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ABSTRACT

Aircraft maintenance in remote locations is a prevalent challenge for local airlines in Indonesia, leading to
diminished productivity and efficiency in the maintenance division. This issue is substantiated by a significant
incidence rate of 36% annually, as reported by a national airline. The current solution needed is the improvement
of the Maintenance System to eliminate off-hangar maintenance for Narrow Body aircraft in the national
aviation service industry. This study aims to identify the causal factors of aircraft requiring maintenance when
located outside the primary maintenance facilities and to reduce these occurrences. The Reliability Centered
Maintenance (RCM) method is employed to determine the most effective maintenance approach based on
system and equipment reliability, and the fuzzy logic method in FMEA is utilized to address ambiguity and
uncertainty in risk assessment. Primary data were obtained from Focus Group Discussions (FGD) with experts
working in the airline industry. Secondary data were collected from all aircraft experiencing breakdowns outside
the main hangar. The findings reveal that the primary factor for maintenance outside the main facilities is the
current maintenance policy of Finding Failure (FF), which leads to unpredictable maintenance activities,
resulting in damage outside the main facility areas (Batam, Cengkareng, and Surabaya). Incidents of
maintenance outside the main facilities can be eliminated by shifting the policy to Time Directed (TD), enabling
the company to reduce costs from an initial IDR 342,681,011,118.60 to IDR 70,370,514,198.60, achieving a cost
saving of 79.47%.

Keywords: Aircraft, Maintenance, Airlines, RCM, Fuzzy-FMEA.

Introduction [2]. An exponential increase in passenger

numbers has the potential to be a contributing
Air transportation is crucial in facilitating factor to flight delays if not adequately
international business relations and trade [1]. anticipated by airlines [3]. Figure 1 illustrates
The global passenger count peaked in 2019 the highest percentage of delays at LA Airlines
with 4.5 billion passengers but declined to 1.8 at 34.99% and the lowest at WA Airlines at
billion in 2020 due to the COVID-19 pandemic 23.99%. The average delay across all
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subsidiary operators under this airline group
was 29.02% from January 2022 to June 2023.

40.00%

35.00%
30.00% 27.28%

34.99%
29.81%

23.99%
25.00%

20.00%
15.00%
10.00%

5.00%

0.00%
LA BA WA SAJ

Figure 1. Aircraft Delay Data (Jan 22—Jun 23)

Flight delays can be attributed to many factors
within flight operations, such as awaiting
pilots, flight crew readiness, aircraft presence,
cabin  preparation, crew and cabin
changeovers, aircraft replacements, fueling
delays, and waiting for flight plan
documentation [4]. Technical issues have been
identified as the primary cause of flight delays
globally, contributing to 42% of the total
delays 2019 [5].

Aircraft maintenance in remote locations is a
common challenge local airlines face in
Indonesia, leading to low productivity and
performance in maintenance operations. This
issue is evident from the high incidence rate of
36% annually, as reported by one of the airline
groups. In light of this situation, research is
needed to improve the Maintenance System to
eliminate off-hangar maintenance for Narrow
Body Aircraft in the national aviation service
industry.

This study aims to identify the factors causing
aircraft maintenance outside the primary
maintenance facility and mitigate these
occurrences using the Reliability Centered
Maintenance (RCM) method and fuzzy logic
in FMEA (Fuzzy Failure Mode and Effect
Analysis) to address ambiguity and uncertainty
in risk assessment.

Reliability Centered Maintenance (RCM) is a
methodology based on risk and reliability
analysis of machinery or production systems
[6]. RCM assists organizations in identifying
and prioritizing critical maintenance tasks,
reducing  downtime, and  controlling
maintenance and operational costs [7]. Critical
steps in the RCM methodology include:

1. Identifying Critical Functions involves
evaluating how a system or component
functions and impacts overall operations
[8].

2. Failure Analysis: This involves using
various statistical techniques to understand
how and why a system or component fails
[9].

3. Evaluating Failure Impact: The
consequences  of  failure  regarding
operational, safety, and economic impacts
are assessed [10].

4. Determining Appropriate  Maintenance
Actions: Proper maintenance for each asset
is based on its operational context and
changes over its operational time [11].

Fuzzy Failure Mode and Effect Analysis
(Fuzzy FMEA) is a risk analysis approach that
integrates Failure Mode and Effect Analysis
(FMEA) with fuzzy set theory to address
ambiguity and uncertainty in risk assessment
related to component and system failures [12].
In this method, fuzzy logic is applied to
guantify risk factors, such as severity,
occurrence, and detection, which often involve
subjective judgment [13].

Maintenance encompasses all  activities,
including managerial, administrative, and
technical actions, throughout the life cycle of
an item to maintain or restore it to a state in
which it can perform its required function [14].

Methods

This research is categorized as a mixed-
method study with a Sequential Exploratory
design, beginning with collecting and
analyzing quantitative data in the form of
secondary data acquisition related to
maintenance activities and events involving
Aircraft on Ground (AOG) status. This is
followed by collecting and analyzing
gualitative data through risk assessment to
understand the researched object.

The collected data serves as a reference in the
data analysis and technique stages, where
methods such as Reliability Centered
Maintenance (RCM) and Fuzzy Failure Mode
and Effect Analysis (FMEA) are used to
identify potential failures within a system and
determine maintenance policies that align with
the challenges faced by aviation service
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providers. The detailed steps of the data
processing flow in this research are as follows:
1. Reliability Centered Maintenance (RCM)
The data obtained is processed using the
reliability-centered maintenance (RCM)
method to determine the most effective
maintenance approach based on system
reliability and devices. The RCM process
can be broken down into the following
stages:
a. Creating a System Breakdown Structure
(SBS), breaking down an extensive

aircraft system into smaller,
hierarchically organized components
[15].

b. Developing a Pareto diagram to
facilitate the detection of prioritized and
frequently occurring issues in the central
aircraft systems for prompt resolution
[16].

c. ldentifying functions and failures from
the Pareto results using Fuzzy Failure
Mode and Effect Analysis (FMEA).
FMEA is filled out by a respondent,
such as a Line Maintenance (LM)
manager who leads and coordinates all
operational activities in the maintenance
department. Determining the Fuzzy Risk
Priority Number (RPN) values to
understand the potential level of failure;
higher RPN values indicate a higher
level of problems [17]. Experts are
asked to define the membership
functions of linguistic terms, detailed in
Tables 1 - 3, using fuzzy triangular
numbers to express propositions close to
reality [17].

