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Root Cause Analysis Methods for The Design of Aviation Parts

Hamdi Sel¢uk CELIK

Tusas Engine Industries Inc. Quality System and Certification Lead Engineer, Eskisehir, Turkey

Abstract

Fault modes, which aren’t detected throughout the design phase if they are not defined with precautions have the crucial
potential on the quality of mature products. At first glance, the impression of the quality failures may be underestimated,
before the design of aviation parts are implemented to production. But these failures may cause some problems in aviation
safety and reliability. Therefore, the failures during the project phase should be investigated by root cause analysis and
defining the precautions both increase effectiveness of design and quality of the outputs. The aim of this study is,
emphasizing the importance of root cause analysis on the design of aviation parts, and stating the analysis methods, which
have been used mainly. In the scope of this effort, aviation regulations are researched which encourages the root cause
analysis accordingly, related methods are evaluated for the resolutions. The common methods are classified based on the
hazard review of the failures and explained to point out for the researchers.

Keywords: Root Cause, FMEA, Aviation.

1. Introduction

All of the parts have a designation phase as input
and keep the features throughout their product life-
cycle. Desired quality may be sustainable, on
condition that the risk of the failures is disappeared.

Risk analyses support the root cause analysis and
provide the finding out solution easier as proactive
investigation. For the parts, Fault Mode and
Effectivity Analysis (FMEA) has been used and all
of the factors are classified and mitigated before the
realization process.

Corresponding Author: Hamdi Selcuk CELIK  hamdiselcuk.celik@tei.com.tr

Citation: Celik.H.S, (2020). Root Cause Analysis Methods for The Design Of Aviation Parts, J. Aviat. 4 (2), 1-9.

ORCID: ! https://orcid.org/0000-0003-2538-7486
DOI: https://doi.org/10.30518/jav.731078

Received: 2 May 2020 Accepted: 26 December 2020 Published (Online): 28 December 2020
Copyright© 2020 Journal of Aviation https://javsci.com - http://dergipark.gov.tr/jav

This is an open Access article distributed under the terms of the Creative Commons Attiribution 4.0 International Licence



https://orcid.org/0000-0003-2538-7486
mailto:hamdiselcuk.celik@tei.com
https://orcid.org/0000-0003-2538-7486
https://doi.org/10.30518/jav.73
https://javsci.com/
http://dergipark.gov.tr/jav
https://creativecommons.org/licenses/by-nc/4.0/

.IA I/e-ISSN:2587-1676

4 (2): 1-9 (2020)

The affection of the risks which are coming from the
non-factors can’t be tolerated for the parts of
aviation. In this way, root cause analysis makes the
iterations minimum, on the design and sustain the
safety and the reliability of the aircraft and lessons-
learned items are crucial experiences for the
producers.

The aim of this study is to indicate the importance
of the root cause analysis methods especially
according to aviation regulations and famous
producers. Accordingly reviewing all of the efforts
with examples from the aviation sector, the root
cause analysis methods have been classified
depends on the criticality of the failure as minor,
major and hazardous. In this way, the methodology
in accordance with failure levels. This provides the
methodology for the researchers. The literature is
reviewed firstly for aviation and accordingly for
automotive parts.

There are a wide variety of researches about root
cause analysis for aviation is presented firstly as
follows.

Washington et al. made a study about investigating
safety system uncertainties for the complex aviation
systems which are named Remotely Piloted Aircraft
Systems (RPAS). The existing aviation safety
systems are needed to develop and the aim of this
research is to develop more sustainable and
reasonable regulatory outputs determination via
System Safety Assessment (SSA). The SSA process
and outputs are analyzed in the purpose of
improving the safety of RPAS. The analysis has
been revealed by using a Bayesian Belief Network
(BBN) which the method is using for the root cause
analysis via risk-based approach. All of the failure
determination have been compared, from Federal
Aviation Authority (FAA), European Union
Aviation Safety Authority (EASA) and North
Atlantic Treaty Organization (NATO) regulatory
bodies. In the conclusion of the study, by Bayesian
Belief Network failure condition severity
classification is handled and it is pointed out that
risk-based approach supports RPAS to be more
systematic and objective particularly for emerging
aviation systems [1].

Freitas et al. made an investigation to find out
failure analysis of the nose landing gear axle of an

aircraft which landing gear can not work during the
landing and cause the serious accidents. The
reliability effect of this part is so crucial. So, the
finding root cause analysis duration was supported
numerical and experimental analysis. The Finite
Element Analysis (FEA) was carried out and an
electron microscope was used for the surface of
fractures. The optical and scanning electron
microscope analysis results are agreed on with
numerical investigations. In conclusion, it was
found that the failure occurred by overloading both
shear and bending stresses, due to confronting a
huge load on nose landing gear instead of main
landing gear throughout the aircraft landed. The
nose landing gear material will be converted into
more durable high alloyed steels instead of low
alloy steel. The root cause analysis was handled by
verifying potential causes by numerical and
experimental analysis via classifying parametric
data [2].

Silveira et al. made a root cause analysis for the
failure of the high-pressure turbine blade failures
whose material is hardened nickel base alloy.
During the analysis phase, electron microscope is
scanned for the analysis with microstructural
examination. The analysis was performed for the
first blade was due to thermo-mechanical fatigue
which the internal cooling cavities was started. It
was found out, the carbides with cracked and
primary have an important role for the potential of
failure. The other blades failed as well by the
severity of the fragments lacking. The first blade has
the fatigue of thermal and mechanical side with
tendency to creep. The precautions should be
defined and implemented during the design phase

[3].

Rabcan et al. made a study about deriving an
algorithm for a diagnosis which is non-destructive
concerning the signals. This algorithm s
encouraged to solve blades of gas turbine related
with signal of vibration after a non-destructive
signal and classify it as hazardous and normal. To
find out the problems on aircraft engine blades, the
diagnosis is ordered to Fuzzy Decision Tree (FDT)
that cumulates all of the mutuial information. In this
way, the accuracy of the information is about
98,5%. The classification of the algorithm is
compared with FDT method. It is found that the
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fuzzy tree method has superiority, It is similar to the
fault tree method which is used for the detailed root
cause analysis. The fuzzy decision tree shows all the
relations between signals and the classification may
be done more efficiently. This means root cause
analysis methods are using also for consolidating all
of the data [4].

There is a wide variety of research about root cause
analysis for the automotive are presented secondly
as follows.

Frohling et al. made a root cause analysis about out-
of-round or polygonized wheels problems that were
detected on the high adhesion locomotives
operating in South Africa. After the analysis; the
axle vibration as torsional could cause the
polygonisation for the wheels. Accordingly, the
locomotive axle vibration was verified by the
analytical and experimental way. Based on the
results, two crucial reasons were defined for
torsional vibration excitation and frequency was
determined and tested as well. Consequently, the
deduction in the torsional vibration amplitude was
detected when the system of suppression was
activated. The root cause was found by using
physical model parametric measurements on track.
This data comes up with a cause and effect matrix
to resolve the potential causes [5].

Suresh and Mruthunjaya made a study about forged
spline yoke shaft part which has been used to
transmit the power of motion fot the system of
driveline of automobiles. The root cause analysis
was performed for the failure of the yoke shaft in
the steering assembly. In order to find out the root
cause; critical stress formation at the failed section,
fatigue analysis was revealed which is validated by
the Finite Element Method (FEM). In conclusion,
the current model is analyzed under different crack
conditions by lifetime estimations throughout the
design phase and the forged fabrication process is
changed. The root cause was found in the variable
FEM analysis of spline regions and all data
compared by parametric approach. It is investigated

2. Root Cause Analysis Necessity

The definition of the root cause analysis starts with
the problem definition phase; which supports the
investigators to grasp and solve them. When it is

that Yoke shaft failure is come from the spline
region because of the fatigue [6].

Wang et al. made a study about the main reason
classification and event location of the alarms in
thermal power plants with bayesian networks.
They used child nodes and multiple parent nodes to
define dependence between an alarm variable and
variables of root cause. Root causes of alarms are
specified from the parent node set with the largest
probability of conditions. By referring to the root
cause analysis, the outcome may remove the
negative effects of missing and wrong alarms in the
nodes. This means determining relations between
input and outputs, provides classifying all of the
steps, and take the right actions [7].

Bhattacharjee et al. made a root cause analysis of
the coal dust explosion disaster, this event is stated
as lessons learned and the outcome of the root cause
analysis is worthy inputs to define precautions. In
this paper, an in-depth analysis of a mining disaster
in India was analyzed and an Event Sequence
Diagram is created in order to find out Why and
How the accident has emerged abruptly. All of the
efforts have been made to identify the root causes of
the accident, using an Accident Causation Tree
(ACT) like fault tree analysis which has been used
for a common root cause analysis via its, parametric
approach.

Swiss Cheese Model (SCW) was used as well to
developing the understanding of the mechanism of
the accident. The most crucial outcome to compiling
the lessons learned points for the accident analysis
was defined to prevent major accidents [8].

As a result of extensive literature review, the root
cause analysis methodology is so crucial based on
the problems. This makes the structure of the design
quality better in order to optimize all of the parts.
By the root cause analysis and design Fault, Mode
Effect Analysis (FMEA) means the know-how
which is critical and keeps sustainability of latter
design development projects.

decided to use root cause analysis methods.
Problem definition is so crucial to determine
convenient root cause analysis for purpose of being
close more the right solution. In Figure 1, the short
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indication of a problem and potential causes are
located. If the root causes of the problem are not
analyzed properly, the problem may have
recurrency.

Problem

Root Cause

Figure 1. The Problem with Causes [9]

The cycle for the problem solving which is so
familiar is indicated in Figure 2. Understanding the
problem is the first step and in order to define the
action, the root cause identification is critical which
is the key of the blockage.

Identify the
/‘* Problem _\

Monitor the Define the
system Problem
Corrective Understand

action the problem

Identify the
root cause

Figure 2. Problem Solving Process [10]

2.1 The Root Cause Analysis In Aviation

The root cause analysis method is so common in the
aviation sector which is cited fundamental
regulations as follows. The preventive actions
should be defined for the problems whose root cause
is found out to not have recurrency. The corrective
actions may be completed when the root causes are
eliminated. There are also 18 pcs citations of root
cause analysis in EASA Notice of Proposed
Amendments (NPA) in NPA 2013-01 (B) ‘Part-M
and 13 pcs citation in NPA 2013-01 (C) ‘Part-145;

this shows the importance of the root cause analysis
[11].

2.2 The Root Cause Analysis Methods

The five fundamental methods will be defined based
on the severity of the faults.

2.2.1 Five - Why Analysis Method

The 5-Why method is firstly investigated by Sakichi
Toyoda, by Toyota company in 1958, preferred as a
first approach to close potential solution, it is
generally used for the minor problems and
performed the solution. It is realized by asking why
to causes, and after 5 iterations alternative causes
may be defined. This is a so practical method. In
Figure 3, workable areas of why questions are asked
consecutively [12].

Why — Why — Why — Why - Why

Figure 3. 5-Why Method Workable Areas [12]
2.2.2  Fishbone (Ishikawa) Analysis Method:

The fishbone analysis defines relations between
cause and outputs with relations. All factors are
classified. This method was firstly discovered by
Prof. Kaoru Ishikawa in 1942 [12]. The potential
causes are classified as environment, person,
material, machine, process, and others. All of the
causes are filled out and the output is the problem.
All of the causes are scored by the core team and
priority is defined which may be supported by using
the Pareto diagram. As a result of this effort, an
action list is created to analyze the results. In Figure
4. The root cause analysis structure is indicated.
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Figure 4. The Fishbone Root Cause Analysis
Structure [12]

2.2.3 Fault Tree Analysis Methods

The fault tree is used to extend related potential
causes for the different events and conditions. The
events which cause the undesired outcomes are
inquired as “’why’’ and potential causes and the
causes are classified as proximate cause,
intermediate cause and the root cause [13]. In Figure
5, the Fault tree instance is shown which potential
causes are evaluated with the related events and may
be eliminated from the table.

e ediate
Causes
4

4mmmm Root Causes

Figure 5. Fault Tree Analysis Structure [13]

Root causes are systemic problems or global factors
located at the bottom of the tree. The contributing
factors are sometimes left on the tree to show all
factors that affected the event. Contributing factor
means an event or condition that may have
contributed to the probability of an outcome which
isn’t hoped but, if it was modified or disappeared,
wouldn’t by itself have impeded the probability.
The fault tree analysis root cause method is
preferred when there are several inputs, parameters,
and events concerning conditions  [13].
Consequently, this method identifies possible
causes and different levels of occurrence.

2.2.4 Bow-Tie Method

The bow tie method is used commonly as a root
cause analysis which defines the causes and
consequences. The event is located in the middle of
the causes and consequences. The causes are
classified as basic and immediate causes. Basic
causes are coming from personal and job factors;
immediate factors are about acts and conditions.
The causes and consequences are specialized by this
method. Consequences are also classified as
immediate and ultimate consequences. InFigure 6.
The bow tie method is indicated as schema.
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Figure 6. The Bow-Tie Analysis Method [14]

The bow tie method defines the risks and threats
which present to taken preventive actions before the
risk is realized as a proactive solution. These steps
are used for the method of the bow tie as follows.

1. Definition of the dangers

2. Definition of non-desired conclusions
3. Definition of threats

4. Determine the outputs

5. Define preventive actions

6. Determine the factors of escalations.

The bow tie analysis method may be combined also
with the Swiss Barrier model. Identifying the
barriers is the most crucial to the bow tie method. It
makes the create relations between all potential
causes and risks. This is so beneficial to find out
more deep outcomes of each part of safety and
reliability in an organization. [14]

2.2.5 8D Method

The 8D is sometimes also referred to as Ford TOPS
8D, 8D, and Global 8D. This methodology is
preferred for many industries particularly for the
automotive sector. It is used like standardized
process generally. It encourages to work together to
solve problems with using 8 steps of the method to
approack potential causes and effects. It is so
efficient to define root causes and determine the
permanent corrective actions. There are plenty of

report to provide noncurrence of common problems
with this method. The method consists of the
process schema, cause and effect diagram, Pareto
analysis and the other root cause analysis methods
which are mentioned in this study. 8D is used to find
the root cause and optimize all the duration to take
long term actions. There are 8 pcs steps for the
method [15].

1. Notify the Awareness: This is the first step of the
method that creates awareness of the related
people.

2. Describe the Problem: To identify the problem,
the 8D team provides to take as much
information as possible from the external
resources or the customer, which requires the
first analysis performed in the problem-solving
process. During the depicting the problem 5-
Why analysis can be used with Pareto diagram
to prioritize the points.

3. Implement and Verify Short Term Corrective

Actions: In order to sustain the process, the short
term corrective actions are defined and taken.

4. Define and Verify Root Cause Analysis: This

step is so critical to defining corrective actions.
The root cause analysis methods should be used
considering the majority level of the problem.
Cause and effect diagrams, Pareto analysis may
be created to support all of the efforts.
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5. Verify Corrective Actions: The defined
corrective action should be verified by some
measurements. Typical statistical methods are
called as Statistical Process Control, Process
Capability (cp), Process Capability Index (Cpk),
histograms and Pareto analyses. A permanent
action to be taken in the process to solve problem
which is checking whether the complaint of
customer brings about any modifications to the
scope in the FMEA (Failure Mode and Effects
Analysis) to check related documents and
records.

6. Measuring of Effectiveness: In this step,
comprises measuring the effectiveness of
defined permanent corrective action and ensure
if it is appropriate to solve the problem, but if it
is considered for the aviation industry, the
measuring period may be longer than one year
based on the production volumes and risk
classifications.

7. Prevent Recurrence: The 8D team analyses in
this phase to be ensured whether the potential
causes of the problem are executed or not.

8. Conclusion: In the scope of step, the conclusions
of taken permanent actiosn are evaluated. The
team traces and ensures solving of the complaint
permanently with each steps of the method. All
objective evidences shall be recorded as lessons
learned to support next potential failures and
problems. The team is congratulated for the
success of this work [15].

3. Results and Discussions

The common root cause analysis methods which
have been used for the aviation sector were
surveyed and classified considering the criticality of
the failures. These methods are so crucial in the
purpose of sustaining the know-how and reflect the
detections as lessons learned for new designs.
Furthermore, the instances are supported by famous
manufacturer aviation companies and related
researchers.

When a nut design is considered as an aviation part,
for instance, this part design shall be evaluated in
terms of form, fit and function. The form refers to
its construction and convenience for installation and
serviceability.

The fit refers to dimensional features related to form
and indicates the compatibility of the part on the
assembly surface.

The function refers to its structure which is the main
reason for the usage of it. For instance, the nut isn’t
used only for assembly of the shaft, it may also
balance dynamic stress with keeping durability.
These fundamental terms are so crucial for the
designation phase of aviation parts. These terms
support to sustain Design FMEA during the
development phase and it makes the detect root
cause easier when any problem occurs with using an
appropriate problem-solving process.

4. Conclusions

The commonly used root cause analysis methods
that belong to aviation parts are consolidated in this
investigation to classify them based on the
criticality levels of the problems. Especially;
aviation regulations and the studies of famous
producers from the aviation were examined.
(EASA, CAA, Boeing, Lockheed Martin, etc.) Itis
understood that the root cause analysis methods
both support solving the problems properly with
less time due to prevent recurrency and sustaining
the know-how extension of the producers for every
sector. This paper points out selecting the right root
cause analysis methods against the criticality level
of the problems is so crucial. Thereby, in the light
of this review research, the methods are classified
and indicated in Figure 7 as a result, It is indicated
for the researchers. For the minor issues, the 5 Whys
method is preferred, but for the solutions of major
problems, the Fishbone method is used, as well the
fault tree is preferred when the preventive actions
would be defined.
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5. Nomenclature

FAA: Federal Aviation Administration
CAA: Civil Aviation Authority

NASA:

National ~ Aeronautics and  Space

Administration

EASA: European Aviation Safety Agency
NATO: North Atlantic Treaty Organization
ACT: Accident Causation Tree

SCW: Swiss Cheese Model

FMEA: Fault Mode and Effect Analysis
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Abstract

Commercial aviation accidents and incidents are more prevalent at the certain times of the day. Operational problems
(e.g., night vision, flash blindness, black hole illusion, and reflection) faced by pilots while performing nighttime flights
pose threats to flight safety. The present paper aims to examine the contributing factors to commercial aviation accidents
occurred at night. In this paper, accident reports of 30 commercial airplane crashes occurred over the past five years were
analyzed. The contributing factors of those accidents were examined by using HFACS (Human Factors Analysis and
Classification System). The relative importance of the causal factors was determined. Literature reviews have indicated
that no study has examined the causality of nighttime commercial aircraft accidents by using HFACS as a framework. It
was found that physical environment was the most significant causal factor. Skill-based errors were second-highest
contributing factors. Perceptual errors and decision errors were ranked as third-highest causal factors. We believe that our
results may be useful for reducing the chances of human error and raising safety standards of commercial airline
operations.

Keywords: HFACS, Human Factors, Night Flight, Accident Investigation, Commercial Aviation

1. Introduction

Commercial aviation industry has undergone a
tremendous growth after the first jet airliner
British de Havilland Comet started to operate in
1952 [1]. The last two decades has seen the rapid
development of the commercial jetliner area. In
2007, the largest jetliner in the World, Airbus A380
entered into service which is capable of carrying

more than 800 passengers [2][3]. In 2011, the first
Boeing 787 was delivered to All Nippon Airways
(ANA) [4]. In parallel with these recent
developments in aviation, the safety records for
commercial aviation have not shown an
improvement. The number of commercial aircraft
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crashes remains stubbornly high. A large and
growing body of literature has investigated the
causality of commercial aircraft accidents.

A number of studies have revealed that there are
several contributing factors affecting nighttime
flight operations such as stress, anxiety, night
vision, and flash blindness [5][6]. However, to the
best of authors knowledge, there have been no
report so far examining the causality of commercial
airplane accidents occurred at night by using
HFACS as an analytical framework.

1.1.  Commercial Air Carrier Accidents

Investigating commercial air carrier accidents is
a major area of interest within aviation industry.
Recent catastrophic events in commercial aviation
have heightened the need for the comprehensive
analysis of past events (e.g., mishaps, incidents, and
accidents) [7][8]. Recent evidence suggest that
accident statistics recorded an increase in the
number of accidents over the previous five years
[9].

It has been reported that several contributing
factors including weather, system/equipment
malfunction, human error, and organizational
factors give rise to accidents and incidents in
commercial aviation [10] as well as in general
aviation [11]. Among these contributing factors,
human error is associated with the largest portion of
commercial air carrier accidents (more than 75%)
[12][13][14]. Upon closer examination of human
factors, pilots are subject to several external
conditions such as stress, hypoxia, circadian rhythm
disruptions, venous thromboembolism which
impede their performance and may give rise to
errors, violations made by pilots and unwanted
occurrences (e.g., near-miss, accidents and hull-
loss) [15][16][17].

Among the above-mentioned preconditions
which result in errors and violations, operational
problems experienced by pilots while performing
flight operation at night are at the heart of our
understanding of causality of nighttime operations.
According to the NTSB aviation accident database,
16 of the 1013 commercial air accidents occurred at
night (Table-1).

Table 1. Number of nighttime accidents over the
past five years [18]

Type of Operation Accident Incident

Part 121: Air Carrier 16 13
Part-91: General Aviation 849 10
Part 135: Air Taxi &Commuter 76 8
Part 103: Ultra-Light 0 0
Part 129: Foreign 3 2
Part-137: Agricultural 21 0
Part 125: 20+ Pax, 6000+ Ibs. 1 0
Part 133: Rotorcraft Ext. Load 5 0
Non-US, Commercial 2 1
Others 40 15
All 1013 49
1.2.  Night Flight

Night flying is one of the normal phases of flight.
Aircraft systems (e.g., hydraulics, avionics, and
bleed systems) are capable of functioning within
normal parameters day and night. However, pilots
are affected negatively by some challenging
conditions (e.g., adverse physiological states such
as night vision difficulties, spatial disorientations,
circadian rhythm disruptions, and fatigue) [19][20]
and environmental states such as night illusions,
lack of ground aids and lighting systems [21][22].

Furthermore, it has been claimed that pilots
experience heavy workload, reduced situational
awareness (SA) and they have poor performance in
night conditions [23][24]. Leland suggested that
annually around 16% of general aviation crashes
occurs due to spatial disorientation and loss of SA
and he added 90% of these crashes result in fatality
[25]. All these difficulties caused increased single
pilot IFR nighttime accident rate by almost eight
times compared to daytime accident rate [26].

In 1999, Khatwa and Helmreich analyzed all
worldwide Approach and Landing Accidents

11
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between 1980-1996. They found that the accident
rate at night was almost threefold of those at
daytime [27]. They also found in the same study, at
least 25 percent of all accidents happened due to
lack of ground aids. In spite of visual ground aids
(e.g. precision approach path indicator and visual
approach slope indicator) pilots experience visual
spatial disorientations such as black hole illusion
(BHN[23]. In 2007, Gibbs mentioned that pilots,
who experienced BHI, are tend to descent deeper
and fly the approach lower than normal which may
result in an inadvertent flight into terrain (CFIT)
[28].

In another study, it has been suggested that
flight rules are different for day and night and flying
under visual flight rules (VFR) at night is more
dangerous than flight under the instrument flight
rules (IFR) due to lack of visual performance [25].
All these studies have proved that night flight needs
more concentration and attention as well as good
planning.

1.3. HFACS Model

HFACS is an analytical framework to
investigate accidents and incidents not only in
aviation[29][30][31], but also in maritime [32],
healthcare [33], and railway industries [34].

HFACS model is attracting widespread interest
due to its applicability to accidents and incidents.

It is a comprehensive framework that includes
four levels (Level-1: The unsafe acts, Level-2:
Preconditions for unsafe acts, Level-3: The unsafe
supervision, and  Level-4:  Organizational
influences). It uses taxonomies of active (Level-1
and Level-2) and latent failures (Level-3 and Level-
4). Namely, the contributing factors of accidents
and incidents are classified under four levels and
nineteen subgroups (Figure 1).
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Figure 1. The HFACS Framework
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2. Methodology

The data of commercial aircraft accidents
occurred at night over the past decade was acquired
from the NTSB accident and incident database. For
the selection of accidents and incidents, the
following criteria were used;

o Type of Occurrence: Accident &Incident

e Operation: Part121- Commercial Air Carrier
o Aircraft Category: Airplane

o Report Status: Probable Causes

e Injury Severity: Fatal & Non-fatal

It was decided that the best method to adopt for
this study was to use codes. Coding of contributing
factors was carried out by using two codes (0 was
used for the absence and 1 for the presence of the
subheadings of the HFACS framework). Only
contributing factors identified by NTSB were used
for the analysis. The data analysis was
accomplished by implementing an excel
spreadsheet.

