual property rights activities and
innovation financing.

In this study, the impact of innovation management activities on the innovation capacity of enterprises
was examined, the company operating in Ankara, manufacturing pharmaceuticals and health products,
was selected as a sample, and a semi-experimental single group pre-test-post-test study was conducted.
The IMP3rove Innovation measurement tool was used during the pre-test and post-test work, and as a
result of the field study, transformation in the five dimensions of innovation were observed. Hereby, it
has been determined that innovation activities have a positive effect on the innovation capacity of
enterprises.
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1. GIRiS

Inovasyon, kelime koékeni olarak “innovatus™tan tiiremis olup; kiiltiirel, toplumsal ve idari alanda yeni
yontemlerin hayata gegirilmesi anlamina gelmektedir (Toraman vd., 2009). Dilimizde “yenilik”, “yenilesme”,
“yenilikg¢ilik” gibi kavramlarla karsilik bulsa da bu sozciikler daha genis kapsamda ifade edilmesi gereken
inovasyonun gergek tanimini ortaya koyamamaktadir (Eraslan vd., 2008). Teknik ifade edis bi¢imi olarak
“deger yaratan yenilik” seklinde tanimlanabilecek inovasyonun yerine alternatif olarak kullanilan kavramlar,
biitiinciil manada stireci degil, yalnizca sonucu ifade etmekte ve eksik kalmaktadir (Aksel, 2010).

Inovasyon, bireysel ve toplumsal ihtiyaglarin uygun sartlarda deger yaratici bicimde ve yeni faaliyetlerle
karsilanma bigimi olarak tanimlanabilir. Ciinkii ortaya konulan her inisiyatif, gelistirilen her is fikri ve hayata
gecmeye aday her proje, temelinde yenilik ortaya koymay: hedeflemektedir. Onemli olan ortaya konulan
yeniliklerin igletme, sektor, pazar, iilke ya da insanlik i¢in Olgiilebilir ve 6lgeklenebilir degerler yaratiyor
olmasidir. Bu sebeple inovasyonlar yalnizca isletmeler igin gergeklestirilen ve sonuglari yalnizca isletmelerde
gecerli yenilikler olarak degil, iilke ve toplumlarin gelismelerini, rekabet giiclerini arttirmalarini, yeni is
imkanlarini stirdiiriilebilir kilmalarini sagladiklari bir anlayis olarak gérmek uygun olacaktir (Goker, 2001).

Isletmelerin organizasyonel déniisiim siireclerinde ve organizasyon disinda gerceklestirilen faaliyetlerde
ortaya koyacagi; iriin, slireg, pazarlama, is modeli ve organizasyonel inovasyonlar, yetkinliklerini olumlu
yonde etkileyecek ve kurumsal inovasyon sistemlerini siirdiiriilebilir kilma adina firsat yaratacaktir. Bu sayede
yalmzca bulunduklar1 sektor ya da iilkelerde degil, kiiresel anlamda da rekabet etmeleri kolaylasacaktir.
Inovasyon faaliyetlerinin aktif olarak uygulanmast igin isletmeler, bilgi islem, fikri miilkiyet haklari, arastirma
gelistirme, pazarlama ve insan kaynaklar1 basta olmak iizere operasyonlarmi biitiinciil degerlendirerek ele
almak ve dis paydaslarin destegiyle inovasyon kapasitelerini yilikseltmek mecburiyetindedir. Ciinkii inovasyon,
tek bir kiginin, tek bir boliimiin, tek bir miidiirliigiin ve hatta tek basma st yonetimin degil, i¢c ve dig
paydaslariyla birlikte tiim organizasyonun sorumlulugunda olmalidir (Elgi, 2006).

Inovasyon, kavramsal olarak gorecelige sahip olup kisi, organizasyon ya da iilke i¢in farkli olmayan bir fikir,
bagkalarina goére deger yaratan bir yenilik olarak benimsenebilmektedir. Bir fikrin inovasyon olabilmesi igin,
asgari diizeyde o organizasyon tarafindan yeni olarak idrak edilmesi gerekmektedir. Aym fikir, daha 6nce
uygulandig1 bir organizasyonda ise taklit olarak degerlendirilmektedir (Van de Ven & Cheng, 1986).
Thompson, 1965 yilindaki aragtirmasinda inovasyonu; yeni fikir, iirlin, hizmet ya da siireglerin kabulil,
uygulamasi ve yayilmasi seklinde tanimlamigtir (Sat1, 2013). Porter 1990 yilindaki ¢alismasinda inovasyonu;
iriin farklhilagsmasi, silire¢ iyilestirme, pazarlamadaki yaklagimlar, dagitim metotlarindaki yeniliklere
odaklanarak teknolojideki ve isi yapma yontemindeki yenilikleri kapsayacak sekilde ifade etmistir (Elgi,
2006). Damanpour (1991) ise inovasyonu yeni plan ve program olarak tanimlayarak bu programin yeni bir
iirlin, hizmet, iiretim yontemi ya da organizasyonel yap1 i¢inde kurgulanabilecegini belirtmistir (Damanpour,
1991). Kendisinden 6nce ortaya konulan tanimlar1 derleme amaciyla yiirtittiigii ¢alismasinda Osborne (1998),
inovasyonun dort 6zelligini ortaya koymus ve yenilik sunan, bulus olmayan, hem siirecin kendisi hem de
sonucu olan ve siirekli olmayan degisimi igeren bir yapida oldugunu belirtmistir (Osborne, 1998). Arikan
vd.’nin 2003 yilindaki ¢alismasinda inovasyon bir siire¢ olarak ifade edilmis, bu siire¢le bilimsel ve teknolojik
gelismeler araciligiyla iktisadi ve sosyal bir fayda olusturmanin amaglandigi ortaya konulmustur (Arikan vd.,
2003). Giiles & Bilbiil (2004)’e gore ise inovasyonla yeni iirliin ve hizmetler gelistirmek veya var olan tiriin
ve hizmetlerin yeni kullanim alanlarini kesfetmek amaglanmistir. Trott ise 2005 yilinda yiiriittiigii ¢aligmasinda
inovasyon siireci baslangicinin yenilik¢i fikirler tiretmek oldugunu ve deger yaratma yani ticarilesme ile
tamamlanabilecegini ortaya koymustur (Trott, 2005).

Inovasyonun tamimina yonelik ortaya konulan calismalardan anlasilacag: iizere arastirmacilarin bir kismi
inovasyonu siireg, bir kismi1 ise sonu¢ odaginda degerlendirmistir. Siire¢ odakli degerlendiren aragtirmacilar,
inovasyonun dogusu, gelisimi ve rutin faaliyet haline gelmesi esnasindaki yontemleri irdelemis, sonug odakli
degerlendiren arastirmacilar ise kavramsal ve yapisal boyutlariyla inovasyonu ele almiglardir (Damanpour,
1996). Ozetlenecek olursa inovasyon; yeni veya énemli derecede iyilestirilmis iiriin, hizmet, {iretim metodu,
pazarlama yoOntemi yahut organizasyonel yapiy1r ortaya koyup ticari kazan¢ elde edilecek sekilde
gerceklestirilen tiim siirecleri kapsamaktadir. Inovasyon faaliyetlerinde ortaya konulan yeniligin radikal bir
seviyede gerceklesecegi gibi kademeli olarak ortaya konulmasi da miimkiindiir. Arastirmacilarin tanimlarinda
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belirttigi en onemli ortak nokta ise, hayata gegirilen yeniligin deger yaratmasi yani ticarilestirilebilmesi
sartidir.

Buradan hareketle; ¢alisma kapsaminda IMP3rove inovasyon ol¢iim araci ile 6n test ¢alismasi, on bir ay
boyunca isletmenin ihtiyag duydugu ve kurumsal inovasyon sisteminin gili¢lendirilmesine yonelik saha
uygulamasi ve nihai olarak saha uygulamasinin yansimalarint gérmek iizere yiiriitiilen son test faaliyetlerinden
bahsedilmis ve aragtirma bulgular1 paylagilmistir.

2. MATERYAL VE METOT

Caligmanin materyal ve metot bdliimiinde arastirmanin amaci, yontemi, modelinden bahsedilecek inovasyon
kapasitesi 0l¢limiinde yonelik literatiirde yapilan ¢aligmalara deginilecektir. Sonrasinda arastirma igin 6nerilen
modelin uygulama asamasina gegilerek 6n test, saha ¢alismasi ve son test faaliyetlerinden bahsedilerek
karsilastirma yapilacaktir.

2.1. Arastirmanin Amaci

Kiiresel seviyede rekabetin yayginlagtigi giinlimiizde isletmelerin inovasyon yapma ve inovasyon faaliyetlerini
sistematik bicimde ele alinmas1 énemli hale gelmistir. Isletmelerin mevcutta hangi asamada bulundugu ve
yriittiikleri inovasyon faaliyetlerinin kapasitelerine ne sekilde katki saglayacagi saha uygulamalar ile
biitiinlestirilmesi gereken bir siiregtir (Ucler & Yavuz, 2019).

Yapilan literatiir aragtirmalarinda kurumsal anlamda inovasyon kapasitesi 6l¢iimii ile isletmelerin mevcut
durumunun ortaya konulabildigi ifade edilmektedir. Buradan hareketle arastirmanin amaci; inovasyon
yonetimi faaliyetlerinin inovasyon kapasitesine etkisini ortaya koymaktir. Bu amagla ilag ve saglik triinleri
sektoriinde faaliyet gosteren ve halihazirda Ar-Ge Merkezi olan bir isletme secilerek tek grup on test-son test
caligmasi gerceklestirilmistir. On Test asamasindaki veriler 1s181nda isletme biinyesinde inovasyon ydnetimi
faaliyetleri yliriitiilmiistiir. Sonug olarak ytiriitiilen inovasyon yonetimi faaliyetlerinin isletmenin inovasyon
kapasitesine etkisi son test ¢alismasi ile ortaya konulmustur.

2.2. Literatiir Taramasi

Literatiir incelendiginde, inovasyon, inovasyon y0netimi, inovasyon uygulamalar1 ve inovasyon kapasitesiyle
ilgili gesitli calismalarin yapildig1 goriilmektedir. Inovasyon kapasitesi ve bu kapasitenin isletmelerde, ulusal
ve kiiresel inovasyon ekosisteminde 6l¢iildiigii arastirmalarda; inovasyonun isletmeler ve iilkeler i¢in dnemi
vurgulanmakta, inovasyon faaliyetlerinin inovasyon kapasitesine olan etkisi arastirilmaktadir. Asagida
inovasyon kapasitesinin degerlendirilmesine yonelik literatiirdeki aragtirmalar derlenmistir:

Ko¢ & Ceylan (2007), “Biiyiik Olgekli Sirketlerde Yenilikci Kapasiteye Etki Eden Faktodrler” isimli
aragtirmalarinda biiyiikk Olgekli isletmelerin inovasyon kapasitesine katki sunan etkenleri incelemis ve
inovasyon odakli faaliyetlere yonelik destekleri ortaya koymustur. Arastirma kapsaminda Tiirkiye’deki 119
biiyiik 6l¢ekli isletme incelenmis ve inovasyon stratejisinin inovasyon kapasitesinin dnemli bir parcas1 oldugu,
is fikri kalitesi ve fikir iiretim siireclerinin de belirleyici etken oldugu sonucuna varilmistir. Bununla birlikte
teknoloji kullanimi kavraminin da inovasyon kapasitesinin 6nemli bir alt bileseni oldugu vurgulanmus, biiyiik
Olgekli isletmelerin ar-ge projeleri, patent sayisi, inovasyon finansmani gibi konularimin teknoloji kullanimu ile
dogrudan baglantili oldugu ifade edilmistir. Arastirma sonucunda isletmelerin inovasyon stratejileri, fikir
iiretimi ve teknoloji kullanma konularina odaklandiklarinda inovasyon kapasitelerini arttirdiklar1 ve bagarili
olduklart vurgulanmigtir.

Giiler & Kanber (2011), “Inovasyon Aktivitelerinin inovasyon Performansi Uzerine Etkileri: Imalat Sanayii
Uygulamas1” isimli arastirmalarinda inovasyon g¢esitleri, inovasyon is birlikleri ve diger inovasyon
faaliyetlerinin igletmelerin inovasyon performansina olan etkisini incelemis ve inovasyon 6l¢egi tasarlanmistir.
Tiirkiye’deki 500 Biiyiik Sanayi kurulusu evren ve iginden segilen 110 isletme 6rneklemi olusturacak sekilde
hazirlanan anket uygulanmis ve inovasyon ¢esitlerinin tamaminin inovasyon performansina olumlu yonde etki
sagladig1 ortaya konulmustur. Bununla birlikte isbirligi faaliyetlerinin inovasyon performansim etkiledigi
ancak inovasyon faaliyetlerinin ortaya ¢ikarilmasi asamasinda karsilasilan engellerin inovasyon performansini
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etkilemedigi sonucuna varilmistir. Bununla birlikte, engellerin inovasyon performansini etkilememesi
sonucunun drneklem olarak segilen sanayi kuruluslariin biiyiikliigiinden kaynaklandigi ifade edilmistir.

Neely & Hii (2012), “Firmalarin Yenilik¢i Kapasitesi” isimli aragtirmalarinda kiiresel pazarda inovasyonun
onemli bir rekabet avantaj1 sagladigin, farkli isletmelerin inovasyon diizeylerinin farklilik gosterdigini ifade
etmislerdir. Arastirmaya gore isletmenin inovasyon kapasitesi, inovatif {iriin, hizmet ve siire¢ ortaya koyma
potansiyeli olarak degerlendirilmis ve isletme kiiltiirii, yetenekler, sahip olunan kaynaklar ve bilgi aglar1 olmak
iizere dort boyutta ele alinmistir. Arastirmanin evreninde belirlenen Dogu ingiltere’deki 110 isletmeden 57’si
ile yiiz yiize goriisme ve igbasi ziyaretleriyle veri toplanmistir. Sonug olarak bilgi kaynaklari, engeller, kamu
otoriterlerinin rolii, isletmelerin inovasyon seviyeleri gibi kavramlarin inovasyon kapasitesine etkisi ortaya
konulmustur.

Karaveg (2013), “Tayland’daki Tekstil ve Konfeksiyon Sanayisinde Inovasyon Kapasitesini Etkileyen
Faktorler” isimli arastirmasinda inovasyon kapasitesi; bilgi ve teknoloji altyapisi, ar-ge faaliyetleri, yonetsel
yeterlilikler ve verimlilik bagliklarinda incelenmistir. Bununla birlikte inovasyon kapasitesine etki eden i¢ ve
dis faktorler ortaya konulmustur. Aragtirmada Tayland’da tekstil sektoriinde faaliyet gosteren 113 isletmeye
6leme arac1 uygulanmig ve yapilan analizler neticesinde, kiiciik ve orta boy isletmelerde Ar-Ge yatirimlarinin
diisiik, teknoloji kullaniminin sinirli ve ¢alisan yeteneklerinin ise kisitli oldugu kanisina varilmistir. Buradan
hareketle ar-ge faaliyetleri, ¢alisan yetenekleri ve bilgi iletisim altyapisinin desteklenmesi ile inovasyon
kapasitesinin artabilecegi, siirdiiriilebilir rekabeti saglamak adina arastirma merkezleri, tiniversiteler ve
finansman kuruluslar1 araciligi ile yapilacak teknoloji transferinin gerekli oldugu sonucuna varilmistir.

T.C. Ekonomi Bakanlig1 Thracat Genel Miidiirliigii biinyesinde yiiriitiilen “Ag Olusturma ve Bolgesel Isbirligi
icin KOBI’lerin Giiglendirilmesine Yénelik Teknik Yardim” isimli Avrupa Birligi Projesi kapsaminda 2013
yilinda hazirlanan “Kiimeler igin Inovasyon ve Ar-Ge Yonetimi Kilavuzu” ¢alismasinda KOBI’lerin
inovasyon faaliyetleri tanimlanmis ve dort ana rekabet alanindan birisi olan inovasyon; inovasyonu anlamak,
inovasyon siireci, inovasyon kapasitesini gelistirmek ve inovasyonu korumak bagliklarinda incelenmistir.
Caligma sonucunda isletmelerin inovasyon kapasitesini gelistirmek adina strateji, insan kaynagi, bilgi/iletisim
aglar1 ve finansman bilesenlerine yonelmesi gerektigi ortaya konulmus ve daha dncesinde inovasyon yonetimi
kapsaminda yiiriitiilen proje faaliyetleri de 6rnek olmasi adina ¢alismada yer almistir (Baser vd., 2013).

Giingor vd. (2012), “Giiney Egeli KOBI’ler inovasyon Yolunda” isimli arastirmada Giiney Ege Kalkinma
Ajanst Mali Destek Programi araciligiyla desteklenen proje ile Aydin, Denizli ve Mugla illerinde segilen 254
isletmeye, hazirlanan 6lgme aract uygulanmis ve isletmelerin inovasyon yeterlilikleri ortaya konulmustur.
Sonug olarak ar-ge ve inovasyon faaliyetlerinin isletmelerin yetkinlik ve kapasitelerini arttirdigi, bu sebeple
KOBI’lerin inovasyon faaliyetlerini yerel, bolgesel ve ulusal olarak destekleyecek sekilde isletme ici ve dist
paydaslarinin etkin roliine dikkat ¢ekilmistir.