The fuzzy rules used in linguistics

include:
1) Remote (R)
(3:3); 0<x<3 (1)
0; x =3
2) Low (L)
0; x x<2,x=>5
=2 o3k »
WK ={G@5-2y 2S¥S3 (2)
(3,5—x)

;35<x<
(5-35)
3) Medium (L)

0; x x<4,x=>7
i PP (3)
ulx] =4(5,5-4)
(5,5—x).55 <7
(7-55) x=
4) High (H)

(O x<6,x=>9
|
<75
ulx] = (7 5o 6) sx (4)
(7.5~ x) <x<9
9-175)’
Linguistik Occurrence Rank
Very unlikely to happen (>14 1
Remote (R)  months)
6000 - 9999 hours system (8- 2
14 months)
3000 - 5999 JAM System (4-8 3

Low (L) months )

2001-2999 JAM System (3-4 4
months )
di 1000-2000 hours system (42 5

MeNllum days - 3 months)

M) 400-999 jam system (17-42 6
days)
. 100-399 system hours (4-17 7
ngh (H) days)
10 - 99 system hours 8
Very High  2-10 hours system 9
(VH) < 2 hours system 10
5) Very High (VH)
0; x<8
(x—8) (5)
= <x<1
lx] 10—8) 8<x<10
1; x =10
Table 1. Occurrence
Table 2. Severity

Linguistik Keparahan (Severity) Rank
Did not cause any 1
consequences.

Remote (R) The system can operate safely,
equipment disruption is not 2
significant.

The system continued to 3
Low (L) operate safely, there was little
The system continues to 4
operate safely, there are minor
The system can operate safely,
Medium already causing a number of 5
(M) malfunctions.
The system continues to 6
operate safely, causing
The system remains operating 7
High (H) securely, cannot be run
The system is operating, the 8
main functions of the system
The system failed to operate 9
and did not comply with safety
Very High regulations.
(VH) The system is not fit to operate
because it can result in sudden 10

accidents, not in accordance
with safety regulations.
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The inference is conducted from the
collection and correlation of rules by
implementing the product of all outputs
in the fuzzy regions using a probabilistic
method as illustrated by the following
equation:

Bt iy = <(H5f(xi) + ”kf(xi)) - (”Sf(xi) : ka(xi)))
where,
Hsf oy~ is the membership value of the

fuzzy solution up to member-i,
Hif )= represents the membership

value of the fuzzy consequent of
member-i,

The process then progresses to crisp
(defuzzification) to produce the final
output using the centroid method, as
defined by the following equation:
=12z (7)
Z7=1H(z,-)

Table 3. Detection

(6)

Linguistik Detection Rank

The form and cause of failure are
almost certain to be detected and
Remote (R)  the failure rate is almost certain.
The form and cause of failure
may be detected and the failure
rate is very high

The form and cause of failure
may be detected as well as a
Low (L) high failure rate

The form and cause of failure
may be detected and the failure
rate is slightly high

The form and cause of failure
may be detected and the failure
is moderate

The form and cause of failure
may be detectable and the failure 6
rate is low

Medium

The form and cause of failure
may be detectable and the failure
rate is very low

The form and cause of failure are 8
difficult to detect

The form and cause of failure are 9
very difficult to detect

Unable to detect failure 10

High (H)

Very High
(VH)

d. Logic Tree Analysis (LTA)
The LTA stage is implemented to
establish priorities for each failure mode
(malfunction), as well as to evaluate and
review functions to differentiate mode
conditions. The classification in LTA is
conducted by a respondent, specifically

a Line Maintenance (LM) manager, who
leads and coordinates all operational
activities in the maintenance
department.
e. Selection Task

This process is undertaken to determine
appropriate actions for each failure
mode, utilizing a selection task diagram
and responding to the questions it poses.
The Selection Task is completed by a
Line Maintenance (LM) manager who
leads and coordinates all operational
activities in maintenance. Time Directed
(TD), Condition Directed (CD), and
Finding Failure (FF) are three types of
maintenance actions resulting from the
respondent's answers.

2. Determination  of  Critical  System

Components.
In this phase, critical components are
identified based on the highest Risk Priority
Number (RPN) values obtained from the
Fuzzy-FMEA within the RCM
methodology.

. Determination of Time to Repair (TTR) and

Time to Failure (TTF).

TTF refers to the duration from the
commencement of a system or component's
operation to the occurrence of failure or
breakdown[18]. Conversely, TTR is the
time taken in the repair process or in
restoring a component or system to its
operational condition after a failure or
breakdown [19].

. Process of Determining the Distribution of

Time to Failure (TTF) and Time to Repair
(TTR)

The process of identifying the distribution
used for obtaining the repair duration from
the time of breakdown is performed using
the least-square curve fitting method [20].
This approach determines the distribution
of an element by selecting the highest index
of fit (r) value.

a. The median rank of damages is

calculated using the equation:

i—0,3
F(ti):n+04 (8)

where,
i = represents the i -th failure time,
n = the total number of failures
b. The Index of Fit is calculated by the
equation:
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nYtxy — ey % Xie vi) (9)
VB x? = Gy 22 VB v = G )2
The initial distribution for each distribution
type is calculated using the following
formulas:

a. Normal Distribution

X =t (10)
}’i:Zi:‘D_l[F(fi)]zti_'u (11)
where,
t; = the i -th data point,
Z; = the normal distribution
probability table
b. Lognormal Distribution
x; = In(t;) (12)
}’i:Zi:‘Dll[F(fi)] L (13)
= @7 () mec= (5t
Z; = the normal distribution

probability table

€. Weibull Distribution
x; = In(t) (14)

- 1 (15)
Yi=1n [ln<1 - F(ti))]
d. Exponential Distribution
X; =t; ( 16 )
1 (17)

Vi = 1_41;“1)
5. Distribution Fit Test
This process is conducted to avoid errors in
model selection and ensure the chosen
distribution model aligns with the data. The
Goodness of Fit test, with its high
probability — of  rejecting  non-fitting
distributions, is used. After the initial
distribution is determined, two opposing
hypotheses can be compared as follows:
H, : Repair/failure data approximates a
particular distribution.
H; : Repair/failure data deviates from a
particular distribution.
each distribution differs and can be
distinguished as follows [20]:
a. Exponential Distribution Testing.
Hypotheses for Bartlett's Test:
H,: Failure time data has an Exponential
distribution
H,: Failure time data does not have an
Exponential distribution
Test statistic used:

5 2r [ln (%) Ynti— (%) Yi=ln ti] (18)
1+ (r ;1)
where,

B= the Bartlett’s Test value
t;= the i-th failure time
r = the total number of failures

X

b.

