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weights of failure types correctly is a critical part of the decision-making
process of the analysis. In this study, the Best Worst Method (BWM) was
integrated with the Neutrosophic Fuzzy Set and applied to the FMEA problem.
The aim of the study is to determine the failure types encountered in the
helicopter assembly line in the military aviation field and to offer solution
suggestions. A case study was conducted for AH-64E Apache type helicopters
for the effectiveness of the proposed method. The results show that gap and
mismatch for structural elements, molds should not be used appropriately,
unnecessary materials should be brought to the assembly line and attention
should be paid to cabling problems.
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1. Introduction

The aviation industry is distinctly differentiated from other sectors in terms of production and
manufacturing processes. Among the primary differences are high safety standards, quality
requirements, and international certification procedures. The materials used in the production of
aircraft and helicopters are typically advanced technology composites or alloys, chosen for their
lightweight and durability properties. Moreover, the tests conducted to ensure the compatibility of
each component, and the meticulously executed quality control processes set this sector apart from
others. In particular, high automation technologies and robotic systems are frequently employed in
manufacturing processes to minimize human error. However, these advanced technologies and
precision requirements lead to increased costs and extended production timelines.

Military aviation takes these challenges to an even higher level. In military aircraft and
helicopters, factors such as not only safety and durability but also operational agility, low radar cross-
section, high maneuverability, and extended mission profiles are of critical importance. This results
in the use of specialized materials, more complex design, and engineering processes. Additionally,
the production of military aviation products involves stringent confidentiality measures for national
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security reasons, and supply chain management becomes more intricate. All these factors
significantly increase the costs and complexity of military aviation projects.

In both civil and military aviation sectors, the assembly processes of aircraft and helicopters are
among the most time-consuming and costly stages of production. During assembly, each component
must be placed with micron-level precision, and thousands of cables and connections need to be
properly integrated. Even the smallest error on the assembly lines can lead to severe consequences
in terms of operational safety and performance. Therefore, assembly processes are often supported
by dual control mechanisms and require intensive human labor. Although high automation is utilized,
some critical points still require manual intervention, which adds another factor to the cost and
duration of the process. Comprehensive testing and certification procedures conducted post-
assembly are also significant factors that extend the production time. Research indicates that
between 10% and 30% of the total manufacturing cost is attributed to assembly activities [1]. Thus,
the assembly line is one of the areas where continuous improvement is most intensively applied, and
most of these improvements are carried out with a strong focus on attention to detail [2].

Failure Mode and Effects Analysis (FMEA) plays a critical role in minimizing assembly process
disruptions and improving production quality [3]. This method systematically identifies potential
failure modes and their effects on the assembly process, enabling the prioritization of risks. FMEA,
especially in the aviation sector, where complex and delicate components are integrated, allows for
the early detection of potential issues and the implementation of necessary preventive measures.
For example, issues such as incorrect component placement, connection errors, or wiring harness
problems can be identified at an early stage through analysis, and the process design can be
optimized to mitigate these risks. This analysis not only prevents costly rework or delivery delays but
also enhances flight safety and assembly efficiency. A systematic application of FMEA enables teams
to address the root causes of errors and facilitates continuous improvement in processes [4].

In recent years, the integration of fuzzy set extensions with MCDM has been frequently addressed
in literature due to their ability to effectively reflect uncertainties in decision-making processes. [5-
6]. Neutrosophic sets are one of these extensions. These sets, as extensions of Pythagorean and
intuitionistic fuzzy sets, were developed to represent the uncertainties existing in the real world.
They propose three different membership functions: truth, indeterminacy, and falsity. By doing so,
they better reflect ambiguous situations [7]. Classical fuzzy sets are based on a single membership
function in decision-making processes. These sets are used in integration with MCDM in solving
decision problems. This study will focus on one of these integrations, the neutrosophic fuzzy set Best
Worst Method (N-BWM) approach, and apply it to the FMEA problem. Thus, a significant contribution
will be made to FMEA literature. The proposed N-BWM application has been implemented in the
analysis of common defects in the assembly line of military helicopters. Unlike classical FMEA, the
weight of risk parameters is considered in this problem.

The study includes neutrosophic BWM in the second part, literature summary in the third part,
analysis of problems encountered in helicopter assembly field and FMCDM application in the fourth
part, and conclusion explanations in the last part.

