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Fault Tree Analysis for Safety Assessment of Civil
Aircraft Landing System

ZHANG Hui, CHEN Shihao
(Engineering Department, Rockwell Collins CETC Avionics Co. » Ltd. , Chengdu 611731, China)

Abstract: Aircraft landing system is the critical system to ensure the safe approach and landing of aircraft, and
how to evaluate the landing system to meet the safety design requirements is one of the important parts of the
system design. The basic process of the safety assessment for the civil aircraft is described. Taking the micro-
wave landing system (MLS) as an example, for a given MLS block diagram, the failure condition of complete
loss of both sides MLS information is evaluated by the fault tree analysis (FTA) method. The process and
method of tree modeling are described in detail. The results show that FTA plays an important role in the design
of the system architecture. The FTA and system architecture design are closely combined and feedback each
other. Especially when the probability requirements associated with the failure condition cannot be met, the
FTA cutset report can find the weaknesses and key parts of the system architecture, so as to take effective
measures to complete the optimization design of the system architecture.

Key words: system safety; fault tree analysis; cutset; microwave landing system; architecture design

Wi B #8:2020-03-26; & HH#3:2020-06-23
BIE1EE KM jackzhangh@126. com
SIAME GO, PRIEN. R CHLE R R SR VPG ISR e [0, fizs TRk . 2021, 12¢1): 64-71,90.
ZHANG Hui, CHEN Shihao. Fault tree analysis for safety assessment of civil aircraft landing system[]]. Advances in Aeronau-

tical Science and Engineering, 2021, 12(1): 64-71,90. (in Chinese)



1Y kA S . B TR Bl 2 46 28 & Tk TEAT 09 S BB 3 BT 65
gl 2 E APU(Auxiliary Power Unit) 24 170,
0 =

RHLE B R GEREE 1) K AT SR ARG 5 1R
B R AL Z et g R . — BAERSE R
TR IUH B RS FRE W% 22 19 55 1
TR RS R AT BB TAE U, S KLY R
e, WG, LB ®ATH SR YA —F &
TEHE T Bl B, B, A58 RALE Bl RS0 L 4
PEBCH X T2 A A EEE X,

152 % b & 48 (Instrument Landing System,
fa] R ILS) 72 [ B R AT 2H 2R\ R 09 A o o il 1 45
it B4Rk A R AL IR 3 4 Bl vh R 4% T AR R A9 AE
. AT ILS, il & Bl & 48 (Microwave Land-
ing System, & FF MLS) B A $i T PR J1 ok . T1E
Wi Z (ReIk B (I 26 K5 % i 7 6 Bl S A 5 H il
MR BRI L a0 MILS i 35 4 & 5t TLS B3 A 42 8k
& BT A BB T MLS™ . 2007 4F 11
H . 23% A320 R RHLARAS MO At 25 22 42 Jmy 4tk 1
K MLS #471128 b Bl B —UER RS R
i F GBAS (Ground-Based Augmentation Sys-
tems) i TR FHE 245 (GBAS Landing System, fi]
PR GLS) . Bl i MLE B A He e TR AR 5ok i 2 ¢
BLEY KBS, [F] I 422 050 b T 32 45 ) 46 19 iR 2515
B R B AT ARCE 75 B R EORE A 19 67 B, A
M3 HF GLS & Bli. HBiT, 56 B K Mg #8 23 1 %8 1)
— P L GLS 12647, 1Ll Kz 17 iEAE
REABGER P E RUT 2015 48 4 H 78 1
RHLAHSERL T ENE IR GLS R8BI 7., KT
b IE 7R A Jr ] 7w A ek ny db sk B E AL R
G TIREN GLS Ra 2 AR L BT
[

AV B VR Sy R AT RALBE ] 3k 7 v AN af
A —FB Gy SRR AR R T A A BT
b R R A AR R B A G, A O R
ARPA754A P AR Vi RS e Ak TRl
f 25 R BE X 2R Ge AR A 4 ) B  E  ELB R i it
T3 A 2 A PR

TEZR G042 AV o3 B vh s SRR 23 BT 7 24 Sl 2
SRRk — AR LR Tz, B
s R A Bl 2 R AR 43 BT T vk T4l B 3