N

Hypotheses H,, is accepted if B satisfies
the critical region requirements.

[1—((%)x—1) <B<x? [(%x)—l]
Weibull Distribution Testing with
Mann’s test.

Hypotheses for Mann's Test:

H,y: Failure time data is Weibull-
distributed.

H,: Failure time data is not Weibull-
distributed.

k1Y [(ln t; +1\}[l) —In t,-]

(19)

M= (20)
K2y [(ln t; +1311) —In ti]
T
k=12 (22)
M; =27, = Z; (23)
N O (24)
Zi= ln[ ln<1 (n + 0,25))]
where,

t; = the i-th failure interval time

n = the total number of component
failures

M;= the i-th Mann value

M = the Weibull distribution value

r = the total data count

If F.; <M then H; is accepted.
However, F..;; > M then H; is rejected.
The value of F,,;; d is obtained from the
standard F distribution data with
v; = 2kq and v, = 2k,.
Kolmogorov-Smirnov Test.

Hypotheses:

Hy: Inter-failure time data has a normal
(lognormal) distribution.

H;: Inter-failure time data does not have
a normal (lognormal) distribution.

Test statistic used:

D,, = max(D;, D) (25)
where,
pemes(S8)-(5Y) )
i L—u
DZ:m?x_(E)_q)( 5 (27)
F(t) = T" (28)
XizIng
u= T ( 29 )
o [EEang -2 (30)
B n
where,

t; = time to the i-th failure
1 = mean time between failures
n = number of data points
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F(t) = Cumulative Probability

s = standard deviation

If the value of D..;; > D, than H, is
accepted. The value of D, is obtained
from the critical value table of the
Kolmogorov-Smirnov test for normality.

. Determining Parameter Estimation

Determining  parameter  estimation
utilizes the Maximum Likelihood
Estimator (MLE) method. According to
Ebeling, (1997), each distribution has
specific size constraints, namely:
a. Weibull Distribution
The two parameters used in the
Weibull distribution are B (shape
parameter) and 6 (scale parameter).
nYieg Xi¥i — ((Z?ﬂ x) (Xiq yi)) (31)
NV X — Y, Vi
(32)

[3 =
‘1>=e_(%
b. Normal Distribution
The variables ¢ and p are used as
parameters  for  the normal
distribution.
ﬂ=2i=1 ti (33)

n

St - )2 (34)
n

€. Lognormal Distribution
The values t,,,.4 (location parameter)
and s (shape parameter) are
parameters in  the lognormal
distribution.

_ i1 In(t) (35)
n
_ [Zia(nti —p)? (36)
n
tmed =et ( 37 )

d. Exponential Distribution
The value A is used as a parameter in
the exponential distribution.
1=1 (38)

r:TZ%. (39)
til

Mean Time To Failure (MTTF)
Calculate MTTF by dividing the total
operational time of the system by the
number of failures that occurred during
that period, or by dividing the sum of
the time between failures and dividing it
by the number of failures.

Below are the formulas that can be used
to calculate MTTF based on the

parameter estimation results according
to the type of distribution used:
a. Weibull Distribution

MTTF=<IJ.F(1+%> (40)

b. Normal Distribution
MTTF =pu (41)
C. Lognormal Distribution
52 (42)
MTTF = tpeq. e
d. Exponential Distribution

1
MTTF = —
A

(43)

. Mean Time To Repair (MTTR)

Calculate MTTR by summing all failure
incidents' repair time and dividing it by
the number of failure incidents. The
formula used for calculating MTTR
based on the parameter estimation
results according to the type of
distribution used is the same as the
formulas for MTTF, namely Equations
40 to 43.

. Interval for Part Replacement

To reduce failure rates and minimize
downtime in aircraft systems,
replacement actions need to be
undertaken. This is also aimed at
maintaining system performance and
preventing the escalation of maintenance
costs.

10.Reliability Calculation

This process is carried out at the
beginning and end of preventive
maintenance actions implemented on the
aircraft system. This reliability model
assumes that the system returns to its
initial condition after undergoing a
series of preventive treatments. The
formulas used in calculating reliability
for each distribution are:

a. Weibull Distribution

R(t)=exp[(é)ﬁ] (44)
b. Normal Distribution
0= 1-0(") e
C. Lognormal Distribution
R(t)=1—c1>(11n t ) (46)
S lmea
d. Exponential Distribution
(47)

R(t) = exp(—At)
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The formulas wused in calculating
preventive maintenance actions for each
distribution are:

a. Weibull Distribution

R(t —nT) = exp [_ (¢ _JT)B] (48)

b. Normal Distribution
R(t)zl_q,(W) (49)
o

C. Lognormal Distribution

R(t)zl—tb(%lnﬂ) (49)

med

Data & Information
Collection

Critical Cc < Reliability Centered Maintenance
(RCM) Process
System Work Breakdown Structure
(SWBS)

Time To Repair Time To Failure
(TTR) (TTF)

| Pareto Analysis |

Data Identification : ¢
Least Square Method Fuzzy Failure Mode and Effect Analysis
(Fuzzy-FMEA)
| Logic Tree Analysis (LTA) |
Goodness of Fit Test ¢
| Selection Task |
Yes,
Parameter Estimation
MTTR | I MTTF |
[ t —=1
| | Component || Reliability
| Cost |
| |
} Labor Cost :
|
} Equipment | | Availability
| Cost |
| |
| Loss of |
| |_Revenue |1
,,,,, il
Cost rl Maintenance Interval Optimization

Figure 3. Data Processing Flowchart

d. Exponential Distribution
R(t) = exp(—A(t — nT))

11. Availability Calculation

Availability calculation is wused to
determine the system's level of
availability in meeting operational needs
and ensuring that the system can operate
effectively and efficiently[21]. The steps
for the calculation are as follows:

a. Frequency of Inspection.