Rebernik & Bradac¢ (2008), “Fikir degerlendirme yontemleri ve teknikleri” isimli ¢alismalarinda sirketlerdeki
yenilikgi fikirlerin degerlendirilmesine yonelik biitiinsel bir yaklagima ihtiya¢ duyuldugunu ifade etmis ve
yenilik¢i fikir yOnetim siirecini tanimlamislardir. Bu faaliyetleri yiiriitiitken Kearney (2006), “House of
Innovation” modelinde tanimlanan yapry1 degerlendirebilmek adina gelistirilen IMP3rove inovasyon dl¢iim
aracindan yararlamlabilecegini ifade etmistir. Bununla birlikte ¢alismada; IMP3rove inovasyon dl¢iim aracinin
Avrupa’daki KOBI’lerin inovasyon performansim &lgmek igin Avrupa Komisyonundan destek alinarak
gerceklestirilen bir proje neticesinde ortaya konuldugunu, isletmelerin kurumsal fotografim ¢ekmek ve
inovasyon yonetimi alaninda faaliyetler yiiriitmek icin baslangic olusturabileceginden bahsetmistir.

Viederyte (2016), “Kurumsal kararlar yenilikleri nasil zorlar: harekete gegme faktorleri ve segimleri” isimli
calismasinda kurumsal inovasyon kapasitesi 6l¢limiinde IMP3rove inovasyon 6l¢iim aracindan yararlanildigim
ve bu araca gore inovasyon yoneliminin dort yone gore tanimlanmasi gerektigini (organizasyon, strateji, is
ortaminin analizi ve siiregler) ifade etmektedir. Bununla birlikte ¢alismada; kurumsal kararlarin, yalnizca
inovasyonun ortaya ¢ikmasi icin firsatlar yaratmada degil, aym1 zamanda isletmelerin hizli bir sekilde
gerceklestirmesi igin kosullar yaratmasinda da etkili oldugu, inovasyon yonetim faaliyetlerinin yalnizca sirket
icindeki iyilestirmelere sebep olmadigi nihai olarak daha iyi miisteri memnuniyeti sagladigi sonug olarak
belirtilmistir.
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Lapina (2015), “Is Analizi siirecinde teori ve uygulama arasindaki iliski” isimli ¢aligmasinda inovasyon
yOnetimi 6gretim siirecinde inovasyon dlgme aracinin etkisi tizerinde durmustur. Calisma boyunca IMP3rove
Olgme arac1 incelenmis ve vaka analizi ¢aligmasinda isletmelerin inovasyon yonetimi faaliyetlerine boyutsal
etkisi ve inovasyonu kavrama becerisine katkis1 ortaya konulmustur. Sonugta IMP3rove aracinin, 6lgme ve
degerlendirme siirecinin yaninda deneyimsel 6grenme siirecine de katki sundugu teorik inovasyon yonetimi
kavraminin pratikte uygulanmasi esnasinda verileri ortaya koymak ve sonuclar1 kavramsallagtirmak adina
etkili bir 6lgme araci oldugu ifade edilmistir. Bununla birlikte IMP3rove 6lgme aracinin, uygulandigi isletme
hakkinda daha fazla bilgi edinmeye yardimci oldugu, isletme performansina iligkin olagandisi i¢ goriiler
sunarken biitiinciil bir analiz ortaya koydugu ve kiyas analiziyle isletmenin rekabet giiciiniin iyilestirilmesine
destek sagladigi ortaya konulmustur.

El-Nawawy vd. (2014), “Misir’daki yazilim sirketlerinin inovasyon Kapasitesi Degerlendirmesi” isimli
calismalarinda inovasyon kapasitesi degerlendirmesi igin farkli araglar bulundugunu, IMP3rove Olgme
Aracinin boyutsal degerlendirme ve karsilastirma imkan1 vermesi adina ¢caligsmada tercih edildigini belirtmistir.
Ornek Vaka calismast icin secilen yazilim faaliyetleri yiiriiten KOBI’de uygulanan IMP3rove 6l¢me arac ile
Misir’daki yazilim sirketlerinin inovasyon kapasitelerine yonelik genel bir degerlendirme sunulmustur. Elde
edilen sonuglar yazilim sektoriindeki diger isletmelerin ortalama sonuglari ve biiyiime sampiyonlart ile
kargilagtirilmigtir. Buna gore isletmelerin inovasyon stratejilerini belirleme ve fikir yonetimi platformlari
kurma konusunda eksikliklerinin oldugunu, bunu gidermek adina is fikrinin olusturulmasindan, nihai tiriiniin
miisteriye ulasmasina kadarki siirecte profesyonelleserek inovasyon fikirlerinin daha ¢ok desteklenmesi
gerektigi vurgulanmaistir.

Ugler & Yavuz (2019), “Farkli Tipolojilere Sahip Biiyiik Sirketlerde inovasyon Yonetim Sistemlerinin
uygulanmas1” isimli calismalarinda inoSuit — Inovasyon Odakli Mentdrliik Programinin 6nerdigi 10 adimli bir
inovasyon yoOnetimi sistemi sunarak gercek uygulama siireglerini farkli tipolojilere sahip biiyiikk ve olgun
organizasyonlarda karsilagtirmistir. Ekim 2017 ile Eyliil 2018 arasinda 11 ay boyunca siiren ¢alismada mevcut
durum analizi IMP3rove Inovasyon 6lgiim araci ile ortaya konularak 10 adimli inovasyon yonetim sistemi
modeli uygulanmis ve ¢alismanin sonundaki kazanimlar son test ¢calismasiyla yine IMP3rove inovasyon 6l¢iim
araci ile tespit edilmistir. Sonug olarak; farkli tipolojilerdeki isletmelerde literatiirde Onerilen yol haritasi
aracilifiyla inovasyon yonetim sistemi kurarken, farkli gereksinimlere ve uygulama adimlara ihtiyag
duyuldugu ortaya konulmustur.

Elverdi & Atik (2020), “Tiirkiye’de Inovasyon Olciimiine Yénelik Bir Degerlendirme” isimli ¢alismalarinda
ulusal inovasyon &l¢iim faaliyetlerini incelemis, TUBITAK, Tiirkiye ihracatgilar Meclisi, Istanbul Sanayi
Odas1 ve Tiirkiye Istatistik Kurumunun inovasyona yonelik caligmalar1 aktarilmigtir. Kurumsal inovasyon
olciimii baglaminda Tiirkiye Ihracatgilar Meclisi Inovasyon programlari kapsaminda IMP3rove inovasyon
6l¢iim aracinin kullamldigin ve isletmelerin inovasyon performanslarim uluslararasi seviyede karsilagtirma
ile gorebildiklerini ifade etmistir. Ozellikle Tiirkiye’nin ilk inovasyon gelistirme programi olarak ifade edilen
InovaLIG programi kapsaminda IMP3rove inovasyon dl¢iim araci ile inovasyon yetkinliklerini bes farkl
boyutta degerlendiren isletmelerin degerlendirme sonucunda, kendilerini kiyaslama imkani bulurken; bu
siiregte kaydetmeleri gereken noktalari tespit ederek, ilerleyen donemde inovasyon yonetiminin hangi alaninda
caligmalarini siirdiirmeleri gerektigini gorebileceklerini belirtmislerdir.

2.3. Arastirma Sorusu

Isletmeler, yogun rekabet ortaminda inovasyon gerceklestirirken, {irin, hizmet ve siireglerinde
gerceklestirdikleri yeniliklerin etkilerini ortaya koyma ihtiyaci hissetmektedir. Mevcut teknolojileri etkin
bicimde kullanarak bilgi ve deneyimlerin igletmenin i¢ ve dis paydaslarina fayda saglayacak sekilde yeni iiriin,
hizmet ve siireglere doniistiirme yetenegi olarak ifade edilen inovasyon kapasitesi; isletmenin ortak degerlerini
sentezlemek ve dlgmek amaciyla kullamlmaktadir (Adler & Shenbar, 1990). isletmeler; fikri miilkiyet odakli
bilgi iretirken, bu bilgileri nihai {riin, hizmet ve siliregler igin ticari degere donilisene kadar siireci
degerlendirmeli ve yaratici fikirlerin basariya ulasmasini giivence altina almalidir (Romén vd., 2011).

Buradan hareketle, arastirmanin amact dogrultusunda belirlenen arastirma sorusu asagidaki sekildedir:
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“Inovasyon yonetimi faaliyetlerinin, isletmelerin inovasyon kapasitesi iizerinde olumlu ydnde etkisi
bulunmakta midir?”

2.4. Arastirmanin Yontemi ve Modeli

Arastirma esnasinda tek grup 6n test-son test deseni tercih edilmistir. Tek grup 6n test-son test deseni, kontrol
grubunun bulunmadigi ¢alismalarda siklikla tercih edilen bir yontemdir (Biiyiikoztiirk, 2001). Bu yontem ile
tek bir katilimer grubunun oldugu durumlarda uygulanan yontem ya da etkinliklerin etkisinin belirlenmesi
amaglanmaktadir. Tek gruplu 6n test-son test deseni, dogasi geregi yeni bir egitim yahut uygulama modelinin
gelistirilip sahada tatbik edilmesine yonelik caligmalarda uygulanabilir (Creswell, 2012). Bu desenler
aragtirmaciya zaman, maliyet ve emek konusunda oldukg¢a kolaylik ve fayda saglayabilmektedir (McMillan &
Schumacher, 2006).

Arastirmanin 6n test ve son test ¢aligmalari esnasinda nitel arastirma tekniklerinden odak grup goriigmesi tercih
edilmistir. Odak grup goriismesi; kiiciik bir grupla moderatér arasinda yapilandirilmamis goriisme ve
tartismada grup dinamiginin etkisini kullanma, derinlemesine bilgi edinme ve diisiince {iretmeyi
amaglamaktadir (Bowling, 2002). Bununla birlikte odak grup goriismesi, bir konu hakkinda katilimcilarin
bakis acilarina, ilgi alanlarina, tecriibelerine, egilimlerine ve diisiincelerine yonelik detayl ve farkli boyutlar
da ortaya koyacak sekilde nitel bilgi edinmeyi saglamaktadir (Stewart & Shamdasani, 1990). isletmede
yirtittiikleri faaliyetler goz 6niinde bulundurularak, iist yonetimin yonlendirmesiyle farkli deneyimlere sahip
calisanlar odak grup goriismesine dahil edilmistir.

Buradan hareketle arastirmanin isleyisine iliskin yiiriitiilen ¢caligmalar Sekil 1’de ifade edilmistir:

Literatiir Taramasi

l

Arastirma Sorusunun Belirlenmesi

v

Olgme Aracinin Belirlenmesi

v

On Test Calismasi

|

Saha Caligmasi

v

Son Test Caligmasi

v

Arastirma Bulgularinmn

Degerlendirilmesi

Sekil 1. Arastirmanin Modeli
2.5. Arastirmanin Orneklemi ve Stmirhihklar

Ankara ilinde faaliyet gdsteren ve halihazirda Ar-Ge Merkezi bulunan, ilag ve saglik Uriinleri tretimi
gergeklestiren isletme aragtirmanin 6rneklemi olarak secilmistir. Isletmede; iist yonetimin yonlendirmesi ve
onayiyla Kurumsal Gelisimden sorumlu Genel Miidiir Yardimcisi, Ar-Ge Merkezi Sorumlusu, Proje Yonetim
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Sorumlusu ve ilgili diger personel secilerek odak grup goriismesi yontemiyle on test ve son test ¢caligsmalari
yiiriitiilmiis ve toplanan veriler 6lgme aracina girilmistir. On test ve son test calismasi esnasinda kiyas sinifi
olarak sinirlandirmaya gidilmemis ve IMP3rove Inovasyon Olgiim Aracina dahil olan tiim isletmelerle on test
ve son test asamalarinda kargilastirma imkani saglanmistir. Buradan hareketle aragtirma; tek bir isletme
iizerinde yiiriitiilecek 6n test ¢aligmasi, saha galismasi ve son test caligmasi ile sinirlandirilmastir,

2.6. Olgme Aracinin Belirlenmesi

Arastirmanin On test ve son test ¢alismasini gergeklestirmek icin bir dlgme aracina ihtiya¢ duyulmaktadir.
Literatiir incelendiginde inovasyon kapasitesi 6l¢iimiinde ulusal ve uluslararasi ¢apta kullanilan farkli araglarin
oldugu goze ¢arpmaktadir. Tablo 1’de inovasyon kapasitesi 6l¢limiinde kullanilan araglar karsilagtirmali olarak
verilmistir (Tiirk, 2017; Ugler & Yavuz, 2019):

Tablo 1. novasyon Kapasitesi Olgme Araglar: Karsilastirmasi

61 Online Fi Yanit Bilii S
cme .. irma oliim oru
: Bilge Amacg Yintem Olcek | Puan | Karsilashrma | Veri . . | Siiresi Rapor
Araci Ziyareti Sayis1 | Sayis1
taban1 - (5 aat) - -
A i Oz ve
Awv p—
MP3rove | o e [MOVEYOR) Goman | Likent | 17 Var Var | Var | 4s s | >0 | var
Biligi | Yonetimi .
Deg.
. Ozve | Likertve
e Inovasyon | __ . . . " z r
AToMIC | Tiddye . .| Uzman | Olgunluk | 1-3 War War Var 23 4 65 Nar
Yo netimi .
Deg. Sev.
Innovaton :
. Inovasyon | _ .
Health Irlanda . . |OzDeg. Likert 1-5 Var Var Var 2-3 6 52 Var
Yonetmm =
Check
Istanbul
Sanayi in
FaASY .
Odas: | Tarkiye | o 0" | OzDeg. | Likert | 1-5 Var var | ok 1 6 27 | var
. l Yonetmm
Inovasyon
Odiillen
Tec%l, Teknoloji | Uzman | Olzunluk ) ~ ~ )
Capability | Avrasya | .. .. . ] 1-4 Var Yok Yok 2-3 10 38 Var
. Yonetim Deg. Sev.
Audit
smE Cin [movasyon| Uzman | . o Yok Yok | Yok 23 4 26 | var
MPOWER Yonetmm Deg.
MOovaton | .y nda [OV3SYOR) Uzmn |y Yok ok | ok 2 4 23 | var
Scan Yonetmm Deg.
Growth | Bayik |Imovasy o]
o i gvasyon “  |EvetHayir| 0-10 Yok var | Yok 1 10 100 | wvar
Mapper | Britanya | Yonetim Deg.
Usivp i Oz ve
. FASY.
Inovasyon | Tirkive S_‘ a'? U,n Uzman Likert 1-7 Var Yok Var 2-3 ok 121 WVar
- . Yo netimi .
Kamesi Deg.

Soru ¢esitliligi, uluslararasi karsilagtirma yapma imkani, inovasyon boyutlama faktorleri ve Tiirkiye’deki
yaygin kullanimi degerlendirildiginde IMP3rove inovasyon Ol¢lim araci 6n plana ¢ikmaktadir. Bu sebeple
arastirmanin On test ve son test calismasi IMP3rove Inovasyon Olgiim Araci kullanilarak gerceklestirilecektir.
IMP3rove Inovasyon Olgiim Aract Avrupa Komisyonu tarafindan desteklenen “IMP3rove For Future” isimli
proje kapsaminda gelistirilmis bir 6lgme arac1 olup Avrupa dlgeginde 4000°den fazla KOBI iizerinde Kearney
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(2006) “House of Innovation” (Inovasyon Evi) modeli esas alinarak uygulamasi gerceklestirilmistir.
Halihazirda global diizeyde 8000’in iizerinde isletmenin kaydolarak 6l¢gme araci iizerinden kiyaslama raporu
aldig1 bilinmektedir (IMP3rove, 2021). House of Innovation modeli; Inovasyon Stratejisi, Organizasyon ve
Kiiltiir, inovasyon Yasam Déngiisii Siiregleri, Olanak Saglayan Etmenler ve Inovasyon Sonuglari olmak iizere
5 ana baglikta inovasyonu Sekil 2’de belirtildigi gibi boyutlandirmaktadir (Kearney, 2006):

Ornegin Insan Kaynaklan Yénetimi, Bilgi Yonetimi, Proje ve Program Ynetimi
Denetim ve Bilgi-Islem

©)

ino\'as_\‘on Sonuglan

Sekil 2. House of Innovation (Inovasyon Evi) Modeli
2.7. On Test Calismasi

IMP3rove inovasyon Olgiim aracinda gikan sonuglar, ortalama, kiyas analiz sinifi, biiyiime sampiyonlari ve
soru puant bagliklarinda asagidaki agiklamalar nezdinde degerlendirilmektedir (IMP3rove, 2021):

Ortalama

Ortalama puan, segilen kiyas analiz sinifindaki biitiin igletmelerin ortalama performansidir ve bu isletmelerin
puanlarinin ortalamasi olarak hesaplanir.

Kivas Analiz Sinifi

Kiyas analizi smifi, kargilagtirma i¢in secilen siniftaki isletmelerden olusmaktadir. Biiylime Sampiyonlari ve
ortalama puani hesaplarken ne tip isletmelerin dahil edilecegini gosterir.

Biiyiime Sampiyonlari

Biiyiime Sampiyonlarinin puani, kiyas analiz sinifindaki en yiiksek satis, istihdam ve faaliyet kar1 biiyiimesini
elde eden %10’luk en iyi grubun ortalama performansii temsil etmektedir.