AL BITAY 2R G000 sh AR IE s /RS0 0 FH
BEEARS 43 AT 5 o R 45 PR AR I 2R 455 v 2k 2k 45 kAR I
B SRR Y RE R BT 43 0T L A S VKR R e
THRHE T 27 Bl 06 5500 5 2o A 00 6 B ASE A , xt
B R OAHL T LS o e 3 R s A T i
T AT, $R RN 3 A 4 o S R B
T —Fh R A 2 A ] R R N A ) e
W BB 3 AT T R R SRR R B I S i T
A2 & s LA ) R G0 R 5 300 &k Bl B3 Ok 4k )
Pl B S SCIRAS S S 2s & B AL o 3R G 1 A A
ERMLT — B ik sk EF Y B H R R L 2N
AL 7 R B RS S HE ) R G T O AT 4
BT FHE T B HE 70 28 s rh R AT I I R A B
T R GU AR B T B, S A RS R HE ) R G
AL T HE A 1 % s R S AR AR ) g AR B
T — PR B Bl R L BE S AR R L M AT
1) 056 R 58 28 1 (EL 22 4 1k 3 A A 2R 1 ST 5
A, [A) IF E A% 40 00 B AR T 3l sy T AE AR
C )z N 58 A B AR R R T 3 AR T AT A
FERME, HRETMBESE BT L SOk B
BARGE X RHLE Bl 3R 58 19 % A5 OF R i
GiReiliiRIE

AR SC LA 5 Bk 2R 40 R ) R B — A BT
A AR AR T 1, K R AR ) S A AR A R Y T
LA B M2 A R T SR TC VR T AL N an el fE 1k FR SR 4R
P 55 5 R TFAF 5% o8 CHLAE Bifi R G 1 28 2P 2 A
MAGEIHEME S % 540 BB o B 7 vk 2 D
Tloipl 5 Bk 22 5 R 28R R T 1%y 1k ) AR FEL X
HLH AL 5 Bl 22 48 (A TLS R4 .GLS R4 %)
SpsEli

1 REWTMEIE

GRS R REA AR AN 1 TR

KM LBk B i I RS % Rl
5 VT fa B PETAl S PEPPAE i
fc&gﬁ%ﬁ; u( S/F HYA ) (PSSA) PFAH(SSA)

Bl 1 & Eirglh o Rl
J[13]

Fig. 1 Safety assessment process



66 iz TR

Lt R W12 %

B A VE VAL 1 B T AL A AL RE Al R
PFAE CAircraft Functional Hazard Assessment, fi]
POAFHA) . & 48 2% Y) i fa B 1 F ff (System
Functional Hazard Assessment, fij #8 SFHA) | #]
& G & 4 P F Al (Preliminary System Safety
Assessment, {5 78 PSSA) Ml & 4 % 4 M 37k (Sys-
tem Safety Assessment, [& Ff SSA),

AFHA il 2 48 H o3 i LSy Zh g, 3 )
FNRAILE T BEAH 5C 149 2R ROIR 2 M 4 2% R4 Rl 1Y
PR X S, AFHA 40 45 1 218 i w0
KL% 4 P4l (Preliminary Aircraft Safety
Assessment, 5K PASA) . ¥ £ DI BEAY 26 2 PE
ROAWMBI R G, & RG34 5L, — Pl
SFHA . H 51 Fl 22 48 90 H) e AH G 14 2 80K 25 F 52 e
SEG . SR ARICIR S Y 52 ) 25 A 45 SME VR Y L AE R
F L E R AR AR 0 TG 22 42 52 Wil 1) TR 2 L % 7 7Y
MR ZLR 43518 1..00X 1077 1. 00X 107, 1. 00 X
10 °,1.00X 10 * FJC#E A BRMY . SFHA 19 53
BT 25 S 1 45 PSSA L PSSA i i Xt 2 i 14 R 4 42
FHEAT 28 G0 1 4G A, LA 8 3R 40 0 e i 5 3
SFHA U B DI RE A I, LA K (8 # )2 SFHA h
PR A2 Ve 2R . SSA i X B S R 5L ik
TR GEE o> T 256 & Fh o B 25 28, LU E &
G 52 PLRE MG 2 AR S 22 e oK .

2 WERMSH

B AR 3 BT (Fault Tree Analysis, {6 #f FTA)
JE—M A U R 8950 B 70 AR D R R 2 et
BRI 0 Ok SRR AR 23 A 2 N T PSSA
HSSA LTI RGEEM R BRI E RGEE
S P Al v SO SR RIOIR 285 X B A B AR 2K

2.1 WMEEITE

H, 15 25 38 B LA R AL 09 kR o A R A R
SRR, N (D R .
P=1—e"=2r @)
K P oA IR A R AR R A 52 S R ROR
T N B iR I ] SOPR Sy Ak 3 XU 1 B 1]
BEA XS B 1 2R R A UM ) R R T ) SR
PEFRM | 2 RCIR 25 5 52 0 43 B (Failure Mode and

Effect Analysis, fij #k FMEA) 4§,
2.2 & &

4 2 T SO A T A A AT T S A
PFelH HAR R AR AL . AR 70 R D il A 2>
A F) B2 SR 0 e S AR A R AR R 4
IR AL L R e B BRI 445 4 vh A7 7 9 T A 12
DR L [ S AR Bl X T3 1 T A M 3R 1Y ik AR JEE
XA B2 A HET