2. Neutrosophic BWM
Neutrosophic sets are a general version of classical, fuzzy, and intuitive fuzzy sets, and they better
represent uncertainty, inconsistency, and real-world issues compared to classical fuzzy sets [8]. A
single-valued triangular neutrosophic number is expressed as 1 = {(n;n,n;); a~LF~6}. Here,
ny, Ny, ng represent the lower, middle, and upper values of the neutrosophic number. aj, By, 05 refer
to the truth membership, uncertainty membership, and falsity membership functions, respectively.
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The Best Worst Method (BWM), proposed by Rezaei (2015) [9], is one of the fundamental
MCDM methods [10]. BWM can produce consistent results using fewer comparison data. It allows
for consistency calculations by utilizing two vectors. In this method, integer values between 1 and 9
are used. This feature makes the BWM method more practical and easier to understand compared
to other methods [11]. To better express uncertainties, N-BWM was proposed by Yucesan and Gul
[8]. The procedural steps of this approach are as follows:

Step 1. In this step, the decision criteria to be evaluated are determined. The n number of criteria
can be represented as [c;, ¢y, C3, ... ,Cy ]

Step 2. The best and worst criteria are identified. When evaluating the criteria, the best criterion
is denoted as cg, and the worst criterion is represented as ¢y, .

Step 3. In this step, the best preference Ag = (dg;, Agy, - , Agn,) is determined with respect to all
other criteria using a neutrosophic number from Table 1.

Step 4. Similar to Step 3, the worst preference of the other criteria relative to the worst criterion
Agp = (ag1, Agy, - , Agp,) is determined using a neutrosophic number from Table 1.

Step 5. The neutrosophic evaluations made in Steps 3-4 are converted into definite values. The
conversion procedure uses Equations 1-2.

~ 1
S(n) = 5 [ny + n, + n3lx(2 + az — Bz — 65) (1)

- 1
A(n) = 5 [ny +n, + n3lx(2 + az — Ba — 07) (2)
These two terms are, respectively, scores and accuracy degrees. After this conversion, the
expert’s assessment regarding the related disruptions is transformed into a deterministic decision

platform.
Table 1. Evaluation Scale and Corresponding Neutrosophic Numbers

Saaty Scale Linguistic Term Neutrosophic Triangular Opposite of Neutrosophic Triangular Scale
Scale
1 Equally Effective {(3,1,1);0,5,0,5,0,5} {(1,1,1);0,5,0,5,0,5}
(EE)
2 EE and SE {(1,2,3);0,4,0,65,0,} {(0,33 0,5, 1);0,4, 0,65, 0,6}
Evaluation
3 Slightly Effective {(2, 3, 4);0,3, 0,75, 0,7} {(0,25 0,33, 0,5);0,3, 0,55, 0,7}
(SE)
4 SE and STE {(3, 4, 6);0,6, 0,35, 0,4} {(0,2 0,25, 0,33);0,6, 0,35, 0,4}
Evaluation
5 Strongly Effective {(4,5, 6);0,8, 0,15, 0,2} {(0,17 0,2, 0,25);0,4, 0,65, 0,6}
(STE)
6 STE and Very {(5,6,7);0,7,0,25, 0,3} {(0,33 0,5, 1);0,8, 0,15, 0,2}

Strongly Effective

(VSTE) Evaluation
7 Very Strongly {(6, 7, 8);0,9, 0,1, 0,1} {(0,14 0,17, 0,2);0,7, 0,25, 0,3}

Effective (VSTE)
8 VSTE and Absolute {(7, 8,9);0,85,0,1, 0,15} {(0,11 0,13, 0,14);0,85, 0,1, 0,15}
Effective (AE)
Evaluation
9 Absolutely Effective {(9,9,9);1,0, 0} {(0,110,11,0,11);1, 0, 0}
(AE)
Step 6. In this step, optimal criterion weights (w;,ws,, ... ,w,) are determined. The optimal

weight for criteria is the weight corresponding to each wg/w; and w;/w,, pair where wg /w; = a;,,,.

To match them for all j's, a solution should be found that minimizes the maximum absolute
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differences |% — agj| ve |% — a;y| for all j’s. Considering the non-negativity and total conditions
j w

for weights, the mathematical problem can be arranged as follows [12-15]:

. Wpg Wj
min maks{|w—j— agj ,|W—W— Ay |}

under the conditions

xwi=1

w; =0 forVvj

The problem should be transformed as follows:
Min &

<¢forVvj

w

|va—jv—ajwl <¢forVvj

2 W] =1

w; =0 forVv (3)

When solving the problem, the optimal weights (wi,ws, ... ,wy;) and &" are calculated. Then,

the consistency ratio is computed using the consistency index. In classical BWM, the evaluations
range from 1 to 9. Since the evaluations change in N-BWM, a new consistency table is required. The
Consistency Index (Cl) for each evaluation is calculated using Equation (4).