Soru puani

Bir soruda elde edilebilecek genel puana soru puani denir. Bir soruda birden fazla 6ge (6rnegin, matris
tablolarda) ele aliniyorsa soru puani alt puanlarin bir araya getirilmesi ile bulunur. Soru puani; alt puanlarin
ortalamasi, alt puanlarin oran1 ya da alt puanlar toplami seklinde bulunabilmektedir. Soru puani, referans smif
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igindeki en yiiksek ve en diisiik puanlari sirasiyla %100 ve %0’a atayip, isletmenin puanini bu sinirlar iginde
normalizasyona tabi tutarak goreceli sekilde belirlenmektedir.

Isletmenin 6n test calismasi Kurumsal Gelisimden sorumlu Genel Miidiir Yardimcisi, Ar-Ge Merkezi
Sorumlusu ve ilgili diger personelin hazir bulundugu ortamda odak grup goriismesi ile web konferans
iizerinden gerceklestirilmistir. Isletme kiyas smifi olarak belirli bir sinif segilmemis, boylelikle 6l¢gme aracina
dahil olan tiim isletmelerle kiyas imkan1 saglanmustir. On test calismasina iliskin cevaplar IMP3rove inovasyon
Olgiim aracinin web platformuna isletmenin kayd: gergeklestirildikten sonra girilmis ve isletmenin raporu
olusturulmustur. Buna gore Sekil 3’teki sonuglar elde edilmistir:

Genel Performans

TOPLAM PUAN(%)

0O 10 20 30 40 50 60 70 8 90 100
TOPLAM PUAN(%)

= Ortalama 52
= Bilylime Sampiyonlar1 59
m [sletmenin Puani 44

Sekil 3. On Test Sonucu Isletme Genel Performansi

Isletmenin IMP3rove Inovasyon Olgiim araci son test ¢alismasinda 5 farkli boyuttan aldig1 puanlar Sekil 4’te
Ozet olarak verilmektedir:

On Test Sonuglari

== [sletmenin Puani Biiyiime Sampiyonlart == Ortalama

Inovasyon Stratejisi
100

' Inovasyon
Inovasyon Sonuglari Organizasyonu ve
Kiltird
Olanak Saglayan Inovasyon Yagam
Etmenler Dongiisii Siirecleri

Sekil 4. On Test Sonuglar

Isletmenin 6n test sonucunda almis oldugu puanlar ayrintili olarak Tablo 2’de verilmektedir:
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Tablo 2. On Test Sonu¢ Puanlar

Kategori Boyut Isletmenin Biiyiime Ortalama
No Puam (%) |Sampiyonlar (%) (%)
inovasyon Stratejisi 25 66 65
1.1. Inovasyon Vizyonu 100 59 58
Inovasyon Stratejisi'nin Karakteristik
1.2. Ozellikleri 0 59 57
1.3. Inovasyon Stratejisi'nin Yayilmasi 0 75 75
1.4, Inovasyon Projesi/Projeleri 0 71 70
Inovasyon Organizasyonu ve Kiiltiirii 80 66 65
2.1. Inovasyon i¢in Kiiltiirel Hazirlk 80 70 69
2.2. Yetenekler 80 67 66
2.3. Inovasyon I¢in Kapasite 90 76 75
2.4. Sirket Dis1 Is Birlikleri 80 66 65
2.5. Inovasyon Ortakliklarmm Yogunlugu 70 50 49
Inovasyon Yasam Déngiisii Siirecleri 27 48 46
3.2. Pazara Girig Siiresi 0 62 61
3.3. Kara Gegme Siiresi 0 63 61
3.4. Kademeli inovasyon Projelerinin Bagar1 Oran1 69 54 52
3.5. Radikal Inovasyon Projelerinin Bagar1 Orani 97 41 39
3.6. Cevik Yontemler 23 61 54
3.7. Entegre Yagam Dongiisti Siiregleri 0 40 39
3.8. Geri Bildirim Dongiileri 88 58 57
3.9. Sistematik Fikir Gelistirme 38 30 29
3.10. Fikir Yonetimi 12 48 46
3.11. Fikir Yonetim Dongiisii 0 62 63
3.12. Gelistirme Siireci 48 45 44
3.13. Basarili iInovasyon Lansmanlari 0 50 45
3.14. Miisteri Bilgisinin Entegrasyonu 8 25 23
3.15. Siire¢ Gostergelerinde Siirekli Gelisim 0 26 24
Olanak Saglayan Etmenler 66 52 47
4.1. Olgeklenebilirlik 95 65 54
4.2. Tesvikler ve Odiiller 0 45 40
4.4, Ogrenme ve Bilgi 80 55 54
4.5, Projeler ve Hedefler 82 71 60
4.6. Uzun Vadeli inovasyon Projeleri 100 35 34
4.7. Tasarmm Y 6netiminin Etkisi 36 40 37
Inovasyon Sonuglan 21 60 38
5.1. Gelir Bilyiimesi 30 74 38
Yeni Uriin Ya Da Hizmetlerin Satismdan Elde
5.2. Edilen Gelir 0 45 35
5.4, Faaliyet Kar1 Artisi 36 72 37
5.5. Inovasyondan Elde Edilen Faaliyet Kar1 0 40 31
5.7. Maliyet Azaltma 0 38 30
5.8. Kari Artirict Etmenler 81 89 82
5.9. Calisan Sayisinda Artig 16 70 37
TOPLAM PUAN(%0) 44 59 52




Tankut ASLANTAS

349 GU J Sci, Part A, 8(3): 339-360 (2021)

2.8. Saha Calismasi

Arastirmanin saha calismasi asamas1 TIM (Tiirkiye Ihracatcilar Meclisi)’nin 2016 yilindan bu yana yiiriittiigi,
sistematik anlamda inovasyon faaliyetlerini degerlendiren ve biiyiikliigiinden bagimsiz olarak kuruluslara
siirdiiriilebilir kurumsal inovasyon sistemi kurmay1 hedefleyen “InoSuit- Inovasyon Odakli Mentérliik
Programi” aracilifiyla yiiriitiilmiistiir. Arastirma kapsaminda Sekil 5°te verilen Kurumsal inovasyon Sistemi
Yol Haritas1 adimlart dikkate alinmistir (Ekmekgi & Pasin, 2016):

— 3
FAZ 4: Stratejik
Altyapt

FAZ 9- Acik
Inovasyon ve
Dis Kaynak

FAZ 3-
Organizasyonel
Altyap

FAZ 7:
Inovasyon
Projeleri

DF_“ZI 1de“ FAZ 2: On

1:551‘, i 1\“,“;’ Hazirlik, Ortak
a1z ve 1o Dil, Ortak Algs
Haritas1

FAZ 5: Kultiirel
Altyapt ve IK
Uygulamalari

Sekil 5. Kurumsal Inovasyon Sistemi Yol Haritasi

Birinci fazda gergeklestirilen IMP3rove inovasyon 6l¢lim araci 6n test sonuglarma gore isletmede asagidaki
faaliyetler yuritilmiistiir:

Calisanlara Inovasyon Egitimi Verilmesi

Yetenekler ve Inovasyon igin Kiiltiirel Hazirlik kategorilerinde isletme, ortalamanin iizerinde puan almustir.
Belirtilen kategorilerde siirdiiriilebilirligi saglamak ve isletme ¢aliganlarina yonelik ortak dilin olusturulmasina
destek olmasi adina, Inovasyon 101 ad1 altinda egitim verilmistir. inovasyon Egitimi; pandemi déneminde
olundugu ve daha fazla katilimin saglanmasi adina goniilliilik esasina dayanarak online platform iizerinden
senkron olarak verilmis, daha sonra bu egitime ulasilabilmesi i¢in igletmenin egitim portalina video kaydi
eklenmistir. Egitimde; Ar-Ge, inovasyon ve tasarim kavramlarindan, inovasyon ¢esitlerinden, inovasyonun
isletmeye olan faydasindan bahsedilmis ve InoSuit- Inovasyon Odakli Mentorliik Programi ekseninde
yiriitiilecek saha calismast anlatilmistir. Egitim sonrasinda katilimcilarin -~ birimlerine  yonelik
gerceklestirdikleri ve gerceklestirmeyi planladiklar yenilik¢i projeler inovasyon odagiyla degerlendirilmis ve
vaka analizi yapilarak inovasyon kavraminin iyice yerlestirilmesi saglanmistir. Bu ¢aligma ile “Inovasyon
Organizasyonu ve Kiiltiirii” boyutuna katki sunulmasi hedeflenmistir.

Inovasvon Komitesinin Olusturulmasi

On test galismasi esnasinda, isletmenin Ar-Ge merkezi bulundugu ancak inovasyon faaliyetlerinden sorumlu
bir birim ya da organizasyonel yapi olmadigi goéze ¢arpmistir. Entegre Yasam Dongiisti ve Fikir Yonetim
Dongiisii kategorilerinden alinan diisiik puanlar da gdz oniinde bulundurularak inovasyon faaliyetlerinin
merkezi olarak takip edildigi, yenilik¢i is fikirlerinin degerlendirilerek yonetime sunuldugu ve farkli birimlerin
katilim gosterdigi Inovasyon Komitesi kurulmustur. inovasyon komitesi; isletme i¢ cevresinden gelen is
fikirlerini, isletme amag ve hedeflerine uygun olarak degerlendirme misyonuyla goreve baglamis ve “Yenilik¢i
Fikir Havuzunun olusturulmasi” bagliginda belirtilecek ¢aligmalarin koordinasyonunu saglamistir. Haftalik
olarak toplant1 gergeklestiren komite iiyeleri, yalniz birimlerden gelen is fikirlerini degil, kendi 6nerilerini de
grup katilimu ile degerlendirmis ve yonetime sunmustur. Yonetim tarafindan onaylanan yenilikei is fikirleri de
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farkli birim temsilcilerinin katilimi ile projelendirilmistir. Bununla birlikte inovasyona yonelik diger
bilgilendirme ve dokiimantasyon faaliyetleri de komite toplantilarinda giindeme gelmistir. Toplantilar pandemi
sebebiyle online ortamda gerceklestirilmis, farkli lokasyonlarda bulunan komite iiyelerinin de aktif katilim1
saglanmstir. Bu calisma ile “Inovasyon Yasam Déngiisii Siiregleri” boyutuna katki sunulmas: hedeflenmistir.

Inovasyon Stratejilerinin Belirlenmesi

Isletme arastirma calismasi &ncesinde, 2018 yilinda 5 yillik Stratejik Planin1 hayata gecirmis, biinyesine kattig1
ISO 9001 Kalite Yonetim Sistemiyle uyumlu bicimde misyon ve vizyonunu belirlemistir. Stratejik planinda
her bir stratejik amag ic¢in tanimli ve periyodik olarak gozden gecirilen anahtar performans gostergeleri
bulunmaktadir. Stratejik planda agirlikli olarak yeni iiriin gelistirme faaliyetleri ve {iretim kapasitesinin
arttirilmasi hedefleri bulunmaktadir. On Test neticesinde Inovasyon Stratejisinin Yayilmasi ve Inovasyon
Stratejisinin Karakteristik Ozellikleri kategorilerinden alinan diisiik puanlar da géz 6niinde bulundurularak
saha calismasi esnasinda; stratejik planla baglantili, yenilik¢i {iriin, hizmet, siire¢, organizasyonel ve pazarlama
odakl1 faaliyetlerin tanimlandig1 inovasyon strateji dokiimam inovasyon Komitesi ile birlikte hazirlanarak
strateji ve kurumsal gelisimden sorumlu genel midiir yardimcisina sunulmustur. Hazirlanan inovasyon strateji
dokiimani ile inovasyon slogani, iiriin, hizmet, organizasyonel ve pazarlama inovasyon tipoloji egilimleri
olusturulmus, inovasyon organizasyonu, inovasyon kaynaklari, inovasyon isbirlikleri, inovasyon kiiltiirii ve
inovasyon siireglerinin yonetimi tarif edilmistir. Onaylanan metin isletmenin bilgi teknolojileri altyapisi ile
tiim calisanlarla paylasilmistir. Bu galisma ile “Inovasyon Stratejisi” boyutuna katki sunulmasi hedeflenmistir.

Teknolojik Yol Haritasimin Olusturulmasi

On test sonucunda Inovasyon Stratejisi boyutundan alinan diisiik puanlar dikkate aliarak isletme biinyesinde
tlim birimlerin katilim1 ve inovasyon komitesinin koordinasyonu ile dniimiizdeki 5 yillik donemde yiiriitiilecek
iirlin, siireg, organizasyonel ve pazarlama faaliyetlerinde kritik teknoloji alani, pazardaki konum, mevcut
rakipler ve ¢aligma alanlar1 ve igin 6nem derecesini igeren matris olusturulmustur. Bu matrise gore teknoloji
entegrasyonunun hangi yolla (isletmenin kendi deneyimi, danismanlik hizmeti, tiniversite sanayi isbirligi,
tedarikei isbirligi, miisteri igbirligi, lisans alma veya birlesme) gerceklestirilecegi de belirtilmistir. Teknoloji
yol haritasi {ist yonetimin onayina sunulmus ve kabul edilen yol haritas1 uygulamaya konulmustur. Bu ¢alisma
ile “Inovasyon Stratejisi” ve “Inovasyon Organizasyonu ve Kiiltiiri” boyutlarina katki sunulmasi
hedeflenmistir.

Dijital Doniistim Stratejileri ve Yol Haritasimin olusturulmasi

On Test neticesinde inovasyon Yasam Déngiisii Siiregleri boyutundan elde edilen puanlar dikkate alinarak
Isletme, daha &ncesinde hazirladigi Stratejik Planla uyumlu sekilde, Bilgi Teknolojileri Miidiirliigii ve
Inovasyon Komitesinin katkisi ile dijital déniisiim stratejilerini hazirlamistir. Buna gore isletmenin dijital
doniistim egilimleri, dijitallesme kaynaklari, dijitallesme organizasyonu, dijital doniisiim isbirlikleri ve dijital
doniislim siireclerinin yonetim ilkeleri belirlenmistir. Olusturulan Dijital doniisiim stratejilerine ek olarak tipki
teknoloji yol haritasinda oldugu gibi dijital donlisiim yol haritasi da, stratejilerle uyumlu bigimde
hazirlanmistir. Isletmenin  dokiiman y&netim sistemi, iletisim kanallart ve laboratuvar altyapisinin
dijitallesmesi gibi basliklarda yiiriitilmesi planlanan projeler asagida detaylar1 verilecek “Yenilik¢i Fikir
Havuzu”na iletilmek iizere dnceliklendirilmistir. Bu calisma ile “Inovasyon Yasam Dongiisii Siiregleri” ve
“Olanak Saglayan Etmenler” boyutlarina katki sunulmasi hedeflenmistir.

Inovasyon Kiitiiphanesinin Olusturulmasi

On test neticesinde Gelistirme Siireci ve Siire¢ Gostergelerindeki Siirekli Gelisim kategorilerinden alinan
puanlar goz Onilinde bulundurularak isletmenin inovasyon altyapisinin gelistirilmesi, bilgiye ulasimin
siirekliligi ve tiim birimlerin bilgi diizeyinin es zamanli olarak yiikseltilmesi adina Inovasyon Kiitiiphanesi
elektronik ortamda hazirlanmis ve calisanlar kiitiiphaneye erisim igin yetkilendirilmistir. inovasyona yénelik
tanimlar, el kitaplar1 ve kilavuzlar da dahil olmak iizere dokiimanlarin eklendigi kiitliphaneye ¢alisanlarin
inovasyon faaliyetlerine yonelik katildig1 egitim, konferans gibi arastirma odakli toplantilarin egitim notlarinin
da paylagilmasinin &nii acilmistir. inovasyon kiitiiphanesine dahil edilecek dokiimanlarin giincelligi inovasyon
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Komitesinin sorumluluguna verilmis ve ¢alisanlardan gelen taleplere gore siirekli giincellenebilen bulut tabanli
bir elektronik kiitiiphane olmasi saglanmistir. Bu c¢alisma ile “Inovasyon Organizasyonu ve Kiiltiirii”,
“Inovasyon Yasam Déngiisii Siiregleri” ve “Olanak Saglayan Etmenler” boyutlarina katki sunulmasi
hedeflenmistir.

Inovasyon Projelerinin ve Proje Gruplarimin Belirlenmesi

On test neticesinde Inovasyon Projesi/Projeleri kategorisinden elde edilen diisiik puan dikkate almarak
Inovasyon Teknoloji Yol Haritas: ve Dijital doniisiim yol haritas1 neticesinde ortaya ¢ikan projeler {ist yonetim
tarafindan onaylandiktan sonra gruplandirmalar olusturulmustur. Inovasyon Komitesi ¢aligmalarina destek
saglayacak sekilde olusturulan 15 proje grubu, farkli birimlerden ve farkli teknik uzmanliga sahip iiyelerden
meydana gelmektedir. Proje gruplar haftalik olarak online platformlarda toplanarak giindem olusturmakta,
proje grubundan gelen yeni is fikirleri Yenilik¢i Fikir Havuzuna iletilmek {izere kaydedilmektedir. Bu ¢alisma
ile “Inovasyon Stratejisi”, “Inovasyon Yasam Déngiisii Siirecleri” ve “Olanak Saglayan Etmenler” boyutlarina
katki sunulmasi hedeflenmistir.