3. Results and Discussion

In this study, we identified 67 contributing
factors of 30 nighttime commercial air carrier
accidents occurred over the past five years.
Statistical results of this study are demonstrated by
tables and graphics. Table 2 presents obtained
statistical results.

Our findings revealed that the majority (63,33%)
of the accidents and incidents are associated with
physical environment (e.g., severe turbulence, clear
air turbulence, and wake turbulence) which is the
most significant causal factor contributing to
nighttime commercial air carrier accidents. This is
very much in line with previous results [29]. It was
also shown that the second significant (33,33%)
contributing factor is skill-based errors. This is in
complete agreement with previous findings
[29][30].

Contrary to expectations, we found that
perceptual errors are associated with only 26,66
percent of the nighttime commercial air carrier
accidents. It is the third significant causal factor of
accidents and incidents analyzed in this study.
However, our results lend support to support
previous findings in the literature [29]. We were
surprised to find that only 3,33 percent of the

accidents examined in this study is associated with
adverse mental state such as distraction due to
degraded sensory abilities (e.g., poor vision). This
finding significantly differs from previous results
reported in the literature [29].

Table 2. The percentages of contributing factors by
HFACS

HFACS % of all
Frequency .
Sub-categories accidents
Decision Error (L1) 8 26,66
Skill-Based Error (L1) 10 33,33
Perceptual Errors (L1) 8 26,66
Routine Violations (L1) 2 6,66
Exceptional Violations
5 16,66
(L1)
Physical Environment (L2) 19 63,33
Technological
. 4 13,33
Environment (L2)
Adverse Mental State (L2) 1 3,33
Adverse Physiological
ys1010g 1 3,33
State (L2)
Physical/
¥ S 1 3,33
Mental Limitations (L2)
CRM (L2) 6 20
Personal Readiness (L2) 0 0
Inadequate Supervision
1 3,33
(L3)
Planned inappropriate 0 0
Operations (L3)
Failed to correct a known 0 0
problem (L3)
Supervisory Violations 0 0
(L3)
Resource Management
1 3,33
(L4)
Organizational Climate 0 0
(L4)
Organizational Process 0 0
(L4)
Total 67 100,0

Note: L1, L2, L3, and L4 denote levels of subcategories in the
HFACS framework.
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We believe that the rate of nighttime commercial
aircraft accidents due to perceptual errors is lower
than those of general aviation aircraft accidents
since the commercial jetliners are equipped with
advanced aircraft systems (e.g., ground proximity
warning systems, traffic collision avoidance
systems). These advanced systems help pilots to
prevent errors due to night illusions, spatial
disorientations, and night vision difficulties.

Most of the accidents (N=16) examined in this
study occurred during descent (26,7%) and ground
operation (26,7%) (Figure 2). Furthermore, number
of occurrences (N= 5, 16,6%) during the approach
and landing that confirmed out findings was
appreciable. This number is slightly lower than the
value we expected because of the same reason as we
discussed above for the low rate of perceptual
errors.

30 267 26.7 10
25 — 20.0 ™ 8
20 16,6
6
15
10.0 4
10
5 2
8 3 6 8 5
0 0

\Y © S S )
AP (ol CF 0P on?
——JFREQUENCY %

Figure 2. Phase of flight when occurrences
happened

INJURY

57%

Figure 3. Nighttime Commercial Air Carrier
Accidents Injury Statistics

The pie chart above shows the percentages of
injuries and fatalities in accidents investigated in
this study. 43 percent of accidents contributed to
injuries. The most remarkable result emerge from
the data is that there were no fatalities in these
accidents (Figure 3).

12
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Figure 4. Number of occurrences per year and
annual number of injuries

The majority of the accidents (N=10) and incidents
occurred in 2016. The number of accidents and
injuries have shown a decrease over the past five
years (Figure 4).

4, Conclusion

This study set out to determine the contributing
factors of nighttime commercial air carrier
accidents. To the best of our knowledge, no study
has examined examining the causality of
commercial air carrier accidents and incidents
occurred at night.

In summary, we were able to demonstrate that
the most significant contributing factors of
nighttime commercial air carrier accidents were
physical environment, skill-based errors, and
decision and perceptual errors in descending order.
The results of this investigation show that there are
several causal factors underlying nighttime
commercial air carrier accidents and they did not
occur just due to perceptual errors.

This work adds to a growing body of literature
on HFACS and nighttime accidents. Further
research might investigate the causality of nighttime
general aviation accidents.

The present findings might help to have
important implications for preventing similar
occurrences in the future.
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Abstract

This study presents the numerical free vibration analysis of aircraft wings created using different airfoil cross sections
such as NACA 0009, NACA 2424, and NACA 4415. Aircraft wings were made of different lengths. Numerical frequency
analyses were conducted Taguchi L9 orthogonal array with two control factors including three levels and so nine
numerical modal analyses were performed. Airfoil cross sections and lengths of aircraft wings were used as the first and
the second control factors. To detect the control factors with optimal levels, analysis of signal-to-noise (S/N) ratio was
employed. In addition, analysis of variance (ANOVA) at the 95 % confidence level was implemented to carry out percent
contributions of airfoil cross sections and lengths of aircraft wings on free vibration. As can be summarized from this
study, the maximum free vibration behavior was obtained by using NACA 2424 wing profiles with a length of 5
meters. Also, the most dominant control factors were found to be airfoil type with 85.21 % effect and wing length with
12.87 % effect, according to ANOVA.

Keywords: Airfoil, Free vibration, ANSYS, Taguchi Method

1. Introduction

Aircraft wings are generally modelled using
airfoil cross sections. Each airfoil has different
profile and thus aircraft wings created using various
airfoil cross section can show differences on free
vibration characteristics. A lot of aircraft wings and
blades were usually designed based on National
Advisory Committee for Aeronautics (NACA).
There are many studies including the aircraft wings,

Corresponding Author: Savas EVRAN  sevran@comu.edu.tr

NACA cross sections. Bayraktar and Demirtas [1]
investigated the free vibration of a NACA 4415
airfoil profiled wing as a cantilever beam using
theoretical and numerical methods for different
modes. Eken [2] presented the model analysis of
composite aircraft wings created in accordance with
thin-walled beams which have NACA airfoil
sections. Tenguria et al. [3] analyzed the free
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vibration characteristic for blade of horizontal axis (S/N) ratio and variance analyses in this study were
wind turbine and they also used NACA 634-221 implemented to determine the effects of control
model. Alabas et al. [4] evaluated the impact of factors and their percent contributions on natural
cavity structure on the NACA 0018 wing profile frequency responses.

using computational fluid dynamics. Bakirci et al.

) 2. Materials and Methods
[5] analyzed the aerodynamic performances of

NACA 23012 and NREL S$809 wing sections using Aircraft wings are generally produced using high
computational fluid dynamics based on ANSYS strength lightweight materials. Metal and composite
software. Dogru et al. [6] examined increasing the materials can be shown as some of these materials.
aerodynamic performance of the NACA 4412 using Aluminum material has the high strength and low
the replaceable wing profile during flight. Rubel et weight [15]. In the study, aircraft wings were
al. [7] presented aerodynamics analysis of NACA modelled using Aluminum (Al). The properties
0015 airfoil using numerical and experimental such as Young's module (E) and density (p) for
methods. Durhasan [8] presented the numerical metal were presented in Table 1.

analysis of the impact of flow suction at trailing side

in accordance with aerodynamic performance of Table 1. Material Properties [16]

NACA 0015 airfoil using ANSYS software. Oktay Material = Propvertles ;

and Kana? [9] examined the aerodynamic ipfluenf:es (N/m?) ) (kg/m®)

of a suction channel on NACA 4412 wing using Aluminum (Al) 70 x 10° 0.3 2707

ANSYS software. As can be seen above mentioned

open literature, there are many studies about NACA In the statistical analysis, Taguchi method was

sections and airfoils. However, there is no study used based on L9 orthogonal array. The array

about investigation of airfoil sections and aircraft consists of two control factors. Each control factor

wings made of metal on numerical free vibration includes three different levels. The first control

analysis for the first mode using ANSYS Parametric factor was considered as airfoil types and cross

Design Language (APDL) software according to sections of these airfoil were determined as NACA

Taguchi L9 orthogonal array which has two control 0009, NACA 2424, and NACA 4415. Airfoil data

factors with three levels. In literature, Taguchi were taken from Airfoil Tools [17].The second

method [10-13] and finite element software ANSYS control factor was employed as wing lengths. The

[10-14] were used in many studies including free control factors and their levels were indicated in

vibration analysis. In addition, the signal-to-noise Table 2.

Table 2. Airfoil cross section and wing length at different levels

Control Factors Symbol Unit Covel 1 II__:\\//:IIZ Tevel 3
Airfoil Cross Section A - NACA 0009 [17] NACA 2424 [17] NACA 4415 [17]
Wing Length B meter 5.0 55 6.0
I_n order Fo obtain th_e maximum freq_uenc;_/ data 3. Numerical Analysis

of aircraft wings at the first mode, analysis of signal-

to-noise (S/N) ratio were conducted using Minitab In modelling, three different cross sections of

15 statistical software in accordance with “the larger airfoils such as NACA 0009, NACA 2424, and

is better” quality characteristic as described in NACA 4415 were used. Cross sections of airfoils

Equation 1 [18]. were generated using numerical code of X, and Y
N coordinate locations for two dimensions. 2-D

(S/N)ys = —10.log (n—1 Z(Yiz)_1> 1) alr_craft_wmgs We.re created by SolidWorks software

— using airfoil sections. After that, 3-D structure was

modelled using SolidWorks software. Airfoil cross
in here, n indicates the number of finite element sections were indicated in Figure 1 [17].

analysis in a trial and y; designates i" data evaluated.
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Figure 1. Airfoil cross sections [17] a) NACA 0009,
b) NACA 2424, and ¢) NACA 4415 [17]

The airfoil data were taken from Airfoil Tools
[17]. In modelling, the chord length was evaluated
as 1 in meter. Wing lengths were used to be 5, 5.5
and 6 in meter. Aircraft wings were considered as
cantilever beams which is clamped at one end and

free at the other end. Each wing was modelled using
(Al) metal material. In finite element analysis,
ANSYS APDL software was used for free vibration
analysis. As element type, 3-D 20-Node Structural
Solid named SOLID186 that displays quadratic
displacement behavior was employed and it is
described by twenty nodes with three degrees of
freedom each node: translations for the nodal X, v,
and z directions [19]. Block Lanczos was employed
as extraction method. Problem dimensionality was
decided as 3-D. UX, UY, and UZ were utilized as
degrees of freedom. Thus, UX = UY = UZ was
determined to be O for clamped edge while UX =
UY = UZ was claimed to be zero for free end. The
cantilever aircraft wing was illustrated in Figure 2a
while the structural solid geometry, node positions,
and the coordinate system of element for SOLID186
element type were presented in Figure 2b [19].
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Figure 2. a) Cantilever aircraft wing and b) SOLID186 homogenous structural solid geometry [19].

4. Verification Analysis

In order to verify the frequency results of aircraft
wings using finite element software ANSYS,
obtained result for NACA4415 profiled wing in this
study was compared with a study [1]. In analysis,
lengths of chord and wing were determined to be 1

Table 3. Theoretical and numerical comparisons

m and 5 m, respectively. Aluminium Alloy 6061
was assumed to be the material type for wing.
Elasticity module and density for Aluminium Alloy
6061 in a study [1] were used 69x10° Pa and 2700
kg/m?, respectively. According to the material
properties, comparison of numerical and theoretical
frequency results was tabulated in Table 3.

Mode Theoretical Result ANSYS Error ANSYS Workbench ANSYS Error
[1] APDL ratio [1] APDL ratio
1t 4.301895 Hz 4.2355 Hz 1.5676 % 4,2446 Hz 4.2355 Hz 0.2148 %

It can be seen from Table 3 that there is a good
agreement between numerical and theoretical
results at the first mode of free vibration analysis.
Also, the frequency results obtained from ANSYS
APDL software are smaller than free vibration data
found from theoretical approach and ANSYS
Workbench software. Error ratios were found to be

1.5676 % for theoretical approach, 0.2148 % for
ANSYS Workbench.

5. Results and Discussions

The scheme of performing finite element
analysis was selected and the numerical analyses
were conducted to evaluate the impacts of control
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method, finite element results and their S/N ratio
values were tabulated in Table 4.

M I/e-ISSN:2587-1676

factors such as cross section and wing length of
aircraft wings on free vibration characteristics.
According to L9 orthogonal array based on Taguchi

Table 4. Results of numerical frequency and S/N ratio

| Results
Tests Designations Control Factors Frequency S/IN ratio
Airfoil Cross Section [17] Wing Length A (Hz) 1 (dB)
1 AB; NACAO0009 5.0 2.45075 7.7860
2 AB NACAO0009 5.5 2.02682 6.1363
3 AiBs NACAO0009 6.0 1.70755 4.6475
4 A:B; NACA2424 5.0 6.61109 16.4055
5 AqB; NACA2424 55 5.46260 14.7480
6 AsB3 NACA2424 6.0 4.58834 13.2331
7 AszB1 NACA4415 5.0 4.26057 12.5894
8 AszB; NACA4415 55 3.51913 10.9287
9 AsB3 NACA4415 6.0 2.95569 9.4132
Overall Mean (T),) 3.7314

affected ends of the aircraft wings on the modal
analysis are free ends. These findings are in
agreement with many studies [10, 13].

Numerical free vibration results based on Taguchi
L9 orthogonal array carried out using finite element
software ANSYS for the first mode were given in
Figure 3 as visually. Figure 3 shows that the most
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Figure 3. Numerical free vibration results
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5.1 Examination of Optimal Levels

The numerical analyses were performed in
accordance with the parametric approach of
Taguchi method in order to determine the effects of
individual control parameters based on chosen

Table 5. Response table

quality characteristic. The average data and S/N
ratio values of the free vibration characteristics for
each control factor at various levels were calculated
from numerical data. Response table for S/N ratio
and means for cantilever boundary conditions were
presented in Table 5.

S/N ratio in dB Means in Hz
Level L. . . . . .
Airfoil Cross Section Wing Length Airfoil Cross Section Wing Length

1 6.190 12.260 2.062 4.441

2 14.796 10.604 5.554 3.670

3 10.977 9.098 3.578 3.084
Delta 8.606 3.162 3.492 1.357
Rank 1 2 1 2

According to Table 4, the control factors having
the optimum levels were found as airfoil type at the
second level and length of aircraft wing at the first
level. In other words, the maximum free vibration
data was obtained by using NACA2424 wing
profiles with a length of 5 meters. The S/N data is
calculated to find the significant variables and to

quantify effects on free vibration responses. The
main impacts of control factors for S/N ratio values
were plotted. The curves for the natural frequencies
were used for analyzing the parametric influences
on the free vibration characteristics. Main effects
plot for S/N ratios was presented in Figure 4.

Control Factors

Airfoil Cross Section

Wing Length

A
14 /N

Mean of S/N ratios in dB

‘. /
i
/

§

T T
NACA0009 NACA2424

Signal-to-noise: Larger is better

T
NACA4415

Levels

5.0 55 6.0

Figure 4. Main effects plot for S/N ratios

As can be seen from Figure 4, increase from the
first level to the second level for airfoil type causes

the increase of the free vibration characteristic while
decrease from the second level to third level leads




M K-ISSN:2587-1676

4 (2): 17-24 (2020)

to the decrease of the free vibration. Also, increase
of wing lengths leads to the decrease of the free
vibration.

5.3 Analysis of Variance

Table 6. ANOVA result for natural frequency

In order to find the levels of importance of airfoil
cross section and the length of aircraft wings,
analysis of variance was performed at the 95 %
confidence level. Results obtained for R-Sq = 98.08
% and R-Sq(adj) = 96.17 % were given in Table 6.

Source DF Seq SS Adj SS Adj MS F P % Effect
A 2 18.3995 18.3995 9.1998 88.9400 0.0000 85.21
B 2 2.7792 2.7792 1.3896 13.4300 0.0170 12.87
Error 4 0.4138 0.4138 0.1034 1.92
Total 8 21.5924 100
It was found that airfoil type and lengths of TR
aircraft wings are the significant control factors due Clcp = (Fa;l;nzverror [_ + _D (3)
to P < 0.05, for 95 % confidence level. Also, the Nefr R
most dominant control factors on free vibration
characteristic were noticed to be airfoil type having oI _ (Fa;l;nzverror)l/ 2 @)
85.21 % effect and wing length having 12.87 % Pop Neff
effect.
5.2 Estimation of Optimal Frequenc = N
p q y Nefr T+ Togr) (5)

Prediction of the optimal fundamental frequency
data of aircraft wings along with its respective
confidence intervals was estimated and thus optimal
result of fundamental free vibration characteristic
according to the first mode was estimated using the
optimum levels of the strongest variable such as
NACA 2424 profiled wing for airfoil cross section
and wing length with 5 meter. These data were
presented in Table 5. The predicted mean for
fundamental frequency can be computed based on
Equation 2 [18].

m=A;+B; —Ty ©)

in here, A, and B; present the average value of
fundamental frequency for airfoil cross section at
the second level and wing length at the first level,
respectively. In Table 5, these data were given to be
5.554 Hz and 4.441 Hz, respectively. Also, T, =
3.7314 indicates the overall mean of the first mode
free vibration results regarding Taguchi’s L9
orthogonal array. Based on the average data,
predicted optimum natural frequency value (u,) is
solved as 6.2636 Hz. The 95 % confidence intervals
(Cl) of confirmation fundamental frequency
analysis (Clca) and population (Clpop) were
computed using Equation 3 and Equation 4 [18].

in here, Tpor = 4 expresses the sum of number of
degrees of freedom for important control factors
such as airfoil cross section and wing length in
Table 5. N = 9 presents the sum of number of the
numerical results in Table 3. Thus, n.rr = 1.8 was
calculated. Veror = 0.1034 states the error value of
variance. o.= 0.05 indicates the risk and n2 = 4 states
the error data based on the degree of freedom in
ANOVA. Therefore Fygs.1.4 is found to be 7.71
[18] for F-table regarding the 95 % confidence
interval (0=0.05). R = 1 denotes the sample size of
numerical analysis. Clca and Clpop are found to be
+ 1.1136 and + 0.6655, respectively. The
predictable confidence interval for confirmation
numerical fundamental frequency analyses [18] is
as below:

Mean p — Clga < gy < Clga + Mean py,

The population at the 95 % confidence interval
[18] is as below:

Mean p — Clpgp < Wy < Clpgp + Mean p;,

ANSYS APDL and predicted frequency results
at the first mode were listed for estimated
confidence intervals at the 95 % confidence level in
Table 7.
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Table 7. ANSYS and predicted results

Optimal Designation ANSYS Predicted Estimated Confide_nce Intervals
Result Result at the 95 % Confidence Level
AB, 6.6111 6.2636 5.1500 < p, < 7.3772 for Clca
Hz Hz 5.5981 <, < 6.9291 for Clpop
In order to detect the residuals between ANSY'S average data for each level of each control factor.
and predicted results, predicted frequency data Results obtained were exhibited in Figure 5.

based on L9 orthogonal array were calculated using

m Prediction = ANSYS APDL
8.0000
7.0000
6.0000
5.0000

4.0000
3.0000
2.0000
1.0000 i i
0.0000

AlBl1 Al1B2 AI1B3 A2B1 A2B2 A2B3 A3B1 A3B2 A3B3
H Prediction 27716 2.0006 1.4146 6.2636 5.4926 4.9066 4.2876 3.5166 2.9306
mANSYS APDL 24508 2.0268 1.7076 6.6111 5.4626 4.5883 4.2606 3.5191 2.9557

Natural Frequency
A (Hz)

Designations

Figure 5. ANSYS and predicted results

It can be seen from Figure 5 that the maximum e The maximum free vibration behavior was

residual result between _d(_asignation_s was obtained obtained by using NACA2424 wing profiles
for A;B1 whereas the minimum residual result was

with a length of 5 meters.
calculated for AsB..

e The increase of wing length causes a decrease

6. Conclusion on free vibration of aircraft wings.

e ANOVA result shows that airfoil cross section
and wing length has the significant effect on
free vibration analysis of aircraft wings due to
P < 0.05 value. Also, the most dominant control
factors on free vibration characteristic were
detected to be airfoil type having 85.21 % effect

In this study, free vibration behavior of aircraft
wings with different airfoil cross section and wing
length at the first mode was investigated using
Taguchi’s L9 orthogonal array with two control
factors involving three levels. In the analysis, three
airfoil cross sections such as NACA 0009, NACA ) )
2424, and NACA 4415 were used. Free vibration and wing length having 12?7 % eﬁgct.
analyses were achieved utilizing finite element * The mpst a.ffected e”‘?'s of aircraft wings on the
software ANSYS. In order to detect the airfoil cross free vibration analysis were analyzed as free
section and wing length at the optimal level, the ends.
analysis of signal-to-noise (S/N) ratio was e Estimated optimum fundamental vibration
employed. The most powerful control factors and results of aircraft wings at the 95 % confidence
their contribution ratios were found using analysis level were investigated as 5.1500 < py < 7.3772
of variance (ANOVA). According to this study, the for Clcaand 5.5981 <y, < 6.9291 for Cleor.
results summarized were as bellow:
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Benzer Kamburluga Sahip Kanat Profillerinin Aerodinamik Analizi

Mert GOKDEMIR'*2 | Satilmis URGUN?

12 Havacilik Bilimi ve Teknolojileri A.B.D., Kocaeli Universitesi, Kocaeli, 41001, Tiirkiye

Ozet

Airfoil (kanat), daha diisiik siiriikleme ile yeterli miktarda tagima iireterek ucagi havada tutan ve herhangi bir hava
aracinda 6nemli bir rol oynayan aerodinamik gdvdedir. Kanat yapismin gelisimi boyunca kanatta maksimum tagima
tiretebilmek i¢in kanadin alt ylizeyindeki yiiksek basing ve iist yiizeyindeki diisiik basing kavramlari ile ilgilenilmistir. Ve
bu kavramlar kanat profilinin alt ylizeyindeki hava hizinin diisiik, st yiizeyindeki hava hizinin yiiksek olacagini
gostermektedir. Istenen aerodinamik dzelliklere sahip kanat profili seklinin tasarinm bugiine kadar zorluklar ¢ikarmustir.
Havaciligin ilk yillarinda kanat tasarimlari rastgele hazirlanmis ve akis alaninda/boliimiinde test edilmistir, sonrasinda ise
Wright kardesler kambura sahip profil kullanmiglardir. Gliiniimiizde, NACA ise rastgele degil, formiiller kullanarak airfoil
tiretmemize yardimci olan uygun bir tanimlama yapmistir. CFD yontemi sivinin ger¢ek zamanli davranisini dikkate alarak
simiilasyon gerceklestirmek i¢in kullanilan giiclii bir aractir. Bu makalenin amaci, ANSYS Fluent kullanilarak AG35,
NACA 4412, NACA 23012 ve TL54 kanat profilleri etrafindaki dis akisin simiile edilmis bir modelini tiretmek ve
literatiirden elde edilen deneysel verilerin 1s18inda diisiik bir hiz da (22,22 m/s) test edilerek dogrulamaktir. Iki boyutta
olusturulan geometriler, segilen kanat profiliyle 3 boyutta tasarlanmistir. Kanat profillerini analiz etme yontemi olarak
hesaplamali akiskanlar dinamigi (CFD) secilmistir. O ila 20 derece arasi hiicum acilarinda gelistirilen kanat profilleri,
gercek riizgar tiineli boyutuna esdeger hesaplama bolgesinde, denklemler ise RNG k-Epsilon tiirbiilans modeli ile
¢oOzlilmistiir. [zgara olusturma siireci Ansys Mesher ile, ¢oziim adimi ve sonug gériintiileme islemleri CFD Post programi
ile gergeklestirilmistir. Diisiik hiz ve yiiksek tagimaya sahip kanat profillerinin analizi, siiriikleme katsayisi, kaldirma
katsayist ve kaldirma-siiriikkleme orani iizerindeki etkisi sayisal yontem ile arastirilmistir. NACA 4412 profili i¢in
maksimum verimlilik elde edilmistir.
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Aerodynamic Analysis of Wing Profiles with Similar Roundback

Abstract

Airfoil (wing) is an aerodynamic body that keeps the plane in the air and plays an important role in any aircraft by
producing enough transportation with lower drag. Throughout the development of the wing structure, the concepts of high
pressure on the lower surface of the wing and low pressure on the upper surface have been dealt with to produce maximum
transport in the wing. And these concepts show that the air velocity on the lower surface of the wing profile will be low
and the air velocity on the upper surface will be high. The design of the wing profile shape with the desired aerodynamic
features has been challenging to date. In the first years of aviation, wing designs were randomly prepared and tested in
the flow area / section, after which the Wright brothers used a profile with a hump. Today, NACA has made an appropriate
definition that helps us produce airfoils using formulas, not random ones. The CFD method is a powerful tool for
simulating the real-time behavior of the liquid. The purpose of this article is to produce a simulated model of the outer
flow around the AG35, NACA 4412, NACA 23012 and TL54 wing profiles using ANSYS Fluent and to verify by testing
at a low speed (22.22 m/s) in the light of the experimental data from the literature. The geometries created in two
dimensions are designed in 3 dimensions with the selected wing profile. Computational fluid dynamics (CFD) was chosen
as the method of analyzing the wing profiles. Wing profiles developed at from 0 to 20-degree attack angles are solved in
the calculation area equivalent to true wind tunnel size, and equations are solved with RNG k-Epsilon turbulence model.
The grid creation process was carried out with Ansys Mesher, the solution step and result display operations were
performed with the CFD Post program. The analysis of the wing profiles with low speed and high transport, drag
coefficient, lift coefficient and effect on lift-drag ratio were investigated by numerical method. Maximum efficiency has
been achieved for the NACA 4412 profile.

