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Abstract

For the local aircraft maintenance industry, radio line replaceable unit (LRU) has been essential in aircraft’s airworthiness but at the same
time, costly for many Malaysian aviation companies. This study analyzes the survey conducted with 66 aviation industry personnel from
11 local aviation companies, which have had to spend a considerable amount of financial budget on their LRU maintenance every year.
The conclusion from the survey data shows that most of them agreed on the need to establish an LRU Center in a local approved training
organization such as Universiti Kuala Lumpur — Malaysian Institute of Aviation Technology (UniKL MIAT) because of several justifia-
ble reasons such as significantly cheaper costs, more hands-on training and job opportunities, shorter delivery time, and possible research

and development benefits.
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1. Introduction

Aircraft maintenance, which requires skilled technicians and spe-

cialized instruments, is a necessary process for the flight operation.

Maintenance and repairs must not only be accomplished inside the
aircraft maintenance hangars within a period of time but they also
have to meet the standards to ensure air traffic safety. Flight
schedules and aircraft maintenance schedules are closely related.
It is thus essential for airlines to efficiently and effectively per-
form the maintenance scheduling during routine operations. There
are three types of aircraft maintenance scheduling plan: long-term,
midterm and short-term that take place in the aircraft maintenance
hangars. A training center, especially in aircraft maintenance li-
censing and qualifications, is a business orientated company such
as Universiti Kuala Lumpur - Malaysian Institute of Aviation
Technology (UniKL MIAT) is required to obtain the approval
from Department of Civil Aviation’s (DCA) before it can operate
in Malaysia [1]. All requirements in training center will be in ac-
cordance to Part 147 — Approved Maintenance Training Organiza-
tion (ATO).

As a business entity, UniKL MIAT needs to take this opportunity
and initiates a training center development for financial develop-
ments [2]. Specifically, for this study, researchers have taken into
context about academic recommendation on establishing an over-
haul center in Malaysia [3] and gradually decided to focus on the
development of the Line Replaceable Unit (LRU) repair center in
UniKL MIAT. As financial trends of both private education sector
and market industry in Malaysia fluctuate constantly, this definite-
ly is a challenge but it is significant for the betterment of the com-
pany [4]. Opportunity to establish a Line Replaceable Unit Center
(LRUC) for aviation industries in Malaysia is possible if the mar-
ket studies highlight the urgent needs and problems that arise from
unavailability of LRUC. UniKL MIAT is producing license engi-
neer in all trades and this is a good opportunity for business if the

LRUC for aircraft avionics can be established. This is mainly due
to the absence of such center in Malaysia. Though Malaysia Air-
line System (MAS) does provide this type of service, their LRU
department has been downsized and it is unattainable for them to
assist on LRU services or repair for all external local and interna-
tional aircraft. The status of UniKL MIAT as a training center un-
der Part 147 has been substantially approved by DCA. However,
in order to become an LRUC, UniKL MIAT requires another type
of DCA approval to be under the Part 145 — Maintenance Organi-
zation Approval as the Maintenance, Repair and Overhaul (MRO)
organization only for LRUC.

At present, LRU services for Malaysian commercial airlines have
been conducted by their licensed engineers within their own
maintenance hangars. This is why UniKL MIAT has focused on
smaller aviation industrial companies. Table 1 shows that these
companies have no choice but to outsource their LRU mainte-
nance to the Singapore’s LRUCs. This is because not only they do
not have the capacity in terms of sufficient manpower or necessary
workshops, it is also cheaper than establishing their own repair
center with the needed engineering personnel.

2. Line replaceable unit

Every aircraft produced would typically have LRUs built-in within
its compartment. They are delicately designed for the purpose of
being able to be changed or removed at a quick rate. An LRU is a
sealed black box, which contains instruments such as radio or the
other auxiliary equipment [9]. LRU can be generally divided into
three types: very high frequency communication (VHF), high fre-
quency communication (HF) and instrument landing system (ILS).