Yenilikci Fikir Havuzunun olusturulmasi

On Test sonucunda Inovasyon Yasam Déngiisii Siirecleri ve Olanak Saglayan Etmenler boyutlar: dikkate
almarak isletmede, tiim calisanlarin dahil olacag sekilde yenilikgi is fikirlerinin sunuldugu, degerlendirildigi,
onceliklendirildigi ve odiillendirildigi “Yenilik¢i Fikir Havuzu” isminde bir platform kurulmustur. Bu
platform; saha galismasi esnasinda ilk ¢agriya ¢ikmis ve tiim galisanlardan, hazirlanan elektronik form araciligt
ile fikirlerini sunmasini saglamistir. Gelen is fikirleri Inovasyon Komitesi araciligiyla yapilabilirlik,
ticarilesme, Olg¢eklenebilirlik, teknolojik boyut ve takim basliklarinda 100 tizerinden degerlendirilmis ve 60
iizeri puan alan is fikirleri ydnetime sunulmustur. Ust ydnetim de, son degerlendirme gergeklestirerek hayata
gegirilmesi planlanan inovasyon odakli is fikirlerini belirlemis ve tiim ¢alisanlarin katilimiyla online olarak
gerceklesen Inovasyon Lansmani etkinliginde dereceye giren is fikirleri ddiillendirilmistir. Yenilik¢i Fikir
Havuzunun, bir sonraki c¢agri doneminde agik inovasyon faaliyetlerini destekleyici sekilde kamuoyuna
acilmasi ve isletmenin dig cevresinden gelecek yenilik¢i fikirlerin degerlendirilerek hayata gegirilmesi
planlanmaktadir. Bu galisma ile “Inovasyon Yasam Déngiisii Siirecleri” ve “Olanak Saglayan Etmenler”
boyutlarina katki sunulmasi hedeflenmistir.

Paydas Veri tabani olusturulmasi

On Test neticesinde Inovasyon Yasam Déngiisii Siiregleri boyutunda verilen puanlar dikkate alinarak Isletme
biinyesinde segilen is fikirlerinin yiiriitiilmesi esnasinda ihtiya¢ duyulan uzmanlik desteginin saglanacagi kisi,
kurum ve kuruluslarin bulundugu Paydas Veri tabani matrisi olusturulmus ve siirekli giincel tutulmasi
saglanmustir. Isletme halihazirda Ar-Ge Merkezi oldugu icin, Ar-Ge Merkezi biinyesinde yiiriitiilen Ar-Ge
Projelerinin de ayni veri tabanindan destek almasi saglanmistir. Veri tabaninda paydas tiirti, isbirligi tiiri,
uzmanlik alani, iletisim bilgileri ile kayitla ilgili notlar yer almakta {iniversite sanayi isbirligi, akademik
danigsmanlik, proje danigsmanligi, fikri miilkiyet danismanligi ile Ar-Ge Proje ortakligi gibi alanlarda isbirligi
kayitlar1 listelenebilmektedir. Bu calisma ile “inovasyon Yasam Déngiisii Siiregleri” ve “Olanak Saglayan
Etmenler” boyutlarma katki sunulmasi hedeflenmistir.

Ar-Ge Proje Finansmani Faalivetleri

On Test neticesinde Tesvikler ve Odiiller kategorisindeki diisiik puan dikkate alinarak, Segilen ve
projelendirilen inovasyon is fikirlerinden bir kismi, Ar-Ge Merkezi biinyesinde temel arastirma, uygulamali
arastirma ve deneysel gelistirme odaginda degerlendirilmistir. TUBITAK, Sanayi ve Teknoloji Bakanlig1 ve
Avrupa Birligi fonlar incelenerek uygun olan ¢agrilara basvurular gergeklestirilmis, 3 Ar-Ge projesi i¢in hibe
ile almaya hak kazanmistir. isletme, Sanayi ve Ticaret Bakanhigindan tescilli Ar-Ge Merkezi oldugu ve her y1l
Ar-Ge finansmanina yonelik belirli performans hedefleri oldugundan, proje gruplarina yonlendirilen veya
Yenilik¢i Fikir Havuzuna iletilen is fikirleri Ar-Ge kapsami odaginda degerlendirilerek ilgili ulusal ve/veya
uluslararasi finansman kuruluglarindan hibe almaya devam edilecektir. Bu ¢alisma ile “Olanak Saglayan
Etmenler” ve “Inovasyon Sonuglar1” boyutlarina katki sunulmasi hedeflenmistir.
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Yillik Inovasyon Egitim Takviminin olusturulmasi

Isletmenin halihazirda yillik olarak Insan Kaynaklar1 Miidiirliigii tarafindan diizenlenen ve yonetim tarafindan
onaylanan Egitim Takvimi bulunmaktadir. Bu takvime gore, ¢alisanlarin almasi gereken zorunlu egitimler,
hizmet i¢i ve kurum dig1 egitimlerin planlamasi yapilmaktadir. iizere Yetenekler ve Inovasyon igin Kiiltiirel
Hazirlik kategorilerinde isletmenin aldig1 yiiksek puanlar siirdiiriilebilir hale getirmek adina yiiriitiilen saha
calismast ile egitim takvimi inovasyon odakli sekilde gozden gecirilerek, kurum i¢i yetkinliklerini de
yansitacak sekilde diizenleme yapilmais, idari ve teknik egitimler eklenmistir. Bununla birlikte kurum digindan
almmasi planlanan Ar-Ge Proje Yonetimi, Tasarim Odakli Diisiinme, TRIZ(Yaratici Problem Co6zme
Teknikleri), Fikri Miilkiyet Haklar1 Yonetimi gibi egitim konular1 da takvime eklenmistir. Bu calisma ile
“Inovasyon Organizasyonu ve Kiiltiiri” ve “Olanak Saglayan Etmenler” boyutlarma katki sunulmasi
hedeflenmistir.

Fikri Miilkivet Haklari Yonergesinin olusturulmasi

Isletmede halihazirda yiiriitiilen fikri miilkiyet faaliyetleri yalnizca marka odakli korunmaktadir. 10.01.2017
tarih ve 29944 sayili Resmi Gazetede yayimlanarak yiiriirliige giren 6769 sayili Smai Miilkiyet Kanunu ve
ilgili mevzuat gercevesinde calisan buluslarinda, bulus sahibinin maddi hakki bulunmakta, 6zellikle
patentlerden elde edilen gelirin en az ii¢te bir oraninda bulus sahibine 6deme yapilmasi gerekmektedir.
Inovasyon Yasam Déngiisii Siiregleri puanlarinin diisiikliigii de dikkate almarak, isletmenin marka, patent,
faydali model ve endiistriyel tasarim odakli fikri miilkiyet hak siire¢lerini bulus bildirimden baglamak {izere
tanimlayan ve bulus sahibinin haklarini mevzuata uygun olarak diizenleyen yonerge hazirlanmis, isletmenin
halihazirda danismanlik aldigi patent vekil firma ve Hukuk Miisavirligi goriisleriyle son haline getirilmistir.
Bu ¢alisma ile “Inovasyon Yasam Dongiisii Siiregleri” boyutuna katki sunulmasi hedeflenmistir.

2.9. Son Test Calismasi

Yaklasik bir yillik bir siire igerisinde tamamlanan saha ¢aligmasinin ardindan sonuglar1 degerlendirmek adina
son test ¢alismas1 Kurumsal Gelisimden sorumlu Genel Miidiir Yardimcisi, Ar-Ge Merkezi Sorumlusu ve ilgili
diger personelin hazir bulundugu ortamda 6n test ¢alismasinda oldugu gibi yine odak grup goriigmesi
yontemiyle web konferans iizerinden gergeklestirilmistir. On test biiyiime sampiyonlar1 ve ortalama degerlerin
tutarlilig1 agisindan yine belirli bir kiyas smifi se¢ilmemis ve 6lgme aracina dahil olan tiim igletmelerle
karsilastirma imkani saglanmistir. On test calismasinda oldugu gibi isletmenin vermis oldugu cevaplar
IMP3rove Inovasyon Olgiim araci platformu web adresine girilerek rapor olusturulmustur. Buna gére Sekil
6’daki sonuglar elde edilmistir:

Genel Performans

TOPLAM PUAN(%)

0O 10 20 30 40 50 60 70 80 90 100
TOPLAM PUAN(%)

Ortalama 43
= Bilylime Sampiyonlar1 50
H [sletmenin Puani 77

Sekil 6. Son Test Sonucu Isletme Genel Performansi
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Isletmenin IMP3rove inovasyon Olgme araci son test calismasinda 5 farkli boyuttan aldig1 puanlar Sekil 7°de
0zet olarak verilmektedir:
Son Test Sonuglari

= [sletmenin Puani Biiyiime Sampiyonlari Ortalama

Inovasyon Stratejisi
100
90

Inovasyon
Organizasyonu ve
Kiiltiiri

Inovasyon Sonuglari

Olanak Saglayan Inovasyon Yasam
Etmenler Dongiist Siiregleri

Sekil 7. Son Test Sonuclar

Isletmenin son test sonucunda almis oldugu puanlar ayrintili olarak Tablo 3’te verilmektedir:

3. BULGULAR VE TARTISMA

Aragtirma kapsaminda isletmede gerceklestirilen 6n test, saha calismasi ve son test calismasindan sonra
Tablo 4’te ifade edilen karsilastirmali sonuglara ulagilmustir:

Arastirma bulgular1 inovasyonun bes boyutu ve toplam puanlar iizerinden degerlendirildiginde asagidaki
sonuglara ulagilmgtir:

Isletme, arastirma siireci boyunca gerceklestirilen on test, saha ¢alismasi ve son test ¢aligmasi sonucunda en
onemli farki “Inovasyon Stratejisi” boyutunda ortaya koymustur ve 6n test sonucuna oranla %74’liikk bir
iyilesme saglamistir. Bunun temel etkeni; daha 6ncesinde inovasyon stratejilerinin bulunmayisi, teknoloji yol
haritasinin ~ olusturulmamasi ve baglantili bigimde inovasyon projelerinin belirlenmemesi olarak
gozlemlenmistir.

Inovasyon organizasyonu ve kiiltiirii boyutu incelendiginde, 6n test asamasinda isletmenin %80’lik bir puan
ile ortalama ve bilyliime sampiyonlarindan daha yiiksek bir puan aldig1 goriilmektedir. Saha ¢alismasi sirasinda
da gozlemlendigi iizere isletmenin inovasyona yonelik kiiltiirel altyapisi ve calisan yetenekleri yiiksek
seviyededir. Bununla birlikte, sirket dis1 is birliklerinde 6n test ve son test sonuglari arasinda %24°1iik bir fark
ortaya c¢iktigi, bunun sebebinin ise saha calismasi esnasinda olusturulan ortaklik altyapilariin heniiz
inovasyon projelerine yeterli seviyede doniismemesi olarak gozlemlenmistir. Sonug olarak, saha ¢alismasi
faaliyetlerinin inovasyon organizasyonu ve Kkiiltiiri boyutunda %4’lik bir iyilesme sagladigi ortaya
konulmustur.
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Tablo 3. Son Test Sonu¢ Puanlar
Kategori Boyut Isletmenin Sarl?n:}il;g‘;an Ortalama
No Puam (%) (%0)
(%0)
Inovasyon Stratejisi 99 61 56
1.1. Inovasyon Vizyonu 100 57 53
Inovasyon Stratejisi'nin Karakteristik
1.2. Ozellikleri 100 55 49
1.3. Inovasyon Stratejisi'nin Yayilmasi 95 69 65
1.4. Inovasyon Projesi/Projeleri 100 62 57
Inovasyon Organizasyonu ve Kiiltiirii 84 48 46
2.1. Inovasyon igin Kiiltiirel Hazirhk 82 62 61
2.2. Yetenekler 98 11 9
2.3. Inovasyon Igin Kapasite 92 72 68
2.4. Sirket Dis1 Is Birlikleri 100 55 52
2.5. Inovasyon Ortakhklarmm Yogunlugu 46 39 38
inovasyon Yasam Déngiisii Siirecleri 66 45 41
3.2. Pazara Giris Stiresi 0 65 62
3.3. Kara Gegme Siiresi 0 65 62
3.4. Kademeli Inovasyon Projelerinin Basar1 Orani 69 57 51
3.5. Radikal Inovasyon Projelerinin Basar1 Orani 77 a7 40
3.6. Cevik Yontemler 98 9 5
3.7. Entegre Yasam Dongiisii Siiregleri 100 43 41
3.8. Geri Bildirim Dongiileri 98 59 55
3.9. Sistematik Fikir Gelistirme 54 30 27
3.10. Fikir Yonetimi 58 32 28
3.11. Fikir Yonetim Dongiisii 75 62 67
3.12. Gelistirme Siireci 100 49 42
3.13. Basarih Inovasyon Lansmanlari 78 50 43
3.14. Miisteri Bilgisinin Entegrasyonu 13 29 25
3.15. Siire¢ Gostergelerinde Siirekli Geligim 100 25 20
Olanak Saglayan Etmenler 97 42 38
4.1. Olgeklenebilirlik 100 10 8
4.2, Tesvikler ve Odiiller 100 42 36
4.4. Ogrenme ve Bilgi 90 52 53
4.5, Projeler ve Hedefler 91 60 57
4.6. Uzun Vadeli inovasyon Projeleri 100 37 32
4.7. Tasarim Y Onetiminin Etkisi 98 50 42
Inovasyon Sonuglan 37 54 32
5.1. Gelir Biiyiimesi 48 85 40
Yeni Uriin Ya Da Hizmetlerin Satismdan Elde
5.2. Edilen Gelir 26 17 15
5.4. Faaliyet Kar1 Artisi 48 63 38
5.5. Inovasyondan Elde Edilen Faaliyet Kari 5 40 31
5.7. Maliyet Azaltma 7 38 30
5.8. Kar1 Artirici Etmenler 0 29 25
5.9. Cahsan Sayisinda Artis 94 82 39
TOPLAM PUAN(%0) 77 50 43
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Tablo 4. On Test ve Son Test Karsilastirmast
Kategori Boyut On Test Son Test | Degisim

No Puanlan(%) | Puanlarn(%) (%0)
Inovasyon Stratejisi 25 99 74

1.1. Inovasyon Vizyonu 100 100 0
1.2. Inovasyon Stratejisi'nin Karakteristik Ozellikleri 0 100 100
1.3. Inovasyon Stratejisinin Yayilmasi 0 95 95
1.4. Inovasyon Projesi/Projeleri 0 100 100

Inovasyon Organizasyonu ve Kiiltiirii 80 84 4

2.1 Inovasyon icin Kiiltiirel Hazirhk 80 82 2
2.2. Yetenekler 80 98 18

2.3. Inovasyon I¢in Kapasite 90 92 2
2.4. Sirket Dis1 Is Birlikleri 80 100 20
2.5. Inovasyon Ortaklhiklarmm Yogunlugu 70 46 -24
Inovasyon Yasam Déngiisii Siirecleri 27 66 39

3.2. Pazara Girig Siiresi 0 0 0

3.3. Kara Gegme Siiresi 0 0 0

3.4. Kademeli Inovasyon Projelerinin Basar1 Oran1 69 69 0
3.5. Radikal Inovasyon Projelerinin Basar1 Oran1 97 77 -20
3.6. Cevik Yontemler 23 98 75
3.7. Entegre Yasam Dongiisii Siirecleri 0 100 100
3.8. Geri Bildirim Dongiileri 88 98 10
3.9. Sistematik Fikir Gelistirme 38 54 16
3.10. Fikir Yonetimi 12 58 46
3.11. Fikir Yonetim Dongiisii 0 75 75
3.12. Gelistirme Siireci 48 100 52
3.13. Bagsarili Inovasyon Lansmanlari 0 78 78

3.14. Miisteri Bilgisinin Entegrasyonu 8 13 5
3.15. Siire¢ Gostergelerinde Stirekli Gelisim 0 100 100
Olanak Saglayan Etmenler 66 97 31

4.1. Olgeklenebilirlik 95 100 5
4.2. Tesvikler ve Odiiller 0 100 100
4.4, Ogrenme ve Bilgi 80 90 10

4.5, Projeler ve Hedefler 82 91 9

4.6. Uzun Vadeli inovasyon Projeleri 100 100 0
4.7. Tasarmm Y Onetiminin Etkisi 36 98 62
Inovasyon Sonuglan 21 37 16

5.1. Gelir Biiylimesi 30 48 18
5.2. Yeni Uriin veya Hizmetlerin Satismdan Elde Edilen Gelir 0 26 26
5.4. Faaliyet Kar1 Artist 36 48 12

5.5. Inovasyondan Elde Edilen Faaliyet Kari 0 5 5

5.7. Maliyet Azaltma 0 7 7
5.8. Kar Artiric1 Etmenler 81 0 -81
5.9. Calisan Sayisinda Artig 16 94 78
TOPLAM PUAN(%) 44 77 33
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Inovasyon yasam déngiisii siiregleri boyutu incelendiginde 6n test asamasinda isletmenin %27°lik bir puanla
ortalamanin altinda kaldig1 goriilmektedir. Saha caligsmas1 agamasinda gerceklestirilen; inovasyon komitesinin
olusturulmasi, dijital doniisiim stratejileri ve yol haritasinin olusturulmasi, inovasyon kiitiiphanesinin
olusturulmasi, yenilikg¢i fikir havuzunun olusturulmasi, paydas veri tabaninin olusturulmasi ve fikri miilkiyet
haklar1 yonergesinin olusturulmasi faaliyetlerinin inovasyon yasam dongiisii siiregleri boyutuna dogrudan etki
ettigi gozlemlenmistir. Fikir yOnetimi, siire¢ gostergelerindeki gelisim, miisteri bilgisi entegrasyonu gibi
kategorilerde isletmenin puanim yiikselttigi, iiriin gamindaki en karli iiriinlerde heniiz bir degisiklik olmadig1
icin pazara giris ve kara gegme siiresinde bir degisiklik olmadig1 ortaya konulmustur. Bununla birlikte radikal
inovasyonlarin basari oraninda %20’lik bir diisiis gergeklestigi, bunun sebebinin ise saha calismasi esnasinda
baglayan radikal inovasyon c¢aligsmalarinin heniiz tamamlanmamasi oldugu degerlendirilmistir. Sonug olarak
saha ¢alismasi faaliyetlerinin inovasyon yasam dongiisii siirecleri boyutunda %39’luk iyilesme sagladigi
gbzlemlenmistir.