(agw — S;) (apw — E) = (apy + E)

§% — (1 + 2apy) € + (agy® —apy) =0 (4)

The maximum & value is calculated for each ag,, where ag,, €{1,2,...,9}. The calculated values
are presented in Table 2.

Table 2. Consistency Index Table for N-BWM [8]

ag,, (Neutrosophic) 1 2 3 4 5 6 7 8 9
ag,, (Deterministic) 0,563 0,863 0,956 2,775 4,594 4,838 7,088 7,800 10,125
Cl 2,2235 2,768 2,927 5,683 8,166 8,488 11,386 12,281 15,153

Using the consistency indices in Table 2, the Consistency Ratio (CR) is calculated as follows.
For a more consistent evaluation, the CR value is expected to be close to zero.

CR== (5)

3. Literature Review
FMEA is a systematic method used in the safety and risk assessment of systems [16]. This method
has been successfully applied in many fields in recent years [17-18]. FMEA has three parameters—
severity, probability, and detectability—used to obtain a risk priority score. The risk priority score is
calculated by multiplying these three parameters. Each parameter has a numerical scale ranging from
1to 10. Error types with higher risk priority scores are more significant and can be ranked higher than
those with lower risk priority scores [19]. Although this method provides a good and systematic way
to prioritize error types in system reliability and safety assessments, there are several disadvantages
mentioned in the literature [20]. Some of these disadvantages can be summarized as follows:
a. In classical FMEA, the weights of the three parameters are not considered in the
calculation of the risk priority score.
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b. Despite having different scores for each parameter for two different error types, they may
still have the same risk priority score.

c. The calculation of risk priority can be sensitive to changes when evaluating risk
parameters. Even small variations may lead to significantly different effects on the risk
priority score.

d. Classical FMEA considers only three risk parameters.

To address the disadvantages of a classical FMEA study, a new approach combining neutrosophic
numbers and the BWM method is proposed in this work. Neutrosophic sets, proposed by
Smarandache [21], better reflect the uncertainty in real-world problems compared to classical fuzzy
set theory. It addresses the three aspects of decision-making situations: accuracy, uncertainty, and
falsity. In classical fuzzy set theory, a fuzzy set has only a membership function degree. However, in
a neutrosophic environment, there are three different membership conditions to cope with real-
world uncertainty. Neutrosophic sets are an extension of intuitive fuzzy sets. In intuitive fuzzy sets, a
hesitation degree exists, whereas, in neutrosophic sets, an uncertainty degree is proposed instead.
Neutrosophic sets encompass intuitive fuzzy sets by considering accuracy membership, uncertainty
membership, and falsity membership. Neutrosophic sets offer several advantages [22,23]:

e They offer an uncertainty degree that helps experts explain their judgments more
accurately.

e They clarify the scope of disagreements among decision-makers. Considering these
advantages of neutrosophic sets, this study proposes an N-BWM-based FMEA model.

Regardless of neutrosophic sets, the BWM method is also a popular Multi-Criteria Decision-
Making (MCDM) method that has recently found applications in many areas [24]. It was proposed by
Rezaei [9] and offers advantages over other pairwise comparison-based methods such as AHP. This
method reaches results by making fewer pairwise comparisons and producing more consistent
decision matrices. It is applied from the best criterion to the others, and from other criteria to the
worst criterion. FMEA is one of the areas where this is used. There are several recent studies where
FMEA and BWM are used together [25-29]. In addition, FMEA is currently being applied in many
sectors and academic studies are being conducted on its analysis [30-33].

4. Analysis of Problems Encountered in Helicopter Assembly Area and FMCDM Application
Helicopter components and their assembly process are carried out using the fixed position layout
approach, like aircraft [34]. In this layout, the product being worked on remains fixed in a specific
area throughout the entire assembly process, while equipment and workers move around it. The
variability present in each process leads to problems that vary due to the complexity of the
equipment and product, as well as variability in controllable inputs and noise parameters during
helicopter assembly. The use of fixtures, large and contoured parts, and the presence of very tight
tolerances further complicate the process [2]. Errors that arise during assembly due to unknown
causes are unacceptable, as they indicate an uncontrolled process. A study conducted in various
projects at a helicopter factory has tried to group these problems under general headings. For this
purpose, the content of recorded problems related to the AH-64E Apache Attack Helicopter was
examined and classified. The Apache helicopter represents a revolutionary development in the
history of warfare. It is essentially a flying tank—designed to survive heavy attacks and inflict massive
damage. It can zero in on specific targets, day or night, even in terrible weather. As expected, it is a
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terrifying machine for ground forces. However, there are challenges encountered during the
assembly of this powerful machine.