3 WKEMRS

T A Bili R 48 (MLS) J& — Bh 4 K Ag K % it i
HRE RS, TAESR N 5 031.0~5 090. 7 MHz, 3t
200 A A A B[] 35 o I R 41 A D B TR, fh
T A FIAIL R 28 4 B . L T 35 4 1) 25 vp B 2 —
ANARZE () B3 T 5 A, 76 AH N 04 7 35 XN AR 1 H
(7 55 0 [ 38 8 o AL f — 40°~40°, A £f1 0. 97~
15°) XI5 L1 5 A8 KO ] b 2 A AR 434 XF
fm s AT b AR ER . AR
AR B 2 iR,

-0 0
A TR H
£ 4
0 I 0 0
HABOR : / IRFBR : /
+60 +6

&2 DR B FR 4 AR ) i A
Fig.2 Angle measurement principle of MLS

fBBE RALAL T Bl 8 3 Bl R G i B 3 X 25 05
e ARURE X T A G 2 DN 7 A TR 4 4 A B R AL
I, ML BB A OB — AN TR 45 ik i, 24 RO A el 22
AR A A B TCHLI AL AR A R — AN R 4 ki
P T 9 SR 41 A A Y e e A A bk o
ISR A1 oK b 22 6 ) ef ] ) i o ol BE AR ) RALAH X T
POTE L ZI T AL AR AR AR A I R i BRI TS 7
FAZAL o DOIALTE T4 3 R 2 b R AR A Y
I 7 A RVREA £ ) s 2 T RALA X TR
B H L Y 7 A i 2 AARGS T T A AR e 25
MR KHLER BEE B S =15 B .



%1

SR 5 < R RALAE Bl R 48 22 2 VE V1A 19 R 20 67

4 SRR SRR R R ER
4.1 WMEEENENEZRE

1B 2R Gt Mk e 16 v F Al (SFHAD U i

1) 56 T 00k 4 Bl D R I R BBCIRAS W3R 1 iR, fvh
G T RBORAS 45 38 Y AT B B L 2R &L
SO R ISR SR B SR, Y R O R
IF X6 R A AR LR O 1,00 X107,

F 1 U R REG I TEIT A R

Table 1 Functional hazard assessment for microwave landing system

i SRR W SR GmAK  MERER
LBk MLS f 0 A H I T

34F37-01 WK MR 5 B 3T 2 mzﬁ:giéi\%&;ﬁﬁmémm WAE 1.00X10-7

(Complete loss of both MLS information)

R s3I0 T LA Y TAF f
Pt

4.2 WEEMRASIER
B Bl 0 A o 28 48 O S HE P an P 3 s

MLS K A4k #1

(] |

|

|

DL e | D "

i kit B | e

! ¥

!

i LI - Ep——TYeY

| N MNZ

: WAHE3 Nt . BB

: F: I B L

| -

| Y —

e A ] AiED - r‘,i',J;gjgg
ikl 0 e "

LEN W 3:9)

&3 T & Bl &R e A HE I
Fig. 3 Conceptual MLS block diagram

Tk 4 il 72 45 P2 100k 4 BT R G A A 1
FEWIA 10 & B 590 (Microwave Landing System
Unit, Al #x MLSU) Fl— 4~ XU i 1) MLS K4k,
MLSU #U0k  MLS K28 i 55 5 {5 5, 5] B 38 2
A BBk B R & 7 0 B 98 (Status Control
Unit, i #K SCU) £ 4% H 45 il #2.9C (Interface Con-
trol Unit, & FR ICU) % & (9 I 1B A5 B, . 838 2 X 5
(9 AR A K S0 8015 5 i A s, 138 e T o g 2
FREAM R 2% 7 57 A 25 VIR A O 22 B30 48 A V28
Rk BRI RIT, Mg R R T i E B
LMY, AR B BRI TN,

At R T SR LRV 2% £ 1 S ZE M MIL-

SU.Z M ICU L Je 3= 2 38 5 7R #% (Pilot Dis-
play) it s BUIETC I AS £ 2 A Mg MLSU A5 il
B9 ICU LA K @l 25 3 i 78 4% (Copilot Display) ik H ;
LRI 4% # 3 o SCU fitr

4.3 ZTE£FXWMEHKE S S 6086
S

4.3, 1 MR AT ik

R B A AR AR T O A R A R I B
Sy 28 W — L v ] 1 o e st D TSR fie ) IS
F. TERGEAMAZ AN OLT %07 I M A
W AR T A5 B2 A5 e o (HLBE X S 2 9 R g it AR 1R
2 B B A 38 T A 52 45