Olanak saglayan etmenler boyutu incelendiginde on test agamasinda %66’lik bir puanla ortalamanm ve
biiyiime sampiyonlarinin {istiinde bir gerceklesmeye sahip oldugu goriilmektedir. Isletmenin baslangic
asamasinda Pazar talebi, dagitim kanallar1 ve operasyonel siireclerinde 6lgeklenebilirlik kriteriyle hareket
ettigi, projelerinin hedeflerinin tanimli oldugu ve bu hedeflerin biiyiik bir kismina proje sonucunda ulasabildigi
ortaya konulmustur. Saha ¢aligmasi asamasinda gerceklestirilen; dijital doniisiim stratejileri ve yol haritasinin
olusturulmasi, inovasyon kiitiiphanesinin olusturulmasi, inovasyon projelerinin belirlenmesi, yenilike¢i fikir
havuzunun olusturulmasi, paydas veri tabaninin olusturulmasi, Ar-Ge Proje finansmani ve yillik inovasyon
egitim takviminin olusturulmasi faaliyetlerinin olanak saglayan etmenler boyutuna etki ettigi gézlemlenmistir.
Ozellikle yenilikgi fikir havuzunun olusturulmas: ve Ar-Ge Proje finansmani faaliyetleriyle is fikirlerinin
odiillendirilmesi ve dis fonlardan hibe almasi saglanarak “Tesvikler ve Odiiller” kategorisinde %100’liik bir
iyilesme gerceklestirilmistir. Sonug olarak saha ¢alismasi faaliyetlerinin olanak saglayan etmenler boyutunda
%?31’lik iyilesme sagladig1 gdzlemlenmistir.

Inovasyon sonuglar1 boyutu degerlendirildiginde 6n test asamasinda isletmenin %21°lik puan ile inovasyon
boyutlar1 arasinda en diisiik gerceklestirmeye sahip oldugu ve ortalamanin altinda kaldigi gézlemlenmistir.
Saha c¢aligmasi neticesinde isletmenin, Ar-Ge proje finansmani faaliyetleriyle inovasyondan elde edilen
faaliyet kar1 kategorisine dogrudan, diger kategorilere ise dolayl1 olarak katki saglandigi degerlendirilmistir.
Bununla birlikte kar arttirici etmenler kategorisinde gergeklesen %81°lik farkin isletmenin son 4 yili baz
alinarak gerceklestirdigi organik biiylimeyle ilgili oldugu gdzlemlenmistir. Sonug¢ olarak saha calismasi
faaliyetlerinin inovasyon sonuglari boyutunda %16’lik iyilesme sagladigi gézlemlenmistir.

Isletmenin sonuglar1 genel olarak degerlendirildiginde on test alismasinda toplamda %44°liik puan aldig,
saha ¢aligmasi faaliyetleri neticesinde gerceklestirilen son test ¢caligmasinda ise puanin1 %77’ ye yiikselttigi, bu
puanla biiylime sampiyonlar1 puani olan %50’nin de Ustiine ¢iktig1 gdzlemlenmistir. Arastirma kapsaminda
gergeklestirilen saha c¢aligmasi faaliyetlerinin inovasyon boyutlarina katkisiyla son test calismasindaki
puanlarin elde edildigi degerlendirilmektedir. Buradan hareketle; 6n test caligmasi, saha ¢aligmasi ve son test
caligmasi ile birlikte arastirmanin amaci dogrultusunda belirlenen arastirma sorusunun ortaya konuldugu,
orneklem olarak segilen isletmede gergeklestirilen tek grup On test-son test tasarimi ile inovasyon yonetimi
faaliyetlerinin, isletmelerin inovasyon kapasitesi iizerinde olumlu ydnde etkisinin bulundugu sonucuna
varilmistir,

4. SONUCLAR

Arastirma kapsaminda inovasyon yonetimi faaliyetlerinin, isletmelerin inovasyon kapasitesi lizerinde etkisini
incelemek adina arastirma sorusu belirlenmis ve arastirma modeli olusturulmustur. inovasyon kapasitesinin
degerlendirilmesine yonelik ulusal ve uluslararasi literatiir taranmis ve sonuglari ortaya konulmustur. Bununla
birlikte, arastirma modeli dogrultusunda, inovasyon kapas1te51 olgumune yonelik araglar karsllastmlmls ve
arastirmaya uygun olarak degerlendirilen IMP3rove Inovasyon Olgiim Araci secilmistir. Inovasyon
kapasitesini literatiirdeki “House Of Innovation” modeline gore bes boyutta degerlendiren IMP3rove
Inovasyon 6l¢iim araci ile 6n test ve son test ¢alismasi, drneklem olarak secilen isletmede gergeklestirilmistir
(Kearney, 2006). Arastirmanin saha ¢alismasi kisminda Tiirkiye Thracatgilar Meclisi biinyesinde yiiriitiilen
“InoSuit — Inovasyon Odakli Mentorliik Programi” kapsaminda 6nerilen “Kurumsal Inovasyon Sistemi Yol



Tankut ASLANTAS

357 GU J Sci, Part A, 8(3): 339-360 (2021)

Haritas1” adimlar1 uygulanmistir (Ekmekgi & Pasin, 2016). Yol haritas1 uygulanirken igletmenin mevcut
durumu ve {ist yonetimin vizyonu goz oniinde bulundurularak takvimlendirme yapilmis ve isletmeye uygun
olan saha caligmas1 faaliyetleri belirlenmistir. Sonug olarak inovasyon faaliyetlerinin; inovasyon stratejisi,
inovasyon organizasyonu ve kiiltiirii, inovasyon yasam dongiisii siiregleri, olanak saglayan etmenler ve
inovasyon sonuglar1 boyutlarini da igerecek sekilde isletmelerin inovasyon kapasitesi tizerinde olumlu yénde
etkisi oldugu ortaya konulmustur. Sonuglar degerlendirildiginde TIM tarafindan gerceklestirilen “InoSuit Etki
Analizi” ¢aligmasinda ifade edildigi sekilde “isletmelerin biiyiikliiklerinden bagimsiz olarak yiiriittiigii saha
calismalar1 ile inovasyona yonelik basarili sonuglar aldig1” sonucuyla uyumlu oldugu degerlendirilmektedir

(InoSuit, 2021).

Bu aragtirmada inovasyon faaliyetlerinin isletmelerin inovasyon kapasitesi iizerine etkisi degerlendirilmis,
ormeklem olarak secgilen, Ankara’da faaliyet gosteren ve halihazirda Ar-Ge Merkezi bulunan isletmede
gerceklestirilen tek gruplu 6n test- son test tasarimi, IMP3rove Inovasyon 6lgiim araci ile uygulanmis, saha
calismasinda yiiriitillen inovasyon odakli faaliyetlerin isletmeye etkisi ortaya konulmustur. Arastirmanin
sonuclarindan yola ¢ikarak inovasyon kapasitesini gelistirmek isteyen isletmelere asagidaki ¢oziimler
onerilmektedir:

i-inovasyon kapasitesinin gelistirilmesine yonelik ilk adim inovasyon stratejilerinin belirlenmesidir.
Isletmelerin, kendi vizyon ve stratejileriyle uyumlu inovasyon stratejilerini belirlemesi ve bu stratejileri
isletmenin is ve dis paydaslarina goriiniir kilmas1 gerekmektedir. Bu sayede, is fikirlerinin ticari degere
doniismesi siirecinde karsilasilabilecek problemlerin ¢6ziimii kolaylasabilecektir (Uzkurt, 2010).

ii-Literatiirdeki ¢aligmalar incelendiginde, inovasyona iligkin kiltirel hazirhgmi tamamlamis ve
organizasyonel altyapisin1 destekleyen isletmelerin basarili inovasyon sonuglar1 aldigi goriilmektedir. Bu
sebeple isletmeler; bilgi paylasimmi arttiracak, takim calismasini tesvik edecek ve is fikirlerinin 6zgiirce
paylasacaklar1 bir orgiit kiltiiriini tesis etmek durumundadir (Karakas, 2014).

iii-Artimsal ve radikal inovasyon projelerinin basari oranini yiikseltmek ve farkli disiplinlerdeki is fikirlerini
desteklemek adina igletmelerin fikir yonetimi siireglerini tesis etmeleri ve g¢alisanlarin erisimine agmalari
gerekmektedir. Belirli bir birim ya da komite tarafindan degerlendirilen is fikirleri arasindan basarili
bulunanlar1 segilerek uygulamaya alinmali, basarili is fikirleri 6diillendirilmelidir. Boylelikle; isletme
caliganlarinin bilgi ve tecriibelerini, genis katilimli sekilde ve isletmenin vizyon ve stratejileri dogrultusunda
aktarmalar1 saglanabilecektir (Durna, 2002).

iv-Inovasyon projeleri belirlenirken, isletme vizyon ve stratejilerinin yaninda miisteri ihtiyag ve beklentilerinin
referans alinmasi Onem arz etmektedir. Bunu gergeklestirmek adina periyodik olarak misteri geri
bildirimlerinin alinmas1 ve bu geri bildirimlerin yenilik¢i {irlin, hizmet ve siiregler gelistirirken siirekli olarak
degerlendirilmesi onerilmektedir (Ozdash, 2006).

v-inovasyon projelerinin, is fikri asamasinda isletmeye sunuldugu andan itibaren korunmasi ve desteklenmesi,
gerek isletmenin ilerleyen donemde ticari kayiplar yasamamasi gerekse is fikri sahibinin hak sinirlarimin
belirlenmesi agisindan énemlidir. Bu sebeple isletmelerin inovasyon faaliyetlerini yiiriitiirken, fikri miilkiyet
odakli degerlendirme yapmasi, is fikri sahibinden bulus bildirim formu almasi, yasal mevzuata uygun sekilde
patent, faydali model veya endiistriyel tasarim bagvurulari ile fikri miilkiyeti korumasi Onerilmektedir.
Unutulmamalidir ki, fikri miilkiyet ¢iktilar1 ve fikri miilkiyet haklar1 yonetimi, inovasyon kapasitesinin
degerlendirilmesini ve inovasyon faaliyetlerinin ¢ikt1 odakli takip edilmesini saglayan belirleyici bir unsurdur
(Tektas vd., 2012).

vi-Isletmelerin is fikirlerini ticarilestirirken ortaya cikan inovasyona y&nelik maliyetlerini karsilamast,
inovasyon projelerinin ortaya koyacagi degeri ve karliligi arttirmaktadir. Bu sebeple, desteklenen is
fikirlerinden uygun olanlan i¢in; TUBITAK, KOSGEB, Kalkinma Ajanslar1 gibi ulusal, Avrupa Birligi
Horizon, ikili Isbirligi Programlar1 ve Birlesmis Milletler gibi uluslararasi fon kaynaklarina basvuru yaparak
hibe almmasi Onerilmektedir. Boylelikle igletmeler inovasyon faaliyetleri adina; arastirma gelistirme,
teknolojiye ulasim, tiretim, dagitim ve pazarlama gibi agamalarda ortaya ¢ikabilecek risklere maliyet etkin
¢oziimler gelistirebilecektir (Tuna ve Isabetli, 2014).
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Aragtirmanin sinirliliklari, inovasyonun igletmeler igin 6nemi ve literatiire katki agisindan degerlendirildiginde
gelecek donemde asagidaki akademik ¢aligmalarin yapilmasi dnerilmektedir:

i-Ar-Ge Merkezi bulunan isletmelerin, heniiz Ar-Ge Merkezi tescil belgesini temin etmemis isletmelerle
inovasyon kapasitesi ve inovasyon ciktilar1 odakli farklarim1 6lgmek adina arastirmalarin yiiriitiilmesi
onerilmektedir. Boylelikle Ar-Ge Merkezi faaliyetleri ve Ar-Ge ¢iktilarinin inovasyon kapasitesine etkisi
ortaya konulabilecektir.

ii-inovasyon kapasitesi olgiimiinde isletmelerin sektdrel bazda diger isletmelerle karsilastirilmasi ve
bulundugu sektérdeki ortalama ile isletmenin kapasitesinin degerlendirilmesi &nerilmektedir. Bu sayede
gergeklestirilen On test ve son test ¢caligmalart ile sektorel karsilagtirma yapilabilecektir.

iii-Isletmenin tipi ve biiyiikliigiine gore inovasyon faaliyetleri ve ¢iktilar1 arasindaki farkliliklarin incelenmesi
onerilmektedir. Bu amagla ayn1 faaliyet doneminde farkli biiylikliikk ve sektdrdeki isletmelerde es zamanl
yiiriitiilen inovasyon faaliyetlerinin inovasyon ¢iktilarina ve karliliga etkisi ortaya konulabilecektir.

iv- Patent lisanslama, sirket satin alma, teknoloji sirketlerine yatirim yapma gibi dis kaynakli ticarilesme
alternatiflerinin inovasyon kapasitesine etkisinin incelenmesi adina Tiirk Patent ve Marka Kurumunda kaydi
bulunan patent devir almis ya da lisanslamis isletmeler ile bireysel veya girisim sermayesi fonlar1 tizerinden
teknoloji odakli start-up’lara yatirim yapan isletmeler icerisinden segilecek orneklem incelenerek teknoloji
transferi faaliyetlerinin inovasyon kapasitesine etkisinin arastirilmasi 6nerilmektedir.

V- Calisanlarin sundugu is fikirlerinin yetkili birim ya da disiplinler aras1 komite tarafindan nasil secilecegine
iliskin c¢ok Olciitlii karar verme modelinin tasarlanmasi Onerilmektedir. Boylelikle isletme vizyon ve
stratejilerine uygun is fikirlerinin desteklenmesi ve akademik arastirmalara yansitilmasi saglanabilecektir.

Tiim bu ¢alismalar ve arastirma onerileri araciligi ile inovasyon faaliyetlerinin isletmeler igin 6nemi genis bir
cercevede ortaya konulabilecek ve literatiire inovasyon yonetimi, inovasyon kapasitesi ve inovasyon ¢iktilari
odaginda kapsaml1 arastirmalar kazandirilabilecektir.

CIKAR CATISMASI

Yazar ¢ikar catigmasi beyan etmemektedir.
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The formation of marbles, which are regarded as natural stones, can be attributed to various rock origins
and formation conditions. The study area is located in the Obaalacami village of Alanya district in the
province of Antalya, which is located in the Taurus belt, and it covers an area of about 100 hectares. In
this study, the major and trace element components of the "Emperador Dark™ marbles found in the
Alanya region were interpreted using geostatistical analyses. Geostatistical methods can be used to
reveal and interpret the origin of marble and its formation conditions. In this context, X-ray fluorescence
(XRF) spectrometry was employed to analyze samples collected from various locations within the
marble quarry. The CaO values of the marble quarry were found to have a normal distribution, and this
was interpreted using the histogram values together with the measures of central tendency such as the
mode, median, and arithmetic mean values. The major and trace element contents of the "Emperador
Dark" marbles, which meet the assumption of normality, were obtained using the Pearson correlation
coefficient. The strong negative correlation of CaO, which played a major role in the formation of
marbles, with SiO2 and MgO was associated with the mineralogical composition that played a role in
marble formation. These correlations were also tested by regression analysis, and it was proved that a
statistically significant model had been obtained.
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1. INTRODUCTION

Marble is a metamorphic rock formed by limestone, which is one of the carbonate rocks, under metamorphism
conditions (Tarinc et al., 2019a, b; Yazici et al., 2019; Ozer et al., 2020). Marble is an industrial product that
was formed by carbonate rocks under physical and chemical conditions (Yalcin et al., 20164, b, c; Tarinc et
al., 2019a, b; Aydin et al., 2020; Ozer et al., 2020). Various methods of different types are used to reveal these
conditions. Analyzing the correlation between the compositions of the major and trace elements that played a
role in the marble formation is crucial for interpreting the origin and environment conditions.