Table 3. Failure Type

# Failure type

FT1 Inappropriate use of tools and molds for their intended purpose.

FT2 The arrival of unsuitable materials, parts, or components at the assembly
area, or disruptions in the material flow.

FT3 Wiring problems (routing, hook up).

FT4 Gaps and Misalignments in Structural Components (Gap, Alignment,

Mismatch Problems)
FT5 Errors related to ignition systems (e.g., Hellfire missiles, rockets, chain guns,
sensors).

FT6 Processes that exceed the capabilities of the assembly area.

FT7 Insufficient clear process specifications

FT8 Losses in traceability records, requiring additional operations, including

disassembly, to complete the record chain.

A general visual illustrating the problems that may arise from all of these issues and their positions
on the helicopter fuselage is provided in Figure 1.

Fire Control Radar (FCR) & Radar Frequency Interferometer (RFI)
= Automatic detection/classification/prioritization of multiple targets
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Crew of Two Capability
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System/Inertial Navigation
System) and Multi-Mode
Receiver (EGI+MMR)

Modernized Pilot Night
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Fig.1. AH-64E Apache Helicopter Features

In this section, an example application study is conducted by analyzing the errors encountered in
the military helicopter assembly line using the interval-valued N-BWM. Eight different types of errors,
as shown in Table 3, have been identified in the study. Initially, N-BWM is used to determine the
importance weights of the three basic parameters of FMEA: severity, probability, and detectability.
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Subsequently, a pairwise comparison of the eight different failure types (FTs) is made according to
these parameters, and priority values are calculated again using N-BWM. From this, a matrix is
obtained, reflecting the importance weights of the FMEA parameters and the priority levels of the
FTs associated with each of the three parameters. Finally, to obtain the risk priority scores for the
FTs, this matrix is multiplied. After completing the first two steps of N-BWM, namely the expert and
FT determination steps, in the third step, pairwise comparisons for each FT are made by applying
BWM under neutrosophic numbers. In this step, the best and worst criteria are identified. Then, the
neutrosophic scale provided in Table 1 is used for pairwise comparisons. The pairwise comparison
values for the FMEA risk parameters and the values for the severity, probability, and detectability
parameters under each FT are determined accordingly.

Mathematical models are then constructed for these four comparison tables. Below, the
mathematical model for the evaluation of the FMEA parameters is presented. Other models are
constructed in a similar manner.

Min &
st.
w i ~
Severity 9 < E (6)
Wprobability
Wseverity 6 < {_— (7)
Wpetectability -
Wbetectability §|< S; (8)
Wprobability -
WSeverity + WProbability + WDetectability =1 (9)
WSeverity' WProbability' WDetectability =0 (10)

The values expressed with neutrosophic numbers in the models are converted into
deterministic values, transforming the problem into a classical BWM. The models are solved by
following the process outlined by Rezaei [9]. The results for the risk priority scores and priority
rankings are presented in Figure 2. The consistency values of the evaluation matrices were checked.

Risk Priority Scores of Failure Types

0.35 0.3289
0.3
0.25
0.2
0.1501
0.15
0.1169 01117
01 0.0798
0.068 0.0781 0.0665
0
FT1 FT2 FT3 FT4 FTS FT6 FT7 FT8

Fig.2. Risk Priority Scores of Failure Types
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In order to show the points to be considered in the assembly line after FMEA, the visual of the
Apache attack helicopter cutaway diagram is shared in Figure 3 [35].