An)=1-D(n)

(51)
b = () +(3) (52)

2

b. Interval for Preventive Replacement

Atp) = 1~ [min D(tp)] (53)

where,
D(tp) = Total downtime per cycle
C. Total Availability

Availability = A(n) .A(tp) (54)

12.Calculate the cost of Preventive
Maintenance, Overhaul Maintenance,
and Opportunity Cost to determine the
magnitude of its efficiency value.

13. Developing a New Maintenance Policy
Based on the Results of Optimized
Maintenance Interval Calculations.

Results and Discussions

Based on the data analysis, it was observed
that maintenance activities conducted outside
the main maintenance area in the maintenance
division accounted for 21.79%, and
maintenance activities comprised 78.21%. The
maintenance activities conducted during 2022,
as per the System Breakdown Structure (SBS)
mapping, consisted of the Airframe and Power
Plant systems (Figure 3).

leontroe

POWER
AR ]
STRUCTURE ATA 36 - PNEUMATIC

lcowragis |
POWER PLANT | ATA 78 - EXHAUST

ATA 80 - STARTING

Figure 2. SBS Care Outside the Main Facility
2022

According to the System Breakdown Structure
in Figure 3, this can be transformed into a bar

(sehart to facilitate an easier understanding of

the maintenance or spare part replacement
types based on their frequency conducted
outside the main facilities during the 2022
period (Figure 4).
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Figure 4. Pareto Part Switching Frequency
Diagram 2022

Mode and Effect Analysis (Fuzzy-FMEA)
method can be observed in Table 4. Ranks 1-
10 in Occurrence, Severity, and Detection
were obtained from the FGD (Focus Group
Discussion) process, involving experts from
the airline company. This table reveals the

component classification based on the ranking
of Conventional-FMEA and Fuzzy-FMEA
with 20 ranks.

Table 5 shows that the primary causes of
breakdowns fall under Category A (lIssues
related to safety), with the most frequent
occurrences in the Airframe at 83.04%,
predominantly caused by the Auxiliary Power
Unit sub-system (G) at 24.11%; and the Power
Plant at 16.96%, mainly due to the Engine
Controls sub-system (H) at 8.04%.

Based on the results of the FGD (Focus Group
Discussion) regarding Current Policy Task and
Future Policy Task conducted by a manager
from the Line Maintenance department, it can
be seen in Table 6 that the current policy is
Finding Failure (FF). Therefore, the
subsequent policy should be Time Directed
(TD) to prevent maintenance activities outside
the main maintenance area.

Table 4. Conventional vs Fuzzy-FMEA Processing Results

Component Name Occurrenc) Severity Detection ~ FMEA Conventional FMEA-Fuzzy
RPN Rank RPN Rank

FCSOV 8 8 9 576 6 891 8
TERMINAL LUG. 3 9 9 243 19 888 17
RUDER TRIM ACTUACTOR (10CC) 9 10 10 900 1 905
AUTO SPEED BRAKE ACTUATOR 8 8 8 512 8 895
AIR PESSURE GAUGE D/T 7 9 10 630 2 626 20
AUTO BRAKE SHUTTLE VALVE 9 8 8 576 3 891 5
PRESSURE SWITCH
SENSE LINE 9 7 7 441 12 891 10
HIGH STAGE REGULATOR 6 9 8 432 16 891 14
BLEED AIR PRECOOLER EXCHANGER 7 8 8 448 11 895 3
HP VALVE 9 7 7 441 13 891 11
BLEED PRESSURE REGULATING VALVE 9 8 8 576 4 891 6
THERMOSTAT SOLENOIDOF ENG #1 5 7 9 315 18 627 19
(10HA1)

FCU 9 7 7 441 14 891 12
IGV ACTUATOR 9 8 8 576 5) 891 7
PRESSURE SENSOR (PT) 7 7 8 392 17 895 4
OIL PRESSURE SWITCH 8 7 9 504 10 891 13
LH SWITCH PACK ASSEMBLY 7 7 9 441 15 891 15
AUTOTHROTTLE SWITCHPACK 9 9 7 567 7 888 16
ASSEMBLY

R/H A/IT SWITCH PACK 7 9 8 504 9 891 9
CB 3 9 9 243 20 888 18
Table 5. LTA (Logic Tree Analysis) Data
Group

Code Part Name Frequency Percentage Percentage Name Percentage Name
Al FCSoVv 6 5,36% 5,36% A

BL | TERMINAL LUG. 5 4,46% 4,46% B e3036% | E F&“:AE

C1l RUDER TRIM ACTUACTOR 5 4,46% 10,71% | C (C1+C2) ' (EA-G)