AR A 3 58 4 e K I fRlciple 3 Bt 4 8L O Tt
S PR R RS P SR P — o B R B Y A T
2L 4 R,

— ITB — Live

Loss of C

Loss of data out of C (FRHILO) X
(¥ IECT LR ) Loss of‘colmcctlf)nfrom B tq C
— (Z R ICB R L ITCINIESR)
Loss of inputs to C
(ZRHICCIEIN)

Loss of data out of B

(FGBIC A ) _I

P4 R Ay HE A A

Fig. 4 Fault tree modeling method conceptual diagram

flbe i B M 22 0T B AR iR BT CL B 23
BT AL s B o0 C o Bdle it G SR 1R AT 0 A O



68 i s TR

%12 &

ERPILCHERFIL CHMIA., ERHILCH
A SR HE— 2L o i B R LT B BT C 1Y%
Peak e B RBE . 0T B JCECE R S (e
)RR A3 AT 1 R AL RT  [) RE A O R AT A0 il
FLE R R 2 1 EE A

WK BT B AIBA ST C 4L HE B & 1 — A4
/NI IS AR 20 R G A B AR R 2 X
1) 57N BT B 6 R S IBG T 8 3 3 B 1 i
BT 1 w2 2 3 1 b 5 1l A 8 A 1) 4 fi
4.3.2 WA A B O R

X 58 4 T2 2% A 1) B B A5 B (34-F37-
01) MY SR ROCIRZS  HL 41 A4 e A 43 A7 a3 72 4 &1 5 ~
10 TR o 35 W B 36 25 34 55 s 2 M 22 £
WA Bl BT 42 WS TRE 3 G 5 5 FVIRAAD O 22 580 » )
2 0 ) 7 2 AN A I B A el R T U o
D5 5r FVIREAOD O 2 508 . 8 A B ARl 1 A F B
P20 B o A 45 56 42 18 2 3228 i W R 2% 0 D o A
B(G10) 58 4 9 2% Il 25 9 5 7R 4% 1 ik o i 15
B(GT) . G10 Xf R Ay R R 56 1 50~ 56 6 Ay
B G X BB R A 7 T ~55 12 TR AL . H
T G7 1 G10 E ML, KB+ — D& 4,
— AN REZEM T T R R R O R B 2
BT G~ 12 TN A,

Complete loss of both MLS
information

9.24E-05
Req:1E-5

1
Complete loss of Copilot
MLS information

I
Complete loss of Pilot MLS
information

4.85E-04 . 4 85E-04
Page 7

r 1
Loss of Power Bus #1 Loss of inputs to Pilot display

POWER-BUS#1-LOSS G11
8.35E-05 3.18E-04
3=5.00E-4/H

=0.17H Page 2

Loss of Pilot Display

. 8.35E-05
2=5.00E-4/H
=017H
Bl 5 sE43e kP MLS {5 B (5 1 50

Fig.5 Complete loss of both MLS information (Page 1)

L

Loss of inputs to Pilot display

Page 1

G11

A 3.18E-04

I
Loss of Bus B

1
Loss of output from left ICU

B-BUS-LOSS

1.67E-07
a=1.00E-6/H

G13

w=017H

A 3.18E-04

r
Loss of left ICU

1
Loss of inputs to left ICU

& 6

LEFT-ICU-LOSS G15
2.50E-05 3.18E-04
3= 1.50E-4/H
=017H Page 3

SEA 2R WM MLS 5 8 (5 2 7))

Fig. 6 Complete loss of both MLS information (Page 2)

Loss of inputs to left ICU

Page 2

G15

A 3.18E-04

to left ICU

I
Loss of bus A from left MLSU

1
Loss of MLS data from left
MLSU

LEFT-MLSU-ICU-BUS-A-LOSS G17

1.67E-05
a=1.00E-4/H

w=017H

‘ 3.01E-04

r
Loss of left MLSU

!
Loss of inputs to the left
MLSU

LEFT-MLSU-LOSS

1.34E-04
7= 8.00E-4/H

w=017H

‘ 1.67E-04

Page 4

Bl 7 SE4afeR MM MLS {5 8 5 3 50
Fig. 7 Complete loss of both MLS information (Page 3)

Loss of inputs to the left
MLSU

Page 3

G19

A 1.67E-04

Loss of tuning inputs to the

1
Loss of RF inputs to the left
MLSU

. 1.44E-04

Page 5

A 2.34E-05

r
Loss of RF cable between
MLS Ant and left MLSU

1
Loss of MLS Antenna

& 8
Fig. 8

LEFT-MLSU-ANT-RF-LOSS

1.67E-05
= 1.00E-4/H
w=017H

MLS-ANT-LOSS
6.68E-06
7=4.00E-5/H
w=017H

SEASPER WM MLS {5 8 CGF 4 10
Complete loss of both MLS information (Page 4)