Keywords: Angle of Attack, CFD, Drag Coefficient, NACA, Lift Coefficient

1. Giris

Kanat, hava ortamu igerisinde hareket ederek, Riizgar tiineli deneylerinin pahali ve uzun siirmesi
hareket yoniine normal olan aerodinamik bir kuvvet dolayisiyla bu ¢alismada daha hizli sonuglar veren
iretmek i¢in kullanilan bir yiizeydir. Kanatlar CFD yazilim tercih edilmistir.
tasima kuvveti tiretmek i¢in kullanilan farkl: profil Maughmer, et al. (Haziran-2002) [2], AG24,
yapilarma sahip sistemlerdir. Tagima ve siiriikleme AG35, AG455ct, CAL1215j, CAL2263m ve
katsayilarmin orani olarak ifade edilen aerodinamik CAL40411  profillerinin  teorik  analizlerini
performans bazi plandrlerde 60 seviyesinde veya gergeklestirmistir.  Deneysel  Olglimler  diisiik
daha fazla olabilmektedir. reynolds  katsayillarinda MATLAB  yazilimi

Bu, tasima kuvveti elde etmek i¢in kiiciik bir kullanilarak elde edilmistir. Elde edilen sonuglara
itme kuvvetinin yeterli olacagt anlamina gore hiicum acis1 ve siiriikleme katsayisi igin
gelmektedir [1]. ihtiyacimz olan parametreleri maksimum deger diisiik reynolds sayisinda,
(tasima, stiriikkleme, moment katsayisit vb.) elde minimum deger yiiksek reynolds sayisinda
edebilmek i¢in 2 yontem vardir. Bunlar; simiilasyon ulasilmistir. Tasima katsayisvhiicum agist igin
ve deneydir. Deney i¢in nesne veya cisim riizgar maksimum deger yliksek reynolds sayisinda ve
tiineline yerlestirilerek tizerinde birkag delik acilip minimum deger reynolds sayis1 diisiik iken elde
basing Olglimii yapilir. Her noktadaki basing edilmistir. Karsilagtirmali sonuglar tasarim igin en
onceden hesaplanarak tasima, siiriikkleme vb. uygun profilin AG35 kanat profili oldugunu
katsayilarin hesaplanmasinda kullanilir. Ama bu gostermistir.
yontem zaman alir ve hata payr yiiksektir. Ote Himanshu Parashar. (2015) [3], NACA 2415,
yandan daha gelismis bilgisayar simiilasyonlar1 NACA 23012 ve NACA 23105 kanat profillerinin
istenilen degerleri gergege yakin elde etmemize gok analizini ticari CFD programlar1 olan GAMBIT ve
daha kisa siirede yardimci olur. CFD (hesaplamali Fluent kullanarak tasarlamistir. Akis i¢in standart k-
akigkanlar  dinamigi) bilgisayar programlari ¢ tlrbilans modeli kullanilarak momentum
arasinda en yaygin kullanilan yazilimdir. Amag stireklilik denklemleri incelenmistir. 2 boyutlu
hesaplamali alan igerisinde modelleme yapmaktir. kanat geometrileri CATIA yardimiyla 0.5 C chord
Simiilasyon sirasinda akis denklemleri program orani ile elde edilmistir. -15 ve +15 derece degisken
yardimiyla istenilen yontemde ¢oziiliir. Simiilasyon hiicum agilarinda aerodinamik iki parametre olan
bize gercege en yakin degerleri ¢ikt1 olarak verir. C, ve C, hesaplanmistir. Bu iki parametre
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aerodinamik verimliligin hesaplanmasinda
olaganiistli oneme sahiptir. NACA 2415 ve NACA
23015 ile kiyaslandiginda NACA 23012 kanat

profili ekstrem hiicum agilarinda €, =0 iken en az

siiriikleme iiretmistir. NACA 23012 maksimum C,

(tasima katsayisinda)’ ye sahipken minimum
siiriikleme olusturmustur.

Bright, P. G., et al. (2016) [4], engellerin
tizerinden ucabilme yetisine sahip ¢ok amagli bir
araci arastirmak, tasarlamak, insa etmek ve test
etmek iizere projeye baslamistir. Hovercraft tabanli
ve kiiglik kanat acikligina sahip yer etkisinden
yararlanarak, algak irtifada ugan verimli bir arag
tiretilmistir. Clark Y, NACA 4412, NACA/MUNK
M-15, Gottingen 436 profilleri 2D olarak
hesaplamali akigkanlar dinamigini kullanan Star
CCM+

Simiilasyonlarda reynolds sayis1 2.66x10°, Inlet
smir kosullari olarak 22.22 m/s kullanilmustir. Elde
edilen sonuglar Xfoil programindan iretilen bilgiler

programi  ile  analiz  edilmistir.

ile kiyaslanmistir. €, C

e VE hiicum agilar
kiyaslandiginda en yiiksek puanit Gottingen 436
almustir fakat Gottingen 436 diiz tabanli bir profil
oldugu i¢in yer etkisinde venturi etkisinden kag¢inir.
Ikinci sirada en yiiksek puami alan NACA 4412
profili kanat profili olarak se¢ilmistir.

Syamsuar, S., et al. (2016) [5], bu ¢alismada
insansiz hava araglar1 i¢in ¢ok yonli analiz
kullanarak diisiik hizlarda verimli kanat profili
secimi ve optimizasyonu yapilmistir. Gelistirme
siireci, diisiik hizli kanat profillerin verilerini ve
tasarim gerekliliklerine gore tasarim
optimizasyon adimlarini igerir. Insansiz hava
araclarinda diisiik parazit siirikleme ve zayif
stabilite oldugu i¢in stabilite kriteri yiiksek oneme
sahiptir. Cok yonlii analiz ¢6ziicii olan hesaplamali
akigkanlar dinamigi (CFD) kullanilarak analizler
gergeklestirilmistir.  Navier — strokes  modeli
kullamlarak XFOIL ve ANSYS’te analizler
yapilmigtir. Agirliklandirma yontemi (weighting
score), tasarim gereklilikleri i¢in uygun kanat
profilinin se¢ilmesinde maksimum agirlik degerini

verilen

bulmak i¢in kullanilmistir. Veri tabani olarak 29
siiriikleme,
degerleri
karsilastirildiginda en yiiksek skoru TL54 kanat
profili almustir.
Jony, H. (2014) [6], NACA 6409 ve NACA 4412
profillerinin  siirtikleme, kaldirma kuvveti ve

kanat profili ele alinarak tasima,
moment katsayist ve hiicum agist

profillere etkiyen toplam basmg dagilimlar1 da ele
almarak akis analizleri incelenmistir. Hiicum
acisinin  degisimi ile farkli degiskenler elde
edilmigtir. Aragtirma da ANSYS Workbench 14.5
yazilimi sonlu elemanlar yontemi ve hesaplamali
akigkanlar dinamigi kullamlarak (CFD)
karsilagtirmalar yapilmistir. NACA 4412 airfoilinin
ist yiizeyinde, NACA 6409 airfoilinin st
yiizeyinden daha az negatif basing olustugu
belirgindir. Tasima/siiriikleme oranlar1t NACA 4412
icin 0 derece ve 5 derece igin sirasiyla 3.365 ve
5.382’dir. Diger yandan tasima/siiriikleme oranlari
NACA 6409 profili igin 0 derece ve 5 derece hiicum
acisinda sirastyla 0.39 ve 0.66’dir. En iyi profil her
zaman yiiksek tasima/siiriikleme oranina sahip
olmalidir. Veriler kiyaslandiginda NACA 4412
profili aerodinamik uygulamalar igin daha
uygundur.

Bir kanat yapisinda, hava akiminin ilk karsilastig
noktaya hiicum kenar1 (leading edge), hava
akiminin ayrildigi noktaya firar kenari (trailing
edge) ad1 verilmektedir. Bu iki noktay1 birlestiren
¢izgi hattina kanat kesidi kiris hatt1 (veter) denir.
Ust ve alt yiizeylerin ortasindan gegip 6n kenar ile
arka kenar1 birlestiren egriye kamburluk egrisi
denir. Analiz yaparken ele aldigimiz iki degisken
vardir bunlar; kalinlik ve kamburluk. NACA 23012
kanat profilinde, maksimum kamburluk miktari
kiris uzunlugunun %2'si, maksimum kalinlik kiris
uzunlugunun %12'sidir. NACA 23012 kanat kesiti
daha c¢ok, disik hizli ucak kanatlarinda
kullanilmaktadir. NACA 4412 profilinin kalinlik
oram1 %12, kamburluk oranm1 %4’tiir. NACA 4412
kanat profilinin riizgar tiirbinlerinden hovercraft
araclaria kadar havacilikta genis bir kullanim alani
vardir. TL54 genellikle rc motor gibi diisiik hizlarda
daha disiik profil drag olusturdugu icin tercih
edilmektedir. TL54 profilinin kalinlik oran1 %9.99,
kamburluk oram1 %2.41°dir. Hovership, micro
quadcopter vs. disiik hiza sahip insansiz hava
araglarinda kullanilan AG35 profilinin kalinlik
oran1 %8.7, kamburluk oram %2.3’tiir.

2. Yontem

Bir parganin iiretimine gecgilmeden Once tasarim
siirecinden gegmesi gerekir. Bu siiregte parcanin
¢izimi ve analizi olmak lizere iki dnemli asama
gerceklestirilir.  Parganin  ¢izim  asamasinda
kullanilacag1 yerdeki gorevine uygun bir tasarim
gerceklestirilir. Bu tasarimda fonksiyon, estetik gibi
hususlar goz Oniinde bulundurulur. Fakat
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gercgeklestirilen tasarimin igletme kosullar1 buradaki
gdrevi yerine getirip getiremeyecegi belli degildir.
Bu konuya cevap verilebilmesi igin gerekli
miihendislik hesaplarmin ve analizlerinin yapilmas1
gerekir.

Aerodinamik  katsayillar  hiicum  agisina,
geometriye (profil geometrisi, kanat geometrisi,
ucak konfigilirasyonu), Reynolds sayisina ve Mach
sayisina baghdir. Kanat profili i¢in tagima ve
stiriikleme katsayilar1 deneysel olarak elde edilir ya
da profil secimi sirasinda yaklasik tahmin yapan
yazilimlar kullanilabilir.

Simiilasyonda 3.5 GHz 4 ¢ekirdek AMD Ryzen 5
1500X islemcili 16 GB RAM ve 64-bit Windows 10
isletim sistemine sahip bilgisayar kullanilmistir.
ANSYS Fluent (version-16) programi profillerin
akan akigkani
kullanilmistir. Daha iyi sonug¢ alabilmek igin
structured mesh kullanilmistir.

Hiicum acis1, kanat iizerine gelen hava veya
goreceli riizgar ile ucakta veya kanatta bir referans
cizgisi (veter agl
tanimlanmaktadir. Bu ag¢1 olusan aerodinamik
tasima ve siirikkleme kuvvetlerini etkilemektedir.
Kanat profilleri iki boyutlu akisin
acrodinamik  performansin1  belirlemek  igin
hesaplamali akiskan dinamigi k-g
Realizable tiirbiilans modeli kullanilmistir.

lizerinden analiz etmek igin

¢izgisi) arasmndaki olarak

uzerinde

analizinde

2.1. Realizable k- ¢ Tiirbiilans Model

K-epsilon tiirbiilans modeli tlirbiilanshi akis
kosullarinda ortalama akis ozelliklerini simiile
etmek icin Hesaplamali Akiskanlar Dinamigi'nde
(CFD) kullanilan en yaygin modeldir. Tiirbiilansh
akis1 gostermek icin iki ekstra tagima denklemine
sahiptir. Bu iki denklem modeli tiirbiilansh
enerjinin tasimmimi ve yayimasi gibi etkilerini
hesaba katmaya yarar.

e Tagman ilk degisken tiirbiilansli kinetik
enerjidir, k
e Tagman ikinci degisken tiirbiilansh

dagilimdir, €

Tirbiilans 0lgegini belirleyen degiskendir, ilk
degisken olan k ise tiirbiilanstaki enerjiyi belirler.

[71.[8]-

K-epsilon model asagidaki gibi tiiretilebilir:

0 0 0 u, | ok
—(pk)+—|pku |=—|| u+—+|—
G ox, [(” O'kj(?xl.]
+tP +P —pe-Y, +5,, L)
0 0 0 U, | o¢
—(pe)+—I|peu, |=—|| u+—+|— |+
o) ox, (o) ox, H” ajaxj
CSempC—5vc Ec pis @
pCSe—pC,————=+C, —C, P +S,
1 2 k-l,- Ve 1 k 3¢” b
Tirbiilansh viskosite su sekilde modellenmistir,
pC k*
H, =— (3)
£
K tiretimi su sekilde yazilabilir,
p ——ou, @
=puu, —~
k p i an
P = ,ut.S'2 ()

S, agagidaki gibi tanimlanan ortalama gerinim orani
tensoriiniin modiiliidiir:

S§=,25,8, (6)

Bu denklemler i¢in kullanilan model sabitleri,
C, =144, C, =192, C, =-033, C,=0.09,

1

o, =10, o, = 1.3.

3. Bulgular ve Tartismalar

Daha hassas sonuglar icin kanat bolgesi daha
yogun ag orgiisii kullanilarak 727946 Element ve
167323 Node olusturulmustur. Hiicum ve firar
kenarlar1 havayr ilk alan ve terk eden noktalar
oldugu i¢in ¢oziilen denklemlerin bu bolgelerde
daha gercege yakin olmasi gerekmektedir. O
yiizden bu bolgeler 0.002 birim boyutunda mesh ag1
ile kaplanmistir. Kanat profilinin etrafina akisin
smir bolgesini tanimlayacak ek bir bolge eklenmis.
giris  ¢ikig (inlet-outlet)
belirlenmigtir. Chord 1 metre ve kanadin arkasinda
kalan laminer akisin gézlendigi akis alan1 10 metre
olarak segilmistir.

Havanin noktalar1
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Sekil 1. Mesh yapis1

o s o )\‘
—— E—

Sekil 2. Kapali hacim mesh geometrisi
3.1. Lift-to-Drag Ratio (Aerodinamik Verimlilik)

Aerodinamikte, kaldirma-siiritkleme oram veya
L/D orami, bir kanat veya arag¢ tarafindan iiretilen
tasima degerinin hava igerisinde hareket ederek
olusturdugu aerodinamik stiriiklemeyle
boliinmesidir. Daha yiiksek veya daha fazla uygun
bir L/D oram kanat/ucak tasarimindaki ana
hedeflerden biridir. Gerekli tagima agirliga gore
ayarlandigindan diigiik siiriikkleme yakit tasarrufu ve
daha iyi tirmanma  performanst  saglar.
Tasima/siiriikleme hiz ile degiskendir ve 2B grafik
ile gosterilir. Neredeyse tiim durumlarda grafik
stiriiklemenin iki ana bileseni oldugu igin U sekli
olusturur. Tasima-siiriikleme oranlar1 ugus testi,
hesaplamalarla veya riizgar tiinelinden test edilerek
hesaplanabilir [9].

Tabloda elde edilen aerodinamik verimlilik
degerleri gosterilmistir.

Tablo 1. Aerodinamik verim karsilastirmasi

AoA 4412 AG35 23012 TL54
0 16.94 19.3 7.28 833
5 12.54 13.85 1552 13.78
10 8.78 8.87 10.27 91
15 6.5 6.19 725 591
20 5.09 3.45 547 282

3.2. Siiriikleme Katsayisi

Akiskan dinamiginde siiriikleme katsayisi, bir
nesnenin siiriiklenmesini veya direncini 6lgmek igin

kullanilan, hava veya su gibi bir akigkan
ortamindaki boyutsuz bir miktardir. Diisiik
siirikleme katsayisi nesne tlizerinde daha az

aerodinamik siiriiklemeye neden olur. Siiriikleme
katsayis1 her zaman belirli bir ylizey alami ile
iligkilidir [10]. Siiriikleme katsayisi kanat alanini
siirikleme katsayis1 denkleminde referans alani
olarak kullanir. Siiriikleme katsayis1 hareketli
objelerin sivi igerisinde olan direncini belirlemek
icin kullanilan 6l¢iisiiz bir degerdir.

2F, ™
c,= .
pu-A
Tablo 2. Siiriikleme katsayis1 karsilagtirmasi
A0A 4412 AG35 23012 TL54
0 0.011 0.0076  0.0059 0.0096
5 0.035 0.0279 0.018 0.0228
10 0.078 0.0715 0.0513 0.0594
15 0.144 0.1407 0.1068 0.122
20 0.23 0.2151 0.1827 0.27
3.3. Tasima Katsayisi
Kaldirma(tagima)  kuvveti(katsayis1)  sivinin

icinden gecen kati bir cisim tarafindan firetilen
mekanik bir aerodinamik kuvvettir ve bu kuvvet
ucan cismin agirligina karsi koyup havada tutar. Bir
vektordiir ve ucan cismin basing merkezine dogru
etki eder. Tasima ugan cismin etrafindaki akiskanin
hiz farkindan elde edilir. Nesnenin sivinin iginden
gecip gegmedigi veya sivinin bir nesnenin
iizerinden akmasi fark etmez. Tasimma katsayisi
genellikle boyutsuz olarak o6lgtiliir [11].

(ZFL j (8)
c, = 2
pu-A
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Tablo 3. Tagima katsayis1 kargilagtirmasi

A0A 4412 AG35 23012 TL54
0 0.192 0.1467 0.043 0.08
5 0.439 0.3866  0.2795 0.3142
10 0.685 0.6342 0.527 0.5411
15 0.936 0.8713 0.775 0.722

20 1171 0.7433 1 0.7615

Elde edilen veriler, tasima katsayis1 (c,),
siiriikleme katsayis1 (c,), serbest akis hmz1 (u),

serbest akim yogunlugu () ve profil veter

uzunluguna bagl olarak hesaplanir. NACA 23012
ve NACA 4412 profili igin tagima katsayisi 1 degeri
esigine ulagmustir.

4. ANSYS Kullanarak Kanat Profillerinin
Analizi

Bu calismanin amaci ANSYS Fluent paket
programi kullanilarak AG35, NACA 4412, NACA
23012 ve TL54 kanat profilleri etrafindaki dis akisin
simiile edilmis bir modelini iiretmek ve literatiirden
elde edilen deneysel verilerin 1s1g81nda diisiik bir hiz
da (22.22 m/s) test ederek dogrulamaktir.
Aerofoil’in hiicum acis1 degistirildiginde hizda
onemli degisiklikler oldugu goriilmektedir. Kanadin
iist yiizeyindeki hiz, alt yilizeyden daha yiiksek bir
degere sahiptir. Bu nedenle, iist yiizeydeki basing,
kanat alt yiizeyine kiyasla disiiktir. Bernoulli
teoremine gore, nesne daha yiiksek basing
bolgesinden daha diisiik basing bolgesine hareket
edecektir. Boylece kaldirma, kanatta meydana gelir.
Literatiirde oldugu gibi deney sonunda hiicum agis1
arttikea tiirbiilans artar. Laminer akig1 korumak igin
hiz veya AoA‘nin degistirilmesi gerekmektedir.
Simiilasyon sirasinda kanat sabit tutulacak ve gelen
akigkanin(havanin) acis1 ve hiz1 degistirilecektir.

Kanat profili i¢in sirasiyla 0°, 5°, 10°, 15°, 20°
icin analizleri yapilmistir. Akiskan olarak ideal hava
secildi. Yiiksek hassasiyet icin 1000 iterasyon yani
deneme yanilma yontemi ile denklemler ANSYS
programi yardimi ile ¢oziilmistir. FVM (Sonlu
hacimler metodu) adi verilen, bir hacmi tetrahedral
geometrilere bolerek incelenmistir. Caligma ortami

olarak 15°C 1 atm basmg ve 22.22 m/s hiz
kullamlmigtir. Zamana bagli ve hizli ¢dziime
ulasabilecegimiz Coupled Scheme ¢oziim metodu
kullanildi. Geometrilerimiz uzunluk olarak biiyiik
ve lzerinde basmg farkliligi olan birgok bolge
oldugu i¢in Realizable modeli secilmigtir.
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Sekil 3. Hiicum acisi-aerodinamik verimlilik
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Sekil 4. Hiicum agisi-tagima katsayisi (AoA-CL)
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Sekil 5. Hiicum agisi-siiritkkleme katsayist (AoA-
Cd)

0 derece ve 20 derece de tiim kanat profillerinin
basing ve hiza bagh davramslar1 c¢alismanin
devaminda gorsellenmistir. Konturlardan, hiicum
kenarinda yiiksek basing bolgesi ve airfoil yapiin
alt yiizeyinde diisitk basing bolgesi gormekteyiz.
Sekil 6 ila sekil 21 arasindaki gorsellerde, K-epsilon
tiirbiilans modeli ile 0° ila 20° hiicum agilarinda
statik basing ve hiz degisimlerinin simiilasyon
sonuglart gosterilmektedir. Sekil 6 dan 9’a,
kanadin st ylizeyinde en yiliksek hiz 28.8 m/s
olarak NACA 4412 profili ulasmistir. Es zamanlt
olarak sekil 14’ten 17’ye, hiz-basing ters orantili
oldugu i¢in, kanadin stiinde en diisiik basing ~ (-
250) Pa ile NACA 4412 profili olmustur. Bu da bize
NACA 4412 profilinin 0° de en yiiksek tasimaya
sahip oldugunu gosterir.

G

:

i

g

ms*]

Sekil 6. 0 derece NACA 4412 Velocity-contour

Sekil 7. 0 derece NACA 23012 Velocity-contour

Sekil 8. 0 derece TL54 Velocity-contour

Sekil 9. 0 derece AG35 Velocity-contour

Sekil 10. 20 derece NACA 4412 Velocity-contour

31



A. K-ISSN:2587-1676

Sekil 11. 20 derece NACA 23012 Velocity-contour

yp -

Sekil 12. 20 derece TL54 Velocity-contour

Sekil 13. 20 derece AG35 Velocity-contour

Sekil 14. 0 derece NACA 4412 Pressure-contour

Sekil 15. 0 derece NACA 23012 Pressure-contour

Sekil 16. 0 derece TL54 Pressure-contour

Sekil 17. 0 derece AG35 Pressure-contour

Sekil 18. 20 derece NACA 4412 Pressure-contour
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Sekil 20. 20 derece TL54 Pressure-contour
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Sekil 21. 20 derece AG35 Pressure-contour

Sekil 10 ve 11°de her ne kadar profiller diizgiin
akis sergiliyor gibi goziiksede, NACA 4412 profili
maksimum 48.4 m/s ve NACA 23012 profili 48.2
m/s hiza ulagsmistir. NACA 4412 ve NACA 23012
profilleri hiiciim kenarlarinda kismi olarak, firar
kenarlarinda ise hiz 0 m/s ye diserek profilin
tamamu stall a girmistir. Bu iki gorsele bagl olan
Sekil 18-19°da kanat profilleri iizerinde basing tiim
yiizeyi bolgeler halinde
olusmustur. Bu kanadin altinda olusan pozitif

etkilemeyerek kismi

basing ile kanatin {ist yiizeyinde olusan negatif
basincin diizensiz olmasina sebebiyet vererek
tasima kaybi olusturmaktadir. Sekil 12 ve 13’te
AG35 ve TL54 profillerinin iist ylizeyinde hava hiz1

0 m/s oldugu i¢in, Sekil 20-21°de goriilecegi iizere
basimg bolgeleri keskin bir sekilde ayrildigi igin
tasima kuvvetinden bahsedilemez.