McDonnell Douglas AH-84D 25 Hesd poosen sen

wors 32 Piot's yaw conirol rudder 50 Postion of fuel Wler on 69 Blade 100t anachment joirts 96 Starmoard side hysraulcs 120 Trading edge VMF antenna
imet mounted SigN Syster pecas starboard sce 19 4

70 Dual incson lead equipment 121 Tail pyion spar box siructur
Longhow Apache, cutiway "o T S o e ees, i R 123 e oo e b s
drawing key 34 Armaurea sereen betwean 52 Conrol systern mechanicat 71 Boanngless anicuated hubs louvres 123 Taipiane pivot mountieg
cockpits 72 Blade pilch control link 98 Biack Hole intra-red 124 One-pace all-movng
1 Martin Manetia Piocs Night 35 Cockpk hatch balance strul 53 Mantenance step/grab 73 Swash piste mechanism ‘suppressicn e1pne exhaust raiplane
Vision Sensor (PNVS) 36 Starboard wing missde nande 74 Swash plate conirol Inkages 125 Taipiane b structire
carriage 54 Ralor head hydraulic 7 intng framo 99 Central manienance 126 Castoring tawheel
37 Cockpi 100! glazing actuators (3) 76 Main raduction gearbos wakmay
38 Lateral pare snekss 55 Coohng a¥ intake 77 Gearbox sugport siruts 100 Electra-luminescen igning W,
39 Cable cutter 56 EW anienna 78 Generator stip i
40 Circut breaner panels 57 Uppar IFF anterna 79 Stub wing attachmant oints 101 Main rotor blade honeycame,
N 9 41 Pior's amoured seat 58 Temperature sensor B0 Por sngne air niake traty
2 PNVS range m slevation 20 L 42 Collective pich and engne 50 Starboard stub wing walkway 81 Engine ransmission nght- 102 Stainiess steo! blade spars
dog up. 45 deg down 5 by
3 PNVS range in %0
Oeg
4 Routing PNVS turret
5 EW antenna
Martin Tar
Aquaition and Desgnation
Sgit unn (TADS)
7 Nignt vision scanner (FLIR)
8 Dayight scanner (
9 TADS tur

st range
slevaiion 30 0eg up, 60 deg

10 TADS turret range n azmuh
240

11 Cannon muzzie

12 Forward radar waming

13 Avionics cooling ai uct

14 Co-plotigunner's yaw control
rudder

15 Signal data converler

16 Nose compantment accoss

.
17 Cycli pitch control cohumn
18 Windscrean

19 Co Plotigunner's windscreen
panel

127 Tawhes shock absorbar 153 AGM-114A Holfire ans-
128 Taipiane hydrauic sciustor missie

o
126 Tl pylon mounting main 154 Four-round missis
3o e carieancher
I 1
131 CraMare Gispenser sutomaic pyon leveling
132 ADF sense anvenna 156 Pyon ncance scomss
133 Tasboom Irame and stringer 157 Port ot hesd
construction 158 Wiing siores pyions
134 Lowsr FF arteens 189 Pon extended sponson
135 ADF ioop antena i housing svonce
136 Doppler anterna
137 Veriral anlenna faideg. ofsel 160 Haries masiles, maximum
o
138 Survival equipment packs, 161 Ammuniion magazine, 1,200
per and starboard rounds
139 Mactensnce steps 162 Port mairwheel
140 Ant-colision strobe ight 163 Boarding step
141 Port navigation ight 184 Lower cadie ou
42 Ground sauipment 165 Swivetling ventral gun turre,
Jocker, batey bay 10 azmn
) 0 startoars 166 Lirk retum crute
DR - bl Eemmas,
main ot blade to oar el tank 168 Gun slev n
8 Tmisson i oo, por 12 Coolg arrake 145 Sponson tai faring 11 deg up. 60 deg down
il Gve right-angle i rocre Cadle
9 ANALG 14 rirn o i 1 s mnesa iy 170 sy
Jammer 114528 fokor pach conwrol servo stro 171 McDome Dougras M230
90 Auclary Power Unit (APU) actuator 148 AIM-OL Sidewindor air-10-ar Chain Gun. 30mm ausomesc
gy SUPW Shaf 1o ran gearoox 115 Elecko uminescent ighing missie aiso representatve of cannon
27 Co-Paovgunner's amoured “© stop ) - d e 72 Recot dampers
- m - ‘e poudnguep S 92 Por ude ae conduonng 1€ Foar radar warring antennes 173 Cable daflecting fra
21 Sgnt viewsr 28 Engee conditon levers Bled, Crashprool fuel tan. 65 Arvculated radar scammer e @ 174, Caonon micaie biset
22 Boresgnt retiule 23 Covecive pich control lever 1ota fuel capacity 1,422 M 66 RFi arferna 54 Doaai tamn RH A o ol 7 e
23 Starbowrd side cockol 30 Avones racks (313 o gal) 67 Radoma rotating mountng 8 oo 18 taE 151 7em [2n) kidng fn averat
Pae Paoh 48 Sanion pspment racks 68 Laminated biade root 1a1board angre exraust olors. 55 deg separabon rocket (FFAR) © Mike Badrocke
o e e e e 42 Avoni i st oo ducts 119 Biade pich conirol hnkages 152 Nevotoan found rocket pack pr oadsmibpind