%1

SR 5 < R RALAE Bl R 48 22 2 VE V1A 19 R 20 69

Loss of tuning inputs to the
left MLSU

Pege4 A 1.44E-04

I
Loss of bus A from left ICU to
left MLSU

LEFT-ICU-MLSU-BUS-A-LOSS G14
1.67E-05 1.27E-04
= 1.00E-4/H

w=017H

Loss of tuning data out of the
left ICU

I
Loss of left ICU Loss of tuning inputs to the
Ci

leftICU

LEFT-ICU-LOSS G18
2.50E-05 1.02E-04
7= 1.50E-4/H
=017H B

age 6

9 SEAEFERPIM MLS {5 B G 5 7))
Fig.9 Complete loss of both MLS information (Page 5)

1

Loss of tuning inputs to the
left ICU

Gi8
Page 5 1.02E-04

L
Loss of bus A from SCU to Loss of Power Bus #3

left ICU

I
SCU-LEFT-ICU-BUS-A-LOSS POWER-BUS#3-LOSS

1.67E-05 8.35E-05
J.=1.00E-4/H 7.=5.00E-4/H

=017H w=0.17H

Loss of SCU

Scutoss
e 1.92E-06
7= 1.15E-5/H
=017 H
K10 SEef kPN MLS {58 G 6 50
Fig. 10 Complete loss of both MLS information (Page 6)

B 58 42l ¢ 322 g R 48 1 0 A A B
(T O & A i R S L Rk
B R R T2 OGO BR AR (R AL MR B ORI
WL (R R MR A 2 ) PR G | Rk A0 N B 1 4 o R
TG R ZE MR 2 Bl 50T | 3t K ik Rl R £ L
K CALHL I

T AR v R A 5 B D I BT AR
PRAE S A BB A P B A B, IR R LR
AT TGS ENBONBaR S B, iRE A
R UBORF 1 0k, WIAF 55 18 BURE 5873 % B 114 5K

., B, LEFT-ICU-LOSS 1E 8 BEM 45 2 50 F%
S5l L 1 W, WIAF S By s “2”, B-BUS-
LOSS 7E575 2 DUAEE 8 Bl 3 1 Wk (R 56 8
I ARAESCTHFNZ) U AF 5 B P R 27,

H D 2 ki T BB L H T BIL I 2 S B B
BB AT 25 B 09 B TE) A 10 min, D) 25 58 I i) 24
T 0.17 ho A BB 43 Bk B W KO BT
A AR F AR R BRI 2 FiR .,

®2 ORBEFRILA

Table 2 Failure rate information summary

s fifi ik K /th
1 R B R 1.00X 1076
2 7R AR R 5.00X 1074
3 e 101 ) 0 R 1.50X 1074
4 Mk A Mk 1.00X 1074
5 SF A3 L B B 1.00X 1074
6 TR A i B T A B 8.00X 1074
7 TR 2 i % g e 4.00X 1073
8 FL L O 5.00X10*
9 RS i) T B 1.15X107°

FEEAS WA s AT A S B TR B
AR T AE TR T R Y e AR M R AR
Br T 2 e oA /R ARBSUIL 1 P AR AR AL 1] 5 932 4
K R ML DURIE R R B0k, TR
2 PRI R, &R 0 i T B RS, 4
FERW L 58 23 WO R Bl 45 80 B & A R R
9.24X10 ° , ANHEWEJE 1. 00X 10 ° (UM R E R,
4.3.3 HIEME

VARG H0 2 T T A B AR X R A AR A R
BEARFMMA G R AR L) SRR & TSR &
AR SR 43 LU L I e RO %R S B A e AR
F/NERF

4 34-F37-01 RAMER R 9. 24 X107 BF , X [y
() #SE 5 3k 3 iR, R 04 T X T A & A
WE 2 Tk B R T 5 BRI AR 2B X I 9 48K 232 (L F
e 5 B b T RUE - R U A £ 3 HORE L1
e A Bl DR 2 I BRE R A W s B T I R AR Bk
B 22 0 B S A AT AT — S g R A R AR R BUE 4
TR WO Y S A B A R . AR 4% £ 3 ik
YER e R DTk R AR R 8. 35X 10 7, (5 TH
TR AR 90. 3 %05 Tl A Bl 4R BB AE
B DTERE A IR 6. 68X 10 ° AN (5 T g



70 iz TR

Lt R W12 %

TERABERE 7.3% . RWIN T L TF R % 4

HESRIG L 1. 00 X 10 ° B3R , 75 B Bl 48 fie K o1 mik

H PRI A # 3 ek — P et

F# 3 BT (34-F37-01=09.24X10 %)
Table 3 Cutset report (34-F37-01=9.24X10°)