22.22 m/s hiz igin, 16 derece hiicum agisinin
altinda tiim profillerde analiz daha iyi sonug
vermektedir.  Sonuglar, K-epsilon tiirbiilans
modelinde tahmin edilen siiriikkleme katsayisinin
deneysel verilerle iyi bir uyum i¢inde oldugunu
gostermektedir. Modellerden elde edilen sonuglar,
serbest akis hizmin kanat igin kaldirma ve
siirikleme katsayilar1 iizerinde 6nemli bir etkisi
olmadigim gostermektedir. Kanat profili, disiik
hiza kiyasla yiiksek hizda kaldirma katsayisinda bir
artis ve siiriikleme katsayisinda azalma yagar.
Aerofoil icin kaldirma ve siiriikleme katsayilari
arasindaki fark, yliksek hiza kiyasla diigiik hiz i¢in
daha diisiik hiicum agisinda ayrilmanin goriilmesi
ile aciklanabilir. Simiilasyon, span boyunca farkli
konumlarda basing dagilimi i¢in ¢ok ilging sonuglar
iretti. Koke kiyasla kanat ucunun yakiinda daha
diisiik statik basing dagilimi, kanat etrafindaki G
boyutlu akisi dogrular.

Hiicum agisi arttikga €, ve €, degerinin arttig

gOriildd. 15 dereceden sonra iz 0 m/s ye indigi igin
stall meydana geldi. Profilin alt ve {ist ylizeyindeki
basimg akis hizina bagli olarak artti. Bu etki bir kanat
profili veya hava aracimin havalanmasi igin belirli
bir hiza ulagsmasi gerektigini havadayken de belirli
bir hizin altina inmesi gerektigini gosterdi. Literatiir
arastirmalarindan elde edilen basing farkinin kanat
uizerindeki kaldirma etkisi, kanat altinda ve tstlinde
olusan basing farkinin hiz ve hiicum agisi ile arttig:
dogrulanmastir.

4 kanat profili tizerindeki ¢alisma, NACA 4412
airfoil yapisinin en az siiriikleme kuvveti ile daha iyi
kaldirma kuvveti olusturdugu i¢in teorigin pratige
dokiildigii  havaciik  uygulamalardan  tercih
edilmesi gerektigini gostermektedir.

5. Sonuglar

Bir hava araci tasariminda uygun bir kanat
profilinin secilmesi en ¢ok arzu edilen seydir.
Boylelikle o hava araci igin belirlenen sinir
sartlarinda istenilen miktarda tagima {iretilebilir.
Kaldirma-siirilkleme orani, tasima ve siiriikleme
katsayisi kanadin uygun aerodinamik tasarimi igin
dikkat edilmesi gereken en Onemli degerlerdir.

Bu ¢alismada AG35, NACA 4412, NACA 23012
ve TL54 kanat profillerinin akig alanin1 ve

aerodinamik o6zelliklerini incelemek i¢in CFD
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simiilasyonu kullanilmug, farkli hiicum agilarinda
(0°, 5° 10° 15° 20°) sayisal simiilasyon
yapilmustir. Akig Ozellikleri realizable k-epsilon
tiirbiilans modeli ve sonlu hacim semalar: ile
yaklasik olarak analiz edilmistir. AoA arttikca
stiriikleme katsayisinin da arttigi goriilmiistiir. Bu
artis, kanat profilinin {ist yiizeyinde biiyiiyen
ayrilma bolgesi ile artan basing siiriiklemesinin
kanat profilinin altindakinden genis olmasindan
kaynaklanmaktadir. Hiicum acis1 arttik¢a kanat
profilinin  olusturdugu kaldirma miktar1 da
artmaktadir. Stall agisindan (15°) sonra kaldirma
kuvveti azalmigtir. Bu c¢alismaya gore kanat
profillerinin akis 6zelliklerindeki farklilik su sekilde
cikarilabilir:

Max C,/C -
*0°-5° AoA, AG35,
*5°-15°-20° AoA, NACA 23012 profilinde

Max C, :
*0°-5°-15°-20° AoA, NACA 4412 profilinde

Max c,:

+0°-5°-10°-15° AoA, NACA 4412
*15°-20° AoA, TL54 profilinde.

Yapilan ¢alismadan, NACA 4412 profili referans
alman degerlerde aerodinamik verimlilik olarak
profiller arasinda ikinci en iyi verime sahip
olmasima ragmen, tiim hiicum agilarimda (0°, 5°,
10°, 15°, 20°) maksimum tasima ve siriikleme
katsayist iiretmistir. Giiniimiizde hobi, askeri ve
ticari amacgli insansiz hava araglarinin kullanimi
yogunlagsmaktadir. Istenilen kriterleri karsilayacak
Olciide  kanat tasarrmina iireticiler ihtiyag
duymaktadir. Bu da kanat geometrilerinin ihtiyaglar
dogrultusunda gelistirilmesini, modifikasyon vs.
yapilmasimi gerektirmektedir. Sonug¢ olarak farkli
havacilik uygulamalarinda yaygin olarak tercih
edilen AG35, NACA 4412, NACA 23012, TL54
kanat profilleri arasinda en yiiksek verime sahip
olan NACA 4412 kanat profili tercih edilmelidir.

6. Simgeler

A: Referans alani

Fo, C,: Siirtikleme katsayis1
p: Serbest akim yogunlugu
u: Nesnenin akis hizi

FL, C,: Tasima katsayisi

C .- Momentum katsayisi

C, :Maksimum tagima katsayisi

Lmax

Etik Kurul Onay1
Gerekli degil
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ABSTRACT

The fundamental natural frequencies of curvilinear fiber composite doubly curved panels are optimized. Doubly curved
panels are used in numerous components of the structural frames of aerospace vehicles. The variable stiffness performance
is achieved by changing the fiber path to the curvilinear fiber path function in the composite structures. The structural
model is developed based on the virtual work rule. The target is to attain the best fiber paths with maximum fundamental
frequencies. An eight-layer composite doubly curved panel with two forms of boundary conditions is considered as an
example in this research. The boundary conditions include; CCCC, FCFC. Von-Karman kinematic strain relations are
utilized and the FSDT is used to generalize the equation for the doubly curved panel. Generalized Differential Quadrature
(GDQ) theory of solution is applied to solve the differential governing equations of motion. Numerical results reveal the
efficiency of the curvilinear fiber path concept on the frequencies of the doubly curved panel. The optimum fiber path
function of each layer is offered for the free vibration study.

Keywords: Doubly Curved Panel, Curvilinear Fiber Path, Generalized Differential Quadrature, Free Vibration,
Optimization

1. Introduction

It is interesting to design laminated panels of enhancement in aircraft structures. With the wide

aerospace structures using curvilinear fibers instead
of unidirectional ones, since by using a Variable
Stiffness Composite Laminate (VSCL) the natural
frequencies change, and vibrational resonance can
be avoided [1]. The automated manufacturing of
composite laminates allows panel fiber hardening to
become an achievable and viable approach for
weight reduction and structural performance
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use of composite fibers and automated fiber
placement manufacturing technology for composite
structures, the variable stiffness architecture has
become more interesting for large scale applications
in aircraft structures, and structural performance
improvements in  helicopter and  missile
applications. The vibration performance can be
improved by tailoring the fiber path of different
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layers. Laminated composite doubly curved panels
are used as the main components in aerospace
industries (see Figure 1).

Figure 1 Laminated composite skew and taper curved
panels used in a missile structure

The buckling and free-vibration experiments and
study were performed by Ref [2] on constant and
variable stiffness CFRP cylinders. Narita and
Robinson [3] applied the Ritz based method for
layer optimization of thin cylindrical laminates in
order to maximize the frequencies. Serhat and
Basdogan [4] optimized the fundamental frequency
of panels in the lamination parameter domain via an
optimization structure using the FE method. The
research presented by Blom [5] and Blom et. at.
[6,7] examine the fundamental natural frequencies
of VSCL from flat panels to conical and cylindrical
shells by means of numerical and experimental
approaches. Structural studies are performed
applying the FE program ABAQUS.

Honda et al. [8] offered an optimization method to
optimize frequencies however minimizing the
curvatures of fibers. Tornabene et al. [9]
investigated the vibration characteristics of doubly-
curved panels strengthened by the variable stiffness
method. A sensitivity study done by Zhao et al. [10]
showed that altering fiber functions can increase the
frequencies of the plates. Wu and Lee [11] explored
the frequency behavior of a conical shell through the
curvilinear fiber concept, and attained varies of 7%
and 20% in the first natural frequencies of panels
with CCCC and SSSS boundary conditions,
respectively. The maximization of the fundamental
frequency of a composite cylindrical shell using a
curvilinear fiber path is addressed by Luersen et. al.
[12]. The fiber path equation parameters are
optimized using a surrogate-based methodology.
Hao et. al. [13] presents the buckling study for
curvilinear fiber panels utilizing a combined
procedure of exact modeling, isogeometric theory,
and optimization for curvilinear fiber composite
rectangular panels.

The optimum lay-up design for the maximum first
natural frequency of VSCL plates is examined by a
layerwise optimization procedure by Houmat [14].

The thin plate concept is applied in combination
with a p-element to determine the first natural
frequencies of symmetrically and antisymmetric
laminated composite plates. The optimization of a
curvilinear fiber cylindrical shell for improved
buckling load is studied by Pitton et. al. [15]. A
procedure in terms of Al methods is proposed. The
paper defines an optimization procedure established
for the buckling optimization of thin-walled
curvilinear fiber cylindrical shells exposed to axial
load. Ameri et. al. [16] offerings an optimization
procedure for composite cylindrical panels for the
first natural frequency. The Globalized Bounded
Nelder—-Mead method is applied to calculate the
optimized fiber orientations of composite
cylindrical shells to find the maximum natural
frequency.

Maximization of first natural frequency by
optimizing the path of fiber orientations is an
extensively studied structural dynamic optimization
problem [17-29].

This paper applies the Generalized Differential
Quadrature (GDQ) method and virtual work rule to
study the variation of the fundamental frequencies
of variable stiffness, composite, doubly curved
panels with CCCC and FCFC boundary conditions.
The fundamental natural frequencies of curvilinear
fiber composite, doubly curved panels are
optimized. The optimum curvilinear fiber layups are
identified by applying the genetic algorithm (GA)
optimization method. The optimized fundamental
natural frequencies are compared with the reference
unidirectional fiber layup.

The Von-Karman strain-displacement relationship
is employed in expressing the mathematical model
of a doubly curved panel. The differential equation
of motion of the composite, doubly curved panel is
acquired applying the virtual work rule. Based on
our earlier studies [20,21], spatial derivatives in the
governing differential equation of motion are stated
with the GDQ technique.

The present study is the first time of using a direct
GA method in optimizing the fundamental natural
frequencies of variable stiffness laminate doubly
curved panels with different boundary conditions.

2. Governing Equation of Motions

The composite doubly curved rectangular planform
panel is presumed to be as the schematic view given
in Figure 2. Based on Figure 2, an orthogonal fixed
coordinate system (X, y, z) is positioned at the root
of the panel with a planform length a and b, and
thickness h. The red lines represent the curved fiber
path that is varied along the x-axis. € is the angle
that the curvilinear fibers create with the x-axis.
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™ T

Figure 2 Composite doubly curved panel geometry
and the curvilinear fiber path

The displacement domain of an arbitrary point (X, y,
z) at time t on the panel (u,v,w) are indicated as,

u(x,y,z,t) =u,(x, y,t) + 26, (x, y,t)
V(X Y,2,t) =V, (X, y,1) + 260, (X, y,1)
W(X, y,z,t) = wy(X, y,1)

M)

where, u,, v, and w, are the translations of mid-
planeinthe x, 4 and 7 direction, respectively and
0,6 are the rotations about the =, y axes. The

strain-displacement relations are specified as
following [20];

du, 96,
ox ox
6] [ %0,
Y g
y
00
E=V (= %4.% +7 %+_y (2)
Y oy  ox oy  ox
7y oW 0
o
V£ 9y+ 0
6x+%
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In-plane  moment and force resultants for a
composite panel is obtained as, [20]

W
ox R
Ny W
N r M= o
x An Aiz A16 Bu BlZ Blﬁ oy Rz
Ny A, A, Ay B, By, By %+%
Ny _ As As As Bg By Bg |l oy ox
M, B, B, Bs Dy D, Dy 00, ®)
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The formulations for transverse shear based on
shear force resultant is expressed as,

{Qy}_|:A44 A45}{7y2} %)
Qx A45 ASS yzx

where Ajj, Bjj Dij are stiffness coefficients of
composite laminate for in-plane, bending stretching
coupling, bending and transverse shear stiffness and
are extracted as,

— (k)
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()
where ki’ is the shear correction factor and Q; is the

k-th layer transformed stiffness quantities. Moment
of inertia expression is detailed as:

lobtd-S[ fraslote o
k=1~

where p is the layer density.

The equation for the composite laminated panel is
expressed as [21],
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where the p is the external work. Eq. (9) is reached
by rephrasing the Eq. (8) based on the moment and
force resultants:

N, &g + N, &) + N, Sys + M, 5l +
M, 86l + M, 670, +Q,87% +Q7% +

(I, Uo+ 1, 8:)8Uq + (I, Vo+ 1, 8)6V, + dxdy

O —

1, Wo SW, + (I, Uo+ 1, 6x)56), 9)

+(1,Vo+ 1, 8,)30,

= I p ow,dxdy
Q

Based on our previous research [20, 21], geometric
mapping is considered for numerical integral
calculations. By applying the suggested mapping
method, the Cartesian domain is converted into a bi-
unit square domain.

3. Generalized Differential Quadrature

Method

Based on the generalized differential quadrature
method, r-th order derivative of a function £(&) with
n discrete grid points may be defined as:

[6f I'(X)j _ icigr) fj
Si

(10)
o¢" =

where & are discrete points in the domain and Ci{”,
f; are weighting parameters and function values at
points, respectively. An obvious formulation for the
weight parameters in terms of Lagrange polynomial
formulation for first-order derivative, i.e. r =1, is as
the following:

i21) _ (&) (i)
(fi _é:j )(D(§J) (ll)
Where
o@)=I[E-&) (=) @

The subsequent recursive relationships are utilized
for higher-order derivatives:

(r) (r-)e @ Cigr_l) H H (13)
Ci'=rCi7C - —) (i#1])

(éi_fj

n (14)
" _ Q)
Cii - _ZCij
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Based on Figure 3 partial derivates at a point (& ,7;)
are expressed as follows, where n, and n, represent

grid numbers in & and # direction, respectively:
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where r and s represent derivative orders respecting
the variables & and 7, respectively.

In
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Figure 3 Mesh grid scheme

In Egs. (15)-(17), the partial derivatives 8f/8§ and
8f/87, are obtained utilizing DQM at grid point;

- HE] w

[nyl,- i ;[@j(ZC“ f](;;j(zc() . H (19)
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4. Solution Methodology

In order to solve an eigenvalue problem for the
frequency study of the doubly curved panel, the
external force in Eq. (9) is omitted. By discretizing
the panel domain into grid points and utilizing GDQ
theory for computing partial derivatives at each grid
point, and Gauss-Lobatto quadrature principle, it
can be possible to calculate the integrals in virtual
work. The matrix form of the equation of motion
can be stated as,

MU+KU=0 (20)

where M specifies the mass matrix and U, K
express the acceleration vectors and stiffness
matrix, respectively.

5. Variable Stiffness Description

Figure 4 demonstrates the VSCL configuration
presented by curvilinear fiber path functions. The
functions of fiber path variation for each layup
shape is presented in Eqg. (21). The two design

parameters T, and T, are essential to control the

change of the fiber angle on the surface of the
lamina.

Figure 4 Curvilinear fiber paths

For VSCL;
21
06— (T, L)="T,+ T, — T, i] (21)
p
Where
a
— 9Rsin| —
a, Rsin [ R ] 22)

6. Optimization Strategy

The goal of the optimization strategy is to maximize
the first (fundamental) natural frequency of the
doubly curved panel by optimizing the fiber path
function. The stacking scheme for the present eight
layers composite doubly curved panel is in the form
of Eq. (23) and shown in Figure 5,

6,/0,/-0,/ 9]

rrrrrr

(23)

KTnm 7Tlm> / <To” 7Tl/2> / _<an,3 7T1L3> / _<T0L4 7Tlf_.1>}

sym

SYMMETRY

L4
T

Layer 4
T3
—/ Layer 3
Ti?
Layer 2
T3?
T
Layer 1

Figure 5 Stacking scheme for present eight layers
composite cylindrical curved panel

In the recommended optimization tactic, the
composite doubly curved panel fundamental
frequency is maximized. The cost function in the
procedure is the fundamental frequency and the
variables are improved to catch the maximized
value of the first natural frequency.

The start fiber angle (7,) and the final fiber angle

(1)) are the variables considered in the optimization

procedure. The following are the definitions of the
objective, constraints and variables in the present
optimization procedure.
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Fundamental Natural

Maximum

Objective Frequency —

Constraints  For each layer [7]

T-T
(l“)cos[(T1 To)x+T0] < 3.28
a a

Optimum
Variables

0° < TOLI < 45°,
45° < T <90°,
0° < Tf* < 45°,
45° < T <90°,

0° < TlLl < 90°
0° < TlL2 < 90°

0° < TIL:S < 90°

0° S TlL4 S 90°
After introducing and expressing the variables,
constraints, and cost function of the optimization
method, genetic algorithm (GA) [22] is considered
to optimize the solutions. The GA MATLAB code
is developed with the maximum number of
generations of 200 and the population size of 110.

7. Numerical Results

The natural frequency optimization consequences
are determined by utilizing the equations obtained
for the composite doubly curved panel. The
convergence study displays that a minimum number
of elements in x,y, and z directions (ny, ny, n;) = (13,
13, 5) is essential to offer a solid convergence. The
accuracy of the developed computer code is judged
by the following validation studies.

7.1. Structural Model Validation

To endorse the curvilinear fiber model, the natural
frequencies of the variable stiffness plate are
compared with the outcomes of Ref. [23] in Table
1. Table 1 displays the assessment of frequencies for
SSSS and CCCC boundary conditions of the
variable stiffness composite lamina and fiber path
angles produced by <T0T1>

Table 1 Comparison of natural frequencies of VSCL with curvilinear fibers

Mode
VSCL plate Method 1 2 3

[(0,45) / (~45,60) / (0,45)]
Simply supported Ref [23] 358.488 589.9 960.361
Present study 351.622 581.41 954.14
Clamped Ref [23] 579.398 821.532 1225.79
Present study 579.745 822.601 1227.56

[(30, 0 /(45,90) / <30,0>]

Simply supported Ref [23] 308.799 503.799 845.509
Present study 307.62 504.11 846.79
Clamped Ref [23] 667.177 862.919 1234.64
Present study 665.217 863.689 1238.5

[(90,45) / (60,30) / (90,45)]
Simply supported Ref [23] 329.688 539.407 886.392
Present study 323.99 533.1 880.587
Clamped Ref [23] 710.77 912.183 1335.49
Present study 709.46 915.47 1340.98

To validate the curved panel structural model, Table
2 shows the fundamental natural frequencies
computed with Ref [24] for cylindrical panel model
with ap/R = 0.4, 0.2 withh =1 mmand ap/R = 0.4,

0.2 with h = 2.5 mm. The material properties are
E=7 x10"°'Nm?, v = 0.33, p=2778 kg m*

Table 2 Comparison of first and second natural frequencies (rad/s) of a cylindrical panel structure

ap/R=04 ap/R=0.2 ap/R=04 ap/R=02

h=1mm h=1mm h=25mm h=25mm
fundamental Ref [24] 1137.61 865.359 2044.97 1662.75
mode Presentstudy  1136.76 864.25 2036.16 1660
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7.2.Results and Discussion

The results section is separated into two sub-
sections. First, the frequency behavior of the doubly
curved panel with rectangular planform and CCCC
boundary condition is studied. Second, the doubly
curved panel with FCFC boundary conditions is
considered in frequency analysis. In each sub-
sections, the natural frequencies of the composite
panels are maximized for the different boundary
conditions by determining optimum fiber path
angles by applying the GA algorithm. The stacking
scheme for the present eight layers composite
cylindrical curved panel with curvilinear fiber path
is given in Eqg. (23). The reference conventional
unidirectional layup sequence for the sake of
comparison is considered to be in the form of,

[91 /6,/-0,/ _94]5”,, - (24)

[0 /45/-90 / ~45]W

Composite cylindrical panel geometries along with
material characteristics are given in Table 3 based
on the parameters defined in Table 3.

Table 3 Geometric and material properties

a=b=1 (m) E2=7.2 (GPa) G23=3.76 (GPa)
h=a/100 G12=3.76 (GPa) v, ~029
E1=173 G13=3.76 (GPa) P

(GPa) (k) —1540

In the first sub-section, the first natural frequency of
rectangular planform curved panel is maximized by
curvilinear fiber concept using Genetic Algorithm
(GA). For this aim, fiber angles (T¢',TH,i=
1,2,3,4) for each composite layer are varied to
achieve the best values. Due to symmetry in
composite layers, fiber angles of the first four layers
are considered in the optimization process. Figure
6a-f illustrate the optimum variables of curvilinear
fiber path parameters (T4, TE,i=1,2,3,4) for
four layers of the preferred doubly curved panel, as
well as the maximum reachable natural frequencies
using the optimum parameters deduced by
optimization algorithm for doubly curved panel

with curvature radius ratios of % = 2,10,00 and

Rf = 2,10, o for fully clamped rectangular panel,

respectively. After the 10" generation, the fitness
starts to converge to the optimal cost. Table 4
compares the result of the maximum fundamental
natural frequency of the VSCL composite panel
calculated via optimization and unidirectional
composite panel as a reference conventional
configuration to prove the advantages of the
variable stiffness concept. Table 4 gives the
optimized layup sequence of the VSCL composite
panel and the associated natural frequencies for
different curvature radius ratios. The following
results are deduced.

The optimum fiber paths of the layers are diverse
for VSCL panels with different width and length
curvature radius ratios. With an increase in
curvature radius ratios both in width and length
dimensions from 131—1,12—2 =2to %,I;—Z = oo (as a flat
plate), maximum fundamental natural frequency
continuously decreasing. This trend is seen in both
VSCL and unidirectional reference panels. The
maximum fundamental natural frequency is
achieved in VSCL panels with close to zero deg
fiber angles in the first layer (T{* = T/ = 0%) in
almost all case studies except %, 12—2 = 2 which has
(T3 = 10°, T3 = 34") in the first layer. The first
layer is the layer with the highest distance from the
neutral axis. The first layer and eighth layer are the
same due to symmetry. By increasing the length

R - R . . R
curvature radius ratio 72 and constant width ratio ;1

the second and the fourth layers in VSCL panels are
very effective in achieving the highest fundamental
frequencies. Larger initial fiber T}?,T* and
smaller final angles T{?,T.* are desirable. The
highest advantages of applying VSCL concept is
seen for panel with ’;—1,}2—2 = 2,2 and %,}2—2 =10,
with different percentages of 16% and 15.1%,
respectively. The lowest advantages are seen for

high curvature radius ratios %,IZ—Z: 10,10 and

%,% = o0, 00, |t shows that the variable stiffness

concept is more advantageous in low curved panels
rather than high curved panels especially plates with
fully clamped BCs.
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Figure 6 Fundamental frequency optimization of doubly curved panel with CCCC BCs,
a) R1/a=2, Rz/b=2, b) R1/a=2, Rz/b=10, C) R1/a=2, Rz/b:OO,
d) R1/a=10, R,/h=10, E) R1/a=10, Ryo/b=c and f) Ri/a=00, Ro/b=c0
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Table 4 Comparisons of the natural frequency of optimized curvilinear fiber and unidirectional fiber for rectangular

CCCC panels
31 Rz Max fundame_ntal frequency Max fundame_ntal frequency  Nat. _Freq.
—,—= with with Diff.
a b curvilinear fiber path Unidirectional layups
[<1o,34> /(75,50) / —(0,53) / 7<88,45>Lm 0/45/-90/ —45]51””
- w = 3630.8 rad/sec w = 3052.7 rad/sec 16 %
[<0,0> / <75,6> / 7<0,87> / 7<46,32>Lm 0/45/-90/ —45]51]7”
2,10 w = 2323.6 rad/sec ‘ w =2137.2 rad/sec 8.1%
[<0,0>.,<46,10>,7<O,77>,7<45,37>] 0/45/-90 / —45]
2, 00 o _ ” 9.5%
W = 2206.4 rad/sec w =1997.7 rad/sec
[<0,0>,<90, 85>,7<13,18>,7<60.,0>]V 0/45/-90/ —45]51”"
10,10 w= 1150 rad/sec w = 1131.1 rad/sec 1.7%
[<0,0>,<45,2>,7<0,0>,7<45,90>L 0/45/-90/ —45]51/7”
10, e w= 1049 rad/sec w = 891.1 rad/sec 15.1%
0,0Y,(90,89),—(2,3),— (71,0 0/45/—90 / —45|
I L e s R T M
W = 706.44 rad/sec W = 689.7 rad/sec

In the second sub-section, the optimization results
are given to investigate the effects of the VSCL
concept on the fundamental natural frequency of
doubly curved panels with different width and
length curvature radius ratios and FCFC BCs. In
Figure 7 and Table 5 It is found out that;

In the same manner with fully clamped panel
configuration, by increasing the curvature radius
ratio maximum fundamental natural frequency
constantly decreasing for both VASL and
unidirectional concepts. The trend is the same for
both CCCC and FCFC BCs.