Cc2 AUTO SPEED BRAKE ACTUATOR 7 6,25% 4,46% D
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D1 AIR PESSURE GAUGE 5 4,46% 7,14% E
El AUTO BRAKE SHUTTLE VALVE 8 7,14% 26,79% F (5F1e)
PRESSURE SWITCH
F1 SENSE LINE 3 2,68% 24,11% G (ZGi1.4)
F2 | HIGH STAGE REGULATOR 6 5,36% 8.04% | H (H1+H2) POWER
F3 PRECOOLER EXCHANGER 5 4,46% 5,36% | 16,964% PLANT
F4 HP VALVE 7 6,25% 3,57% J (ZH-J)
F5 BLEED PRESSURE REGULATING VALVE 5 4,46% 100,000% Total
Code Part Name Frequency Percentage
F6 THERMOSTAT SOLENOID (10HA1) 4 3,57%
Gl FCU 6 5,36%
G2 IGV ACTUATOR 7 6,25%
G3 PRESSURE SENSOR (PT SENSOR) 7 6,25%
G4 OIL PRESSURE SWITCH 7 6,25%
H1 LH SWITCH PACK ASSEMBLY 4 3,57%
H2 AUTOTHROTTLE SWITCHPACK 5 4,46%
11 SWITCH PACK 6 5,36%
J1 CB 4 3,57%
Table 6. Comparison of Care Policies
Part Name Code Failure Mode Pgiuc ;r_?_r;tSk PO';E;UTrZSk
AIRFRAME - 26 - FIRE PROTECTION - TERMINAL LUG. B1 Burn FF E.G.
Cloud
Putus
AIRFRAME - 36 - PNEUMATIC - SENSE LINE F1 Bocor FF E.G.
AIRFRAME - 36 - PNEUMATIC - HP VALVE F4 Cats FF E.G.
Loose
AIRFRAME - 49 - AUXILIARY POWER UNIT- FCU Gl Slow Response FF E.G.
Does not detect flow
POWER PLANT - 76 - ENGINE CONTROLS - H2 Unbalanced right & left FF E.G.
AUTOTHROTTLE SWITCHPACK ASSEMBLY Less sensitive
POWER PLANT - 80 - STARTING - CB J1 Burn FF E.G.
Loss Power
AIRFRAME - 21 - AIR CONDITIONING - FCSOV Al Loose FF E.G.
AIRFRAME - 27 - FLIGHT CONTROLS - RUDER TRIM C1 System error on warning FF E.G.
AIRFRAME - 32 - LANDING GEAR - AUTO BRAKE El Disconnect cannot detect FF E.G.
SHUTTLE VALVE PRESSURE SWITCH Burn
AIRFRAME - 36 - PNEUMATIC - BLEED PRESSURE F5 Cats FF E.G.
REGULATING VALVE Loose
AIRFRAME - 49 - AIRBORNE AUXILIARY POWER - IGV G2 Cats FF EG.
ACTUATOR Cannot detect command
AIRFRAME - 49 - AIRBORNE AUXILIARY POWER - G3  Cannot detect command FF EG.
PRESSURE SENSOR (PT) Putus
AIRFRAME - 49 - AIRBORNE AUXILIARY POWER - OIL G4 Cats FF EG.
PRESSURE SWITCH Unable to detect
POWER PLANT - 76 - ENGINE CONTROLS - LH SWITCH H1  Unbalanced right & left FF EG.
PACK ASSEMBLY Less sensitive
AIRFRAME - 27 - FLIGHT CONTROLS - AUTO SPEED C2  Bocor FF EG.
BRAKE ACTUATOR Unbalanced right & left
AIRFRAME - 36 - PNEUMATIC - BLEED AIR PRECOOLER F3  Bocor FF EG.
EXCHANGER Broken seal
POWER PLANT - 78 - ENGINE EXHAUST - R/H AIT 11 Unbalanced right & left FF EG.
SWITCH PACK Less sensitive
AIRFRAME - 29 - HYDRAULIC POWER - AIR PESSURE DI  Bocor FF EG.
AIRFRAME - 36 - PNEUMATIC - THERMOSTAT F6  Bum FF EG.
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SOLENOIDOF ENG #1 (10HAL) Unable to detect
Putus
AIRFRAME - 36 - PNEUMATIC - HIGH STAGE F2  Cannot detect command FF E.G.
REGULATOR Unable to send command
The results of the Time to Failure (TTF) data k 28,691
processing using Minitab 19 software for each n 23.715,000
component undergoing maintenance, including F1 Normal = 3986020 23715000
determining the data distribution type, " 48.833,300
conducting Goodness of Fit tests, Parameter F2 Normal 2580080 48833:300
Estimation, and MTTF, are presented in Table
7 ' n 58.803,800
: - - ' F3 Weibull ; 4,949 53.959,800
In processing Time to Repair (TTR) data for " 18.469.700
initial spare part replacement, the type of data F4 Normal 55100  18:469,700
distribution was determined, Goodness of Fit
n 14.425,800
tests were conducted, and Parameter ks Normal 14,425 800
Estimation was performed, resulting in the o 1.069,070
MTTR values as shown in Table 8. W 61.499,300
i . . . L F6 Lognormal s 5,940 350 61.499,300
Following discussions with the airline o
(Manager of Line Maintenance), which o ) C 22.152,500 o
. . - e a,e ognorma. . ,
indicated that maintenance activities could be ’ S 1.428,100
shifted to a Time Directed (TD) approach, n 18.112,600
validation was carried out using simulations of G2 Weibull 74818 17-976,000
past data focus_ing only on repair time " 40.213.400
(MTTR), as seen in Table 9. G3 Lognormal ¢ 1680120 40213400
The determination of maintenance intervals n 24,118,600
transitioning from Finding Failure (FF) to G4 Weibull 109120 23452800
Time Directed (TD) is depicted in Table 10. " 36,754,400
According to this table, an airline can perform HL Lognormal ¢ 1007460 36754400
scheduled maintenance. This data will serve as ’
input from the maintenance division to the . weatl A e
planning  division  within  the regular B 10.721 '
operational department. i 41.368,000
11 Lognormal s 4192560 41.368,000
. . . . . n 90.358,200
Table 7. Distribution, Parameter Estimation a Lognormal ¢ 9879840 90-398200
and MTTF
T Table 8. Distribution, Parameter Estimation
Corggg:ent Distribution ~ Estimate Parameter - and Initial MTTR
B 28.530,300 Component o Estimate MTTR
Al Lognormal s 616.018 28.530,300 Code Bt Parameter (hour)
' _ n 66,261
n 88.256,800 Al Weibull B 20,093 64,512
B1 Lognormal s 6.255530 88.256,800 . 62778
B1 Weibull 59,406
n 16.671,400 e B 8,862
(i Normal 16.671,400 n 66,441
1.14 ! i
o 9,360 c1 Weibull 8 18.448 64,547
M 30.534,600 " 57521
C2 Normal s 806,491 30.534,600 Cc2 Lognormal s 6,270 57,521
59,655
n 40.490,800 D1 Weibull ) 57,051
D1 Weibull 39.181,600 B 11,374
b 16,047 n 65,149
E1 Weibull " 18.357,000 418 .009,000 £t Weibull B 7,974 o344
F1 Weibull n 63,807 59,271
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c 0,388
n 1,707