REA A HY LG/ HA R A
8.35X10 ° 90.3 POWER-BUS £ 3-LOSS
6.68X10°° 7.3 MLS-ANT-LOSS
1.92X10 2.1 SCU-LOSS
1.67X10 7 0.1 B-BUS-LOSS
L 78X 10-¢ o1 LEFT-MLSU-LOSS

RIGHT-MLSU-LOSS

4.4 iHIEE

9T 1. 00X 1077 [l HE S ER , 28 HL IR
T A% £ 3 A 1 Rk b 45 it
4.4.1 Fhjiti—

I 7 B AR S /N R A5 it S 2 IR RE S alE— 25
FEAC IR I 2% £ 3 MR AOR S H K 3 5 —Fp 2k
BRI L R AR R AR LRI 4 £ 3. Rk
FL R 2% £ 3 I 2R 80 TT A 5. 00 X 10" B I 3
100X 1077, AR A S BB 11530 1 T00 < 1 22 A A M R
J1.06X107, HF 1.06X10 ° A1 1. 00X 10 °
w3, AHE WL 1,00 X 10 ° BYHERER

2 34-F37-01 KAMEARN 1,06 X101, X J
(M EN B A N EE 4 Fos , AT LA 2 24 He P50 0 2%
23 BRMEBEMKE 1.00X10 ° 5 Kot H &
AT BRI 2% 5 3 WG I 2 5 ) 0 o i oK
SRR, T o — D BEAR T A & AR AR, nT 48
Tlip 2 ki DR 28 SR BBt 5 e, 0 4 > i AR A B R
2 R4 Ry T A LI ) B A el R R (R A
A N LB

F 4 BIAEE (34-F37-01=1.06 X 10 %)
Table 4 Cutset report (34-F37-01=1.06X10""°)

LESE Hor /% HENS
6.68X107° 63.1 MLS-ANT-LOSS
1.92X107° 18.1 SCU-LOSS
1.67X10° 15.8 POWER-BUS # 3-LOSS
1.67X1077 1.5 B-BUS-LOSS
L 78% 10~ 0.2 LEFT-MLSU-LOSS

RIGHT-MLSU-LOSS

4.4.2 i —

s LRI 4% 2 3 IR B R T I BE AR, o5 —
FAT B AR IO il 2 3G 0 — % N ST U 4R RIR A
FEHI T HE A, R B B — A R TR W 8 R T
(Power Monitor Control Unit, fij# PMCU) , {1k
Je B AR A i B o L AE R G 18] 11 s, PMICU
ARG EEAMBEDRIIG, RE LHE)G,
PMCU BRI 3 #5422 38 B I I 2% 2 3 R RS 1l
PAICHEHL , — B e PR 4% £ 3 Y HL Rk 2R
B, PMCU 2 L $54238 N 200 5% # 4 PRSI
FATT AL HL DT B v A E A AT SR

r |

I | T
! l

| ! !

: D

I IRV Ee I T N S L
| I

I [ 5

[ | 1

| I

I ! e L
[

11
Fig. 11

R 4 ) 58 T it H AE 1B DR R
Power supply for SCU (after optimized)

B AL . 58 A e e X SCU it v i 7 ik bz
BN 12 Fr 7R, A F5 BRI U 4% & 3 RE [R] B
PMCU Jo i #2358 N 2000 5% 2 4, DL TR 4%
3 R 2L A £ 4 Rl Rk

L
Loss of Power o SCU

Page 6
Page 12 A 200608

Loss of Power Bus #3 and
PMCU fais to switch to
EMER Power Bus#4

Loss of Power Bus #3 and
EMER Power Bus #4

G16;
. 139608 . 697E0Y

Loss of Power Bus #3 Loss of PMCU Loss of Power Bus #3 Loss of EMER Power Bus #4

PONERBUSISLOSS PIGUL0S) [FoweRBUS#BLOSS] EVER POWER BUS#1055
8.35E-05 1.67E-04 2 8.35E-05 B8.35E-05
S 00EAM 11 00EaH I-SOEAM - 0EAM
=017H =017TH w=017H w=017TH

Bl 12 sE4iesk SCU LR Ay 7R i (I ik Js)
Fig. 12 Fault tree for loss of power to SCU