The maximum fundamental natural frequency is
achieved in VSCL panels and FCFC BCs. with a
constant fiber path angle of zero deg (T4 = T} =
0°) in the first layer and (T¢? = 45°, T2 = 0%) in
the second layer in almost all case studies. The two
layers with the highest distance from the neutral
axis.

It is found that the VSCL concept in panels with

high curvature radius ratios %,%= 10,0 and
%,%: 10,10 gives the highest difference

percentages 22.3% and 19.5% in frequency values
over the unidirectional concept, respectively.

Comparing the effect of the VSCL concept in
different BCs. for fundamental natural frequency
shows that FCFC BCs. gives the greater advantages
over the fully clamped BCs.

This type of composite optimization method could
be applied in various kinds of plate geometries and
configurations [25-27] to improve the mechanical
performance of the structures.

44



M I/e-ISSN:2587-1676 4 (2): 36-47 (2020)

R1/a=2, R2/b=2, FCFC R1/a=2, R2/b=10, FCFC
(a) Best: -1952.58 Mean: -1951.69 (b) Best: -1731.77 Mean: -1730.8!
-1400 -
Best fithess -1200 - Best fithess
o) Mean fitness o Mean
E; L E
3 -1600 S -1400]
@ @
123 123
s 1800 - <
g z -1600 [-
......... Cr e e L T T T
2000 . . . | L ) 1800 . . . . . )
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Generation Generation
Current Best Individual 100 Current Best Individual
100 — r
© T0=85 ] T0=84
=3
=] E=]
= 2
2 2
B 50 3 50
3 8
3 3,
0 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Number of variables (8) Number of variables (8)
c R1/a=2, R2/b=c, FCFC R1/a=10, R2/b=10, FCFC
1000 Best: -1721.96 Mean: -1720.9 600 - (d) Best: -966.948 Mean: -965.185

. Best fitness
700+ ¢ Mean fitness

o 1200 F Mean fitness o
2 =2
g g
@ -1400 [ 2 -800
o o
=} S
i 1600 L -900 -
....... e e L I T R R A L Y . .
1800 . L L L . ) ~1000 L L . . L )
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Generation Generation
Current Best Individual Current Best Individual
100 T0=90 80

@
S

Current best individual
o
3

Current best individual
S
S

20
0 0
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Number of variables (8) Number of variables (8)
R1/a= 10, R2/b=00, FCFC R1/a=c0, R2/b=c, FCFC
Best: -972/999 Mean:'-972.836 Best: -635.035 Mean: -634.918
600 ¢ € 400
Best fitness Best fitness
o -700F © Mean fitness o 450 Mean fitness
= . = N
o ©
g 500 -
2 800 | Z 500
o
£ £ 550
i 00 . i
e -600 - s
-1000 ! : - - - ! . " HE S " . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Generation Generation
Current Best Individual Current Best Individual
5 _ 1001 T0=90
=] ©
3 3
2 p=d
=] =
=4 e
£ £
@ pot
2 2 50
- Qo
= -
Q c
3 g
S 3 T1=0 T0=0 T1=2

o

1 2 3 4 5 6 7 8

Number of variables (8) Number of variables (8)

Figure 7 Fundamental frequency optimization of doubly curved panel with FCFC BCs,
a) R1/a=2, Rz/b=2, b) R1/a=2, Rz/b=10, C) R1/a=2, Rz/b:OO,
d) R1/a=10, R,/h=10, E) R1/a=10, Ryo/b=c and f) Ri/a=00, Ro/b=c0
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Table 5 Comparisons of natural frequency of optimized curvilinear fiber and unidirectional fiber for rectangular FCFC

panels
R, R, Max fundamental frequency ~ Max fundamental frequency Nat.
—,—= with with Freg.
a b curvilinear fiber path Unidirectional layups Diff.
[<0.,0> /{15,4) / (0,20) / —(s5, 39>] [0/45/ 90/ —45]
o _ 8.35 %
22 w, , = 1952.6 rad/sec w,,; = 1789.5 rad/sec
{0.0)/(15.0)/ ~(0.4) ) ~(saaz)| ~ [0/45/-90/~43] .
2,10 w = 1730.7 rad/sec w =1513.7 rad/sec 12.5%
Ko,o),<45,0>,7<0,4>,7<90,0>} [0/ 45/ 90/ —45]
oo sym sym 0
2 w = 1721.9 rad/sec W = 1495 rad/sec 13.2%
0,0),(45,0),—(1,19),— (45,71 0/45/—90/—45|
010 (oo {us)—fem] o/ L. 105 0%
w = 966.9 rad/sec w = T777.7 rad/sec
[<0,0>,<45,2>,7<0,14>,7<45.,90>} [0/45 /90 / —45]
oo sym ym 0,
10, w = 972.8 rad/sec w = 755.7 rad/sec 22.3%
0,0),(45,0),—(0,2),—(90,0 0/45/-90/ —45|
L. [ b e v
w = 635 rad/sec w =551.5 rad/sec
Conclusion [2] Labans, E., & Bisagni, C. (2019). Buckling
. . and free vibration study of variable and
In the present study, the influence of fiber path constant-stiffness cylindrical
function on free vibration of VSCL composite shells. Composite Structures, 210, 446-457
doubly curved panel is examined for two forms of - S '
boundary conditions. The GDQ method and [3] Narita, Y. & Robinson, P. (2006).
Hamilton’s principle are applied to study the Maximizing the fundamental frequency of
variation of the fundamental frequencies of the laminated cylindrical panels using layerwise
variable stiffness composite panels. The genetic optimization. International  Journal  of
algorithm is applied to optimize the fundamental Mechanical Sciences, 48(12), 1516-1524.
natural frequencies of curvilinear fiber composite [4] Serhat, G. & Basdogan, 1. (2019).
panels. Genetic algorithm in a nonlinear constraint Lamin,ation ,parameter interpélation method
optimization problem is utilized to derive the for design of manufacturable variable-
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Abstract

Quadrotor are four-rotor unmanned aerial vehicles(UAV). These vehicles are widely used in military and civilian areas.
They are preferred because they eliminate the risk of life of pilots. In this study, the effect of morphing, which is a new
and developmental phenomenon in unmanned aerial vehicles, on lateral flight is discussed. Quadrotor modeling is
achieved by Newton Euler approach. Models with quadrotor full and morphing states were drawn in Solidworks program.
Simulations were made using the state space model approach in Matlab environment with the moment of inertia and mass
values obtained in these models. Proportional integral derivative(PID) is used as the quadrotor control algorithm.
Simulations are performed separately for each morphing situation. The results are presented with graphic and design

performance criteria.
Keywords: Quadrotor, Morphing, Control, PID, UAV

1. Introduction

Unmanned aerial vehicles (UAV) emerged as
platforms popular in various applications such as
rescue missions, fire fighting and reconnaissance.
These vehicles can be used in hazardous
environments as they are low cost and eliminate the
risk of pilots' life. Quadrotors, a type of UAVS, have
attracted the attention of researchers because they
can take off and land wvertically and are
mechanically simple. Quadrotors don’t need a
runway as they can take off and land vertically.
Therefore, they are more preferred than fixed wing

Corresponding Author: Oguz Kose oguzkose24@gmail.com

UAVs. Many studies have been done on quadrotor
modeling and control. However, studies on
morphing, which constitute the main subject of this
study, have started to take a new place in the
literature. Some of these studies are listed below. In
study in [1], Barbaracci discussed the modeling and
control of a quadrotor with variable geometry. He
tried to show how the angle between the arms
affects longitudinal and lateral flight. He used LQR
and proportional integral derivative (PID)
algorithms as control algorithm. The simulations
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showed how different angles between the quadrotor
arms affect the quadrotor flight. He worked on a
foldable and quadrotor that can be used in works
such as mapping and illustration in D. Falanga[2].
These Quadrotors could do H morphing, O
morphing and T morphing because the arms could
morphing from the joints to the body. The quadrotor
was not symmetrical because it had different types
of morphing features. Without this symmetry, the
quadrotor provided a stable flight. V. Riviere et al.
[3] worked on a quadrotor that can pass through
narrow spaces.

The quadrotor had an elastic mechanism and
could avoid obstacles. In the morphing process,
there was a loss of control in the quadrotor roll axis
in order to cope with this, the quadrotor developed
a control system that kept it constant until a narrow
area passed. T. Oktay and S. Coban [4] worked on
the longitudinal and lateral flight control of the
Tactical Unmanned Aerial Vehicle, which includes
both passive and active morphing. This TUAV had
a weight of 50 kg, a range of 3000 km, airborne time
of 28 hours and a ceiling altitude of 12500 m. They
calculated the optimum wingspan parameters using
A stochastic optimization method named as
simultaneous perturbation stochastic approximation
(SPSA). They also calculated the controller
coefficients with the same algorithm. T. Oktay and
0. Kose [5]-[12] received the hover, longitudinal
and lateral flights of the quadrotor with collective
morphing. In their work, they worked on quadrotor
modeling and control as well as morphing. They
used PID as the control algorithm.

In this study, the effect of collective and
differential morphing on lateral flight in an X-type
guadrotor was investigated. In addition, quadrotor
modeling and control are also discussed.

2. Material and Methods
2.1 Quadrotor Movements

Quadrotor is an unmanned aerial vehicle
consisting of four rotors. It acts by taking advantage
of the thrust produced by the rotors. Quadrotor
performs its movement in the X, y and z axes.
Quadrotor lateral movement is also called roll
movement. The quadrotor performs its lateral
movement on the X axis. Fig 1 shows the lateral
movement.

Figure 1. Lateral Movement

As shown in Figure 1, the rotors numbered 1 and
4 should decrease while the speed of rotors 2 and 3
should increase while the quadrotor would perform
lateral movement.

2.2 Dynamic Model

Newton Euler method is used to obtain the
quadrotor dynamic model [13], [14].

»  The structure is solid and symmetrical.

»  Propellers are solid.

»  Ground effect is neglected.

Quadrotor is a nonlinear system. Although it is
structurally simple, it is a complex system as a
mathematical model. Nonlinear dynamics are
converted into linear equations using various
methods. Linear motion equations are as follows.

y=v
v=gob
. 1y
r=-=
I,
o
=5 (1)
d=p
y=r

From these equations y, ¢ and y quadrotor holds
the linear and angular position and v, p and r hold
the linear and angular velocities.

I, and I, represent quadrotor moments of
inertia[15].

I, 0 0
1=0 1, 0 @)
0 0 I

Z

In order to run quadrotor motion equations in
simulations, an introduction to the system must be
applied. t,, is the entry for lateral actuation.
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T, = bI(—0Q% — Q% + Q% + Q2) )

For lateral flight, 7, input is used. Where | the
distance between any rotor and the center of the
quadrotor, b is the thrust factor and d is the drag
factor and Q is propeller speed.

2.3 State Space Model and Morphing

State space model is a method used for modeling
physical systems. In this method, physical system
equations are expressed by first-order equations.
These equations are modeled using the matrix form.
The general form of the situation space model
approach is shown below.

x = Ax(t) + Bu(t)
y = Cx(t) + Du(t)

Where, x(t)= State vector, y(t)= Output vector,
u(t)= Input or control vector, A= System matrix, B=
Input matrix, C= Output matrix, D= Feedforward
matrix.

The lateral movement state space model
discussed in this study is given below.

[T 0 1 0 0 0 oj;y; [0 0]
[V |[0000g0]||[v]| I1° 0]
[P _ 0 00O 0||p|+|/]x 10 |[Tx]
[#|~ |000000|r | 0" /1,llm
¢[001000”¢J[0 OJ
ol o oo 1o oWl [
[000000'”)"'
0 00 0 0 o
_I000000I|P|
y‘loooooollrl
|000010|l¢J
loooooojw

The process of changing the geometry of
unmanned aerial vehicles is described as morphing.
Morphing is carried out in two ways:

»  Active morphing

»  Passive morphing

If the unmanned aerial vehicle changes its
geometry during flight, this is called active
morphing. If the change in geometry is made on the
ground before the flight, this is called passive
morphing. In this study, active morphing was
applied.

In the quadrotor type unmanned aerial vehicle,
morphing occurs by lengthening and shortening the
arm lengths.

Figure 2. Normal arm

Figure 3. %50 morphing

2.4 Quadrotor Control System

PID algorithm was used in this study for
quadrotor control. The PID controller is the most
common form of feedback [16]. PID controllers are
today found in all areas where control is used. PID
controllers have survived many changes in
technology, from mechanics and pneumatics to
microprocessors Vvia electronic tubes, transistors,
integrated circuits. The general formula of PID
algorithm is given below.

u(t) = K, e(t) + K; [ (©)d(t) + Ky de(t)/d(t) (4)

P Keft)

Plant/ /!
Process

L

1 ﬁ'.J-e.fT,llfT

D K&

Figure 4. PID control

where y is the measured process variable, r the
reference variable, u is the control signal and e is the
control error. The reference variable is often called
the set point. The control signal is thus a sum of
three terms: the P-term (which is proportional to the
error), the I-term (which is proportional to the
integral of the error), and the D-term (which is
proportional to the derivative of the error). The
controller parameters are proportional gain K,,
integral gain K;, and derivative gain K;. The
integral, proportional and derivative part can be
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interpreted as control actions based on the past, the
present.

3. Result and Discussion

In this study, differential and collective
morphing is discussed together. In differential
morphing, the forearms are lengthened, while the
back arms are shortened by the same amount. In
collective morphing, the forearm and back arms are
lengthened or shortened by the same amount. The
differential and collective morphing states
discussed for this study are shown below.

Figure 6. %50 differential and %50 collective
morphing

4 (2): 48-54 (2020)

Figure 7. %50 differential and %25 collective
morphing

Figure 8. %25 differential and %50 collective
morphing

There is no change in the guadrotor mass with
differential and collective morphing. In the case of
morphing, the quadrotor inertia moments change
because the solid body model changes. Inertia
moments are obtained from the models drawn in the
Solidworks program. In the table below, inertia
moments and mass information are given according
to morphing states.

Table 1. Differential and Collective Morphing
Moment of Inertia Change

Fig 4 Fig 5 Fig 6 Fig 7

Ix(kg*m2)  0.03595 0.03596 0.03527 0.03659
ly(kg*m2)  0.03543 0.03564 0.03490 0.03622
lz(kg*m2) ~ 0.02027 0.02049 0.01906 0.02170

m(kg) 0.60292 0.60292 0.60292 0.60292

PID coefficients remain the same in all cases of
differential and collective morphing. PID
coefficients are given in the table below.
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Table 2. PID Coefficients

State

Differential and 50
collective morphing

0.8

0.2

Simulation

results

in Matlab / Simulink

environment are given below.
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Figure 9. Initial situation simulation
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Figure 10. %50 differential and %50 collective morphing simulation
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Figure 11. %50 differential and %25 collective morphing simulation
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Figure 12. %25 differential and %50 collective morphing simulation
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Ucus Operasyonlarinda Insan Faktoriiniin Rolii ve Pilot Performansim
Arttiracak Oneriler

M.Melih BASDEMIR*

Tiirk Hava Yollar1, Ugus Isletme Baskanlig1, istanbul, Tiirkiye

OZET

Ugus emniyetinin vazgecilmez unsuru insandir. insan yeteneklerinin kisitli olmasi, insanin teknik ve teknik olmayan
yetkinliklerinin birgok degisken tarafindan etkilenmesi, insan faktoriiniin ugus emniyetini saglamadaki roliinii 6nemli
hale getirmistir. Ucus faaliyetlerinin tarihsel siirecine bakildiginda insan faktdriiniin ugak kazalarindaki yerinin %70-80
oraninda oldugu gériilmektedir. Insan faktoriiyle ilgili dinamikleri tam olarak bilmeden ve insan faktérlerinin ugus
operasyonlarina olan etkisi anlagilmadan ugus emniyetini saglamanin zor oldugu bilinmektedir. Bu noktadan hareketle,
bu calismada pilot performansmin ugus emniyetindeki yeri nitel arastirma yontemi ile aragtirilmistir. Oncelikle, ayrmntili
bir sekilde insan faktoriine iligkin bir literatiir taramasi yapilmis ve sonrasinda tecriibeli kaptan pilotlarla yari
yapilandirilmig miilakatlar yapilarak konuyla ilgili veriler toplanmus, takiben elde edilen bulgular yorumlanarak aragtirma
tamamlanmistir. Aragtirmanin sonunda hava yolu isletmelerine sunulmak iizere insan performansini arttirmaya yonelik
olarak “pilot performansimni iyilestirecek bir 6neri seti” olusturulmustur. Elde edilen onerilerde 6zellikle kurumal iklimin
iyilestirilmesi, yonetimde adaletin saglanmasi, ugusa bilgili ve hazirlikli gelme ve ihlallerden uzak durmanin 6n planda
oldugu goriilmistiir. Calismada Ekip Kaynak Yonetimi (EKY) ve Tehdit ve Hata Yonetimi (TEHY) dinamikleri de
dikkate alinmigtir. Calismanin ana amaci hava yolu isletmelerinde pilot performansini arttirmaya yonelik Oneriler
sunmaktir.

Anahtar Kelimeler: insan Faktorii, Pilot Performans1, Ugus Emniyeti, Ugus Operasyonlari, Ekip Kaynak Yonetimi.
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Abstract

Human beings are the foremost basis of flight safety in flight operations. Due to the limited capabilities of human beings,
and human’s technical and nontechnical competencies’ continuous interaction with other variables of the flight operations,
human factors have become highly influential in ensuring flight safety. With respect to the aviation history statistics, one
can understand that the human factor’s role in flight accidents is around 70-80%. Therefore, without thorough analysis of
human factors, it would be very hard to understand and ensure the flight safety in flight operations. Having mentioned
these facts, in this study the role of pilot performance in flight safety has been investigated by means of qualitative research
methods. In this research, initially a thorough literature review was completed, then semi-structured interviews were
conducted with experienced captain pilots in the field, and finally by means of interview findings, “a proposal set to
improve the pilot performance” was devised. In the proposal set, themes such as improving organizational cilmate,
ensuring justice in the airline management, being knowledgeable and ready for the flights and refraining from violations
were obtained. In this research Crew Resource Management (CRM), Threat and Error Management (TEM) dynamics
were examined and the main ways of optimizing pilot perfomance were investigated. Main purpose of this study is to
offer “performance proposals for pilots” in the airline companies in order to maximize the pilot performance.

Key words: Human Factors, Pilot Performance, Flight Safety, Flight Operations, Crew Resource Management.

1. Giris

Insan dogas1 geregi yetenekleri sinirli ve hata
yapmaya egilimli bir varhiktir. Ozellikle uguculuk
mesleginde havada ve yerde gorev yapan tiim
havacilar, smirh kisisel performans diizeyine bagh
olarak yaptiklar1 islerde insan faktoriinden
kaynaklanabilecek  sorunlar1  asgari  diizeye
indirmeye calismaktadirlar. Insan, diger canlilara
gore zeki, duyussal yeteneklerle donanmis, anlama,
kavrama ve etkin bir sekilde uygulama yetenegine
sahip olan bir varliktir. Ancak insan psikolojik ve
fizyolojik kisitlar1 sebebiyle bu tiir yeteneklerini her
zaman Ust seviyede kullanamamaktadir. Bunun
sebebi ise insan performansinin  ¢alistig
ortamlardaki degisken durumlara gore kirilganlik
gostermesidir [1].

Havacilik diinyasinda bilinen kazalarm c¢ogu
insan performansinin azalmasindan kaynakli
hatalardan olusmaktadir [2]. Bu gergek, havacilik
diinyastyla ilgilenen herkes tarafindan bilinse de,
ucus emniyetini saglamada ve kazalar1 6nlemede
“insandir hata yapar” anlayisinin  arkasina
siginmamak, hatalarin  kaynagini  arastirmak
gerekmektedir. Insanlarm hata yapmalarina sebep
olan; yetersiz egitim, yorgunluk, zorlayici ugus ve
mesai programlari, talepkar sirket politikalari,
motivasyon eksikligi, modern ugus sistemlerindeki
otomasyona uyumsuzluk, vb. gibi gizli ve acik
etkenler bu hata kaynaklardan bir kagidir [3].

Insan faktoriinii  ve pilot performansini
degerlendirip analiz etmeyi amaglayan ve yaygin
olarak kullanilan sistemsel bazi modeller vardir.
Bunlardan biri SHELL (Software, Hardware,
Environment, Liveware, Liveware- Yazilim, Insan,
Cevre, Insan, Donanim,) Modeli, digeri Isvigre
Peynir Modeli ve bir baska digeri ise HFACS

(Human Factors Analysis and Classification
System- Insan Faktérlerini Analiz ve Siniflandirma
Sistemi) modelidir [4]. SHELL modeli [5], ucus
operasyonlarmin yerine getirilmesi sirasinda, isi
etkileyen gevre, techizat, donanim ve diger insanlar
gibi tim unsurlarin fark edilmesini amaglar.
Modelde yer alan etkenlerin kontrol edilememesi
durumunda ugus performansinin azalacagi, kaza ve
olaylarm meydana gelebilecegi ifade edilir. Isvicre
Peynir Modeli [6] insan hatalar1 sonrasinda
meydana gelen kaza ve olaylar1 insanin iginde
bulundugu ortamlarda yer alan olumsuzluklarmn bir
araya gelmesine benzeterek agiklar. Bu agiklamay1
da ucusta vyasanan olumsuzluklar1 Isvicre
Peynirindeki deliklerine benzeterek yapar. HFACS
ise Ozellikle bir kaza ya da olay sonrasinda
yapilacak  degerlendirmelerin  insan  faktorii
boyutunu kurumsal ve bireysel diizeyde analiz eder.
Kurumsal ve bireysel seviyelerde yapilan hata ve
ihlallerin insan performansi tizerindeki etkilerini
bulmaya galigir [7].

Ucus operasyonlarinda insan performansini
arttirmaya yonelik performans iyilestirme Onerileri
sunmay1 amaglayan bu caligmada, nitel aragtirma
yonteminin dinamikleri ile HFACS’te yer alan ana
maddeler esas almarak insan performansit konusu
arastirilmgtir. Bilindigi gibi HFACS bir ucus olay
ya da kaza incelenmesi sirasinda kullanilan bir
metedolojidir.  Diger bir ifadeyle HFACS
metedolojisinde bulunan maddeler kullanilarak bir
olay ya da kazanin analizi yapilmaya calisilir. Bu
sayede insan performansi, hatalari, organizasyonel
performans ortaya cikarilarak kaza ya da olayin
sebepleri bulunmaya caligilir [8].

Yukarida belirtilen sebeplerden dolayr bu
caligmada, HFACS’da yer alan maddeler dikkate
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aliarak oncelikle literatiir taramas1 yapilmis, cesitli
akademik kaynaklar incelenerek insan faktoriiniin
tanimi ve temel kavramlari, ugus emniyetiyle olan
iligkisi agiklanmig ve tarihsel gelisimi ele alinmistir.
Daha sonra sonra ise ¢alismanin amacina uygun bir
model olusturabilmek amaciyla, HFACS analizinde
bulunan maddeler temelinde agik uglu miilakat
sorular1 hazirlanarak konusunda uzman, aktif olarak
ucus faaliyetlerine devam eden kaptan pilotlarla
yart yapilandirilmis miilakatlar yapilmistir. Bu
miilakatlardan elde edilen veriler tematik analiz
teknigi ile analiz edilerek bulgulara ulagilmustir.
Sonrasinda ise bulgularmm degerlendirilmesiyle
Ozgiin bir sekilde “Ucucu Performansini Arttrima
Onerileri” bir oneri seti halinde sunulmustur.
Calisma sonrasinda elde edilen bu 6nerilerin hava
yolu sirketlerinde yer alan yoneticilere ve ugus
personeli  tarafindan  pilot  performansinin
arttirtlmasi ve insan faktoriinden kaynaklanan kaza
ve olaylarin azaltilmasi konularinda bir rehber
olarak kullanilabilecegi degerlendirilmektedir.