G3 Lognormal s 0,189 1,707
[ 0,909

G4 Lognormal s 0,109 0,909
n 6,341

Hi1 Lognormal s 0311 6,341
n 6,345

H2 Lognormal s 0,262 6,345
n 6,460

11 Lognormal S 0225 6,460
n 1,009

J1 Weibull P 11,453 0,965

B 6,142
n 66,469

F2 Weibull i 15,003 64,187
n 68,728

F3 Weibull i 11,628 65,783
[ 55,967

F4 Lognormal S 7110 55,967
n 63,836

F5 Weibull i 8,031 60,129
[ 55,511

F6 Lognormal S 6,304 55,511
[ 60,777

Gl Lognormal s 8,608 60,777
[ 60,790

G2 Lognormal S 4,998 60,790
[ 61,903

G3 Normal s 6,888 61,903
n 56,907

G4 Lognormal S 5,823 56,907
n 64,869

H1 Weibull g 7,078 60,716
n 56,796

H2 Normal o 5,204 56,796
n 60,154

11 Lognormal S 8,702 60,154
n 58,957

J1 Weibull g 11,976 56,494

Table 10. Aircraft Maintenance Time Interval

Table 9. Distribution, Parameter Estimation
and MTTR Improvements

Component i o Estimate MTTR
Code Parameter (hour)

n 2,214

Al Weibull ; 21,045 2,158
n 1,897

Bl Weibull ) 9,468 1,800
n 5,012

C1 Lognormal s 0,316 5,012
n 4,922

Cc2 Lognormal s 0,661 4,922
n 0,896

D1 Weibull ) 13,600 0,863
n 2,692

El Lognormal s 0,219 2,692
n 1,960

F1 Weibull ) 22705 1,913
n 1,831

F2 Weibull ) 13,705 1,763
n 3,571

F3 Weibull ; 14507 3,445
n 2,775

F4 Lognormal s 0,165 2,775
n 2,299

F5 Lognormal s 0,353 2,299
n 1,717

F6 Normal o 0,230 1,717
n 1,108

Gl Weibull ; 5.408 1,022

G2 Normal n 2,424 2,424

Component t

Code (hour) (day) (weeks) (years)
F5 15.000 782 111 2
c1 17.000 886 126 2
H2 17.000 886 126 2
G2 18.100 943 134 2
E1l 18.500 964 137 2
F4 18.800 980 139 2
G1 23.000 1198 170 3
G4 24.500 1277 181 3
F1 26.000 1355 192 3
Al 29.000 1511 215 4
c2 31.000 1615 230 4
H1 40.000 2084 296 5
D1 41.000 2136 304 5
G3 41.000 2136 304 5
11 43.000 2240 319 6
F2 50.000 2605 371 7
F3 60.000 3125 445 8
F6 64.000 3334 474 9
B1 90.000 4688 667 12
J1 95.000 4948 704 13

The MTTF data in Table 7 were transformed
into component reliability data with the aid of
Minitab software, producing a data distribution
overview plot. As a result, the reliability
sequence of components appears parallel due
to the application of the 'OR' logic by the
Logic Tree Analysis (LTA) data in Table 5.
This was then transformed for ease of
visualization, as shown in Figure 5.

— I

R (teknis) — 1 Ray

R power_plan)=0,7578

Figure 5_Reliability Sistem Diagram
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Based on the data in Figure 5, the reliability

value of the system was calculated as follows:

R(teknis) =1- ((1 - R(airframe))' (1 - R(powerplunt)))
=1-((1-0,9973).(1-0,7578))
=1-(0,0027.0,2422) = 0,9993

The calculation results indicate that the system

reliability is 0.9993 or 99.93%.

The calculation of the availability value for
each component was derived from the MTTF
data, initial MTTR, and MTTR after repair.
The table shows the lowest and highest initial
availability values for the Airframe 36
Pneumatic Bleed Pressure Regulating Valve at
99.585% and Power Plant 80 Starting CB at
99.938%, respectively. The lowest and highest
repair availability values are for the Power
Plant 76 Engine Controls-Autothrottle
Switchpack Assembly at 99.960% and Power
Plant 80 Starting CB at 99.999%, respectively
(Table 11).

Table 11. Initial Availability and Repair

Table 12. Maintenance and Repair Costs

(in thousands)

Availability
Bedinnina End

Component

Code MTTF MTTF

((MTTF + MTTRperbaikan)) ((MTTF + MTTRperbaikan))

Al 99,774% 99,992%

B1 99,933% 99,998%

Cl 99,614% 99,970%

C2 99,812% 99,984%

D1 99,855% 99,998%

El 99,661% 99,985%

F1 99,751% 99,992%

F2 99,869% 99,996%

F3 99,878% 99,994%

F4 99,698% 99,985%

F5 99,585% 99,984%

F6 99,910% 99,997%

Gl 99,726% 99,995%

G2 99,663% 99,987%

G3 99,846% 99,996%

G4 99,758% 99,996%

H1 99,835% 99,983%

H2 99,646% 99,960%

11 99,855% 99,984%

J1 99,938% 99,999%
The calculation of maintenance costs
encompasses the total cost, including

component expenses, labor costs, equipment
costs, and other related expenses. Meanwhile,
calculating losses caused by maintenance
activities based on the current Finding Failure
policy covers the total cost of opportunity loss.
Details of these expenses are presented in
Table 12.