(after optimized)

e PMCU By R ZE N 1,00 X107 L HL L
WAk £ 3 M 204k £ 4 BRZRA R 5. 00X
107,314 3 2k SCU H 5 B9 #F 8 S 2. 09 X



%1

SR 5 < R RALAE Bl R 48 22 2 VE V1A 19 R 20 71

1075, K& 12 FF R (9 1 s B AR A 2 A i I
d A S AL N MLS 5 B & B R N
8.94X 10 ° Wi &£ 1. 00X 10 ° MR BEK
4.4.3 ZERXFH

Ji i D 58 B I N R e S e T 1 & SR X
Nk 5 FrR , MERZORE R 1,00 X107,

F5 ZRORREITRE R

Table 5 Comparison results for the three different methods
151 MERITRAE R Rk Bk Iy ik
B R 9.24X10°° A s
e s o [ e O I 3
e 100710 . 43 MR AOR
B 200 A
s — 8.94X10°° = #4 FH R
i il 20T
5 & i

(1) B0 7 B I IR AR A A6 D7 35 o i o A )2 15
JZ Z 1] 5 25 757 #3 TE 1 5 %% A 4 3 DR IR e e A
P R B R A e AP X R A R
g U R 32 T % o BRI AT S8 B S 4R AR £
My, RS B0 RE AR — E R B ARIE A W]
ek AT N B R T A AR LA AR LA S5 4 L T
T AL 2 R T R VE R AR,

(2) 2 A VEBEAR BEOR J0 L6 I I SRR R
e T AR Fh S A o e 0 T 1 R A R Y A R
TURRE O RGBSR DT 1A

(3) 42 VR AR TSR T0 W 2 I mT A 7
TE R I ke A e — 2 2 BB T ik — 2D R AR e R 5T
WK Y 2 R, I 7 S AN T ] % d R BTk 1
TUARBEBC T AT 2 % VR AR BEK

5% Tk

(1] BReF, M. fis TLm SHEMIMI. dtar. FH Tk
AL, 2008 443-456.

CHEN Gaoping, DENG Yong. Principles of aeronautical
radio navigation M]. Beijing: National Defense Industry
Press, 2008 443-456. (in Chinese)

[2] IR, HEK. WR=. % L) GBAS B RGfF5H
FTIPAG T ELT]. AR, 2016, 31(5): 978-987.
JIAO Weidong, TANG Zhihu, SHEN Xiaoyun, et al. As-
sessment method of signal effective coverage for BDS-based

GBAS landing system[ J]. Chinese Journal of Radio Sci-

(3]

[4]

(5]

L6]

(7]

(8]

9]

[10]

[11]

ence, 2016, 31(5): 978-987. (in Chinese)

X AE, HIE, T b 2 B LR T Rl R S8 AT A AR 0
[J]. RSG5 E4R, 2018, 30(10): 3753-3760.

LIU Ruihua, CAO Hui. Visual simulation of aircraft ap-
proach and landing system based on Beidou[ J]. Journal of
System Simulation, 2018, 30(10): 3753-3760. (in Chinese)
SR, EHUT, PR RAILZ 2EROT S RIERAR
[M]. dbxt. fiias Tl th it 2015.

GUO Bozhi, WANG Mingin, RUAN Hongze. Safety de-
sign and verification in civil aircraftf M]. Beijing: Aviation
Industry Press, 2015. (in Chinese)

SAE. (R) Guidelines for development of civil aircraft and
systems: SAE ARP 4754 REV. A[S]. US: Society of Au-
tomobile Engineers Inc. , 2010.

EHMR. BT F A SRR 43 BT 0 BT TRBLAE B B ) R RS
ZATEEAGLT]. R RHLBOT 50T, 2014(3) : 48-52.
WANG Dong. Safety assessment of auxiliary power unit
(APU) system for civil aircraft based on dynamic fault tree
analysis (DFTA)[J]. Civil Aircraft Design & Research,
2014(3): 48-52. (in Chinese)

TN, R, B, AR SR TR 0 TRALES TR R B
TSN Az TREERE, 2018, 9(2): 267-273.
WANG Xiaohui, CHE Cheng, HU Yang, et al. Safety a-
nalysis of aircraft icing detection system based on fault tree
[J]. Advances in Aeronautical Science and Engineering,
2018, 9(2) . 267-273. (in Chinese)

B0, 008, B T R AR 43 AT 7 k0 RODL AL B ) 4%
T O BT LI, THEALI R SR, 2020, 28(1) : 44-
47.

LU Zheng, LIU Jian. Improved design of control logic for
civil aircraft cockpit door based on fault tree analysis[]J].
Computer Measurement & Control, 2020, 28(1); 44-47.
(in Chinese)

EEE L mkcER, ATAk e, BT RO — SRR SR A
AP RGEEAH E LMokl RS
THE, 2019, 19(29): 363-370.

YAN Feng., SHANG Yongfeng., FU Jilong. Airworthiness
compliance validation safety assessment method of aero-en-
gine control system based on fault tree-Monte Carlo simula-
tion[ J ]. Science Technology and Engineering, 2019, 19
(29): 363-370. (in Chinese)

RHE, ZE, ENRE. RGP Rg i 2Rt
Mias 8 J1 %4, 2015, 30(7): 1784-1792.