1.1 Kavramsal Cerceve

1.1.1. Havacihkta insan Faktorii

ICAO (International Civil Aviation
Organization-  Uluslararast1 ~ Sivil  Havacilik
Kurulusu) insan Faktorlerini, insan yetenek ve
limitlerinin belirlenmesi igin bilgi toplamak, bu
bilgiyi insan performansin1i emniyetli, etkin ve
yararl bir sekilde yonlendirilmesi igin kullanmak
amacina yonelik ¢ok disiplinli bir alan olarak
tanmimlamaktadir[9]. Insan faktérlerinin incelenmesi
ile insanin makine, techizat, cevre, fiziksel sartlar ve
insam etkileyen diger faktorlerin ugus sirasinda
analizi yapilmakta ve insanin performansini
arttiric, hatalarim1  azaltici Onlemlerin  alinmasi
hedeflenmektedir.

Insan  faktdrlerinin  incelenmesindeki ana
diisiince insanin gorevini yerine getirirken yaptigi
hatalarm minimize edilmesidir. Insamin giinliik
hayatta yaptig1 kiiciik hatalar goz ardi edilebilir
ancak, oOzellikle karmasik ugus ortamlarinda ve
ucusun kritik sathalarinda yapacagi hatalar ucak
kaza ya da olaylarina sebep olabilecegi igin
miimkiin oldugunca kontrol altina alinmalidir [10].
Bu noktada insanin aslinda bir makinanin parcalari
gibi sistemsel bir biitlinliik i¢inde ¢alistigi, ancak
icsel ve digsal birtakim sorunlardan dolay1
performansinin ~ diistiigii  bilinmelidir.  Insan
performansindaki zafiyet yaratan unsurlar arasinda;

Egitim ve tecriibe,

Stres ve baski,

Is yiikii, yorgunluk, bitkinlik

Caligma saatleri, ugus programlari
Diger 6zel faktorler [11] bulunmaktadir.

Bu faktorlerin etkisi insandan insana degismektedir.
Ozellikle bir ugucunun bilgi, tecriibe, ucus saati ve
motivasyonuna gore degiskenlik gosteren insan
faktorlerinden zayif muhakeme, ugusta planlama,
karar verme ve tecriibe ya da yetenek eksikligi gibi
etkenler yukarida yer alan olumsuzluklar1 farkli
diizeylerde etkileyebilira.

1.1.2. Havacilikta insan Faktoriiniin Tarihsel
Gelisimi

[lk yolcu seferinin 1913 yilinda San Francisco ve
Oakland limanlar1 arasinda yapilmaya
baglamasindan bugiine kadar olan zaman diliminde
hava yolu isletmelerinin esas amaci; uguslarin
emniyetli, etkin ve yolcu memnuniyetini en iist
diizeyde saglayacak sekilde yerine getirilmesidir
[12]. Dogal olarak burada one ¢ikan en Onemli
kavram ucgus emniyetidir. Emniyetin olmadigi yerde
ucus da olmaz, etkinlik de olmaz, yolcu
memnuniyetinden de bahsedilemez [13].

Havacilik tarihi i¢inde insan faktorleriyle ilgili
ilk caligma II. Diinya savasinda, diizenlenen hava
harekatlarinda ugus emniyetini arttirmak icin insan
ergonomisine  uygun  kokpit  dizaynlarinin
olusturulma girisimleriyle baslatilmstir [14]. insan
performansint yakindan ilgilendiren ve kazalarda
insan faktoriinii azaltmaya yonelik olarak yapilan
ucak ve kokpit dizayn calismalari, egitim, stres
altinda insan davraniglari, dikkat ve stres yonetimi,
karar verme, durumsal farkindalik vb. konulartyla
ilgili ¢aligmalar da yine bu donemde baslatilmistir
[15]. Savasin sonuna kadar yapilan insan faktoriiyle
ilgili caligmalarda, insanlarin yeni buluslara agik ve
her tiirlii yenilige uyum gdsteren varliklar oldugu
diistiniilmiis ancak savasin sona ermesiyle,
ergonomi, fizyoloji ve ugus psikolojsi konularinin
insanin performansini arttirmada 6nemli konular
oldugunun farkina varilmstir [16].

Insan faktoriinii bilimsel olarak ele alan ilk
girisim ABD’de 1957 yilinda Insan Faktorleri
Toplulugu’nun ve aym donemlerde Ingiltere’de
1949 yilinda Ergonomi Calismalari Grubu’nun
kurulmasiyla baslatilmistir [17]. Ilk zamanlarda
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insan  faktorleri yerine ergonomi kavrami
kullamilmig, sonrasmda ergonomi terimi yerini
insan faktorii terimine brrakmustir. Insan faktoriine
regiilatif anlamda deger verilmesi ise [CAO’nun
Annex-1 (Ek-1) - Ugucu Egitimi boliimiinde insan

hatalarmin ~ giindeme  getirilmesiyle ~miimkiin
olmustur [18].
Insan faktorlerinin  havacilik  endiistrisinde

incelenmesi jet motorlu ugaklarm yolcu seferlerinde
yogun olarak kullanilmasinin sonucu olarak 1960’11
yillarda baslamustir [19]. Bu yillarda meydana gelen
ucak kazalar1 genel olarak teknik ariza kaynakli
olarak algilandigi i¢in insan faktoriiniin kazalardaki
oram %20 olarak saptanmisti [20]. Ancak daha
sonraki  yillarda  ugaklardaki  otomasyonun
gelismesi, kokpitte “glass cockpit” uygulamasinin
ve diger yardimci sistemlerin ucaklara dahil
edilmesi sonucunda insanin otomasyonu yonetme
ve manuel ugus becerilerinin degerlendirilmesi
gerektigi anlasilmis ve yapilan ¢caligmalarda birlikte
1990’1 yillara gelindiginde meydana gelen ugak
kazalarnda insan  faktorinin  orami = %80
seviyelerinde goriilmeye baslanmistir [20]. Bunun
sebebi ise, Mayis 2020 tarihinde meydana gelen
Pakistan Hava Yollari’'na ait 4320 ucaginn
Karacgi’'de diismesiyle sonuclanan kazasinda [21]*
oldugu gibi, ucaklarin teknik yetersizliklerinin yeni
buluslarla ¢6ziilmesine ragmen kazalarin devam
ediyor olmasi ve kazalardaki ana sorunun insanin
yaptgt hatalar oldugunun fark edilmesidir [22].

Gliniimiize gelindiginde insan performansini
arttirmak ve ucak kazalarmdaki insan faktoriiniin
payini azaltmak i¢in ucak sistemlerinde teknolojik
iyilestirmeler yapilmakta ve ucus faaliyetlerinde yer
alan tiim ucuculara da Ekip Kaynak YOonetimi
(EKY) egitimleri verilerek insan performansinin
dinamikleri hakkinda bir farkindalik yaratimaya
calisiimaktadir [23].

1.2. insan Faktorlerinde Temel Kavramlar

1.2.1. Tespit ve Algilama:

Insanlar, bir is yaparken g¢evrelerinde olanlari
temel 5 duyu organlar1 ve insan fizyolojisinde yer
alan denge, hareket ve hizlanma hisleri ile algilarlar.
Oncelikle eger kisinin bulundugu ortamda
fizyolojik ya da psikolojik sebeplerden kaynaklanan

122 Mayis 2020 tarihinde Karagi’de pilotun inis takimini
koymayr unutmasiyla yasanan ve 97 kisinin 6liimiiyle
sonuglanan kazanin ilk inceleme raporunda kazanin

problemler varsa tespit ve algilama tam olarak
gerceklesemez ve insan etrafinda olanlarin farkinda
olamaz, ucucu diliyle konusulacak olursa Durumsal
Farkindalik- DF (Situational Awareness- SA)
saglayamaz [24].

1.2.2. Hatalar

Insanlar hata yapmaya programlidirlar, hatalarin
bir kism fiziksel yetersizliklerden, bir kismu da
psikolojik  sebeplerden kaynaklanir, bitkinlik
(fatigue) ya da stress insanlarm algilamalarini
azaltarak hata yapmalarma sebep olabilir, aym
zamanda teknik yetkinlik eksikligi ve dikkat
dagitict unsurlar da insanlar1 hataya sevk ederler
[25].

1.2.3. Ahskanhklar:

Insanlar, yeni ortama belirli bir zaman
sonrasinda yeterli bir egitim siirecinden sonra
hemen adapte olabilirler. Ornegin Boeing 737
ucaginda II. Pilot olarak ugan bir pilotun, tip egitimi
stirecinden sonra Airbus 320 ucaginda Kaptan Pilot
olarak ugmasi ¢ok olagan bir durumdur. Ancak yeni
bir u¢aga adaptasyon sirasinda pilotun ugus gorevi
aligkanliklarinda degisimler yasanacak bu durum da
ne kadar tecriibeli olunursa olusun hatalara sebep
olabilecektir [26].

1.2.4. insan Kabiliyetlerinin Simirh Olmasi

Insanlarin hata yapan varliklar olmalarmin
yaninda kabiliyetlerinin de sinirli  olmasinin
bilinmesi insan performansini anlamada énemli bir
yer tutar. Insanin ayn1 anda yapabilecegi is yapma
yetenegi insandan insana fark edebilecegi gibi bir
makinanin ayni anda is yapma yeteneginde oldugu
gibi smirhidir. Ancak bir makina, is iiretimini
makinaya tanimlanan teknik kabiliyetler ile
yaparken insanlar bunu teknik ve teknik olmayan
yetenekleriyle yapar. Ozellikle teknik olmayan
yeteneklerin belirlenmesinde 6nemli bir role sahip
sosyal, duygusal, biligsel, psikolojik etkenler
olgular insan performansini 6nemli derecede
etkilemektedir [27].

1.2.5. Insan Performansim Belirleyen Faktor:

“insan faktorii” sebebiyle meydana geldigi, ugagin teknik
acidan herhangi bir sorunu olmadig: belirtilmistir.
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Performans Belirleyen Faktor (PBF-
Performance Shaping Factor- PSF), terimi 1960’11
yillarda Dbir igin yapilmasi sirasinda insan
performansindaki giivenirliliginin belirlenmesi i¢in
olusturulmus bir tanimdir [28]. En kaba anlamiyla
PBF, insan performansmi etkileyen herhangi bir
etkendir. Bu faktorler pozitif ya da negatif olabilir,
ancak onemli olan negatif etkenlerin giderilmeye
calistimasidir. Ornek olarak uyku diizeni bir
PBF’tir. Uykunun diizenli olmasi, uykudan
dinlenmis olarak uyanilmas1 pozitif bir PBF olarak
ucus emniyetini artirir. PBFler, stres, yeteneksizlik,
sosyal ve psikolojik faktorler gibi insanin ig
diinyasiyla ilgili i¢sel faktorler olabilecegi gibi,
sirket politikalari, 6zliik haklari, is ortamu ve atanan
ucuslar gibi insan1 disaridan etkileyen dis faktorler
de olabilir. Burada yer alan tiim i¢ ve dis PBF’lerin
insan  faktorii  degerlendirilmelerinde  dikkate
alinmasi gerekmektedir [29].

1.3.  Tehdit ve Hata Yonetimi (TEHY)

Ucusta Insan Performansim belirleyen Tehdit ve
Hatalarm onlenmesini, yonetilmesini ve bunlarla
miicadele edilmesini esas alan TEHY’de ana
amag,”’kagin, engelle, bertaraf et” yaklasimudir [20].
Buradaki hedef, bilinen ya da bilinmeyen tiim
tehditlerin algilandig1 anda hataya doniismeden
kontrol altina alinmasidir.

Tehditler i¢ ve dis tehditler olarak ikiye ayrilir.
Ucus Ekibinden kaynaklanan ve ucagin ya da
operasyonun yonetilmesinde, prosediirlerin dogru
olarak uygulanamamasindan kaynaklanan tehditler
“i¢ tehditler’, NOTAM 2% hava durumu, arazi
sartlari, ucus dist personel tarafindan kaynaklanan
tehditler ise “dis tehditler” olarak adlandirilir [15].

Tehditlerin yonetilememesi ve hata yapilmasi
sonucunda Istenmeyen Operasyonel Durum (10D)
meydana gelir. IOD un bir sonraki sathasinda Kaza
ya da Olayla karsilasilacagindan, EKY
yeteneklerinden Tehdit tammlama ve Hatalardan
kaginma davraniglarim uygulama ve hatalarin
SHELL, Swiss Cheese (Isvicre Peyniri) ve HFACS?®
modellerinden bahsedilecektir.

2 Notice to Airman, kaptan pilotlarm ugus dncesi
operasyonel kisitlar1 inceledikleri dokiiman.

% Genel Havacilik terminolojisinde yerlesmis olan
SHELL Modeli, Swiss Cheese Modeli ve HFACS modeli
terimleri yerli yazinda orijinal Ingilizce haliyle
benimsenmektedir. Ancak Tiirk¢e yazinda bu modellerin

tespiti ve mevcut tehdit ve hatalarm iyi bir sekilde
yonetilerek tekrar ucus emniyetinin saglanmasi IOD
asamasinda bile miimkiindiir. Bu da EKY ile olur
[18]. Burada EKY’nin iletisim, gérev paylasimu, is
yikkii yonetimi, stres yonetimi, teknik ve teknik
olmayan yeteneklerin etkin olarak kullanilmasi
yeteneklerinin hepsi kullanilir.

TEHY yaklasiminda EKY  yeteneklerinin
kullanilmasi sonrasinda ii¢ sonug olusur:

e Ucus Emniyetinin Korunmasi
e Bozulan Ugus Emniyetinin Yeniden Tesis
Edilmesi

e EKY yeteneklerinin uygun kullanilmamasi
sonrasinda olusan yeni hatalar.

Burada olusan ilk iki sonu¢ ugus emniyetini tesis
eder, ancak ii¢iincii sonugta meydana gelen yeni
hatalar, iyi bir sekilde yonetilmedigi zaman, diger
iyi yonetilemeyen hatalarda oldugu gibi ucus
emniyetinin bozulmasina ve Kaza ya da Olayn
meydana gelmesine neden olur.

Etkin bir TEHY anlayist ile;

e Ucus operasyonunu etkileyen tiim tehditlerin
farkina varilmasi ve bertaraf edilmesi,

e Yapilan hatalarin farkina varilarak diizeltici
islemlerin yerine getirilmesi,

e [OD sirasinda EKY yeteneklerinin etkin bir
sekilde kullanilmasi,

e Bir havacinin teknik ve teknik olmayan
becerilerini uygun bir sekilde kullanarak ucus
emniyetinin tekrar tesis edilmesi ve

e Kaza/Olaydan her zaman uzak durulmasi elde

edilir.
1.4. insan Performansim Olcmede
Kullamlan Modelller

Bu bolimde insan performanslarini
Olcmede oOne ¢ikan ve insan hatalarini

degerlendirmede yardimci olan modellerden

Tiirkgelestirilmesi de diistintilmelidir. Bu sebepten dolay1
SHELL Modeli yerine YCID (Yazilim, Cevre, Insan ve
Donanim), Swiss Cheese yerine Isvigre Peyniri, HFACS
yerine de IFASS (insan Faktérlerini Analiz ve
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1.4.1. SHELL Modeli

SHELL (Software, Hardware, Environment,
Liveware, Liveware) Modeli, havacilikta insan
faktorlerini analitik olarak agiklamak maksadiyla,
Elwyn Edwars tarafindan olusturulan sonrasinda
Frank Hawkins tarafindan  gelistirilen  bir
performans modelidir [4]. SHELL modeli, bir isin
yapilmasinda insanin (Liveware) iletisim halinde
oldugu Yazilim, Donanim, Cevre ve Diger
Insanlarla  olan iliskisini modelleyen  bir
yaklagimdir. Bir igin yapilmasinda, isi etkileyen
cevre, techizat, donamim ve diger insanlar gibi tiim
unsurlarin etkilerin bilinmesini gerektirir. Ucgus
faaliyetlerinin merkezinde insan (duruma gore,
pilot, kabin memuru, harekat memuru, dispeg, ATC,
vb) bulunmaktadir.

Insan 6ncelikle gorev yaptigi ortami, gevreyi, bu
ortam i¢inde yer alan meteorolik durumu ve arazi
yapisint bilmelidir. Sonrasinda kullandigi techizat
ve donanimin (hardware) kullanimini konusunda
yetkin olmalidir, ayn1 zamanda gorevin yerine
getirilmesi i¢in olusturulmus her tirlii dokiiman ve
yazilima erigebilir olmali ve son olarak goérevi igin
iletisimde oldugu diger insanlarla iyi bir iliski

OFTWARE
YAZILIM
ARDWARE IVEWARE IVEWARE
DONANIM INSAN INSAN
NVIRONMENT
CEVRE
Sekil 1. SHELL Modeli
Siniflandirma  Sistemi) terimlerinin  kullanilabilecegi

diisiiniilmektedir.

kurmalidir. Sonug olarak bir havaci gorevini
yapmast i¢in faydalandigi tim ana EKY
kaynaklarmi etkili bir sekilde kullanabilmelidir
[17].

1.4.2. Isvigre Peyniri (Swiss Cheese) Modeli

Insan faktérii hakkinda gelistirilmis olan SHELL
modelinin yaninda James Reason tarafindan
olusturulmus  Isvicre  Peynir  Modeli  de
bulunmaktadir. Swiss Cheese- Isvigre Peyniri
modeline gore insandan kaynaklanan hatalarm
gesitli konularda (SOP’ye uyum, Bakim, Kabin,
Hava Durumu, Arazi Yapisi, Yonetici Hatalari,
Hava Trafik, vb.) aym diizlemde olmasi sonucunda
kazalar yasanmaktadir. Diger bir ifadeyle, aynen bir
Isvicre  peynirinde  oldugu  gibi  ucus
operasyonlarmin yerine getirilmesinde ¢esitli
konularda delikler, yani agiklar bulunmaktadir. Bu
deliklere insanlar tarafindan yapilan hatalar ya da
aksakliklar da denebilir. Buradaki deliklerin
kapatilmas1  gereklidir, bu da ancak insan
performansinin  optimum seviyede olmasiyla
miimkiindir. Bu  deliklerin  kapatilmamasi
durumunda ugus opearasyonlarinda kaza ya da olay
ile karsilasilir. Yukarida anlatildigr gibi SHELL
modelinde yer alan kaynaklarin etkin kullanimu ile
s06z konusu deliklerin kapatilmasi miimkiin olacak
ve Ozellikle insan kaynakli kaza kirimlarm Oniine
gegilebilecektir.

Sekil 2. isvicre Peyniri Modeli [4]

1.4.3. HFACS Modeli

Insan Performansini dlgmede kullanilan ve bu
arastirmanin miilakat sorularinin olusturulmasinda
kullanilan diger bir model de HFACS modelidir.
HFACS modeli, meydana gelen kaza ve olaylarin
bir hata zinciri i¢inde sistematik olarak insan
faktorii acisindan incelemektedir. Ucus emniyeti
kiiltiirii icinde yonetimsel ve bireysel olarak kimin
ya da hangi unsurun hata zinciri i¢inde ne kadar rolii
oldugu arastiran, bir kaza sirasinda bilinen ve
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gizlenmis hata kaynaklarmi belirleyen bir modeldir
[30].

ABD’li tip doktorlar1 Dr. Scott Shappell ve Dr.
Doug Wiegmann tarafindan gelistirilmis olan
HFACS modelinde, Insan Faktérlerinin Analiz ve
Smiflandirmas1 ile, 4 seviyede 19 kategoride,
kazalarin ana sebeplerini bulmak i¢in bir tanimlama
yapilmustir [31], burada belirlenen seviyeler;

Organizasyonel etkenler,
Emniyetsiz yonetim,
Emniyetsiz durumlar,
Emniyetsiz durumlari
hareketlerdir.

HFACS Modeli ile one siiriilen dort seviyeden ilk
ikisi kurumun yonetimiyle ilgilenirken, diger ikisi
birey ile ilglilenir. Diger bir ifadeyle HFACS’te
bahsedilen dort seviye ile kurumun ve sahsin
yapmis oldugu hatalarin ugus operasyonunu yerine
getiren insanin performanst {izerindeki etkileri
Olgmeye calisilir.

hazirlayan

Kurumla ilgili ilk seviye Organizasyonel
Etkenlerdir. Bu seviyede, iist diizey (yOnetim

kurulu seviyesi) sirket yoneticilerinin kaynak
yonetimini dogru yapmasi, calisanlar arasinda
uyum saglamaya yonelik bir calisma iklimi
olusturmasi ve bu iklim i¢ginde optimum diizeyde
organizasyonun isletilmesi sirket icinde calisan
kisilerin performansin1 arttiracak bir ortam
olusturacagi ongorillmiistiir [32]. Bu seviye kisaca
kurumun yonetim kurulu seviyesindeki sorunlari
hedef alir. Ornek olarak tarifesiz uguslar yapan bir
sirketin politika degisikligi yaparak tarifeli uguslari
benimsemesi ve bunun soncunda  siireci
yonetemeyerek kaza kirimlara sebep olmasi ve
sonucta da iflas etmesi verilebilir.

Bu modele gore ikinci seviye Emniyetsiz
Denetimdir. Sirketteki genellikle orta seviye
yoneticilerinin yanlis usuller belirlemesi ve bunlarin
da calisanlarin  performansimni  diigiirmesinin
degerlendirilmesi burada karsimiza g¢ikmaktadir
[32]. Yonetimde meydana gelen yetersizlikler,
yanlis planlamalar, genel olarak yapilan hatalarin ya
da aksakliklarmn farkina

ORGANIZASYONEL

Kaynak Yonetimi

Kurumsal iklim

Kurumsal Isleyis

EMNIYETSIiZ DENETIM

Yetersiz Denetleme Uygunsuz Planlama

Bilinen Sorunlari
Diizeltememe

Denetimsel
ihlaller

EMNIYETSIZ DURUMLARI
HAZIRLAYAN ON KOSULLAR

Olumsuz Olumsuz
Zihinsel Stres Psikolojik Durum

Fiziksel ve
Zihinsel Kisitlar

Ekip Kaynak

. Kisisel Hazirlik
Y Onetimi

EMNIYETSIZ DURUMLAR

Karar Verme

Yetenek
Hatalar Temelli Hatalar

Algisal
Hatalar

][ Rutin Thlaller ] [ Istisnai Thlaller ]

Sekil 3: HFACS Modeli [15]
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varllamamasi, yonetimin isletme korliigii, asirt kar
yapma hirs1 ve insan performansini diisiiriicii temel
idare kurallarmi ihlal etmesi bu seviyede ele alinir.
Ornek olarak bu seviyede yapilan ise alimlarda
yetkin olmayan pilotlarin ise alinmasi ve bu
pilotlarin sebep olduklar1 kazalarin meydana
gelmesi diisliniilebilir.

Modelin Ugiincii seviyesinde bireysel olarak
meydana  getirilen  Emniyetsiz ~ Durumlari
Hazirlayan On Kosullar yer almaktadir. Teknik
yetkinliklerden ¢ok teknik olmayan yetkinlikler bu
seviyede degerlendirilir. Ornek olarak; zihinsel ve
fiziksel olarak hazirlikli olmadan ugusa giden,
psikolojik yeterlilikte olmayan, kendini asir1 yorgun
(fatigue) olarak hisseden, EKY konusunda sikinti
yasayan ve genel olarak kisisel yeterliliginde sorun
olan bir ugucunun sebep olacaklari kazalar genelde
bu seviyede degerlendirilir.

Modelin Dériidiincii ve son seviyesi ise kisisel
seviyedeki Ugus Emniyetsizligi seviyesidir. Burada
operasyon sirasinda yapilan hatalarin, bireysel
seviyede yetenek eksikliginden (6rnegin ugak
otomasyonunu yonetmede, manuel ugusta yasanilan
yetersizlikler), algilama sorunlarindan, ve Kkarar
hatalarindan kaynaklandigi belirlenmistir. Modelde
bireysel seviyede yapilan hatalarin yaninda bilerek
ya da bilmeden yapilan ihlallerinin de ugus
operasyonlar1 sirasimnda asla kabul edilemeyecegi,
emniyetsizlik yaratacagi sonunda kaza kirim
olaylarin en 6nemli kaynag: oldugu anlatilmaktadir
[27].

