O. Chioma. Reliability Analysis of Aircraft Fleet in Nigeria 49

UDC 629.73:658.114(669.1)(045)
DOI: 10.18372/2306-1472.83.14642

Okoro Onyedikachi Chioma
RELIABILITY ANALYSIS OF AIRCRAFT FLEET IN NIGERIA

National Aviation University, 1, Lubomyr Husar ave., Kyiv, 03058, Ukraine
E-mail: okorokachi7@gmail.com

Abstract

This article is devoted to the reliability analysis of aircraft in Nigeria as well as their systems and structures during
operation. This is necessary for the development of methods for diagnosing technical conditions and the optimization of
aircraft maintenance programs. The results of this study identify factors affecting flight safety in terms of reliability

parameters which are presented in this article.
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1. Introduction of factors. Environmental factors including
1 0

This article discusses the reliability of helicopters ornithology .accounts for 39% .and human factors

(crew, maintenance and air traffic control

and aeroplanes as well as their systems and
structures, for the development of optimal
maintenance programs to ensure the highest level of
flight safety.

During the reliability analysis, the following
parameters were determined: mean time between
failures (Ty), coefficient (Kioooy), and failure rate
(Ax). These results will be used as source data for the
development of a mathematical model for the
optimization of maintenance processes of aircrafts in
Nigeria

2. Reliability analysis

The analysis was carried out using data provided by
airlines, helicopter operators and the Nigerian Civil
Aviation Authority (NCAA). Data for helicopters:
seven S—76c++ and four S—92, and aeroplanes: three
MD-83, two ERJ-135 and two ATR 42-300 for the
period 2014 — 2018 were used. A basic sample of
statistical data was generated for all 18 aircraft and

personnel) — 18%.

® Crew = Maintenance personnel = Air traffic control » Technical factors = Ornithology

Fig. 1. Distribution of incidents according to operational
factors

The data used for the reliability analysis of the
S76c ++ helicopters is presented in Table 1, and the
distribution of the number of failures, according to
systems and structures is shown in Table 2.

Table 1
Failure information for S76c++ helicopters

the total flight time was 67360.96 flight hours. The [ Registration Flight Failures
MD-83 and ATR 42-300 aircraft were produced N Hours Total In—Flight
before 1999 and are considered an “aging” aircraft _
fleet 5N-KAC 4187.02 177 36
During the operation of these aircraft, 49 5N-CHI 4417.52 271 20
incidents occurred of which 13 were classified as SN-ANG 4640.67 245 25
serious incidents [1]. The distribution of these SN-NKE 3943.20 120 18
incidents by operational factors is shown in Fig. 1 SN-EJL 4628.91 116 32
_ g, 1. 5N-OBI 3122.83 433 143
The main factor that.led to .these incidents was SN-PRE 4175.96 314 74
technical factor (alongside design and production Total 29116.11 1676 348

errors), which accounts for 43% of the total number

Copyright © 2020 National Aviation University
http://www.nau.edu.ua




50 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2020. N2(83): 49-53

Table 2
Failure information of systems and structures in the
S76¢ ++ helicopters

ﬁ‘;l"A ATA Chapter Name | Total Ei-gh ¢
21 Air conditioning 11 3
22 Auto flight 104 49
23 Communications 39 12
24 Electrical power 57 20
25 Equipment/furnishings | 27 2
26 Fire protection 15
28 Fuel 9 3
29 Hydraulic power 46 3
30 Ice and rain protection 14 4
31 Indicating/recording 31 18
systems
32 Landing gear 211 16
33 Lights 76 16
34 Navigation 173 91
39 Electrical - electronic 9 2
panels and multipurpose
component
45 Onboard maintenance 17 1
systems
51 Standard practices and 70 3
structures
52 Doors 53 7
53 Fuselage 165 21
55 Stabilizers 13
56 Windows 4
65 Tail rotor drives 192 8
66 Folding blades 37
67 Rotor flight control 76 12
71 Power plant 24
72 Engines 20
73 Engine fuel and control | 48 16
74 Engine ignition 1
75 Engine air 54 18
76 Engine controls 5 1
77 Engine indicating 8 6
78 Engine exhaust 4
79 Engine oil 48 1
80 Starting 15 3
Total 7143 4921

The reliability parameters [2] were calculated as
follows:

1. Iy =t / n, where ¢ is the total flight hours
and 7 is the number of failures for the given period.

2. Number of failures per 1000 flight hours.
K000 = (n /t)*1000.

3. Failure rate Ay = 1/ Ty

The total mean time between failures (Ty) and in-
flight mean time between failures (Tr) of the top 10
failing systems and structures of the S76¢c ++
helicopters are shown in Fig. 2. and Fig. 3.
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Fig. 2. Ty of the top 10 most failing systems and
structures in the S76c++ helicopters
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Fig. 3. Tr of the top 10 most failing systems and structures
in the S76¢++ helicopters

As shown in Fig. 2 and Fig. 3 most failures occur
on ground and to a lesser extent in-flight. The
dynamics of the failure rate (A y ) in the S76c++ and
S92 helicopters for the period 2014-2018 is shown
in Fig. 4.
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Fig. 4. Dynamics in Ay for S76¢ ++ and S92 helicopters
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It can be seen from the figure that the transition
period from the normal operation phase (2014 —
2015) to the third operational phase is clearly
traced — the stage of increased wear of helicopter
parts, where the failure rate increases (2016 - 2018)
[4]. A similar analysis was carried out for the S92
helicopters and the dynamics observed were
comparable to that of the S76c ++ helicopters. The
systems and structures with the lowest level of
reliability are air conditioning, automatic flight
control, landing gear, navigation, fuselage, doors,
main rotor, main rotor drives, tail rotor and tail rotor
drives. Reliability parameters of the S76¢ ++
helicopters for the period under consideration are
Ty = 17.37, Kipooy = 57.56 and /12 = (.058. For the
S92 helicopters Ty = 18.25 Kooy = 54.81 and
Ay = 0.055.

For the reliability analysis of aeroplanes, ERJ—
135 (manufactured in 1999), ATR 42-300
(manufactured in 1993 ) and MD 83 (manufactured
1990 —1991) were analyzed. As an example, the data
used for the analysis of the MD-83 aeroplanes are
given in Tables 3 and 4.

Table 3
Failure information for MD-83 aeroplanes
Registration Flight Failures
No Hours Total | In-flight

SN-UTO 5994.42 2795 1949
SN-JOE 5829.25 2626 1853
5N-ZOE 4182.66 1722 1119

Total 16006 7143 4921

The total mean time between failures (Ty) and in-
flight mean time between failures (Tr) of the top 10
failing systems of the MD—83 aeroplanes are shown
in Fig. 5. and Fig. 6.
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Fig. 5. Ty of the top 10 most failing systems in the
MD-83 aeroplanes

Table 4

Failure information of systems and structures in the
MD-83 aeroplanes

J‘:;TA ATA Chapter Name Total {TI;i-ght
21 Air conditioning 734 670
22 Auto flight 142 119
23 Communications 321 272
24 Electrical power 250 152
25 Equipment/furnishings 1869 1752
26 Fire protection 85 38
27 Flight controls 104 87
28 Fuel 62 30
29 Hydraulic power 52 32
30 Ice and rain protection 77 67
31 Indicating/recording 30 25
systems
32 Landing gear 965 209
33 Lights 1239 613
34 Navigation 378 285
35 Oxygen 73 28
36 Pneumatics 30 27
38 Vacuum 68 60
39 Airborne auxiliary 1 1
power
45 Onboard maintenance 1 1
systems
46 Information systems 2 2
49 Airborne auxiliary 199 107
power
51 Standard practices and 6 2
structures
52 Doors 113 104
53 Fuselage 8 1
56 Windows 26 22
57 Wings 3 2
71 Power plant 28 22
72 Engines 46 38
73 Engine fuel and control | 52 34
74 Engine ignition 12 5
75 Engine air 22 10
76 Engine controls 18 13
77 Engine indicating 29 24
78 Engine exhaust 21 13
79 Engine oil 37 25
80 Starting 40 29
Total 7143 4921
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Fig. 6. Tr of the top 10 most failing systems in the
MD-83 aeroplanes
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Reliability parameters for the MD—83 aeroplanes
arc Tz = 2.24, K]()o()z = 446.26 and /12 = ().446.
For the ERJ-135 aeroplanes the topmost failures

were found in air conditioning  system,
communication  equipment, electric  power,
furnishings, flight controls, indicating/recording

systems, landing gear, lights, navigation equipment
and pneumatic system. Reliability parameters for the
ERJ-135 aeroplanes for the period under review are
Ty =6.27, Kioooy = 159.37 and Ay = 0.159.