ZHANG Yanhui, QIN Hao, WANG Daijun. Engine rever-
ser thrust system safety design[J]. Journal of Aerospace
Power, 2015, 30(7): 1784-1792. (in Chinese)

WICAE, SRE T — Rl T L AR G AR R R YRR
SEBITELT]. AT RS R, 2017, 39(12) : 2269-
2277.

XU Wenhua, ZHANG Yuping. A fault tree auto-modeling
method based on avionics system architecture model[ ] ].
Computer Engincering & Science. 2017, 39 (12). 2269-

2277. (in Chinese) (FEEE 90 T)



90 iz TR

Lt R W12 %

[14] IBRAHIM A S, EVGENY P P, DAVID J E. Experimental
and numerical investigation of rotating bladed disk forced
response using underplatform friction dampers[ J]. ASME
Journal of Engineering for Gas Turbines and Power, 2008,
130: 042503-1-11.

[15] %%k, AW, whyEEL, 5. Bt SO B 2 B W
WA ZLI]. Wz KFHL, 2013, 39(5): 14-17.
NING Zhiyi, DU Shaohui, HAN Qingkai, et al. Study on
validity of air-excited vibration and coating vibration damp-
ing of simulation blade[J]. Aeroengine, 2013, 39(5): 14-

17. (in Chinese)

[N U U L D N N U N U U R U U n L SN SN U U N U R U n P N SN e n e

(EZEE 71T

[12] X5, XkE. il REL 2o TR S]]
R CHLBTH 5 85T 2017(3) « 10-16.
LIU Yu, LIU Yongchao. Design and research on safety a-
nalysis tool for avionics system[]]. Civil Aircraft Design &
Research, 2017(3): 10-16. (in Chinese)

[13] SAE. Guidelines and methods for conducting the safety assessment
process on civil airborne systems and equipment: SAE ARP4761
[S]. US: Society of Automobile Engineers Inc. , 1996.

[14] FAA. System design and analysis: FAA-AC 25. 1309-1B
[S]. US: FAA, 2002.

EEE N

B OF1983 ) A Uk TARIE. BT K 5 L3R
B G bR

EA A 1988 BBk TAIE, £ HFIO7 1 - & 3 B3
LT

(445 . 53 F%)

CCRNERERERERERE(RE[RE[RE[ERERERE L

EE R

W 985 ) LWL TRRIE. BT . R R
SR s 85 7 1 TIN5 o e e 5 VR

BRE (1979 —) B M4, g TG, EBEHF T . A
AL F TR R G R TE .

(%5 53 #%)

(E#E 78 ])
LIU Hailiang, WANG Lixin,

ground stability and control characteristics in crosswind

Evaluation of directional

landing for civil airplane based on digital virtual flight[]J].
Journal of Beijing University of Aeronautics and Astronau-
tics, 2018, 44(3): 516-525. (in Chinese)

[20]  #A%, BREAh, 24P, 45, KB TR COALASE 28 7K it i YR ik
WAFLI]. MERER A, 2016, 27(1): 74-78.

HUANG Miao, LIAN Ziding, ZUO Zaibin, et al. Experimental
study on motion response of a seaplane on waves[ J]. Aeronauti-
cal Science Technology , 2016, 27(1): 74-78. (in Chinese)

[21]  #EbRBE. K ERHUKSIIBGHIMI. Jbst: s TRk, 2014,
CHU Lintang. Seaplane hydrodynamic design[ M]. Beijing:
Aviation Industry Press, 2014. (in Chinese)

[22] JEHRFF. MEAEELM]. 1. A8 Ko AL, 2019.
SHENG Zhenbang. The principle of ships[ M]. Shanghai:
Shanghai Jiao Tong University Press, 2019. (in Chinese)

[23] Fpde, 0. 2K CHUE K5 Eo N\ EE DL 3105
H[J]. &A%, 2015, 33(1): 78-82.

WANG Zhenghua, LI Chao. Aircraft-pilot closed loop simu-
lation of the minimum control speed during landing approach
for multi-engine airplane[ J]. Flight Dynamics. 2015. 33
(1): 78-82. (in Chinese)

EEE .

FURHE1985—), B Wb R LRI, EEB 5w €7
VIE NI EE 13787 18

EBRTBME(1980—) I o g LRI, EEBEFR T &R
PR N T3 a7 IS

EREAL(1983—), Bk, TRRIW ., EBRFS 51 . AT 15,
ARt

MBF 1964 —), B L ARG, EEBFR I AT
it

(4R35 : D3 #F)