1.5. Hava Yolu Sirketlerinde
Performanslarimin Degerlendirmesi

Pilotlarin

Hava  yolu  sirketlerinde  pilotlarin
performanslarinin degerlendirilmesi ve
performanslaria iligkin geri besleme saglanmasi
ucus operasyonlarinin  emniyetli bir sekilde
yiiriitiilmesi bakimindan ¢ok 6nemli bir faaliyettir.
Genel olarak bu degerlendirme kisisel ve kurumsal
olarak yerine getirilmektedir. Kisisel olarak birey
ucusa hazir degilse gitmemelidir [33] anlayisi
benimsenmis olup, ayrica ugusla ilgili bir
performans eksikligi yasandiysa bunun yine
bireysel olarak rapor edilmesi gerekmektedir.

Kurumsal olarak ise, Oncelikle ugus
sonrasinda pilotlar bazinda degerlendirme formlari

doldurma, ugus emniyetini tehlikeye atan
performans durumlarina iliskin ugus emniyet
raporlar1 yazma, ucak FDM (Flight Data

Monitoring) bilgilerinde yer alan olagan dis1
olaylara kars1 geri bildirim talebinde bulunma gibi
faaliyetler yer almaktadir [34].

Bunlarin  yaminda  pilotlarm  yetkinlik
derecelerini 6lgmek icin SHGM (Sivil Havacilik
Genel Miidiirliigii) tarafindan istenen ve hava yolu
sirketleri tarafindan yillik ve 6 aylik olarak
uygulanan “yeterlilik testleri” yapilmaktadir. Son
olarak  pilotlarm  saghk  performanslarinin
degerlendirildigi ve yillik olarak yapilan saglik
muayeneleri yine SHGM tarafindan takip edilmekte
ve pilotlarin saglik ve yetkinlik perfromanslarinin
degerlendirilmesi yapilmaktadir [33]. Pilotlarin
lisanslarinin tazelenmesi ve performans
degerlendirilmelerinin yapilmasi bu iki yontemle
yerine getirilmektedir.

2.  YONTEM

2.1. Arastirma Modeli

Arastirmanin amaci, hava yolu sirketlerinde
calisan ugucularin performanslarini arttirabilmeleri
icin  kurumsal ve Dbireysel temelde “pilot
performansini iyilestirmeye yonelik oOnerilerde”
bulunabilmektir. Bu amaca uyumlu olacak sekilde
belirlenen arastirma sorusu ise “hava yolu
isletmelerinde pilotlarin performansini arttirmak
icin nasil bir performans modeli olusturulmalidir”
seklindedir. Bu amacin elde edilmesi ve pilot
performansinin en iist diizeye ¢ikarilmasi bir pilot
olarak kanimizca en 6nemli noktadir. Hava yolu
isletmesi (Airline Management) dalinda yapilan
arastirmalarin teoride ve pratikte yegane amacinin
ucus emniyetine hizmet etmek oldugu ve “pilot
performansinin” en iist diizeye getirilmesiyle ucus
emniyetinin saglanmasina derin bir bir katkida
bulunulacagina inanilmaktadir. Bundan dolay1, s6z
konusu aragtirma sorusuna bulanacak cevap ile ugus
operasyonlarinda insan performansinin arttirilmasi
ve ugak kaza ve olaylarindaki insan faktorii oraninin
azaltilmas1 hedeflenmektedir.

Nitel olarak ele alinan bu arastirma, yapildig
mekana gore bir saha aragtirmasini, amacina gore
tamimlayict olmayi, zamana gore ileriye yonelik bir
model Onerisini ya da yol haritast belirlemeyi ve
veri toplama yontemi olarak da yart yapilandirilmig
miilakatlar ile veri toplamay1 benimsemistir. Elde
edilen verilerin betimsel analiz yontemiyle analiz
edilerek temalarma gore smiflandirilmasina ve
sonrasinda yorumlanmasina ¢aligilmustir.
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Bilindigi gibi “Nitel arastirmalar” genel olarak
soyut kaynaklidir, nicel arastirmalar gibi dogrudan
sayisal verilerle ugrasmaz, hatta sozel verileri
sayisallastirmaya calisir. Ciinkii nitel arastirmalar
yapilan nitel aragtirma teknigine bagli olarak
kisilerin ifadelerini ya da yapilan gozlemleri esas
veri kayna@i olarak ele almaktadir [35]. Nitel
aragtirma, gozlem, miilakat, arsiv tarama ve analizi
yapilarak nitel veri toplama yOntemlerinin
kullamldigi ve olaylarin dogal ortamlarinda
incelenerek yapildigi bir arastirma tiiriidiir [36].

Yar1 yapilandirilmis  miilakatlar  bireysel
goriisme yoluyla yapilan ve nitel aragtirmalarda
coklukla kullanilan veri toplama araglarindandir.
Yari yapilandirilmig miilakatlarla, gériisme yapilan
kisiye bir arastirma konusu hakkinda ayrmtili
sorular sorarak konu hakkinda kapsamli bilgi ve
veriler toplanir [37].

Arastirma siiresince izlenen bilimsel veri
toplama ve analiz etigine sadik kalinmasi
konusunda bir taviz verilmemistir. Bu kapsamda
yapilan miilakatlar sirasinda, agik uclu bireysel
goriisme sorularini yoneltmeden 6nce yapilacak
aragtirma hakkinda katilimcilara bilgi verilmis ve
toplanan verilerin bagimsizligint saglamak igin
kaptanlarmn kendi aralarinda iletisim kurmalarina
imkan taninmanmustir. Sonrasinda ise nitel veri
kapsaminda olan yar1 yapilandirilmis miilakatlar ile
elde edilen veriler 6ncelikle Microsoft Office Word
programina aktarilmis, takiben elde edilen verilerin
sayisallastirilmast ve sorularda alman cevaplarin
rakamsal olarak ifade edilebilmesi i¢in Microsoft
Excel program kullanilmustir.

Veri analizi boliimii, nitel arastirmalarda en

¢ok  zorluk c¢ekilen  boliimiidiir.  Nitel
arastirmalarda,  verilerin  analiz  asamasi,
yaraticilik ve elastikiyet gerektirir. Nitel

arastirmada veri analizi, analiz i¢in verilerin
hazirlanmasini ve kodlanmasini ve sadelestirerek
tema haline getirilmesini elde edilen sonuglarin
anlasilabilir bir sekilde grafikler, sekiller, tablolar
ve/veya bir tartigma halinde anlatilmasini
icerir[38].

Nitel verilerin analizi i¢in alan yazinda ii¢ temel
kavram  vurgulanmaktadir. Bu  kavramlar
betimleme, analiz ve yorumlamadir. Betimlemede,
arastrmada  toplanan  verilerin, arastirma
problemine iligskin olarak neleri ortaya ¢ikardigina
bakilir. Gozlenen bir ortamda nelerin olup bittigi,
goriisiilen bireylerin neleri soyledikleri, calisilan

dokiimanlarin hangi bilgileri ortaya koydugu
betimlemeye uygun sorulardir. Analizde ise veri
setinde dogrudan goriilmeyen, kavramsal kodlama
ve smiflama yoluyla temalarm ve temalar
arasindaki anlamli iligkilerin ortaya cikarilmasi,
analiz siirecinin temel iglevidir. Analizde kisaca
“neden” ve “nasil” sorularma yamt aranir.
Yorumlamada “Bu sdylenen veya gozlenen neyi
ifade etmektedir?”” sorusunun yanit1 aranir [39].

Bu aragtirmanin nitel aragtirma yontemlerinden
olan yar1 yapilandirilmig miilakat ile elde edilen
nitel verilerin ¢dziimlenmesinde temalara gore
ayirim saglanmasi ve verilerin kodlanabilmesi igin
betimsel analizi yontemi kullanilmistir. Betimsel
analizde arastirma igin toplanan veriler temalara
gore siniflandirilir ve yorumlanir. Goriismelerde,
belirtilen ifadelerin daha garpici ve dikkat gekici
olmasi amaciyla dogrudan alintilara yer verilir.
Betimsel analizde amag, verilerin sistematik ve
agikga  betimlenmesidir, diger bir deyisle
aktarilmasidir. Sonra bu betimlemeler agiklanir ve
yorumlanir. Daha sonra ise sebep-sonug iligkileri
incelenir ve bulgulara ulasilir. Ortaya ¢ikan temalar
iliskilendirilir, yorumlanir ve de sonrasi igin
onerilerde bulunulur.

Bu arastirmada elde edilen veriler sirasiyla

yazili  forma  dOniistirme, kodlamalarin
olusturulmasi, temalarin bulunmasi,
kodlamalarim  karsilastirilmast  ve  verilen

cevaplara gore elde edilen giivenirligi, bulgularin
elde edilmesi ile analiz edilmistir.

Calismanin baslangicinda derin bir literatiir
taramasi yapilarak, havacilikta insan performansi
ile ilgili temel bilgiler verilmeye calisilmistir.
Calismanin devaminda ise veri yoplamak amaciyla
HFACS modeline uygun olacak sekilde 4 adet “yar1
yapilandirilmig  miilakat” sorusu hazirlanmistir.
Konusunda uzman ve tecriibeli 25 kaptan pilot ile
miilakat calismasi yapilmig, bu goriismelerin
sonuglarindan elde edilen bulgular, literatiir
taramasi sonucunda saptanan bilgilerle
sentezlenerek bir Oneri seti olusturulmustur.
Miilakat sorular1 agik uglu olarak hazirlanmus,
miilakata katilan kaptanlarin fikirleri herhangi bir
sinirlama yapilmadan alinmaya c¢alisilmis ve bu
seklide bulgulara ulasilmstir.

Aragtirmanin gecerliliini saglamak amaciyla
Creswell’in [40] isaret ettigi gibi aragtirmanin
geneli igin cesitleme stratejisi ve bir kisminda da
iye kontrolii stratejisi uygulanmustir. Bununla ilgili
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olarak miilakatta yer alan kaptanlarin farkl ucak
tipinde ve sirketlerde ugmus olmalarma 06zen
gosterilmigtir. Cresswell’in [40] de Onerdigi {izere
aragtirmacilarin sahip olduklar1 kiiltiirel 6zellikleri
ile havacilik ve egitimcilik deneyimleri problem
seciminden  problemin  ¢0ziim  yOntemine,
caligmanin bilimselligine, arastirmacinin nasil veri
topladigina, olaylar1 nasil yorumladigina, arastirma
stiresince neyi bekleyip neyi elde etmeyi umduguna
kadar ¢alismanin biitiin yonlerinin
sekillendirilmesinde etkili olmaktadir. Bundan
dolayi, aragtirmada yazarin da havacilik diinyasi
icinde olmasi, yiiriitilen c¢aligmanin  tim
asamalarinda aragtirmanin iginde yer almasina,
aragtirma sirasinda katilimecilarda meslek jargonu,
iletisim ve anlagilabilirlik konularinda bir sorun
yasanmamasina ve konunun anlasilabilirligine
imkan vermistir.

Calismanin giivenirligi i¢in Patton’in arastirma
onerilerine [41] dikkat edilmeye ¢aligilmustir. Bu
kapsamda oncelikle veri toplama ve analizinde
uygulanan  teknikler titizlikle  uygulanmus,
sonrasinda nitel yontemle aragtirmanin yer aldigi
ucus operasyonlarmimn dogast sorgulanmig, ve
bunun sonrasinda hem dogrulama hem de Oneri
olusturma amagli bir timevarimsal bir yaklasimda
bulunulmustur.

Son olarak da arastirmaya yon veren miilakat
katilimcilarmin  ve arastirmacinin egitim, ugus
deneyim (her bir katilimecinin ve yazarin 10000 saat
iizeri ucus ve egitimcilik tecriibesi olmast), gegmis
performans, statii ve gorevlerini ifade edebilme
yonlerinden yeterli seviyede olmalar1 arastirmanin
saglikli bir sekilde tamamlanmasina yardimeci
olmustur. Arastirmada temelinde yer alan bu
ozellikler insan faktorii konusunun daha somut ve
gercekei bir sekilde ele alinmasiyla sonuglanmistir.
Bu gergeklerden dolayr arastirmanin havacilik
literatiiriiniin “ugus emniyeti ve pilot performansi”
konusuna Ozgiin bir katki sagladigt
degerlendirilmektedir.

2.2. Arastirma Verilerinin Toplanmasi

Calismanin veri toplanmasi boliimiinde, HFACS
dinamikleri kullanilarak Ugucu Performansini
degerlendirmeye ve bu degerlendirme sonucunda
yapilmasi gerekenleri belirlemeye yonelik bir yar1
yapilandirilmis  miilakat ¢aligmas1  yapilmustir.
Miilakat sorular1, konusunda uzman ve tecriibeli, 40
yas iizerinde, asgari 10000 saat askeri ve sivil ugus

tecriibesi olan ve halihazirda Airbus, Boeing ve
Ozel Jetlerde (Business Jet) aktif olarak ugmaya
devam eden bay ve bayan kaptan pilotlara
sorulmustur. Miilakat sorularmmin sadece Kaptan
Pilotlara sorulmasmin sebebi, kaptanlarin 1L
Pilotlara gore daha tecriibeli olmalari, ugakta karar
vermede ve ugus operasyonunun yonetilmesinde en
yiiksek konumda olmalaridir.

Bu milakatlarda Bas ve Akturan’in [42]
belirtmis oldugu igerik, yapisal ve etkilesimsel
ozellikler baglaminda sdylem analizi teknigi
uygulanmistir. Buna gore, oOncelikle HFACS
analizinde yer alan ana maddelere uygun bir sekilde
konu igerikleri siniflandirilarak toplam dort adet
agtk  uclu  milakat sorusu  hazirlanmistir.
Sonrasinda, ugucu performansinin iyilestirilmesi
icin yonetimsel ve bireysel seviyelerde yapilmasi
gerekenlerle ilgili veriler, hazirlanan bu anket
sorulariin kaptan pilotlarla yar1 yapilandirilmisg
miilakatlar yolu sorulmasi ile toplanmustir.

Miilakatin ilk sorusu “Pilot Performansin
Arttirmayla ilgili olarak Yoneticiler tarafindan
kurumsal islerligin daha iyi saglanabilmesi igin
neler yapumalidir?” sorusudur.  Bu soru ile
HFACS’in ilk basamaginda yer alan Kaynak
Yoénetimi, Kurumsal iklim ve Kurumun Islerligi
hakkinda kaptan pilotlarin goriis ve Onerileri
alinmistir.

Miilakatin ikinci sorusu: “Yonetimin pilot
performansini  etkileyen gézlem ve denetim
faaliyetleri nasil olmalidir?” seklindedir. Bu soru
ile kaptanlarin kendi tecriibelerine gore Ucus
Isletme Yonetimindeki Denetleme, Ucus Planlama,
Meydana gelen hatalar1 diizeltmeye yonelik 6nlem
alma ve adalet kiiltiirii konular1 hakkindaki 6nerileri
Ogrenilmistir.

Ucglincii  olarak, bireysel seviyede bir soru
sorulmustur. Bu soruda HFACS’in “preconditions
for unsafe acts- emniyetsiz davranislar igin
Onkosullar” basamagina uygun olarak “Pilotun
bireysel ucus performansin arttirmast i¢in dikkat
etmesi  gereken konular nelerdir?”  sorusu
sorulmustur. Bu soru ile wugusta pilotlarin
performans gelistirmeye yonelik olarak bireysel
seviyede yapmalar1 gerekenlerin neler oldugu
hakkinda kaptanlarin diigiinceleri alinmuistir.

Son soru ise “Ugus emniyetsizligine yol acan
onemli faktérler nelerdir?” sorusudur. Bu soru ile
kaptanlardan ugus emniyetsizligine yol acan
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faktorlerin neler oldugu ve bunlardan hangilerinin
daha 6nemli oldugu hakkindaki goriis ve Gnerileri
almmugtir.

Miilakat sonrasinda elde edilen veriler betimsel
analiz ile temalarma goére kodlanarak yorumlanmus,
ankete katilim saglayanlarin verdikleri cevaplar
temalarina gore simiflandirilmig ve kurumsal ve
bireysel diizeyde insan performansinin arttirilmasi
icin “Bulgular” béliimiinde yer alan yapilmasi
gerekenler listesi hazirlanmistir. Bu liste
hazirlanirken Alan Bryman’in [43] belirttigi
betimsel analiz ile temalarina ayirma ve kodlama
yontemleri esas alinmugtir.

3. Bulgular

Ucucu performansini daha iyi bir duruma
getirmek ig¢in  Organizasyonel ve Bireysel
seviyelerde elde edilen bulgular dort ana baslik
halinde toplanmistir. Bu ana basliklar ayn1 zamanda
HFACS analizinin ana bagliklaridir.

3.1. Insan Performansim Arttirmada
Yoneticiler Tarafindan Yapilmasi1 Gerekenler:

Miilakata katilan kaptan pilotlar, ucgucu
performansini  dogrudan  belirleyen  yOnetim
becerilerinin  siirekli olarak optimize edilmesi
gerektigini belirtmislerdir. Bu optimizasyon i¢inde
kurumsal iklim, kurumun genel islerligi ve kaynak
yonetimi arasinda bir denge kurulmasi gerektigini
ifade etmislerdir. Bu ana baslik kapsaminda elde
edilen bulgular asagidaki maddelerde belirtilmistir:

Tablo 1. 1. Miilakat Sorusu Cevaplari

CEVAP ORAN
Kurumsal iklimin Iyilestirilmesi %45
Kaynaklarm Uygun Kullanim %25
Kurum Islerliginin lyilestirilmesi ~ %20
Diger %10

Tablo 1°den de anlasildig1 gibi ana beklenti
kurumsal iklimin iyilestirilmesi, sonrasinda kurum
kaynaklarinin uygun kullanimi ve kurumsal
islerligin iyilestirilmesidir. Buna gore;

e Oncelikle bir organizasyonda iyi bir “kurumsal
iklim” elde edilirse hem yoOnetim hem de
calisanlar daha ¢ok motive olacaklardir. Bununla
beraber;

o Kurumsal iklimin iyi olmasiyla
organizasyonel diizeyde hakkaniyet ve
adalet saglanir, insanlarin aidiyet duygular1

pekistirilir, bir organizasyonda daha verimli
bir ortam kurulmasi saglanir,

o Islerin ¢oziim odakli bir sekilde yerine
getirilmesine imkan taninir,

o En Onemlisi c¢alisanlarmm motivasyonlari
artar, bu durum sirketin herhangi bir
sebepten  Gtiirii darbogaza  distiigi
durumlarda bile ¢aliganlarin sevkle islerini
yapmalarina olanak saglar,

o Hosgorii ve huzur ortamui saglanir,

o Sirketin her durumdaki isleyisi hakkinda bir
sorun yasanmaz ve sonucta ise insanlarin
“genel ugucu performansi” artar.

e Bir organizasyonda kaynak yonetimi ve genel
islerlik de Onemlidir, ancak bu iki unsur
kurumsal iklimin iyi bir sekilde tesis edilmesine
imkan tanir. Kurumsal kaynak yonetiminin etkili
bir sekilde tesis edilmesiyle;

o Zaman ve insan gicli kullanimi
bakimindan verimlilik saglanir,

o Kurumun tiim sistemleri daha iyi isler,

o Ugucular tarafindan kabul goren ve
uygulanabilir prosediirlerin olusturulmasi
saglanir ve sonugta bu durum da ugucu
performansini arttirir.

3.2. Organizasyonel Denetleme Faaliyetlerinin
Ucucu Performansim Arttiracak  Sekilde
Yapilmasi

Oncelikle miilakata katilan tiim pilotlar
ucucu performansinin arttirilmasi igin sirket igi
denetlemenin ¢ok Onemli oldugunu ifade
etmiglerdir. Bir sirkette, organizasyonda yapilacak
her tirlii denetleme faaliyetinde Oncelikle adil
olunmas1 gerektigi belirtilmistir. Buna gore elde
edilen bulgular su sekilde siralanmaktadir:

Tablo 2. 2. Miilakat Sorusu Cevaplari

CEVAP ORAN
Adaletli Davranma %50
Denetlemelerin Kurumsal Olmasi %25
Hatalardan Giderilmesi %15
Geri Beslemeye Dikkat Edilmesi %10
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Tablo 2’ye gore bir kurumda en énemli konu
Adalet’tir. Daha sonra ise kurumsal bir denetleme
diizeni, hatalarin giderilmesi ve geri besleme
gelmektedir. Ozetle;

e Sirketin tim uygulamalarinda adalet olmazsa

insan  kaynaklar1  yeterli bir  gekilde
kullamlamaz, ugucu performansi arttirilamaz.
Ayrica;

o Adaletin olmadigi, adam kayirmaciligin,
torpilin, hak edenin hak ettigini
alamamasimin ¢aliganlar nezdinde bir
acgiklamasi olamaz,

o Adil bir sekilde kurulacak ceza ve

miikafat sistemi de  ucucularin
motivasyonlarini arttirir.
e Denetleme faaliyetlerinde  kisiye  gore,

kurumsalliktan uzak bir anlayis benimsenirse
calisanlarmm motivasyonu diiser, yanlis ugus
planlamalar1 yapilir.

e Yapilan Denetlemeler sonrasinda sirketin
isleyisi ile ilgili hatalar bulunup diizeltilmezse
bunun da ugucu performansina etkisi olumsuz
olur. Cilinkii bir yoOnetim zincirin en zayif
halkasi kadar giicliidiir.

e Denetlemelerde ozellikle, ugucular tarafindan
bildirilen aksakliklar dikkate alinmalidir. Bu
tiir yaklasim sirket i¢i gelismeyi ve ¢alisanlarin
motivasyonlarmi da arttirir.

3.3. Kisinin Bireysel Ucus Performansim

Arttirilmasi

Miilakatta yer alan pilotlarin hemen hepsi
bireysel performansin arttirilmasi i¢in kisinin,
bilgiden taviz vermeden zihnen, bedenen hazir ve
psikolojik olarak ucusa yeterli olmasi gerektigini
ifade etmislerdir.

Tablo 3. 3. Miilakat Sorusu Cevaplari

CEVAP ORAN
Bilgili Olmak %35
Zihinsel Olarak Hazir Olmak %25
Bedensel Olarak Hazir Olmak %25
EKY’nin Etkin Kullanim %15

Ucusa giderken bir pilot bilgi seviyesinde en {ist
seviyede tutmali, zihinsel ve bedensel hazirligina
onem vermeli ve EKY becerilerini etkin bir sekilde
kullanabilmelidir. Bu kapsamda;

e Bir wugucunun wucusa giderken gidecegi
havalimanit hakkindaki, algalma, yaklagma,
hava durumu, arazi yapisi ve diger konular
hakkindaki bilgisinin tam olmasi
gerekmektedir.

e Zihinsel ve psikolojik olarak her zaman ugusa
hazir olarak gelinmelidir, zihinsel olarak hazir
olunmayan durumlarda ugulmamalidir.

e Bedensel hazirlik da énemlidir, bedenen hazir
olunmadigt durumlarda zihnen de hazir
olunamaz, ucucu performansi diiser, bunun
icin saglikli beslenme, spor, uyku ve iyi bir
dinlenmenin sarttir.

e Ucus boyunca EKY becerilerini eksiksiz bir
sekilde uygulama ihtiyact bulunmaktadir.
EKY’nin kisinin tiim teknik ve teknik olmayan
yeteneklerini kullandiran bir yardimci olarak
diisliniilmeli ve insan performansini arttirmada
bir ¢at1 vazifesi gordiigii bilinmelidir.

3.4. Emniyetsiz Durumlarla  Miicadele
Edilmesi:

Miilakata  katilan  pilotlar  arasinda,
ucucularmm  diisiik  performans  sergiledikleri

durumlarda, karar hatalari, yetenek hatalar1 ve
algilama hatalar1 ile ihlaller yaptiklar1 hakkinda bir
fikir birligi olusmustur. Ancak miilakata katilan
pilotlar oOzellikle yanlis karar vermekten ve

ihlallerden kaynaklanan emniyetsiz  durumlar
ilizerine daha fazla durmuslardir.
Tablo 4. 4. Miilakat Sorusu Cevaplari
CEVAP ORAN
Thlaller %45
Karar Hatalar1 %30
Yetenek Hatalar1 %15
Diger Hatalar %10

Emniyetsiz durumlarla miicadele etmede
pilot performansini etkilyen en 6nemli noktalarin
ihlaller, karar hatalar1 ve yetenek hatalar1 oldugu
goriilmektedir. Bununla birlikte:

e Ozellikle karar vermekten kaynaklanan
hatalarin ve ihlallerin telafisi olmayan
sonuglara sebep olacagi, Yanlis verilen bir
karar sonrasinda yasanan bir durumdan
dogru olarak verilen bir karar ile ugus
emniyetsizligi olusturmadan geri doniis
yapilabilecegi,
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e Kural Ihlallerinin ¢ok énemli oldugu ciinkii
ihlalin sonucunda biyiik bir ihtimalle bir
ucus olayt ya da kazast ile
karsilasilabilecegi, ihlallerin ugus
emniyetinde yer alan son savunma hatti
olan ugus minimumlarinin delinecegi
anlamina geldigi,

e Ayrica ¢oklu kokpit ortaminda ihlal
disindaki hatalarin yonetilebilecegi, ihlalin
yonetilmesinin zor oldugu, ancak ihlal
oldugu an miidahale edilmesi gerektigi,
bunda ise Ozellikle tecriibesiz pilotlarin
miidahalede ge¢ kalabilecekleri ya da
cekinebilecekleri,

e Bu iki O6nemli faktér yaninda, ugucu
yeteneginin de Onemli oldugu, yanls
algilamadan kaynaklanan hatalarin da ugus
emniyetsizligine sebep olabilecegi ifade
edilmistir.

