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Dynamic safety analysis of aircraft air conditioning system
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Abstract: At present, the safety analysis of aircraft air conditioning system is based on the fixed fault state, without

considering the dynamic development and change of the fault. At the same time, only qualitative analysis can be car-

ried out. It is necessary to carry out accurate safety analysis on aircraft air conditioning system. Based on the root

fault parameters in the FMEA of the air conditioning system, Markov time series is used to solve the lateral fault

transfer path, and the joint probability distribution and Bayes algorithm are used to solve the fault level and probabil-

ity, thus realizing the lateral qualitative and quantitative safety analysis; The Monte Carlo simulation is used to

solve the longitudinal upgrading path, fault level and probability of the fault, and the longitudinal qualitative and

quantitative security analysis is realized. The results show that the dynamic quantitative and qualitative safety analy-

sis can accurately determine the safety of the aircraft air conditioning system, the release conclusion and the release

requirements under fault conditions, and has good engineering application value.
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Table 2  FCV root fault state transition matrix
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Table 3 Judgment matrix of inter component fail-over
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Table 4 Conclusion of fail-over safety
analysis of air conditioning system
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Logical relationship between components and functions of an air conditioning system
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Table 5 Component failure distribution parameters of the air conditioner

A4 A R AR B A A £ (1) Sy (O 543 Z80(1/2)
1 FCV Index {0.99, 1.02, 0.52, 19. 23, 0. 41, 41. 67, 0. 34} X 10°h
2 ERATA Index (3.33, 3.33, 3.33, 3.33) X 10°h
3 LPGC Index {10, 2, 0. 14} X 10°h
4 BBSOV Index {1.67, 1.67, 25.33, 25. 33, 63.25) X 10°h
5 RFAN Index {0.31, 1. 13, 80. 16, 77.32, 93. 25} X 10°h
6 AVS FAN Index {0.43, 1.27, 90. 31, 80. 32, 106. 47, 68. 05, 76.32 }X 10°h
7 AVV Index {0. 87, 32.67, 53.62, 1.43, 26.56, 41. 29} X 10°h
8 TAV Index (0. 53, 143. 12, 38.76, 1. 86, 37. 26, 67. 51} X 10°h
9 TAPRV Index (0. 87, 4.37, 1.21, 5.32, 1.46, 0.92, 5.76, 0. 34 }}X 10°h
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>>> from random import *

>>> from math import *.

>>> times = 250000

>>> count = ()

>>> for i in range(times): .
x = uniform(0,1).
y = uniform(0,1).
if x*y>0.

count += 1.

... MTBF = count*}/times
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Fig. 3 Conversion logical process by Python
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Table 6 Root fault codes and status
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Table 7 Final failure of air conditioning system components
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Table 8 Conclusions and requirements for air conditioning system failure release
R AE 6 R REAAERRRBITER  REUT AT A /46 48 A T D K]
1 5 I BAT R /N T 31000 fi
FCV 2
2 & & JAEAE TE 1 1
ERAIA 1 1 e i F M R 220 X
LPGC 1 1 7 = R T A T 2 9
1 i iz B A T A
BBSOV 2
2 i = B AN T A
1 i JE 2P R G R IR
RFAN 2
2 i JE ZEH ARG IR ICRE
= s
AVS FAN 2 ~HeA
2 g g LT A A
AVV 1 1 = i SR I 0 2% AT FL i A
1 i = e % I 2
TAV 3 2 E\ b e 2% ik BE 47 il
3 i 2 e 2% i 1 )
1 7 ik BATHE/NT 31000 ft
TAPRV 2
2 i i JAE A T 5 1
4 Q:él: .L/k\' [2]  GERDES M. Decision trees and genetic algorithms for con-

1) ARSI az JH i 25 i 2R 58 sh 245 % ko B r
T AN T I E BB, R0 5 R T 1Y 2 2 K
AR RS TGRS BEINAT A 2 Bk
BEIR S

2) SEPLT E MR OE B S H R G A
SE WEHE T RO 18 3 A g, SOR MR T ok & A
IRERS R T T 2 Ao BT ARS HEE .

3) Wl B AL e AR T SR L K
B 25 A N R AT 2598 BT 26 F . TRBLIA T
55 R R VPR BR A AT EEOR M OG0 N AT Y
4 e T ST B AEAE LA T A i B A R RO E )
BIR 5 4 1 .

S % Xk
[1] JENAB K, RASHIDI K. Operational reliability assessment

of an aircraft environmental control system [J]. Reliability

Engineering and System Safety, 2008, 94(2): 456-462.

dition monitoring forecasting of aircraft air conditioning [J].
Expert Systems with Applications, 2013, 40 (12) : 5021~
5026.

T, S AR . TE ML AT IR R G0 K AR A s R T
[J]. s defe 5 TR, 2017(3): 39-43.

WANG Hui, QI Yadong. Modeling and forecasting frequent
fault of aircraft air conditioning system[J]. Aviation Mainte-
nance and Engineering, 2017(3): 39-43. (in Chinese)
TR, WU, 24, A KL OHLES A R T R Y S
HEBR T [T). 2 A HlEBEAR , 2015(5) : 146-147.