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestrict-
ed use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJET

International Journal of Engineering & Technology

87

Table 1: LRU service details by 11 Malaysian aviation

companies (adapted from Khairuddin et al. [3])
company | of | aost | mrevspert | Pl
Aircraft (RM) (days)

Company M 32 128,000 16,000 7
Company H 25 100,000 12,500 7
Company A 41 164,000 20,500 7
Company S 9 32,000 4,500 7
Company Al 12 48,000 6,000 7
Company F 6 24,000 3,000 7
Company | 13 52,000 6,500 7
Company C 6 24,000 3,000 7
Company A2 12,000 1,500 7
Company P 4 16,000 2,000 7
Company C2 57 228,000 28,500 7

VHF communication systems are utilized more commonly to en-
sure the smooth flow of air traffic at the airports [5]. Since every
aircraft would have this built-in instrument, pilots can receive the
necessary instructions and further details from the authorities in-
volved such as air traffic control towers [6]. The frequency range
of the standard VHF is between 30 to 300 MHz, which can cover
three to ten meters distance. However, the range for civil aviation
is limited from 118 — 137 MHz. On the other hand, for communi-
cation processes that require longer distances, HF communication

equipment is a better choice as they can cover up to 10 decameters.

Airlines also utilize it for their necessary communication with the
ground stations [7]. 3 to 30 MHz would best describe a HF’s radio
frequency range with the communication distance of one to ten
decameters. Meanwhile, to guide an aircraft from several kilome-
ters out to the runway threshold, a system providing lateral and
vertical guidance is used. The lateral guidance part is called as the
localizer and the vertical guidance part is known as glideslope. In
addition to localizer and glideslope signals, there are also marker
transmitters that provide pilots with an indication of their approx-
imate position at few intervals along the approach path [8]. These
components, with their specific setup, would have varied frequen-
cy ranges and communication distances.

Many LRUs for commercial aircraft are designed according to the
Aeronautical Radio Incorporated (ARINC) specifications, a com-
pany owned by several airlines that sell specifications and desig-
nates standards. Aside from ARINC, major aircraft manufacturers
also have their own corporate definitions of LRU. These manufac-
turers include Boeing, Airbus and several military-linked corpora-
tions and industry players. If the system detects an LRU malfunc-
tion, the technicians will change the defected unit with new re-
placement. This is the reason why airlines’ engineering complexes
would have plenty of spares. After all, LRUs have been designed
to be easily removed [9].

Long before DCA is upgraded to Civil Aviation Authority of Ma-
laysia [10], the government’s aviation agency has published the
Civil Aviation Act 1996 of Malaysia under these regulations, con-
cerning the necessary guidance for the establishment of an LRUC
— where all regulations must be fulfilled [1].

e Regulation 28: Certificate of Maintenance Review

e Regulation 29: Technical Log

e Regulation 30: Inspection, overhaul, repair, replacement

and modification

e Regulation 31: Licensing of Maintenance Engineer
LRU maintenance is clearly stated under DCA’s Annex 57A that
is stating the lack of adequate control of Field Loadable Software
(FLS) by operators can potentially result into safety related occur-
rences. FLS, being Loadable Software Aircraft Part (LSAP), to-
gether with Databases and user Modifiable Software (UMS), are
firstly delivered with the new aircraft and contained in the Target
Hardware and media sets in binders or storage bins. It should be

realized that the part number of Target Hardware does not neces-
sarily specify the loaded software part number. This aspect needs
to be borne in mind when replacing affected LRUs [11]. The pur-
pose of this Airworthiness Notice is to provide guidance for opera-
tors and maintenance organizations on the configuration manage-
ment, procurement, embodiment and tracking of the aircraft Field
Loadable Software to ensure continued airworthiness and operat-
ing safety standards are met. The guidelines have shown that like
other aircraft parts, LRUs are equally important when it comes to
aircraft maintenance. Hence, UniKL MIAT is taking the initiative
to establish a very first LRUC in Malaysia. With the current facili-
ties and manpower, it is believed that this can be not just an excel-
lent business opportunity as a private university but also a training
platform for students and staffs. With the objective to confirm this
notion, a random survey has been carried out by seeking responses
from personnel who are currently working at major aircraft
maintenance industry players in Malaysia.

3. Methodology

The random sampling method is chosen because the questionnaire
consists of 20 Likert-scale opinioned statements that reflect both
the idea of establishing an LRUC in the ATO environment and its
possible market demands in Malaysia. Contacts have been made
with 11 aviation companies that have LRU maintenance as one of
their key annual spending for the maintenance of their aircraft. All
in all, only 66 out of the targeted 100 participants have managed
to follow through with the appointments and sit down face-to-face
to complete the survey. With the full permission from their direct
supervisors, these participants are instructed to answer a two-part,
20 multiple-choice questions with a Likert-scale options ranging
from “1” being “Strongly disagree” to “5” being “Strongly Agree”.
Table 2, Table 3 and Table 4 indicate the demographic profiles of
the survey participants.