According to the literature, the researchers tried to evaluate the geochemical properties of marble samples at a
national and international scale using different types of methods. In the study on Zangalline marbles found in
Irag, the major and trace element behaviors were geochemically evaluated. Descriptive statistical values of
major element oxides and trace elements were explained according to mineralogical characteristics (Mirza,

2019).
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In the study conducted to reveal the geochemical properties of the marble quarry in Akcay village, the
geochemical data of the marble quarry were interpreted using different types of multivariate statistical
methods. It was determined that mostly the CaO, P,Os, and Sr element played a role in the formation of marbles
(Tarinc et al., 2019b).

In the study on Zambia marbles in the Zambezi belt in Africa, the geochemical contents of the marbles were
analyzed. Inferences were made about the elemental chemistry that played a role in the formation of marbles
using the correlations of major and trace elements (Munyanyiwa & Hanson, 1988).

In a study on the geochemistry of marbles that form outcrops in the Gongchangling iron deposits in China, the
researchers tried to interpret the formation mechanism of the marble. In this study, the major and trace element
contents were determined, and the anomalies of these features facilitated the interpretations about the
formation, origin, and environmental conditions of marbles (Li et al., 2012).

The study area is located in the Alanya district of Antalya province, and it has a boundary with Alanya Bay on
the east and Alanya peninsula on the West (Figure 1). In the literature, there is no study on the correlations of
major and trace elements that are among the geochemical properties of "Emperador Dark™ marbles. In this
context, the elemental associations that contributed to the formation of the marble quarry were interpreted by
revealing these correlations.

Black Sea
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Figure 1. Site Location Map of The Study Area

2. MATERIAL AND METHOD

Chemical analyses of 10 samples collected from various locations of the Emperador Dark marble quarry were
carried out using X-ray fluorescence (XRF) method (Oz & Ozer, 2019). The correlation values of the major
and trace elements, which were obtained according to the results of the analyses, were determined and
interpreted using the SPSS23 software package.
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3. RESULTS AND DISCUSSION

The results of the geochemical analysis of the samples are given in Table 1. The effect of the marble quarry
on the formation mechanism of the major and trace elements was explained using descriptive statistical
methods (Table 2).

Table 1. Elemental Concentrations of The Dolomites Area (Yazici, 2020)

Sample Code | MgO | Al;O3 | SiO; | CaO | KO | Fe;Os3| SOz | TiOz | Sr Zr LOI

11 449 | 0.18 | 0.64 | 50.10 | 0.05 | 0.09 | 0.01 | 0.06 | 0.01 | 0.33 | 44.00
12 533 | 0.11 | 0.74 | 4730 | 0.03 | 0.06 | 0.01 | 0.06 | 0.01 | 0.30 | 46.00
13 6.36 | 041 | 0.93 | 46.80 | 0.03 | 0.07 | 0.06 | 0.05 | 0.01 | 0.33 | 44.90
14 7.80 | 0.27 | 1.27 | 46.00 | 0.03 | 0.07 | 0.06 | 0.02 | 0.01 | 0.31 | 44.10
15 9.64 | 047 | 1.21 | 4490 | 0.03 | 0.05 | 0.05 | 0.02 | 0.01 | 0.33 | 43.30
16 578 | 046 | 1.16 | 4720 | 0.03 | 0.06 | 0.05 | 0.04 | 0.02 | 0.30 | 44.90
17 403 | 021 | 0.74 | 4750 | 0.03 | 0.07 | 0.06 | 0.05 | 0.01 | 0.28 | 47.00
18 723 | 023 | 0.79 | 4780 | 0.03 | 0.06 | 0.04 | 0.02 | 0.01 | 0.32 | 43.40
19 591 | 0.19 | 0.77 | 4820 | 0.05 | 0.08 | 0.06 | 0.08 | 0.01 | 0.35 | 44.30
110 6.91 | 0.02 | 0.64 | 48.40 | 0.03 | 0.06 | 0.03 | 0.02 | 0.01 | 0.33 | 43.50

Table 2. Descriptive Statistical Values of The Major and Trace Elements (Yazici, 2020)

MgO A|203 SiO, CaO K>,O | Fe,0O3 SO; TiO, Sr Zr

Mean 6.35 | 025 | 0.89 | 4742 | 0.03 | 0.07 | 0.04 | 0.04 | 0.01 | 0.32
Median 6.14 | 022 | 0.78 | 4740 | 0.03 | 0.07 | 0.05 | 0.04 | 0.01 | 0.32
Mode 4.03* | 0.02* | 0.64* | 44.90°| 0.03* | 0.05* | 0.01* | 0.02* | 0.01* | 0.33
Std. Deviation| 1.65 | 0.15 | 0.24 | 140 | 0.01 | 0.01 | 0.02 | 0.02 | 0.00 | 0.02
Variance 271 | 0.02 | 0.06 | 1.97 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Skewness 060 | 022 | 0.70 | 0.08 | 1.46 | 0.99 | -0.89 | 0.50 | 0.87 | -0.05
Kurtosis 054 | -0.84 | -1.27 | 1.15 | 0.77 | 1.36 | -0.71 | -0.76 | 0.16 | 0.42
Range 561 | 045 | 063 | 520 | 0.03 | 0.04 | 0.05 | 0.06 | 0.01 | 0.07
a: Multiple modes exist. The smallest value is shown.

The major and trace element compositions of the samples collected from the studied marble quarry were
examined by calculating the measures of central tendency (arithmetic mean, mode, and median), the measures
of variability (range, variance, and standard deviation), and the measures of the shape of the distribution
(kurtosis and skewness values). The geochemical compositions of the marble samples are listed as follows:
CaO (50.10-44.90 wt%) > MgO (9.64-4.03 wt%) > SiO; (2.27-0.64 wt%) > Zr (0.35-0.28 wt%) > Al.O3 (0.47-
0.02 wt%) > Fe,O3 (0.09-0.05 wt%) > SO; (0.06-0.01 wt%) > TiO- (0.08-0.02 wt%) > K,0 (0.05-0.03 wt%)
> Sr (0.02-0.01 wt%). Considering the range values, the major element oxides of MgO and CaO were observed
to have the largest range. The presence of high MgO in the marble quarry can be associated with the presence
of dolomite (Mirza, 2019). Since marble is a metamorphic product, which underwent metamorphism, the major
oxide of SiO has played a significant role in the formation (Brownflow, 1996; Ahmad et al., 2014; Mirza,
2019; Ince et al., 2021; Yalcin et al., 2021). The standard deviation values of the major and trace elements
were found to be smaller than their arithmetic mean values. This information led to the interpretation that the
geochemical data of the marble samples were gathered around the mean value. On the other hand, the mode,
median, and arithmetic mean values of the major element oxide of CaO, which contributed the most to the
formation of marble samples, were observed to be very close to each other. This caused the distribution to have
a skewness value of 0.08 and to display a normal distribution (Figure 2a). The mode, median, and arithmetic
mean values of the major element oxide of MgO, which contributed the most to the formation of marble
samples, were observed to be very close to each other. This caused the distribution to have a skewness value
of 0.60 and to display a normal distribution (Figure 2b). The mode, median, and arithmetic mean values of the
major element oxide of SiO, which contributed the most to the formation of marble samples, were observed
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to be very close to each other. This caused the distribution to have a skewness value of 0.70 and to display a
normal distribution (Figure 2c). The mode, median, and arithmetic mean values of the trace element of Zr,
which contributed the most to the formation of marble samples, were observed to be very close to each other.
This caused the distribution to have a skewness value of -0.05 and to display a normal distribution (Figure 2d).
The mode, median, and arithmetic mean values of the major element oxide of Al,Os, which contributed the
most to the formation of marble samples, were observed to be very close to each other. This caused the
distribution to have a skewness value of 0.22 and to display a normal distribution (Figure 2e). The mode,
median, and arithmetic mean values of the major element oxide of Fe,Os, which contributed the most to the
formation of marble samples, were observed to be very close to each other. This caused the distribution to have
a skewness value of 0.99 and to display a normal distribution (Figure 2f). The mode, median, and arithmetic
mean values of the major element oxide of TiO,, which contributed the most to the formation of marble
samples, were observed to be very close to each other. This caused the distribution to have a skewness value
of -0.76 and to display a normal distribution (Figure 2g). The mode, median, and arithmetic mean values of
the major element oxide of SOs, which contributed the most to the formation of marble samples, were observed
not to be very close to each other. This caused the distribution to have a skewness value of -0.89 and to display
a normal distribution (Figure 2h). The mode, median, and arithmetic mean values of the major element oxide
of K;0, which contributed the most to the formation of marble samples, were observed not to be very close to
each other. This caused the distribution to have a skewness value of 1.46 and to display a normal distribution
(Figure 2i). The mode, median, and arithmetic mean values of the major element oxide of Sr, which contributed
the most to the formation of marble samples, were observed not to be very close to each other. This caused the
distribution to have a skewness value of 0.87 and to display a normal distribution (Figure 2j).

Before choosing the method to be applied to determine the correlation coefficients of the major and trace
elements, the data were subjected to the normality test (Ozer et al., 2019; 2020; Yalcin et al., 2007; 2008; 2015;
2016a; 20193, b; Yalcin & llhan, 2013; Atakoglu & Yalcin, 2021) (Table 3). In the analysis, the Shapiro-Wilks
test is used if the sample size is less than 29, while the Kolmogorov-Smirnov test is preferred if the sample
size is greater than 29 (Kalayci, 2010; Yalcin et al., 2013; Yalcin & Mert, 2018; Atakoglu et al., 2021).
Therefore, the Shapiro-Wilk test was found to be the appropriate normality test for the marble samples (Table
3). In this context, the following hypotheses were established:

Ho: The data are normally distributed.
Ha: The data are not distributed normally.

Table 3. Normality Test of The Major and Trace Elements (Yazici, 2020)

Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df P-value Statistic df P-value
MgO 0.10 10 0.20* 0.97 10 0.90
Al,Os 0.16 10 0.20* 0.92 10 0.44
SiO; 0.25 10 0.06 0.85 10 0.06
CaO 0.14 10 0.20* 0.97 10 0.92
K20 0.27 10 0.03 0.75 10 0
Fe,O3 0.13 10 0.20* 0.93 10 0.51
SOs 0.24 10 0.09 0.83 10 0.03
TiO; 0.20 10 0.20* 0.93 10 0.46
Sr 0.19 10 0.20* 0.92 10 0.37
Zr 0.17 10 0.20* 0.96 10 0.83
*: This is a lower bound of the true significance.
a: Lilliefors Significance Correction
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The Ho hypothesis was found to be valid for the distributions of MgO, Al,O3, SiO,, CaO, Fe,03, TiO, Sr, and
Zr at a significance level of 5%. The P-values of K;O and SO3 were found to be 0.004 and 0.038, respectively;
then, the arithmetic mean and median values of the data were examined. The arithmetic mean and median
values of K,0O were calculated as 0.335 and 0.03, respectively, while these values were found to be 0.0442 and
0.01 for SOs. Considering these values, the normality assumption was approached intuitively, and the
distributions of the major element oxides of K>O and SOz were deemed to meet the Ho hypothesis.

The correlation between the two variables was evaluated according to Table 4.

Table 4. Interpretation of The Correlation Coefficient (Kalayci, 2010)

r relation
0-0.25 very weak
0.26-0.49 weak
0.50-0.69 medium
0.70-0.89 high
0.90-1 very high

The major and trace elements meeting the normality assumption were analyzed using the Pearson correlation
coefficient (Table 5).

Table 5. Correlations of The Major and Trace Elements (Yazici, 2020)

MgO A|203 SiOz CaO K>O Fe, O3 SOs; Ti02 Sr Zr

MgO 1

Al,O; | 0.388 1

SiO, | 0.632" | 0.780™ 1

CaO | -0.709" | -0.624 |-0.814™ 1

K.O | -0.528 | -0.415 | -0.498 | 0.697" 1

Fe.O;3 | -0.643" | -0.299 | -0.451 | 0.707" | 0.823™ 1

SOz | 0.244 | 0536 | 0.518 | -0.527 | -0.305 | -0.171 1

TiO, | -0.709" | -0.254 | -0.494 | 0.561 | 0.822 | 0.658" | -0.134 1

Sr -0.432 | 0.187 | 0.266 | -0.011 | -0.013 | -0.014 | -0.097 | 0.162 1

Zr 0.334 | -0.060 | -0.139 | 0.179 | 0.400 | 0.170 | 0.050 | 0.263 | -0.703" 1

There are moderate positive correlations between the major element oxides of MgO and SiO- (r=0.632*), CaO
and K,O (r=0.697%*), and Fe;O3 and TiO; (r=0.658*) while there is a high and moderate positive correlation
between the major element oxides of CaO and Fe;O3 (r=0.707%).

There are a high and strong positive correlation between the major element oxides of AlOs; and SiO>
(r=0.780**), K»0 and Fe;03 (r=0.823**), and K>0 and TiO; (r=0.822**).

There is a moderate negative correlation between the major element oxides of MgO and Fe;O3 (-0.643%).
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There are a high and moderate negative correlation between the major element oxides of MgO and CaO
(r=-0.709%*), MgO and TiO; (r=-0.709*), and Sr and Zr (r=-0.703%).

There is a high and strong negative correlation between the major element oxides of SiO, and CaO (r=0.814**).

According to the coefficient of determination (explainable variance) (R?), 72% of the CaO values of the
marbles can be explained by SiO, and MgO, or 72% of the SiO, and MgO can be explained by CaO (Table 6).

Moreover, in the study on Akcay marbles, the correlation between CaO and MgO was found to be r=-0.564**
and the correlation between CaO and SiO; was calculated as r=-0.463*. On the other hand, the study on
Zangalline marbles revealed that the negative correlation between CaO-SiO; increased with the increase in the
metamorphism conditions during marble formation.

Table 6. Coefficient of Determination (explainable variance) Table

Model Summary®

Model R R Square Adjusted R Square Std. Error of the Estimate

1 0.852 0.72 0.64 0.83

a: Predictors: (Constant), SiO,, MgO
b: Dependent Variable: CaO

The significant P-value in ANOVA reveals the error rate of the statistics (Yalcin & Unal, 2018; Ozer & Yalcin
2020; Ozer et al., 2019; 2020; Yalcin et al., 2020; Atakoglu et al., 2021). In the present study, the P-value
value was found to be 0.01 (Table 7). Therefore, the model that expressed the correlation of CaO with SiO»
and MgO found to be statistically significant.

Table 7. Error Rate Table

ANOVA?
Model Sum of Squares df Mean Square F P-value
Regression 12.84 2 6.42 9.22 0.01°
1 Residual 4.87 7 0.69
Total 17.71 9
a: Dependent Variable: CaO
b: Predictors: (Constant), SiO,, MgO

Factor analysis was performed to extract and classify the connections between the geochemical data of the
marble samples (Kalayci, 2010; Atakoglu et al., 2021). Using scree plot, it was determined how many factors
the geochemical data were collected under (Figure 3) (Leventeli & Yalcin, 2021).

According to the scree plot, it was determined that the slope started to disappear between three/four points. In
the explainable total variance table, where the cumulative variance ratio is given, it is clarified under how
many factors the data are collected (Table 8).

For geochemical data, the presence of three factors greater than 1 is observed. Principal component matrix
(PCA) analysis was performed on the data whose number of factors was determined. The geochemical contents
that create the data collected under three factors were determined (Table 9).
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Figure 3. Scree Plot of The Geochemical Data
Table 8. Determination of The Number of Factors Based on Eigenvalue Statistics of Marbles
Total Variance Explained
Initial Eigenvalues Extraction Sums of Squared Loadings
Component
Total % of Variance | Cumulative % Total % of Variance |Cumulative %
1 4.92 44.77 44.77 4.92 44.77 44.77
2 2.64 24.06 68.84 2.64 24.06 68.84
3 1.50 13.68 82.52 1.50 13.68 82.52
4 .82 7.52 90.04
5 46 4.23 94.28
6 31 2.86 97.15
7 .25 2.28 99.43
8 .05 49 99.92
9 .00 .07 100
10 3.065E-16 2.787E-15 100
11 -3.256E-16 | -2.960E-15 100

Extraction Method: Principal Component Analysis.
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Table 9. Component Matrix Table of The Geochemical Data
Component Matrix?
Component
1 2 3
CaO 0.90 -0.16 -0.13
K>O 0.83 -0.21 0.37
MgO -0.83 -0.50 -0.05
SiO; -0.82 0.18 0.36
TiO; 0.79 0.09 0.47
Fe203 0.79 -0.05 0.38
Al,O3 -0.66 0.20 0.54
SOs -0.49 0.11 0.63
Zr 0.11 -0.88 0.36
Sr 0.06 0.84 0.02
LOI 0.31 0.84 0.07
% of Variance 44.77 24.06 13.68

Extraction Method: Principal Component Analysis
a: 3 components extracted.

The geochemical contents that create the three factors are shown with the principal component matrix (PCA)
graph (Figure 4).

(@}
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2 |
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Figure 4. Component Plot in The Varimax-Rotated Space:
Component 1 (44.77%), Component 2 (24.06%) and Component 3 (13.68%)
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Hierarchical classification of the geochemical contents of the marble samples was made in Figure 5.

Dendrogram using Average Linkage
0 S 10 15 20 25

K,O[ ' ‘ ' ' '
TiO,
SO,
Fe,05

Sri—
AL O

Zr
SiO,—

MgO—
CaO
LOIL

Figure 5. Hierarchical Clustering of The Geochemical Data (Yazici, 2020)

4. CONCLUSION

The data obtained were interpreted using their descriptive statistical data (measures of central tendency,
measures of variability, and measures of the shape of the distribution). CaO, MgO, and SiO- were found to be
the major element oxides that play the most significant role in the formation mechanism of marble samples.