FANG Weiyuan, CHEN Kaixin, LI Wei, et al. Experimen-
tal analysis of air conditioning system failure of an aircraft
[J]. Equipment Manufacturing Technology, 2015(5) : 146~
147. (in Chinese)

AR, #oiss, KT, 5. BTREGOEN WIS MRS
RS [T ], fTES R, 2020, 41(8) : 295-303,

SHI Xudong, JIANG Guijia, ZHANG Yu, et al. Fault in-
fluence of aircraft air conditioning system based on joint simu-
lation [J]. Acta Aeronautica et Astronautica Sinica, 2020,
41(8): 295-303. (in Chinese)

CHEN Lu, CHENG Yujie, LIU Hongmei, et al. An ap-



% 6 01

INRESE . WS ARG B L 20T 151

[10]

[12]

proach to fault detection and isolation for control components
in the aircraft environmental control system[J]. Proceedings
of the Institution of Mechanical Engineering, 2014, 228(7) :
1202-1214.

BRULR: BB AT, i, 45 . BT BRI 0% 52 A% B A A
DU ST £ B BCRE 2 BT (). R TR S T HER,
2021, 43(5): 1250-1251.

CHEN Hongzhuan, ZHAO Aijia, LI Tengjiao, et al.
Fuzzy Bayesian network inference for fault diagnosis of com~-
plex equipment based on fault tree[J].
and Electronics, 2021, 43(5): 1250-1251. (in Chinese)
BN, A S RSB R T A I A ) R ) T
SHEERIT]. Atz 2B, 2021, 47(10) : 63-64.

LI Xiaobiao, MA Qingyan. Analysis and elimination of high

System Engineering

pressure rotor speed swing fault of acro—engine[J]. Aeroen-
gine, 2021, 47(10): 63-64. (in Chinese)

Wk, FOF, BN . B TR AR R R gL 2
PEVEAELT]. o 22 R4, 2019, 29(12): 73-75.
XIAO Nyu’ e, YAN Fang, WANG Peng. Safety assess-
ment of civil aircraft airborne system based on safety demon-
stration[J]. China Safety Science Journal, 2019, 29(12) :
73-75. (in Chinese)

ZEUKH L IhNEELD . T FMEA [ B R G R iz 5
B[] ARl 520, 2017, 37(3) : 588-590.

LI Bingyue, SUN Jianhong. Fault diagnosis and simulation
of aircraft air conditioning system based on FMEA [J]. Vi-
bration, Testing and Diagnosis, 2017, 37(3) : 588-590. (in
Chinese)

FMEA 7E R H R AUAF R o A i B [T ], Bkt 5T
ik, 2021(1): 11-15.

B

LI He. Application of FMEA in civil aircraft development
[J]. Quality and Reliability, 2021(1): 11-15. (in Chinese)
FAE T[] R R I Y B AR S A R O B BOR BE Y
[D]. Mat: Matfi = AR, 2017,

WANG Xiang. Research on safety analysis technology of
civil aircraft system for continuous airworthiness [D]. Nan-
jing: Nanjing University of Aeronautics and Astronautics,
2017. (in Chinese)

Pt e g 505k (M. dest:
#t, 2010: 160-164.

TAO Changqi. Decision theory and method [M].
China Renmin University Press, 2010: 160-164. (in Chi-

N RER 2 R

Beijing :

nese)

PR, B ED, e, % PR SR ERR S 5 R A
FERE AT T LE [T ]. DB R A R (A AR
2021, 35(8): 218-220.

CHEN Wen, LYU Wangyong, LI Siqi, et al. Estimation
and comparison of state transition probability matrices for

two Markov chains[J]. Journal of Chongging University of

[16]

[17]

[18]

[19]

[23]

[24]

Technology (Natural Science), 2021, 35(8): 218-220. (in
Chinese)

FAN Yonglei, CHEN Guoguang. Application of Monte
Carlo method in rudder control precision[ J]. Journal of Mea-
surement Science and Instrumentation, 2015, 6(4) : 378~
379.

ESTEBANEZ L R, SHEHAB E, SYDOR P, etal. An in-
tegrated aerospace requirement setting and risk analysis tool
for life cycle cost reduction and system design improvement
[J]. Procedia CIRP (The International Academy for Produc-
tion Engineering) , 2015, 38: 78-83.

WENSKY T, WINKLER L, FRIEDRICHS J. Environ-
mental influences
GT2010-22748 [R].
Sea, and Air, 2010.
R R AL S Jry .z 28 CHLE A o« CCAR-25-1309
[S1. st i R ), 2011.

Civil Aviation Administration of China. Airworthiness stan-
dard for transport aircraft: CCAR-25-1309 [S].
CAAC, 2011. (in Chinese)

YUN Taoli, XIAO Ninghe, JIAN Shuai. Risk analysis and

on engine performance degradation:

UK: Turbo Expo, Power for Land,

Beijing::

maintenance decision making of natural gas pipelines with ex-
ternal corrosion based on Bayesian network [J]. Petroleum
Science, 2022, 19(3): 1251-1253.