Table 2: Role of participants

Role Frequency %
Management 13 19.7
Engineers 18 27.2
Non-management (Administra- 23 349
tion)
Non-management (Technicians) 12 18.2
Total 66 100

Management consists of company managers, directors, university
deans and also deputy deans. Engineers corresponds to the high-
ranked aircraft maintenance personnel who have the authority to
release the aircraft for flying. Administration refers to quality con-
trol executives, human resource staffs and business department
personnel. Lastly, Technicians are lower-ranked aircraft mainte-
nance personnel who do not have the authority to release aircraft
for flying.

Table 3: Years of service of participants

Years Frequency %
Below 5 Years 8 12.1
5—10 Years 23 34.9
More Than 10 Years 35 53
Total 66 100

More than 10 years personnel do not just have professional work-
ing experience but also the wisdom in foreseeing the industry as a
whole. They also have more in-depth information regarding poli-
cies and aviation market situations as most of these data are not
public.

Table 4: Educational background of participants
Education Frequency %
Doctorate 5 7.6

Master 20 30.3
Bachelor Degree 18 27.3
Diploma 8 12.1
Professional certificate 15 22.7
Total 66 100
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Doctorate personnel differs greatly from others in terms of aca-
demic proficiency. This, however, does not mean that the opinions
of others are of less worthy. Aviation industry does not necessarily
require a higher level of academic qualification as hands-on and
practical skills are more important, particularly when it comes to
aircraft maintenance. Hence, there have been many aircraft
maintenance personnel currently pursuing their higher education.

4. Analysis and discussions

The first part consists of statements pertaining the actual needs of
an LRUC in Malaysia and the analysis has been compiled in Table
5. The second part of the survey emphasises on the problems faced
because of the absence of an LRUC in Malaysia as shown in Table
6. The correlation test conducted shows that the value of Pearson’
correlation (r) is 0.76. This indicates that there is significant corre-
lation between the needs of LRUC and the problems raised with-
out existence of LRUC in Malaysia.

Table 5: The needs of an LRUC in Malaysia

No. Statement Mean Indicator

1 Majority of aviation 3.67 Agree
companies did not have specialist
on maintaining or repair the LRU
unit

2 There are not many LRU special- 3.79 Agree
ists in Malaysia on maintaining or
repairing the LRU unit

3 There are a few available LRU 4.14 Strongly
centre in Malaysia Agree

4 There are many aircraft to be 3.52 Agree
serviced on LRU

5) The technology on LRU has 4.06 Strongly
always been revised and updated Agree

6 The cost for maintaining LRU in 4.02 Strongly
house is cheaper than outsourcing Agree
to Singapore

7 The only LRU centre  available 4,14 Strongly
is provided previously by Agree
MAS (now known as MAB)

8 There are no other known LRUC 3.74 Agree
in Malaysia besides MAS (MAB)

9 The maintenance of LRU needs to 3.52 Agree
be maintained and repaired by
license engineer ap-
proved by DCA

10 LRU centre is a business oppor- 417 Strongly
tunity in Malaysia Agree

Table 6: Problem(s) raised without the existence of an LRUC

No. Statement Mean Indicator

1 There is rarely any specialist on LRU 3.80 Agreed
maintenance and repair in most aviation
companies

2 Itis difficult to find an LRU 4.05 Agreed
specialist in Malaysia

3 Most companies do not have 4.02 Agreed
sufficient assets to establish an LRUC
in Malaysia

4 Many aircraft need to be grounded due 3.80 Agreed
to defect on LRUs

5 Updates and revisions on LRU technol- 3.86 Agreed
ogy have been quite slow in the local
aviation community

6 The cost for maintaining LRU is high 4.24 Agreed
due to outsourcing

7 The only outsource company  having 4.24 Agreed
LRUC is MAS (MAB)

8 MAS (MAB) cannot serve other Malay- 4.03 Agreed
sian aviation companies' LRU
maintenance requests.

9 The number of specialists with DCA 3.67 Agreed
license is limited

10 | Nobody is taking advantage to establish 4.09 Agreed
an LRUC as business opportunity in
Malaysia

5. Conclusion

As a conclusion, LRUC is in dire need in Malaysia because almost
all aviation companies do not have LRU personnel, workshop and
equipment to maintain and also repair their LRUs in-house. More
discussions and memorandum of agreements will benefit not only
the aircraft maintenance industry but also potential development
and improvement for other relevant bodies and agencies in Malay-
sia, particularly Civil Aviation Authority Malaysia (CAAM), Ma-
laysian airports [12], approved training organizations, commercial
airlines, etc. With that, UnikKL MIAT will proceed with the neces-
sary documentation to establish an LRUC in the near future.
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