4. TARTISMA

Bu c¢alismada elde edilen bulgular
dogrultusunda yapilan tartismanin ana konusu
“pilot performansini iyilestirmeye yonelik” bir
Oneri seti olusturmaktir. Hazirlanan modelin
havayolu isletmelerinde uygulanabilir, sirket
dokiimanlarina ithal edilebilir ve calisanlar
tarafindan kabul edilebilir olmasi hedeflenmistir.
Bu hedefe uygun bir sekilde, olarak yar1
yapilandirilmis  miilakata katilan kaptanlarin
gorlisleri temel hareket noktast olmak {izere,
literatiirde insan performansina yonelik ¢aligmalar,
SHELL, isvigre Peynir Modeli ve HFACS analizleri
esas alinarak hazirlanan 6neri setinin icerigi asagida
yer aldig1 gibidir:

o  Ucus faaliyetlerini yonetenler,
organizasyonlarinda iyi bir “kurumsal
iklim” olusturmalidiriar.

Kisilerin performanslari, kurumlarina

giivenmeleriyle, hakkaniyet ve adalet duygularinin
beslenmesiyle artar. Bir pilot sirketine giivendigi
zaman kendisini giivende hisseder ve motive olur.
Bundan dolay1 pilotlarin performanslarmi arttirmak
icin, calisanlar arasinda motivasyonu arttiracak,
adaleti tesis edecek, mevcut sorunlarin hakkaniyet
ve esitlikle c¢ozecek bir kurumsal yapi
saglanmalidir.

o Ucus faaliyetlerine iligkin her tiirlii denetim
ve gozlem agik, seffaf ve adil olmalidir.

Sirketin gelecegine yon veren yonetim ve
denetleme faaliyetleri adil olmali, liyakata gore
atama ve gorevlendirmeler yapilmali, kisiye gore
degil sisteme gore is verilmeli, denetleme
sonrasinda bulunan sorunlar kaynagi ne olursa
olsun giderilmeye c¢alisgilmalidir. Bunun yaninda
denetleme sistemi i¢inde adil bir ceza ve miikafat
mekanizmasi kurulmali, bu sekilde, ugucularin
motivasyonlar arttirilmalidir. Son olarak, ugucular
ve ugusla ilgilenen tiim ¢aliganlarin geri beslemeleri
dikkate alinmali, bu tiir davranislarla calisan
motivasyonu ve performansi arttirilmalidir.

o Pilotlar Bireysel Ucgus Performanslarim
Arttrmalidirlar:

Ucus faaliyetlerinin organizasyonel ve
bireysel yonleri oldugu unutulmamalidir. Bunun
icin bir pilotun ugusla ilgili gereken tiim bilgi ve
techizatinin tam olmasi saglanmali, kisi biligili bir
sekilde, zihnen ve bedenen hazir olarak gelmelidir.
Aym zamanda EKY becerilerini iyi bir sekilde
kullanabilmeli, ugus performansini arttiracak her
tiirli 6nlemi bireysel olarak almalidir.

Izin

o Ucusta Emniyetsiz  Durumlara

Verilmemelidir:

Ugus performansinin arttirilmasindaki ana diigiince
ucus emniyetinin  her durumda saglanmasi
olmalidir. Aym1 zamanda, ucusta karsilasilan
emniyetsiz durumlarin ugucularin perfromanslarin
da diistirdiigii bilinmelidir. Ugus sirasinda yapilacak
tehdit ve hatalar iyi bir sekilde yonetilmeli, (Tehdit
ve Hata Yonetimi-TEHY), hatalar1 ortadan
kaldiracak tedbirler alinmalidir. Hata ile ihlal
arasindaki fark iyi ayirt edilmeli, ihlallere asla izin
verilmemelidir. Hatalarda en ¢ok karar hatalarindan
uzak durulmali, bu tiir hatalar1 ortadan kaldirmaya
yonelik FORDEC (Facts, Options, Risks, Decision,
Execution, Checks) benzeri sistematik karar
mekanizmalar1 6zendirilmelidir.

Bu  bilgiler 1s1ginda ugucu performansini
iyilestirmeye yonelik tavsiye edilen “Pilot
Performansim1i ~ Gelistirmedeki Ana Konular”

asagida yer aldig1 gibidir:
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Sekil 4: Pilot Performansim Gelistirmedeki Ana Konular

5. SONUC

Bu c¢alismanin  esas amaci  pilotlarin
performansini arttirmaya yonelik olarak hazirlanan
Oneri seti ile yonetim ve bireysel seviyelerde bir
farkindalik olusturmaktir. Bu amaca ulagmak i¢in
oncelikle insan faktoriiniin ne oldugu incelenmis
daha sonra ise nitel arastirma ydntemlerinden yar1
yapilandirilmig miilakatlar yapilmstir.

Elde edilen verilerin yazarin da tecriibeli bir
kaptan ve arastirmaci olma 6zelliginin yardimiyla
yorumlanmasi sonrasinda bulgulara ulasilmustir.
Elde edilen bulgulara gére bir hava yolu sirketinde
yoneticilerin; kurumsal iklimi olumlu bir sekilde
tesis etmeleri, kurumu optimum diizeyde isletmeleri
gerektigi ogrenilmistir. Ote yandan denetleme
faaliyetlerinin adil ve esit bir gekilde sirketin
faaliyetlerini daha iyi bir hale getirmek icin
kullamlmasina  ihtiyag  duyuldugu sonucuna
ulagilmistir. Kisisel olarak da oncelikle bireysel
diizeyde iyi bir sekilde EKY dinamiklerinin
uygulanmasi ve ugusa zihnen ve bedenen hazirlikli
gelinmesinin  6nemli oldugu anlasilmistir. Son
olarak, pilotlarin ugus emniyetsizligi yaratan tehdit
ve hatalar1 iyi bir sekilde yonetmeleri ve ihlallerden
uzak durmalarmin bir zorunluluk oldugu sonucuna
ulagilmistir. En 6nemlisinin ise bu tiir 6nlemlerin
alinmasiyla kazaya sebebiyet verecek ucagi
anormal duruma sokacak hadiselerden uzak
durulacaginin anlasilmasidir.

Bulgularin degerlendirilmesi ile olusturulan
model Onerisinde yoneticilerin iyi bir kurumsal
iklim saglayarak adaletli bir yonetim sonrasinda
sirketteki ~ kaynaklarin  optimum  diizeyde

kullanilmas1 ve Kkisilerin ucgusa hazirlikli olarak
gelerek TEHY ile hatalarinin her zaman farkinda
olarak anormal u¢ak durumlarindan uzak duracak
hareket tarzlarini benimsemeleri tavsiye edilmistir.

Sonu¢ olarak, bir hava yolu isletmesinde
yonetimin kurumsal iklimi iyi bir sekilde tesis
ederek kurumsal islerligi arttirmasi ve etkin bir
kaynak yonetimi saglamasi hedeflenmelidir. Bunun
yaninda ¢alisanlarin kuruma olan giivenlerinin ve
motivasyonlarmin  arttirilmast  iginde  “adalet
kiltiirii” tesis edilmelidir. Calisanlar (ugucular) ise
ugus gorevlerine hazirlikli olarak gelmeli ve TEHY
anlayisina uygun bir sekilde uguglarimi yerine
getirmelidirler. Kurumsal ve bireysel seviyelerde
alman bu tedbirler ile ugucu personelin
performanslarimin artacagi ve insan faktoriiniin
optimum diizeyde olacagi degerlendirilmektir.
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Abstract

The use of unmanned aerial vehicles (UAVs) in military and civilian areas is increasing day by day. Increased usage
reveals risks related to accidents and crimes. Human factors are among the most important causes of accidents and crimes
in aviation. Understanding the impact of these factors on unmanned aerial vehicles (UAV) operations is vital to prevent
accidents and crimes. In this study, the literature on human factors in unmanned aerial vehicles is systematically reviewed
and classified. As a result of the classification, it is aimed to understand which subjects are deficient or inadequate. In this
way, it is tried to make recommendations for future research.
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1. Introduction

Unmanned aerial vehicles (UAV) are defined as
an aircraft class which can fly without a pilot being
on board [1]. According to ICAO (2011), unmanned
aerial vehicles are divided into two main groups as
remote and automatic [2]. The first studies on
unmanned aerial vehicles started in the military
field during the First World War. In the Second
World War, the use of unmanned aerial vehicles
increased in that field [3]. Today, unmanned aerial
vehicles are frequently used in military missions
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such as reconnaissance, attack, defense against
other UAVSs, targeting military training and
demining [4].

In addition, unmanned aerial vehicles are used in
many civilian areas. Civil areas of use include
tracking natural disasters and search and rescue
activities, monitoring agricultural areas and
agricultural spraying, photography and video
shooting from the air. In addition, unmanned aerial
vehicles are preferred for many activities such as
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cartography, environmental observation, urban
structuring, archeology, monitoring forest fires or
public areas [3], [4].

As of August 2020, the number of unmanned
aircraft registered only in the United States has
exceeded 1.600.000. Approximately 480.000 of
them are registered for commercial use and the rest
are for entertainment purposes. Until this date,
approximately 187.000 unmanned aerial pilots have
been certified in US [5]. The use of unmanned aerial
vehicles is predicted to be increasing all over the
world in the future. For example, the volume of the
world military unmanned aerial vehicle market is
expected to reach $26.8 billion in 2025 [6]. The
military and civilian unmanned aerial vehicle
market in the world reached a total of $ 9.3 billion
in 2019. This market is expected to increase by
15.5% annual compound growth rate and reach 45.8
billion dollars in 2025 [7]. Therefore, it is clear that
the use of unmanned aerial vehicles will increase in
all areas of the world in the next five years.

Intense use of unmanned aerial vehicles may
lead to increased accidents and incidents if
necessary precautions are not taken. While the
number of unmanned aircraft accidents reported to
the United States Federal Aviation Administration
(FAA) was only 50 in February 2014, this number
exceeded 200 in December 2016 [8]. The fact that
unmanned aircraft usage will increase constantly
indicates a possible rise in the number of accidents
and incidents. Human factors play an important role
among the factors that cause accidents and
incidents. In this context, a better understanding of
human factors on unmanned aerial vehicles will be
very useful in preventing accidents and incidents in
the future.

The purpose of this study is to review and
systematically classify studies on human factors in
unmanned aerial vehicles. In this way, it is aimed to
understand the missing areas in the literature and
make suggestions about future studies, which will
result in a much better understanding of human
factors in unmanned aerial vehicles.

2. Methodology

In this study, the literature published between
1945-2020 on human factors in unmanned aerial
vehicles is initially reviewed. Among the studies
found, duplicates and irrelevant studies are
eliminated. In the next step, a content analysis is

conducted to classify the studies in order to give the
literature a systematic perspective. As a result,
studies in the literature are systematically gathered
in the main and subgroups. The analysis process
used in this study is summarized in Figure 1. After
the classification, literature is discussed in order to
find out the missing areas and shed light on future
research.

. ™
* since 1945
. + in English
ng:,?gxe « all databases )
N
* duplicates
« irrelevant studies
J
N
* in-depth review
{01 lg1e | * common issues
Analysis )
N
» Main groups
0|51 » Sub-groups
on )

Figure 1. Analysis process

In the literature scanning phase, scientific
journal articles, conference papers, books and book
chapters published since 1945 have been included
in the scan in order to make the widest possible
screening. "Web of Science Core Collection”,
"KCI-Korean Journal Database"”, "Russian Science
Citation Index" and "SciELO Citation Index"
databases are covered by selecting "all databases"
option. Search was made by selecting 1945-2020 as
the scanning time interval and English as the
scanning language. A series of searches have been
carried out to find studies on human factors in
unmanned aerial vehicles. The keywords “human
factor” and “human error” are searched in
combination with keywords ‘“unmanned aerial
vehicle”, “UAV”, “ unmanned aircraft”,
“unmanned aviation system”, “unmanned aircraft
system” and “UAS” in the “title”, “author
keywords” and “abstract” fields of the studies. The
study by Zhang et. al. (2018) was used as a guide
for the selection of the keywords [9].

In the next step, all studies found are reviewed to
identify duplicates and irrelevant ones. When
duplicates and irrelevant ones are removed, the
number of studies to be examined is 69. The number
of scientific journal articles, conference papers and
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book chapters among these studies are given in
Table 1.

Table 1. Number of Studies By Type

Type Number of Studies
Scientific journal articles 40
Conference papers 27
Book chapters 2
TOTAL 69

3. Analysis and Results

After the scanning and elimination stages, a
content analysis with an in-depth review of 69
studies is carried out. In this process, some common
issues that the researchers focused on are tried to be
determined. Shapell et. al. (2007), Chang and Wang
(2010) and Wiener and Nager (2014) are used to
define the classification of the studies [10]-[12]. In
addition, the study by Zhang et. al. (2018) is taken
into account for guidance in this process [9]. As a
result of the content analysis, the studies in the
literature are gathered in 4 main groups, and then
the sub-groups that constitute each group are
established by using the same method. The names
of the main groups and the number of studies in each
group are given in Table 2.

Table 2. Main Groups of Studies

Main Groups Number of
Studies
Familiarization of Human Factors 34
UAV Design and Ergonomics 18
Crew Members 11
Operational Issues 6
TOTAL 69

Main Group 1 - Familiarization of Human
Factors

When the studies in the literature are reviewed,
it is noteworthy that a significant part of them
investigates the basic variables of human factors.
There are studies on unmanned aircraft
investigating variables such as workload, situational
awareness, decision making and cooperation, which
are also frequently studied in the field of human
factors in aviation. For this reason, studies
investigating the basic variables of human factors in
relation to unmanned aerial vehicles are included in
this main group. Then, sub-groups called
“workload”, “situational awareness”, “decision

making  and “fatique”  and
“collaboration, team harmony and coordination” are
created and studies are distributed into the relevant
subgroups.

However, some studies are exploring more than
one of these factors simultaneously. For example, a
study explores fatique, stress and vigilance at the
same time. Another one examines fatique, crew
size, and workload in the same research. Also, there
is one that investigates situational awareness and
workload. Because of this reason, such studies are
gathered in a different subgroup called “Multiple
factor research”.

Another group of studies investigates accidents
and incidents made with unmanned aerial vehicles.
Some of these studies even investigate unsafe
situations that can lead to an accident, called near-
miss situations. The general purpose of these studies
is to anatomize such events and find out the human
factors contributing to the event. Researches that
attempt to identify the human factors behind
accident, incident or near-miss events are included
in the subgroup named “Accident, incident and
near-miss investigations”.

The rapid increase in the use and number of
unmanned aircrafts encourages researchers to study
issues related to safety. The relationship between
the human factors and safety, risk or emergency in
unmanned aerial vehicles are deeply examined by
some researchers. Some of the studies in this group
address safety-related issues and man-made risks in
terms of maintenance, improper selection of aircraft
or airspace, and incorrect assessment of weather
reports. Another study suggests anti-collision
lighting and transponder systems that will increase
the visibility of unmanned aerial vehicles and keep
the safety above a certain level. Another study
provides a theoretical framework on how unmanned
aircraft systems can react quickly and safely to
emergency situations and flight anomalies. These
studies are different from ones in other groups,
because they address human factors issues directly
in terms of safety, risk or emergencies and make
suggestions on how to improve safety and reduce
risks. So, these studies are covered in a subgroup
called “Safety, risk and emergency”.

In the next subgroup, studies examining some
personal parameters of unmanned aircraft operators
are gathered. A study in this subgroup examines
pilots' changing moods and emotional states under

autonomy”’,
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different conditions during the flight operations. In
other studies heart rates, respiratory rates, inter-beat
intervals and eye tracking datas of pilots are
examined as anatomical responses of pilots’ body to
different filight situations. The subgroup containing
these studies is called “Personal variables”.

The studies in the last subgroup specifically
explore the effects of human factors during multiple
unmanned aircraft flights. Simultaneous operation
of more than one unmanned aerial vehicle may
create problems different from the individual
flights. Many factors such as workload,
cooperation, coordination and decision making may
lead to very different consequences. The researchers
who are aware of this examine those variables on
multiple unmanned aircraft operations. For
example, some studies in this subgroup investigate
what and how the operator's performance, mental
workload, and situational awareness are affected in
multiple unmanned aerial flights. Some studies
examine the operator's cognitive processes on
multiple flights, how these processes change, and
the operator's cognitive demands. So, these studies
are gathered in the subgroup called “Human factors
in multiple UAV operations”.

The studies in each subgroup are given in Table
3 with references.

Table 3. Studies on Familiarization of Human
Factors

Sub-groups Reference
Multiple factor research [13]-[16]
Workload [17]-[20]
Decision making and autonomy [21]-[23]
Situational awareness [24]
Fatique [25]
Collaboration, team harmony and [26]
coordination
Accidgnt,_incident and near-miss [27]-[31]
investigations
Safety, risk and emergency [32]-[36]
Personal variables [37]-{39]
Human factors in multiple UAV [40]-[46]

operations

Main Group 2 — UAV Design and Ergonomics

The studies in this group are exploring the
effects of human factors on unmanned aerial vehicle
design and ergonomics. They are also divided into
two subgroups. The first group of studies deal with
the effect of human factors on the design of user
interfaces and displays of unmanned aerial vehicles.
The effects of user interface and display designs and
ergonomic structures on variables such as workload,
situation awareness, and decision making are
investigated. Many of these studies are focused on
the development of optimal design or ergonomic
structures that will reduce workload, increase
situational awareness, affect the perception
positively or help operators in making the right
decision.

The studies in the second subgroup carry out a
similar design and ergonomics approach on the
control units and other systems of unmanned aerial
vehicles. The effects of design and ergonomic
structure of unmanned aircraft components such as
flight management systems, navigation systems,
avionics systems on human factors are deeply
examined in these studies.

The common purpose of the studies in this group
is to design unmanned aerial vehicles in a way that
eliminates the negative effects of human factors. As
a result of the developments in the design and
ergonomic structure, it is aimed to ensure that the
unmanned aerial vehicles are used more efficiently,
effectively and safely by the operators. The studies
in this group are given in Table 4 with their
references.

Table 4. Studies on UAV Design and Ergonomics

Sub-groups Reference
User interface and display design [47]-[55]
Control units and other systems [56]-[64]

design

Main Group 3 — Crew Members

The studies in this group deal with crew issues in
terms of human factors. They are divided into three
subgroups. Studies in the first group examine crew
behavior and behavioral responses under different
conditions and scenarios. It is aimed to create crew
behavior profiles based on human factors variables
by evaluating crew responses to different situations.
In this way, possible changes in the crew behavior
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as a result of the changing conditions may be
predicted. In addition, behavioral routes that can
lead the crew to make mistakes are investigated and
at what stage and how these mistakes can prevented
is examined.

The studies in the second subgroup view the
crew selection, performance evaluation and crew
competencies from a human factors perspective.
Some of these studies address the crew's
performance and competencies in terms of physical
competence, medical condition, and even language
proficiency. Some studies provide human factors-
oriented suggestions for performance and
competency assessments of unmanned aircraft
pilots. In addition, human factors issues to be taken
into consideration during the selection of people
who will be trained as crew members are also
examined in this sub-group.

The studies in the last subgroup focus on the
training processes of unmanned aircraft pilots. In
these studies, research is made on optimizing the
training by using motion sensor simulators and
similar devices. The aim of the studies is to
contribute to the training processes, in order to train
pilots who have positive attitudes, approach and
behaviors in terms of human factors. The studies in
this group are given in Table 5 with their references.

Table 5. Studies on Crew Members

Sub-groups Reference
Crew behaviors [65]-[67]
Selection, evaluation and competences  [68]-[72]
Training [73]-{75]

Main Group 4 — Operational Issues

Studies in this group examine the actual flight
operations and related tasks performed with
unmanned aerial vehicles in terms of human factors.
Only one study in this group suggests a system that
will automatically and continuously control the
degree to which operators comply with the flight
procedures and checklists. For this reason, the
mentioned study is taken into a different subgroup
named “procedures and checklists”.

Other studies are included in the sub-group
called "flight operations". Some of these studies are
looking for ways to improve certain tasks of
unmanned aerial vehicles such as package delivery,
search and rescue and public services in terms of

human factors. In addition, studies in this subgroup
explore topics such as calculating the optimum
number of aircraft an operator can control and
distributing task parts between operators and
systems. In addition, mathematical models are
presented to prepare operators' working schedule in
the most appropriate way to minimize the negative
effects of human factors. The studies in this group
are given in Table 6 with their references.

Table 6. Studies on Operational Issues

Sub-groups Reference
Flight operations [76]-[80]
Procedures and check lists [81]

4. Discussions and Future Research

With the introduction of unmanned aerial
vehicles in many fields and in recent years, the role
of human factors in this field is gaining importance
rapidly. Knowing the impact of human factors on
unmanned aircraft operations is becoming more and
more critical in terms of safety. In this study, a
systematic overview of the literature on the human
factor issues in unmanned aerial vehicles is
presented. The studies are classified into groups and
subgroups according to the subjects they deal with.
In this way, it is aimed to understand what kind of
work is being done, which topics are examined and
what kind of work can be done in the future. In
addition, it has been tried to determine in which
subjects the studies are insufficient and in which
subjects it will be beneficial to study more.

A clear result of the classification made in this
study is that in the relatively new field of unmanned
aerial vehicles, human factor studies are not yet
sufficient in terms of number and depth. Moreover,
it is striking that there are very few studies on
variables such as workload, decision making,
situation awareness, and fatigue, which are the main
subjects of the human factors field. Investigation of
how these variables change under different
conditions, how they affect the effectiveness,
efficiency and safety of flight operations will be
beneficial for the future of unmanned aerial
vehicles.

In addition, the complexity of missions
performed with unmanned aerial vehicles requires
multiple aircraft and crews to be involved in
operations simultaneously. This poses many new
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challenges for flight safety and the effectiveness of
the operation. Multiple unmanned aircraft
operations can create significant problems,
especially in terms of workload, situational
awareness,  cooperation,  coordination  and
compatibility. In the literature, it is seen that very
few studies only examine the variables of workload,
situational awareness and cognitive process.
However, in flight operations involving more than
one unmanned aerial vehicle, the cooperation,
coordination and harmony of aircrafts and operators
become vital. Furthermore, even the smallest
mistakes in following procedures and instructions
can have serious negative consequences in these
operations. In this regard, there are lots of issues to
be studied regarding multiple unmanned aircraft
operations.

Besides, operational issues such as creating the
calendar that will allow the crew to work most
efficiently, managing handover processes and
checking compliance with procedures and
checklists are becoming more critical in complex
tasks. Studies to address these issues in a systematic
way are almost nonexistent. Efforts to incorporate
solutions of such problems into operational
processes in a way that eliminates the negative
effects of human factors will help increase the
efficiency, effectiveness and safety of operations.

The negative effects of human factors have the
potential to emerge much more strongly when there
are errors or omissions in systems, design or
ergonomy of the aircraft. In this regard, the design
and ergonomic structure of aircraft and its related
systems should be evaluated together with the
effects of human factors. Although the studies in the
literature suggest some improvements, it is
noteworthy that there are not enough studies in
guantity and quality. Moreover, these studies appear
to be of a more general nature. However, it will be
useful to design the vehicles to be produced for
specific purposes with a similar approach. Because
unmanned aerial vehicles that will perform certain
special tasks must have some vital features for the
efficiency and safety of their operations. For
example, the design and ergonomics of unmanned
aerial vehicles should be explored in detail to
perform certain tasks, such as complex search and
rescue operations that require a long stay in the air,
or cargo delivery flights in residential areas.
However, such a study has not been found in the

literature yet and there is a serious deficiency in this
regard. Considering the tasks expected to be
performed more frequently by unmanned aircraft in
the future, studies investigating the basic design
components of the aircraft to be used in these
missions should be conducted.
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