The marbles vary in terms of their major and trace element compositions due to the metamorphism reactions
they underwent during their formation. The studies conducted within this scope revealed negative correlations
of CaO with SiO, and MgO, which are the major element oxides. Considering these correlations, the negative
correlation of the major element oxide of CaO, which played the most role in the formation of "Emperador
Dark™ marbles, with SiO, and MgO could be associated with calcite and dolomite minerals, which were
thought to decrease under metamorphism conditions. Moreover, the high positive correlation (0.780**)
between Al,Os and SiO was associated with the presence of clay and mica group minerals in the environment.

According to factor analysis, the first factor i s 44.77% of the geochemical data; it was found that the second
factor explained 68.84% of the geochemical data and the third factor explained 82.52% of the geochemical
data. The geochemical data constituting the first factor are CaO, K;O, TiO; and Fe,Os; It was determined that
the geochemical data constituting the second factor were Sr and LOI and the geochemical data constituting the
third factor were SiO», Al,O3, SOz and Zr. It has been determined that MgO is not found in its formation in all
three factors. According to the hierarchical classification analysis, Fe,QOs, Sr, Al,O3, Zr, SiO, and MgO formed
the first cluster, CaO and LOI formed the second, and K>O, which was not strongly selective, CaO ve Zr. The
Ca0 and LOI cluster, which was extracted by hierarchical classification analysis and constituted the second
group, was interpreted as an indirect indicator of CO3 in the environment. in this context, the LOI value should
be highest when the sample is pure calcitic.
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Keywords Abstract

Landslide Landslide is one of the natural disasters where land is rugged and in deep excavations. Topographic
maps with a scale greater than 1/25,000 could give definite idea about the attitude of significant
discontinuities and boundary of landslides. The proposed parenthesis rule is important to locate and

Discontinuities

Engineering Geology orientate linear engineering structures including motorway, highway, railway and pipeline. Most of the
slope instability problems in stratified rocks are controlled by the outsloping major discontinuities. The
Geomorphology main discontinuity types are bedding and layering planes. They control the stability in civil engineering

projects. The proposed rules enhance investigator and designer considerably in terms of safety—security,

Countour Ma|
P environment, timing and cost.
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1. INTRODUCTION

The landslides are generally turns into rotational landslides (Figures 1 - 2). A rotational land slide could be
identified easily on topographic maps with a greater than 1/25,000 scale (Figure 3). The authors suggested the
name “parenthesis () rule” to describe two concave contour sets each other (Leventeli et al., 2019). The
proposed parenthesis approach could enhance any person to identify the presence of a slide with accuracy over
99% on a topographic map. The following properties depicted in Figure 3 which is modified from Leventeli
et al. (2019) could be easily revealed:

(1) The contours 1330 — 1450 are concave southwards whereas 1275 — 1330 are concave northwards.
(2) The stream has been shifted about 500 m towards south.

(3) As described in Yilmazer et al. (1997a) the trinity water, discontinuity, and clay, abbreviated as WDC, are
main causatives of all geotechnical problems. Limestone is highly pervious and erosion resistive creating
higher topography which in turn gets higher precipitation and infiltration. However, the serpentinite as hanging
wall and imbricated thrust faults in serpentinite are impervious. Serpentinite confines limestone which is
footwall. Hence an artesian aquifer in limestone formed. The piezometer level daylights at the main tectonic
contact yield numerous seepages and springs (W) keeping the hanging wall wet.

(4) The main reverse fault between limestone and serpentinite and intertwined thrust faults also in serpentinite
are the major discontinuities (D).

*Corresponding Author, e-mail: leventeli@akdeniz.edu.tr
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(5) Faults and bedding planes in any kind of rocks, excluding the crystalline limestone, bear clay minerals (C).
About one-millimeter-thick clay seam may cause huge landslide if the discontinuity dips outslope (Figure 4).
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Figure 1. Principle Components of a Typical Rotational Landslide
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Figure 2. Major Dimensions of a Typical Rotational Landslide
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Figure 3. Two Concave Contour Sets (Leventeli et al., 2019)
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Figure 4. The Relationship Between Discontinuities and Slopes
(after Yilmazer et al.,1994;1997a; Yilmazer, 1995; Leventeli et al., 2019)

2. MATERIAL AND METHOD

Some examples from international projects have been given below to understand the material and also
methods.
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2.1. Major Slide in Ankara-Istanbul Motorway

The Ankara — Istanbul motorway is an international project and 450 km in length between Ankara
(40°0°56.12”N-32°37°36.48”E) and Istanbul (40°59°48.45"N-29°7°48.52”E) (Figure 5). In case of the
proposed rules of “parenthesis ( )” and “asymmetrical valley slopes” (Figure 6) are accounted corridor and
route selection study could be performed in a few days with high level of confidence (Yilmazer, 1995;
Yilmazer etal., 1997b; 2004; Orhan & Yilmazer, 2006). According to Bell (2007), Marinos et al. (2005), Hoek
et al. (1992) and Bieniawski (1989) geology is an art of the science. They have suggested very practical
approaches to realize and describe the prevailing geological and geotechnical conditions. Experience together
with the principles of geology and engineering is the main force behind engineering projects. It is impossible
to carry and/or simulate the field conditions into laboratories.

. : _ The constructed motorwa
BLACK SEA Bolu mountain crossing {L=235 kmj} _/‘/ : Y
Undersigned cost was increased by (L=450 km): 250 km of which was located

along the North Anatolian Fault.
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Figure 5. The Location of the Ankara — Istanbul Motorway (Yilmazer, 2002; 2012; Leventeli et al., 2019)

Although the landslide depicted in Figure 6 is quite obvious the alignment was located over the slide mass.
Although the authors warned colleagues from different countries involved in this project they executed a heavy
subsurface investigation program including drilling. Asymmetrical valley slopes are also very distinct on map.
Hence one may easily and practically be able to recognize which slope is more stable or prone to slide (see
Figures 4 — 6). This case study reminded the authors that (1) they started to examine chlorophyll without
accounting forest and tree and (2) and commenced astronomic search from the bottom of a deep well. Some
of the inevitable results are (a) the undersigned cost (67 million dollars) rose up to 1,642 million dollars which
is a sky-high increase and in any case unacceptable and (b) the undersigned construction period (3 years)
exceeded 16 years. From engineering stand point, it is unacceptable that their fault is paid by the country via
changing items of the international agreement.

2.2. Road At Collision of Two Slides

A huge landslide with a volume of 75*10° m3was crossed by a local road in 1950 (Figures 7 - 8). In 1992 a
new road with very low standards was constructed. The authors designed a new one with high standards in
1998.

The new road was located over the stream course. Stream deposit is characterized by granular alluvium (Qa).
Since the last glaciation (Todd, 2005) both slides were active. Every slide, from any side, has blocked out the
valley. Then the fines and sand to fine gravels have been washed away. A rockfill with a height 5 to 12 meters
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formed a highly pervious buttress resisting toes of both slides. Two lined “U” channels were located at both
sides of the road. More than these, effective drainage system was implemented (Yilmazer et al., 2003). The
proposed road was opened to traffic in 2005 and works efficiently. Both landslides are stabilized.
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Figure 6. Distinct Slide with Two Concave Contour Sets and Asymmetrical Valley Slope

2.3. Slides Developed in Wisconsin Ice Age

As briefed above all geotechnical problems including landslides are affected by the trinity of water,
discontinuity and clay (WDC). Groundwater has been recharged at high rate during the Last Glaciation,
specifically Wisconsin Ice Age which is extended from 85,000 to 11,000 years ago, approximately. It was very
effective in Anatolia in the period of B.C. 40,000 — 10,000 (Kurter, 1991). Majority of the naturally active
landslides formed in the period of 10000 to 4000 BC. Two of them, which have a natural curiosity that is
attracting visitors, are presented herein.
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2.3.1. Noah’s Ark (?) on Uzengilli Landslide

The Uzengili slide developed in Kretaceous colored mélange (ophiolite) denoted by Kmo. The unit includes
numerous large scale submarine slides. As seen in Figure 9 an olistolith of tight fold within the unit Kmo seems
a ship from far. On 29" of April 2010 it has been declared that “the Noah’s Ark is found on Mount Ararat”. A
massive publication has been done to mislead the public. Unfortunately, there are some earth scientists among
them supporting this rumor.

According to the mythology Noah’s Ark (ship) landed on Mount Judi or Mount Ararat which are the abruptly
rising mountains in the basin of Euphrates and Tigress Rivers. The announcement does not have any scientific
base. Four of the main evidences are briefed below.

(1) According to mythology Noah’s Ark landed on Mount Ararat or Mount Judi. The Elevations of Mount
Avrarat, Judi, and Uzengilli site are 4137, 2089, and 1970 m respectively.

(2) Ararat is a very young mountain. It dates back to 2450+50 BC according to the anthropologic evidences.
The primary volcano type is stratovolcano (Qg). Last explosion was in 1840. Hence it has not been affected
from Wisconsin Ice Age. However, the Uzengilli formation formed over 60 million years ago as an
ophiolitic mélange. It consists mainly of submarine slides, tectonic slabs, and olistostromes. Common rock
types are serpentinite, pillow basalts, and radiolarite.

(3) The location of Uzengilli is not a part of Ararat. There is a wide basin (elevation: 1444 m) between
Uzengilli site and Mount Ararat.

(4) Last but most importantly the unit Kmo has numerous landslides because of its low shear strength
components such as serpentinites and soft binding materials of olistostromes. Slippery major
discontinuities such as tectonic contacts and stratifications developed well. However the unit Qg does not
have discontinuity. Majority of the igneous contacts are amalgamated, rough, irregular and discontinuous.
Since it is very young tectonic and structural contacts did not develop.
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Figure 8. A Highway is Located Between Two Major Slides Moving to Each Other

Hence one may conclude that the declaration supposing “the Noah's Ark first reached Ararat after the great
flood and it is found on Mount Ararat in 2010 misleads public. The authors and their team are authorized to
investigate and design a motorway between Erzurum and Gurbulak gate at the border of Iran. The motorway
passes adjacent to the Uzengilli site and far from Mount Ararat.
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Figure 9. The Supposed Noah s Ark Site and Relevant Geological and Engineering Geological Explanation
2.3.2. Floating Islands in Hazersah Landslide

Floating islands formed in in the region of the city Bingol which denotes thousandlakes. It was during the
melting period of ice cover, roughly 10,000 — 6,000 BC (Figure 10). Numerous slides developed in volcano-
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sedimentary unit consisting mainly of tuff and agglomerate. A rotational slide having a small lake at top of the
main slide body formed (see Figure 1). Water loving plants and vegetation such as cattails, bulrush, sedge, and
reeds commence to grow along the shoreline and extend offshore (into lake). Storm events may tear some
sections free from the shore. The separated islands can migrate on lake around with changing winds or
manpower. Three islands in the middle of the lake have the ability to move freely on the lake. The islands are
composed of vegetation growing on a buoyant mat of plant roots and other organic detritus. Thickness of the
floating mat is measured as 0.5 to 1 m. The roots of plants could not reach bottom soil. However their roots
use the oxygen in their root mass for buoyancy.
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Figure 10. Three Floating Islands Move Freely on the Lake of a Slide when a Force is Applied

3. DISCUSSIONS AND CONCLUSIONS

The proposed “parenthesis ()” rule is important as a first step to determine the landslide boundary on the
topographic map. The back scarp has steep slope with concave contours towards downstream and toe has
steeper slope with concave contours toward upstream. The top of main slide body is flatter and might have a
lake at top. Active slide boundaries along a route could be drawn in a few hours on relevant topographic maps.
The same job could be performed more than a few months in the field.

The suggested rule of “asymmetrical valley slopes” is also quite helpful to envisage major discontinuity
attitude. It is very important especially in linear structure projects such as road, railway, and pipeline in rugged
terrains. Most of rocks include layering and bedding; and also the trinity water - discontinuity — clay (WDC)
is the main cause of the geotechnical problems. So, the potential slide areas in stratified units could be mapped
in a very short time on the topographic maps.
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Upon following the forwarded two rules the volume of surface and subsurface investigation goes down about
90% in hummocky to highly dissected terrains. The distinction of rocky and soil grounds could also be
performed via the suggested rules. At this point based upon the authors’ over 40 year experiences, it is strongly
recommended to use rocky grounds for settlement and soil grounds for farm activities. Over 99% of earthquake
disasters occur in fertile soil grounds.
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Anahtar Kelimeler Ozet

AC Gerilim Is Saglig1 ve Giivenliginin temel hedeflerinden biri de calisann, is yerlerinde saghgmi ve giivenligini
korumaktir. Bu kapsamda, yapilacak her calisma ve iyilestirmeler son derece dnem tagimaktadir.
Teknolojinin hizla gelistigi zamanimizda, {iretime olan talep her gegen giin artmaktadir. Bu talepleri
Tkaz yerine getiren esas kahramanlar elbette ¢alisanlardir. Caliganlarin, ¢alisma ortaminda sagligini ve
. giivenligini korumak ¢ok 6nemli ve gereklidir. Bu ¢alismamizda, tasarlamis oldugumuz is ayakkabisi,
Adim Gerilim alternatif gerilimi tespiti yapabilen ve adim gerilimi ikaz1 vererek, c¢alisani yiirime yollarinda,
Is Ayakkabusi santiyelerde, trafo merkezlerinde ve her tiirli zeminde olas1 elektrik yiikli kablolarin varligina ve
elektrik kagaklarina karsi uyarmaktadir. Boylece, calisani zeminde olabilecek elektrik kaynakli ig
kazalarina kars1 koruyabilecektir. Is ayakkabisi, calisan1 3 sekilde ikaz etmektedir. Bu ikazlar; 151kl
(led), sesli (buzzer) ve titresim motor sistemi ile ayak kismina titresim sinyalleri seklindedir.
Tasarladigimiz bu sistemin, is ayakkabisina entegrasyonu basariyla saglanmustir. Is ayakkabisina, giines
paneli eklenmesiyle elektronik devre besleme gerilimindeki olasi azalma durumunda, ihtiya¢ duyulan
gerilime destekleyici rol oynamaktadir. Uzerindeki elektronik devre, mini boyutta olmastyla ayrica
giyilebilir is elbiselerinde ve elle kontroller icin rahathikla kullanilabilir. Is ayakkabisinin bu zelligi

gelistirilebilir olmasini saglamaktadir.

Tespit

Keywords Abstract

AC Voltage One of the main objectives of Occupational Health and Safety is to protect the health and safety of the

employee in the workplace. In this context, every work and improvements to be made are extremely

valuable. At this time when technology developes rapidly, the demand for production increases day by

Warning day. Of course, the main heroes who fulfill these demands are the employees. It is very important and
necessary to protect the health and safety of these heroes in the working environment. The work shoes

Step Voltage we have designed can detect alternating voltage and warn the employee against possible electrically

Work Shoes charged cables and electrical leakages on walkways, construction sites, transformer centers and all kinds
of floors by giving a warning of step voltage. Thus, the employee will be able to protect against electrical
work accidents that may occur on the ground. Work shoes warn the employee in 3 ways. These warnings
are; It sends vibration signals to the foot part with its illuminated (led), audible (buzzer) and vibration
motor system. These systems we have designed have been integrated into work shoes. With the addition
of a solar panel to the work shoes, it plays a supporting role in the required voltage in case of a possible
decrease in the electronic circuit supply voltage. With its mini size, the electronic circuit on it can also
be used comfortably in wearable work clothes and for manual controls. Thanks to this feature of work
shoes, it can be improved.

Detection

Alint1/ Cite

Yoldas S., Gok K., Selguk A. B. (2021). Agik ve Kapali Alanlarda Elektrik Kagak Tespiti igin Is Ayakkabis1 Tasarimi ve Prototip
Uretimi. GU J Sci, Part A, 8(3), 383-390.

Yazar Kimligi / Author ID (ORCID Number) Makale Siireci / Article Process

S. Yoldas, 0000-0001-5791-7045 Basvuru Tarihi / Submission Date 16.08.2021
K. Gok, 0000-0001-5736-1884 Revizyon Tarihi / Revision Date  20.09.2021
A. B. Selguk, 0000-0002-8632-3972 Kabul Tarihi / Accepted Date  29.09.2021

Yayim Tarihi / Published Date 29.09.2021

*Sorumlu Yazar / Corresponding Author, e-mail: birkan.selcuk@bakircay.edu.tr



mailto:birkan.selcuk@bakircay.edu.tr
http://dergipark.gov.tr/gujsa
https://orcid.org/0000-0001-5791-7045
https://orcid.org/0000-0001-5736-1884
https://orcid.org/0000-0002-8632-3972

Savas YOLDAS, Kadir GOK, Akil Birkan SELCUK

384 GU J Sci, Part A, 8(3): 383-390 (2021)

1. GIRiS

Elektrik kaynakli is kazalari, ¢alismamizin ana fikrini olusturmaktadir. Kaza kavrami, Uluslararas1 Calisma
Orgiitii (ILO) Ansiklopedisi’nde, bir kaza bir seylerin ters gittigi ve istenmeyen bir sonuca yol acan olaylar
zincirinin bir sonucu olarak tanimlanmustir (Jorgensen, 2011). Tirk Dil Kurumunun kaza kavrami ise “istem
dis1 veya umulmayan bir olay dolayisiyla bir kimsenin, bir nesnenin veya bir aracin zarara ugramasi” seklinde
tammlanmistir (URL1, 2021). Bu iki tanimda da belirtildigi gibi kaza (olay), beklenen bir olgu degildir.
Kazanin ortaya ¢iktiginda gevresine de zarar verebilmektedir.