For the ATR 42-300 the topmost failing systems
were: air conditioning system, communication
equipment, electrical power, furnishings, fuel
system, ice and rain protection, landing gear, lights,
navigation equipment and engines. Reliability
parameters are 71y=13.24, Koy=75.51 and
Ay=0.076.

Fig. 7 shows the dynamic change in failure rate
for all the aeroplanes which were studied.
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Fig. 7. Dynamics in Ay for ERJ-135, MD-83 and ATR
42-300 aeroplanes

0.4. Oxopo

Apart from the ERJ-135 fleet, the other
aeroplanes are in the third stage of the reliability
curve characterized by increased wear hence they
are considered an “aging” fleet [4]. For ERJ-135
aircraft manufactured in 1999, the initial decrease
(2015 — 2017) in failure rate can be linked to major
repairs carried out before its first flight in 2015 by
the current operator.

4. Conclusions

Except for the ERJ-135, the aircrafts studied are
considered an “aging” fleet with relatively low
reliability indicators, which are at the third stage of
operation — the stage of increased wear of aircraft
systems and structures. Based on this, it is necessary
for the airlines and helicopter operators to adjust
their maintenance programs and spare parts supply
plans.
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AHaJi3 HAliHHOCTI NPUNIMCHOT0 NAPKY NOBITPAHMX cyaeH aBiakomnanii Hirepii
HarionansHuii aBianiinuil yaisepcuret, npoci. Jlrooomupa ['y3apa,1, Kuis, Ykpaina, 03058

E-mail:okorokachi7@gmail.com

CratTsl mpUCBsYEHA aHaNi3y MOKa3HUKIB HAIIMHOCTI MPUIICHOTO MAPKY JIITaKiB 1 BEPTOJIBOTIB aBiaKOMITaHil
Hirepii, a Takox iX QyHKIIOHAIFHUX CHCTEM B Ipoueci excrutyaraunii. Le HeoOxigHo mi1st po3poOku 3aco6iB
i METOMiB JiarHOCTYBaHHS TEXHIYHOTO CTaHy 1 (OpMyBaHHS ONTUMAIBHUX TIPOTPaM TEXHIYHOTO
00CcITyroByBaHHS TOBITPSIHUX cyneH. [IpencTaBieHo pe3yiabTaTH MOCHTIKEHb 3 BUSABICHHS (DakTOpiB, IO
BIUIMBAIOTh Ha O€3IMEKy MMOJIbOTIB 1 HAOUIbII KPUTHYHI (DYHKLIOHATBHI CUCTEMH MOBITPSIHUX CylIeH, 3 TOUKU
30py MOKa3HUKIB Ha{iHHOCTI.
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CraThsl TOCBAIIEHA aHAIM3y I[OKa3aTesJeld HaJeKHOCTH NPUIHCHOTO IapKa CaMOJIETOB M BEPTOJIETOB
aBMakomMnanuu Hwurepun, a Taxke HX (QYHKIHOHAJBHBIX CHCTEM B MpOILECCe SKCIUTyaTaluH. JTO
HEOOXOIUMO Uil pa3pabOTKH CIIOCOOOB M METOJOB IHArHOCTHPOBAHMSI TEXHHYECKOI'O COCTOSHUS U
(dbopMHpOBaHUsI ONITUMAIBHBIX MPOTPAMM TEXHHUUECKOT'O 0OCITY)KUBaHUs BO3AYIIHBIX CynoB. [IpencTaBieHb
pe3yabTaThl UCCICAOBAHUN O BBISBICHUIO (DAKTOPOB, BIMSIOIIMX HA 0E30MIACHOCTH IOJICTOB U HambOosee
KpUTHYHbIE (YyHKINOHANBHBIE CHCTEMbI BO3/YIIHBIX Cyl0B, C TOUKU 3PEHU [TOKa3aTenell HaJeKHOCTH.

KiioueBble cioBa: BO3OYIIHOC CYyAHO, HAACKHOCTb, TCXHHUYCCKOC COCTOAHUC, AUATHOCTHUPOBAHUC,
TCXHHUYCCKOC 06CJ'Iy>KI/IBaHI/Ie.
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