WANG Lihua, CUI Yahui, ZHANG Fengqi, et al. Sto-
chastic speed prediction for connected vehicles using im-
proved Bayesian networks with back propagation [J]. Sci-
ence China(Technological Sciences) , 2022, 65(7) : 1525~
1527.

Se%, skl BT, F. S RJBIT LA SHA
(M. dbst: fosz Toll h ptt, 2019 48-50.

CHAI Yi, ZHANG Ke, MAO Yongfang, et al. Analysis
and technology of dynamic system operation safety[ M ]. Bei-
jing: Chemical Industry Press, 2019: 48-50. (in Chinese)
A, . A UM E 2 AL N2 AT 55 H AR i D A
WILT] REET AR 244, 2020, 12(6) 2 70-74.

LI Jing, YANG Fan. Distributed collaborative multi-robot
multi-task target traversal path planning[J]. Journal of Tian-
jin Polytechnic University, 2020, 12(6) : 70-74. (in Chi-
nese)

TH . ML RS AT RS B PR [T ] Zeit g
%, 2021, 37(17): 71-73.

DING Yong. Properties of sum of independent and uniform-
ly distributed random variables [J]. Statistics &. Decision,
2021, 37(17): 71-73. (in Chinese)

SKIE, ATHERE, WRoe, A . B TR B ek AR I AE 4
AE RE T8 At Py i [T]. B A P B, 2022, 13(1) -
45-51.

ZHANG Silong, HE Shiyi, CHEN Liang, et al. Applica-



152 fiias TR

L 514 %

tion of weighting transformation based on probability density
function in energy spectrum measurement [J]. Modern Ap-
plied Physics, 2022, 13(1): 45-51. (in Chinese)

[25] HHER%E, B0 RGN R e 2 SRS Rk A
BERBEFI[T). w22, 2021, 31(8): 276,
CUI Tiejun, LI Shasha. Research on the final event state
and occurrence probability of system failure evolution process
[J]. China Safety Science Journal, 2021, 31(8): 2-6. (in
Chinese)

[26]  WREE, Fo4E . MR SCHRE R G HEE 5 5 12 WK
WEFE[T]. WE S8, 2021(8) - 128-131.
CHEN Minjie, YANG Rongjin. Research on fault simula-
tion and diagnosis technology of hydraulic system of hydrau-
lic support[J]. Hydraulic and pneumatic, 2021 (8) : 128-
131. (in Chinese)

[27] 3k, SEEE . 3T DEMATEL 538 A 0 i 5 A i
e MBS 23 WP [T]. 22 4 5 3Rl , 2020, 20(10) : 1692~
1693.
ZHANG Ying, DONG Guogiang. Leakage risk analysis of
submarine crude oil pipeline based on DEMATEL and logic
tree[ J]. Journal of Safety and Environment, 2020, 20(10) :

1692-1693. (in Chinese)

(28] wWEERMMZR . KECHLA I = B f R iE N7 6
HOE RN CCAR-121. 329-331[S]. dbst . o E R A4
Jay, 2017,
Civil Aviation Administration of China. Operation qualifica-
tion certification rules for large aircraft public air transport
carriers: CCAR-121. 329-331[S]. Beijing: CAAC, 2017.
(in Chinese)

[29] [ BRI ZS R . A28 4 B9 2 47 30/ - AC-91-24.6[S .
s R AL S, 2014,
Civil Aviation Administration of China. Operating docu-
ments of aircraft: AC-91-24.6[S]. Beijing: CAAC, 2014.

(in Chinese)

EER N
R (1985—), 50 A1, g g AR . BTy i) - KAl

EHE (1990— ), & it DR, =BTy 1« A 18 i
s 2R L

(445 : 53 FF)

(E#5 118 51)

[27] 5. CHIRTRARIRFEEHr k05t (D], At Mt
fot s AR R, 2007,
WANG Xuan. Research on aircraft nose wheel shimmy sta-
bility analysis[ D]. Nanjing: Nanjing University of Aeronau-
tics and Astronautics, 2007. (in Chinese)

(28] BRAAh. Ry ZEIRM AL HT R EH (D], FIat: B
fot s AR R, 2011,
CHEN Dawei. Nonlinear analysis and control of landing
gear shimmy[D]. Nanjing: Nanjing University of Aeronau-
tics and Astronautics, 2011. (in Chinese)

[29]  JUHLBIZE 2% AL SR . ROy BB FERE (M ], JE 5T B2y
AL, 2010: 68-78.
ULIAKUZNETSOV. Fundamentals of applied branch theo-

ry[M]. Beijing: Science Press, 2010: 68-78. (in Chinese)

fEE AV -

HIEE(1998— ), & W Lo Az . BEEAFIETT ] 2 AT AR

B &(960—), 5, B Hz, EENRIIE AT SRR
B

3 BA(1981—), B Wi+ Hde. FEMR I TR
REEBIT

Bt ¥(1998—) .5  WitwiowdE ., FEURIrm . LT3
J12E 53 W1

(4% : 5 #F)