Item Qty Unit Total
A.  Maintenance
1 Number of 402
personnel dispatch times/ years
activities
2 Number of 2 person/
personnel delivery
3 Personnel Costs 1 year 1.989.900
Accommodation 1 Delivery
Money 1 person
Meal Money 1 person
4 Other 10% 198.990
Total 2.188.890
Therapy
1 Number of 112 times/ years
personnel dispatch
activities
2 Number of 2 person/
personnel delivery
3] Personnel Costs 1 year 554.400
Accommodation 1 Delivery
Money 1 person
Meal Money 1 person
4 1
SIEETEIE (1162 year 13.742.578,78
Include)
5 Other 10% 1.429.697,88
Total 15.726.676,65
C.  Opportunity Loss Maintenance
1 Asumsi
Flight 1 person
Passenger 189 seat
capacity
Occupancy 50%
Average flight 2 jam
time
2 Total Time To 920 Hours/ year
Repair (TTR)
3 Flying Loss 377 flight 35.459.055,45
4 Other 10% 3.545.905,55
Total 39.004.961,00
D.  Early Opportunity Loss Treatment
1 Asumsi
Flight 1 person
Passenger 189 seat
capacity
Occupancy 50%
Average flight 2 jam
time
2 Total Time To 6.740  Hours/ year
Repair (TTR)
3 Flying Loss 2.762  flight 259.782.257,70
4 Other 10% 25.978.225,77
Total 285.760.483,47
E.  Opportunity Loss Final Treatment (Repair)
1 Asumsi
Flight 1 person
Passenger 189 seat
capacity
Occupancy 50%
) Average flight 2 jam
time
, Total Time To 320 Hours/ vear
Repair (TTR) Y
3 Flying Loss 130 flight 12.227.260,50
4 Other 10% 1.222.726,05
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Total 13.449.986,55
F. Initial Maintenance Cost 342.681.011,12
(A+B+C+D)
G.  Repair Maintenance Cost 70.370.514,20
(A+B+C+E)

The initial costs borne by the company for
maintenance were approximately IDR 342.68
billion, which decreased to IDR 70.37 billion
per vyear following improvements. The
reliability of the aircraft system is very high
(99.93%), with a significant increase in
component availability after maintenance,
from 99.780% to 99.989%. This indicates that
the maintenance and care strategy employed
effectively maintains the reliability and
availability of aircraft components,
emphasizing a data-driven approach to
determine optimal maintenance intervals.

This study resulted in a policy of 20
maintenance activities, transitioning from a
previous Finding Failure (FF) policy to a Time
Directed (TD) policy. This change is not
significantly different from a previous study
that resulted in 44 maintenance activities,
changing from 16 TD and 28 FF policies to 2
TD, 16 Condition Directed (CD), and 26 FF
policies[22].

In calculating risk value using the fuzzy-
FMEA method, 20 potential risks of damage
were identified with Fuzzy FMEA. The
airframe sub-system with the TERMINAL
LUG component had the highest Fuzzy-RPN
value of 867, while the Conventional-RPN
value was 243, a difference of 71.97%.
Meanwhile, a previous study identified 16
potential risks from various sub-system
damages in Fuzzy FMEA, where the electrical
subsystem had the highest RPN value of 168,
and the Fuzzy RPN was 117, with a difference
between RPN and FRPN of 30.36% [23].

The aspect of efficiency assessment after
implementing RCM in this study showed a
cost

saving of 79.47%, from IDR 342,681,011,1
18.60 to IDR 70,370,514,198.60, which is
more effective than the previous study, which
only achieved a cost saving of 21.77%, from
IDR 4,968,017,280 to IDR 3,886,270,078.76
[24].

This study has several limitations in its
implementation, including:

1. The study was conducted using data
sourced from only one main facility area.

2. The simulation experiments in this study
only used data from past mechanic
worktime reports in spare part replacement
activities.

3. The calculation of opportunity loss costs
used an occupancy assumption of 50% of
the seat capacity without using actual data
checked for distribution type and past data
testing.

4. This study focused only on a specific
aircraft type, the Boeing 737 Series.

Conclusions

This study shows that the primary factor
causing maintenance outside the main facility
is the Finding Failure (FF) maintenance policy.
This policy leads to work falling into
unscheduled maintenance, making
maintenance activities unpredictable and thus
resulting in damage outside the main facility
areas (Batam, Cengkareng, and Surabaya).

The incidence of maintenance outside the main
hangar facility can be eliminated by changing
the policy from Finding Failure (FF) to Time
Directed (TD). This change has been proven to
significantly reduce the costs borne by the
company, from initially IDR 342.681 billion to
IDR 70.370 billion, a saving of 79.47%.

The fuzzy-FMEA method has provided more
accurate risk identification results than
conventional-FMEA. Therefore, developing
and integrating the Fuzzy-FMEA method into
future aircraft maintenance systems is
recommended.

This study demonstrates significant differences
in risk identification and maintenance policies
compared to previous research. This presents
an opportunity for further comparative studies,
which can aid in refining the maintenance
model for the aviation industry.

Acknowledgment
We would like thank to Mercu Buana
University for support for this research.

Funding
This research received no external funding.

Author Contributions
Conceptualization, S.J. and C.J.; methodology,
H.A.P.; software, U.R.; validation, F.A., D.;

149



Jurnal Teknologi Volume 16 No. 1 January 2024
Website : jurnal.umj.ac.id/index.php/jurtek

ISSN : 2085 — 1669
e-ISSN : 2460 — 0288

formal analysis, S.J.; investigation, C.J;
resources, H.A.P.; data curation, D; writing—
original draft preparation, S.J.; writing—
review and editing, D.; visualization, U.R.;
supervision, H.A.P.; project administration,
F.A.; funding acquisition, U.R. All authors
have read and agreed to the published version
of the manuscript.

References

[1] K. G. Debbage, E. A. Silva, and H.
Xiao, “Air transport and international
trade: Global patterns, trends and
challenges,” J Air Transp Manag, vol.
97, 2021, doi:
10.1016/j.jairtraman.2021.101959.

[2] TATA, “Annual Review 2020,”
International Air Transport Association.

[Online]. Available:
https://www.iata.org/en/publications/an
nual-review/

[3] X. Liu, “Research on the Diffusion
Model of Passenger Mass Emergencies
under Flight Delay Situation,” in IOP
Conference Series: Materials Science
and Engineering, Institute of Physics
Publishing, Nov. 2018. doi:
10.1088/1757-899X/423/1/012110.

[4] Mustikasari, A.  Wardhana, L.
Mafrudoh, R. Dian Octaviani, and N.
Indah  Susanthi, “The Operational
Delay With on Time Performance
Terminal 3 Soekarno Hatta Airport
(Case Study of PT Garuda Indonesia),”
in Advances in Transportation and
Logistics Research, 2018, pp. 975-985.
doi: 10.25292/atlr.v1i1.95.