Fig.3. Apache Attack Helicopter Diagram of Assembly Line

Using diagrams such as Figure 3, analyses can be performed using different methods that produce
analytical solutions for stock control to solve problems such as interruptions in the material flow in
helicopters and errors due to firing system [36-38]. Thus, the findings of FMEA will become more
meaningful and can be effectively translated into practice.
5. Conclusions

Errors that may occur in helicopter assembly lines can lead to critical problems that hinder the
timely and cost-effective completion of the production process. Each of these errors is a significant
risk factor that requires separate attention, and appropriate corrective and preventive measures
should be applied for each. According to the findings of the study, the errors are addressed in order
of importance.

1. Gaps and Misalignments in Structural Components (Gap, Alignment, Mismatch Problems)

When the structural components of the helicopter are not properly positioned during assembly,
gaps or alignment issues may arise. This can affect structural integrity and may require corrective
actions such as the use of shims and sealants, which increase weight. These issues not only extend
the assembly time but also impact on the helicopter's flight performance and efficiency. To prevent
such errors, the use of high-precision measuring devices and automation technologies, along with
regular calibration of tools and molds, is essential.

2. Inappropriate Use of Tools and Molds for Their Intended Purpose
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Improper use of tools and molds during assembly is one of the leading causes of assembly errors.
This situation may lead to the inability to hold structural components in the correct position or to
process them to the required dimensions. Regular training for workers, periodic maintenance and
calibration of equipment, and the integration of ergonomic designs into processes are critical for
solving this issue.

3. The Arrival of Unsuitable Materials, Parts, or Components at the Assembly Area, or Disruptions
in the Material Flow

The arrival of incorrect materials at the assembly area or discontinuities in the material flow can
halt the production line and cause time losses. This situation leads to significant cost increases,
especially in aviation projects, which are highly time sensitive. The effective use of Material
Requirement Planning (MRP) systems, tight control of supply chain management, and strengthening
of incoming quality control processes will help prevent this issue.

4. Wiring Problems (Routing, Hook Up)

The complex electronic systems in helicopters require proper wiring arrangements. Incorrect
wiring or faulty connections may lead to system failures and security vulnerabilities. To prevent such
issues, detailed wiring diagrams should be prepared, the use of automation technologies during
wiring should be increased, and workers should undergo technical training.

5. Insufficient Clear Process Specifications

Inadequate or ambiguous process instructions used during assembly can cause workers to make
errors. Providing clear, visually enriched instructions at each stage of the processes will minimize
errors by preventing uncertainties. Additionally, continuous feedback mechanisms should be
established, and these instructions should be regularly updated.

6. Errors Related to Ignition Systems (e.g., Hellfire Missiles, Rockets, Chain Guns, Sensors)

When ignition systems (such as Hellfire missiles, rockets, chain guns, and sensors) are not
properly integrated during assembly, serious operational and safety risks can arise. These systems
require high precision and safety standards. Therefore, it is essential to employ trained personnel in
specialized areas and to implement systematic control processes.

7. Processes that Exceed the Capabilities of the Assembly Area

Executing processes that exceed the existing technical capacity of the assembly line can lead to
quality issues and disruptions in workflow. This may require outsourcing of processes or redesigning
the assembly area. To prevent such issues, comprehensive capacity analysis should be conducted,
and each process should be adapted to the physical and technical capacity of the assembly area.

8. Losses in Traceability Records, Requiring Additional Operations, Including Disassembly, to
Complete the Record Chain

Problems with traceability records can make it difficult to identify the root causes of errors and
may necessitate disassembly or additional operations to complete the record chain. This results in
significant time and cost losses. To prevent traceability issues, the use of digital record systems, RFID
tagging, and serial numbering technologies should be increased, and processes should be strictly
monitored.

All these errors can be minimized with effective management and continuous improvement
processes. Developing customized solution strategies for each problem reduces production costs and
enhances the safety and performance of the helicopter.

In this study, FMEA was conducted with a unique approach by combining neutrosophic sets with
BWM. The approach was carried out using the AH-64E Apache helicopter as an example for
examining helicopter assembly processes. Although it focuses on a single type, the methodology can
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be easily applied to all military helicopters and aircraft. In future studies, sensitivity analyses can be
performed to test robustness, and comparisons can be made with different extensions of BWM.
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