Caligma ortamlarinda, yeterli koruyucu donanimlarinin bulunmasi, is giivenligi iletisimin agik olmasi,
calisanlarin yaptiklar islerin icerigine iliskin olabilecek tehlikeler hakkinda egitimlerin verilmesi oldukca
onemli ve gereklidir. Iscileri riskler hakkinda egitmek ve ikna etmek icin giivenlik egitim materyalleri, tehlike
iletisim programlar ve ¢esitli giivenlik programi materyalleri (giivenlik posterleri ve kampanyalar1 dahil) gibi
gorevden Once saglanan bilgi kaynaklar1 kullanilir (Lehto & Miller, 2011). Is kazalarin incelenmesi,
raporlanmasi ve azaltilmasi icin is kaza modelleri bu konuda agiklayici olabilir. Bu konuda, Herbert William
Heinrich, giivenlik alanindaki en etkili onciilerden biridir. Aslen 1920'lerin sonlarindan kalma kavramlari,
bugiin bile giivenlik uygulamalarini ve teorisini olusturmaktadir (Busch, 2018). Herbert William Heinrich’in
Domino Teorisi kazalari anlamak ag¢isindan bizlere 1s1k tutmaktadir. Heinrick, yaklasik 75000 kazayi
incelemistir. Caligmasinin sonucuna gore kaza veri tabanlarindan; kazalarin %88'1 giivensiz is¢i eylemi, %10'a
giivensizlik kosul nedenliyle, %2 engellenemez oldugunu elde etmistir (Heinrich, 1941). Calismalarmin en
etkin sonucu ise galisanin gilivensiz davranislarindan kaynaklandigi is kazalarinda birinci sirada oldugunun
tespitidir. Yine, is kaza modellerinden biri olan Isvicre Peyniri modeli, James Reason tarafindan
gelistirilmistir. Sekil 1°de goriildiigii gibi alinan 6nlemlerdeki ideal ve gercek durum farklidir. ideal bir
diinyada, tiim savunma katmanlari saglam olacak ve gergek diinyada sol tarafinda gosterildigi gibi olasi kaza
durumlarin1 girmeye izin vermeyecektir. Ancak, her katmanimn Sekil 1'deki gosteriminin sag tarafindaki
durumlarda, ortaya ¢ikabilecek zayifliklar1 ve bosluklari vardir (Reason, 2016). Gergek hayatta, her zaman
zayifliklar ve bosluklar bulunmaktadir. Bu bosluklar ve zayifliklar organizasyonel bir kaza i¢in gerekli kosul,
art arda gelen savunmalardaki bir dizi deligin nadir de olsa tehlikelerin insanlarla ve varliklara zarar verici bir
sekilde ortaya ¢ikmasina neden olur (Reason, 2016). Tanimdan da goriilecegi gibi, zayifliklar ve bosluklar st
iste geldiginde Sekil 2°de savunma katmanlarinda yer alan koruma onlemlerinde karsilik gelen deliklerden
gecgen bir kaza durumu, kazay1 kaginilmaz bir sekilde karsimiza ¢ikarabilir. Kaza modelleri bizlere, kazalarin
olusmasinda en 6nemli etkenin, ¢alisanlarin giivensiz hareketleri ¢calisma alanlarinda koruyucu donanimlarin
ve mihendislik gilivenlik uygulamalarin yetersiz ve/veya eksik olmasindan kaynaklanabilecegini
gostermektedir. Elektrikle yapilan ¢aligmalardan kaynaklanan kazalar, toplam olaylarin kiigiik bir kismi
olmasina ragmen, meydana geldiklerinde orantisiz bir sekilde 6liimciildiir (Cawley & Homce, 2003). Yapilan
baska bir ¢alismaya gore, elektrik carpmasiyla meydana gelen kazalar kalic1 sakatlik agisindan 2 kat daha
tehlikeli ve tiim ortalamalardan 13 kat daha 6liimciil is kazalardir (Lovrencic & Gomiscek, 2014).

Caligmamizda, elektrikten kaynaklanan kazalara karsi bir giivenlik uygulamasi yapilmistir. Bu uygulama,
calisani acik ya da kapali alanda c¢alisma yapacagi sirada enerji yiikli kablo ve/veya kablolarin olmasi
durumunda hatta, elektrik sizintilarina (kacaklarina) karsi uyarici bir etki gosteren bir prototip tasarlanmasidir.
Cizimler, AutoCAD programinda gerceklestirilmistir. Proteus Design Suite programini kullanarak, prototipin
elektronik devre tasarimi olusturulmustur. Devre simiilasyonlari, NE555 entegrenin monostabil 6zelligine
dayali olarak gergeklestirilmigtir. Caligmamiza iligkin yapmis oldugumuz literatiir incelemesinde, Giiney Kore
mucitleri olan Kim vd. (2007), elektrik kagagini tespit etmek ve uyarmak i¢in ayakkabi patenti bulunmaktadir.
Bu patentte, elektrik kagagini tespit etmek ve uyarmak i¢in ayakkabilar: Yiiriime yoluyla kagak noktasini tespit
ederek elektrik kagagi alarmi veren, boylece ek elektrik ¢carpmasi kazalarini 6nleyen, “elektrik kacagini tespit
edip uyaran bir ayakkab1” tasarlamislardir (Kim vd., 2007).

2. MATERYAL VE METOT

Bu boéliimde, izlenen tiim yollar nicel gézlemlere dayanmaktadir. Tiim siireglerde, gorsel ve sekillere yer
verilmistir. Alternatif akim yiiklii kablolar hi¢ kuskusuz etraflarina manyetik alan yaymaktadirlar. Bir elektrik
alaninin yiiklii bir cisim lizerinde, bir elektrik kuvvetini nasil uygulandigimi bulmaktir. Bununla ¢ok iligkili bir
hedefte bir manyetik alanin (hareket eden) yiiklii bir pargacik ya da miknatis gibi manyetik bir cisim lizerinde
manyetik kuvveti nasil uygulanabildigini incelemektir (Halliday vd., 2011).
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ideal 6nlemler Gercek onlemler

Potansiyel Kayiplar
(insanlar & Varliklar)

Sekil 1. Onlemlerde Ideal ve Ger¢ek Durum (Reason, 2016)

Aktif arizalar

nedeniyle bazi

‘delikler’

' Derinlemesine
savunmalar

Gizli kosullar
nedeniyle diger
‘delikler’

Sekil 2. Savunma Katmanlarinda, Bariyerlerde ve Koruma Onlemlerinde Karsilik Gelen Deliklerden Gegen
Bir Kaza Yoriingesi (Reason, 2016)

Manyetik alan, ¢evresine elektriksel bir kuvvet olusturmaktadir. Bu alan, tasarladigimiz elektronik devre icin
bir sinyal (TRG) kaynagidir. Elektrik akim kacagi durumunda, bir toprak arizasi olayi, akimin topraga akisina
neden olur. Etki alani igindeki ve ¢evresindeki potansiyel gradyanlar elektrik alanlar1 yaymaktadir (Parise vd.,
2015). Bunun gibi siddetli toprak arizalari, bir ariza meydana geldiginde trafo merkezinin yakininda bulunan
herkes i¢in tehlike arz eder (Prasad & Sharma, 2011). Bu nedenle, soruna giivenilir ve verimli bir ¢6ziim
gereklidir. Personel gilivenligi birincil 6neme sahip olmakla birlikte, personel ve ekipmanin korunmasim
saglamak icin tasarim sisteminde elektrik akimimin etkisi, insan viicudunun direnci ve tolere edilebilir voltaj
kriterleri de 6nemlidir (Prasad & Sharma, 2011). Bunun gergeklesmesi koruyucu dnlemlerle miimkiindiir. Bir
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toprak arizasi sirasinda, toprak potansiyeli goriilir (Parise vd., 2015). Us gerilim degeri yani adim gerilimi
arttikca risk artar. Dolaysiyla, tasarladigimiz ayakkabiya adim gerilim isareti uygulanarak calisani uyarir.
Devre tasariminda kullanilan NE555 entegre, monostabil olarak uygulanmistir. Entegrenin teknik veri
aciklamalarina gore; tek kararli calisma igin bilgiler yer almaktadir (URL2, 2006). Devre tasarimi igin gerekli
olan elektronik malzemelerin degerleri hesaplanarak, Proteus Design Suite programinda simiilasyonu
yapilmistir. Olusan veriler degerlendirilmis ve fiziki testler i¢in breadboard ortaminda devre kurulmustur.
Elektrik alan bolgelerinde, testler saglanmistir. Bu alanlardan biri olan, 463,8 kW kurulu giiciine sahip olan
bina enerji besleme odasinda kesintisiz gii¢ kaynagi (ups) panosu besleme kablosu lizerinde elektronik devre
testi yapilmistir. Gii¢ kablosu dis ¢capt 34,00mm; net agirligi, 3200kg/km; sevk uzunlugu, 1000 m; iletken DC
direnci 20°C max, 0,268 ohm/km; akim tasima kapasitesi (A), toprakta 20°C, 252, havada 30°C, 247
ozelligindedir (URL3, 2021). Bu veriler 1s18inda, elektronik devre kart1 (pcb) tasarimi igin, Proteus Design
Suite programi Ares uygulamasi ile baski devre tasarlanarak simiilasyonlar1 gergeklestirilmistir. Enerji
kayiplarinin az ve boyutlarinin kiiclik olmasindan dolay1 SMD devre elemanlari kullanilmistir. Bu islemlerden
sonra, elektronik devre testleri yapilmis ve elektronik devrenin ayakkabiya montaj1 gergeklestirilmistir. Giines
paneli ayakkabinin iist kismina ve titresim motoru ayakkabinin dil i¢ kismina yerlestirilmisidir. Elektronik
devre igin, fermuarl bir cep tasarlanarak muhafaza edilmistir. Tetikleme sinyallerini (TRG) algilayacak anten
tasarlanarak, ayakkabin yan ve alt yiizeylerine montajin1 gerceklestirilmistir. Bu sayede, olasi elektrik
sizintilarint algilayarak entegreye tetikleme sinyali gonderilmektedir. Bir etki durumunda, entegrede alarm
modlar aktif duruma gelmektedir. Bu sinyallerin istege bagli olarak, titresim modu ve 151kl modu devre dist
birakacak on/off smd anahtarlama yapilmistir. Fakat sesli alarm, hi¢bir durumda devre dis1 birakilamayacak
bi¢imde ayarlanmigtir. Motor siiriicii elektronik besleme gerilimi 3VDC degerindedir. Gerilimde olusacak
kayiplar1 azaltmak icin, giines paneli kullanilmigtir. Bu panel, 3VDC gerilimi desteklemektedir. Elektronik
anakart ve motor siiriicii kart1 ayr1 olarak tasarlanmistir. Anakart 3VDC ile beslenerek 5VDC gerilim degerine
yiikseltilmigtir. Elektronik pcb 21(mm)x31(mm) ve motor siiriicii elektronik pcb 20(mm)x24(mm)
Ol¢iilerindedir. Acgik ve kapali alanlarda, elektrik kacak tespiti i¢in is ayakkabisi elektronik devre semasi
Sekil 3’te acik ve kapali alanlarda elektrik kacak tespiti icin is ayakkabisi elektronik devre semasi gosterildigi
gibi, anakart elektronik devresi ve motor siiriicii devresi olarak cizilmistir. Elektronik devre, bilgisayar
ortaminda simiilasyonu gergeklestirilmistir. Bu ¢aligmalarda, tasarlanan elektronik devrenin tim elektronik
devre goriiniisii (pcb) Sekil 4°te gosterilmistir.
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Sekil 3. Acik ve Kapali Alanlarda Elektrik Kacak Tespiti icin Is Ayakkabist Elektronik Devre Yapist
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Sekil 4. Tiim Elektronik Devre Gortintisii (pch)

3. BULGULAR VE TARTISMA

Bu agamada tasarlanan elektronik devre ve yardimci malzemelerin, ayakkabiya montajlar1 gergeklestirilmistir.
Tetik sinyalinin alinmasi igin, (TRG) ayakkabin alt tabani ve taban yanlarina 0,6mm g¢apinda bakir iletken ile
sarilmigtir. Bu sayede, AC gerilimin yaymis oldugu manyetik alanlari daha ¢ok algilayarak tetikleme
sinyallerini (TRG) entegreye iletmis olacaktir. Ug asamali uyarma sistemi mevcuttur. Bu asamalar; titresim
sinyaller, 151kl sinyal ve sesli sinyaldir. Bu sinyallerin istege bagl olarak, titresim ve 1s1kli modu devre dis1
birakilabilir. Fakat sesli alarm higbir sekilde devre disi birakilamaz. Titresim motoru, ayakkabinin dil kisminin
i¢ yiizeyine yerlestirilerek olusan titresimlerin ¢alisanin ayak iist kisminda daha rahat alinmasina ve giines
panelin ayakkabinin iist kismina yerlestirilmesiyle giin 1s1gindan daha fazla yararlanmasma olanak
saglanmistir. Kullanilan gerilim yiikselteci sayesinde, AG3 boyutlarinda pil kullanim1 saglanmistir. Sistemde
yer almakta olan pillerin, degisimlerinin rahat yapilmasi i¢in mini fermuarl cep tasarlanmistir. Bu cep, 10cm
uzunlugunda 2,5cm genisliginde bir cep olup 3 tarafi boydan boya fermuarlidir. Bu sayede, rahatlikla pil
degisimleri ve ariza giderilmesi gibi islemler yapilabilir. Bu sistem, ayakkabidan ayrilabilir 6zelligi sayesinde
el ile elektrik sizint1 ve/veya varligi tespiti igin kullanilabilir. Ozet olarak, prototipin son durumu Sekil 5°te
acik ve kapali alanlarda elektrik kacak tespiti i¢in ig ayakkabisi tasarimi ve prototip tiretimi ve Sekil 6°da elle
kontrol sok ve tak sistemin son hali goriillmektedir.

Sekil 5. Acik ve Kapali Alanlarda Elektrik Kacak Tespiti igin Is Ayakkabisi Tasarimi Ve Prototip Uretimi
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Sekil 6. Elle Sokiiliip ve Takilabilen Kontrol Unitesi

Is ayakkabisi, galisma mantigia dayali olarak temel fonksiyonlar iizerinden calisir. Cevresel faktodrler olarak,
bozucu etki gosterebilen sinyaller mevcuttur. Bu durumda, sistem belirli TRG sinyallerinde ¢ikiglar
gosterebilmektedir. Bu ¢ikislar, hata durumunda siireklidir. Fakat olasi pozitif durumlarda, ¢ikis kesiklidir.
Sistem blok semasi Sekil 7°de goriilmektedir.
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Sekil 7. Sistem Blok Semast
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4. SONUCLAR

Bu ¢alismamizda, elektrik kazalarin azaltilmasina yonelik bir koruyucu donanim gelistirilmistir. Bu donanim,
bir is ayakkabis1 olup calisanin zeminde var olabilecek alternatif gerilim yiiklii kablolarin tespitini ve olast
elektrik kagaklarinda (s1zint1) ¢alisani uyarir. Hazirlamis oldugumuz uyari sisteminin 6zellikleri; ¢alisani, sesli
veya gorsel ikaz hissedilmediginde titresim motoru sayesinde uyarmasi, ¢alisanin ¢aligma esnasinda sistemi
rahat gérmesi, sinyal anteninin ayakkabi alt ve yan taban yiizeylerinde sarilmasiyla daha hassas olmasi, ortam
151811 yetersiz olmas1 durumunda calisanin 151kl1 ikaz1 rahat gormesi, sistem gerilim seviyesine pozitif destek
saglanmasina yonelik gilines paneli kullanilmasi, kullanicinin el ile kontrolii igin ayrica sok tak ozelligi
sayesinde kullanabilmesi, koruyucu is kiyafetlerinde rahat kullanimi o6zelliklerinin bulunmasi olarak
siralanabilir. Bu donanim, tiim is gruplarinda da kullanilabilir. Zira elektrik yiiklii kablolarin olmasi, elektrik
sizintilar1 ve zeminin 1slak olmasi gibi tehlikeli durumlarda, uyarici bir etki gostererek ¢alisani uyaracaktir. Bu
iiretilen prototipin bir 6zelligi de gelistirilebilir olmasidir. Diger kisisel koruyucu donanimlari ile veri iletigimi
saglanabilir. Uzerindeki elektronik kartin giyilebilir dzellikte olmasi, is yelekleri gibi is kiyafetlerinde
kullanilabilmesine imkan verebilmektedir. El ile elektrik sizintilarin1 ve/veya varligini tespiti i¢in, sok tak
0zelligi sayesinde kullanilabilir. Bu durumda kullanici, ekstra elektrik kagak tespit cihazi kullanmasina
gerektirmeyecektir.
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