[5] Aviation Safety Network, “Aviation
Safety Network releases 2019 airliner
accident statistics.” [Online]. Available:
https://aviation-
safety.net/press/2020/asn_pr_20200101
shtml

[6] A. O. Alawode, A. R. Adetunji, and E.
T. Akinlabi, “Application  of
Reliability-Centered Maintenance to
Improve Maintenance Management in a
Beverage Industry,” Journal of
Manufacturing Technology
Management, vol. 32, no. 2, pp. 423-

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

441, 2021, doi: 10.1108/JMTM-05-
2020-0151.

L. M. Ferreira, C. G. Soares, and E.
Zio, “A comprehensive review on
Reliability = Centered  Maintenance:
Concepts, applications, and research
directions,” J Loss Prev Process Ind,
vol. 71, pp. 1-19, 2021.

M. M. Bellinello, M. A. C. Michalski,
A. H. A. Melani, A. C. Netto, C. A.
Murad, and G. F. M. Souza, “PAL-
VMEA: A novel method for enhancing
decision-making consistency in
maintenance management,” Applied
Sciences (Switzerland), vol. 10, no. 22,
pp. 1-26, Nov. 2020, doi:
10.3390/app10228040.

I. Nicolin and B. A. Nicolin, “Failure
Mode and Effect Analysis for a military
nose landing gear project,” INCAS
Bulletin, vol. 13, no. 4, pp. 205-212,
2021, doi: 10.13111/2066-
8201.2021.13.4.17.

J. Stodola and J. Furch, “Reliable
design: Basic approach,” in MATEC
Web of Conferences, EDP Sciences,
Sep. 2018. doi:
10.1051/matecconf/201819802006.

R. D. Palmer, Maintenance Planning
and Scheduling Handbook, 2nd ed.
New York: McGraw-Hill, 2006. doi:
10.1036/0071457666.

N. Kotkunde, M. Chauhan, and K.
Chetti, “Fmea Analysis on Offshore
Wind  Turbines Using Fuzzy
Multimooramethod,” IOP Conf Ser
Mater Sci Eng, vol. 1123, no. 1, p.
012018, Apr. 2021, doi: 10.1088/1757-
899x/1123/1/012018.

X. Chen, J. Xu, Z. Wang, and X. Xu,
“An integrated Fuzzy FMEA approach
for risk assessment of offshore wind
turbine systems considering dependent
failure modes.,” Renew Energy, vol.
174, pp. 1226-1240, 2021, doi:
10.1016/j.renene.2021.08.037.

J. Moubray, Reliability-centered
maintenance. New York: Industrial
Press, 2015.

150



Singgih Juniawan, Choesnul Jagin, Herry Agung Prabowo, Uti Roysen, Fachrul Alam, Daruki: Implementation of Reliability Centered
Maintenance (RCM) with Fuzzy Logic in Eliminating Off-Hangar Maintenance on Narrow Body Aircraft

Jurnal Teknologi 16 (1) pp 137-152 © 2024

[15]

[16]

[17]

[18]

[19]

F. Tatas, D. Atmaji, A. Annida
Noviyanti, and W. Juliani,
“Implementation  of = Maintenance

Scenario for Critical Subsystem in
Aircraft Engine Case Study: NTP CT7

Engine,” International Journal of
Innovation in Enterprise System, vol. 2,
no. 01, pp. 50-59, 2018, doi:

10.25124/ijies.v1i01.85.

M. L. Syafei and E. Suhendar, ‘“Machine
Maintenance Planning with Reliability
Centered Maintenance (RCM) and
Maintenance Value Stream Map
(MVSM) Approaches (Case Study: PT.
Nusa Indah Jaya),” Integrasi Jurnal
llmiah Teknik Industri, vol. 7, no. 2,
2022, doi: 10.32502/js.v8il.

F. Dinmohammadi and M. Shafiee, “A
Fuzzy-FMEA Risk Assessment
Approach  for  Offshore  Wind
Turbines,” Int J Progn Health Manag,
pp. 13-23, 2013, doi: 10.1201/b15938-
320.

H. He, Y. Jiang, Y. Chen, and Y. Han,
“An Intelligent Maintenance Decision-
Making Framework for Equipment
Condition-Based Maintenance,”
Sustainability, vol. 13, no. 7, pp. 4149—
4164, 2021, doi: 10.3390/su13074149.

A. A. Alfi, M. A. Razzak, and S. Islam,
“Performance analysis of a redundant
system with inspection and repair,”
Alexandria Engineering Journal, vol.

[20]

[21]

[22]

[23]

[24]

56, no. 1, pp. 93-102, 2017, doi:
10.1016/j.aej.2016.11.003.

C. E. Ebeling, An Introduction To
Reliability and Maintainability
Engineering. New York: McGraw-Hill,
1997.

J.  Moubray, Reliability Centered
Maintenance Il. New York: Industrial
Press Inc, 1997.

M. Fahrurroji et al., “Usulan
Perencanaan Perawatan Dengan
Menggunakan  Metode  Reliability

Centred Maintenance (RCM) di PT.
Djabesmen,” Jurnal Industry Xplore,
vol. 6, no. 2, 2021, doi:
10.36805/teknikindustri.v6i2.1458.

J. Balaraju, M. Govinda Raj, and C. S.
Murthy, “Fuzzy-FMEA risk evaluation
approach for LHD machine-A case
study,” Journal of Sustainable Mining,
vol. 18, no. 4, pp. 257-268, Nov. 2019,
doi: 10.1016/j.jsm.2019.08.002.

D. S. Dhamayanti, J. Alhilman, and N.
Athari, “Usulan Preventive
Maintenance pada Mesin  Komori
Ls440 dengan Menggunakan Metode
Reliability = Centered  Maintenance
(RCM I1) dan Risk Based Maintenance
(RBM) di PT ABC,” Jurnal Rekayasa
Sistem & Industri, vol. 3, no. 2, 2016,
doi: 10.25124/jrsi.v3i02.29.

151



Jurnal Teknologi Volume 16 No. 1 January 2024 ISSN : 2085 — 1669
Website : jurnal.umj.ac.id/index.php/jurtek e-ISSN : 2460 — 0288

152



