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[ Abstract] With the continuous improvement of avionics system, the traditional method of safety analysis is diffi-
cult to guarantee the completeness of failure mode as it is too dependent on engineering experience. And in the
process of system iterative design, due to the complexity of the system, the workload of safety analysis is too large,
which increases the time and cost. Aiming at the above problems, an automated safety analysis tool was designed,
the safety data model was established based on SysML, automatic fault tree was built by using route tracing method ,
and the common mode analysis and zone safety analysis were carried out on the generated fault tree. The experi-
mental results of a system show that the tool can realize the automatic modeling and analysis of the fault tree and im-
prove the efficiency and competeness of the safety analysis.
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1) ErrorList %%

TEA) PAAEAER AL 2, PRI ErrorList %5,
e 8 fis .

rorList:Errors occurred in Fault Tree Structur " x
Errortist | IntersecCheck | MiniCutSet | 1-MnCutSet | CMACheckist | CMEventlst | HazardAreaCheck |
No. Detal

| SeparationCheck |

8 FErrorList 8

2) IntersecCheck %%

TEA, * Loss” 2R B AY i AR A A7 1 6 1
FELESSAR G DL 25 L, in &l 9 Fow , 46 T & (i
2 MR (5 4 4) AL,

; IntersecChecicAll of the Basic Events intersection check a ox
|| Errortist | IntersecCheck | MniCutSet | 1-MinCutSet | CMACheckist | CMEventiist | HazardAreaCheck | SeparationCheck
[N Detal

ACS_LALoss and GPM_L2Loss and ACS_LBLoss and GPM_L2Loss are al in CCR_LeftLoss

o wN

ACS_RALoss and GPM_R1Loss and ACS_RBLoss and GPM_RiLoss are al in CCR_RightLoss
ARS_1ALoss and ACS_LALoss intersects.
ARS_1ALoss and CCR_Leftloss ntersects.
ARS_1ALoss and GPM_L2Loss ntersects.
ARS_1ALoss and ACS_LBLoss intersects.

9 IntersecCheck Z5 8

3) MiniCutset 28 5
PEPE" Loss” JE UKL FRem O T4, 4 A 1 21 4>

FR/NEISES R, NP 10 PR 6045 1 1 A—Frdl e |
5 ATBrEIEE 14 =B L A UBrEILE, IR
T Z R AR Y 2 BIOHE S LR R TR A 2 A 4 Y

Fifk ( Contribution)

MiniCutSet:Minimum Cut Sets list, shown after click the GateEvent » x
ErrorList | IntersecCheck | MniCutSet | 1-MnCutSet | CMACheckist | CMEventlist | HazardAreaCheck | DstanceHazard | SeparatonCheck
Rank  Order  Probabity Contrbution Cutsets
(25} 1 2.99996E-5 9.99692E-1 HDDCenterLoss
2 2 8.09927E-9 2.69897E4 GPM_L2loss GPM_Riloss
3 2 1.08896E-9 3.62882E-5 ARS_1ALoss  ARS_2BLoss
4 2 2.69988E-11 8.99696E-7 CCR_RightLoss  GPM_L2Loss
5 2 2.69988E-11 8.99696E-7 CCR_Leftloss  GPM_Riloss
6 3 9.80024E-14 3.26579E-9 ACS_RBLoss  ARS_1Aloss GPM_L2Loss
7 3 9.80024E-14 3.26579E-9 ACS_LALoss ARS_2BLoss GPM_Riloss
8 3 9.80024E-14 3.26579E-9 ACS_RALoss  ACS_RBloss GPM_L2loss
9 3 9.80024E-14 3.26579E9 ACS_LBloss ARS_1Aloss GPM_Riloss
10 3 9.80024E-14 3.26579E-9 ACS_RALoss ARS_2Bloss GPM_L2Loss
1 3 9.80024E-14 3.26579E-9 ACS_LAloss ACS_LBloss GPM_Riloss
12 2 9E-14 2.99912€-9 CCR_Leftloss CCR_Rightloss
13 3 3.59352E-14 1.19749E-9 ACS_LBloss ACS_RBLoss ARS_1Aloss
14 3 359352614 1.19749E9 ACS_LALoss  ACS RALoss ARS_2BLoss
15 3 3.26689E-16 1.08864E-11 ACS_RBLoss  ARS_1Aloss CCR_LeftLoss
16 3 3.26680E-16  1.08864E-11  ACS LALoss ARS 2Bloss CCR Rightloss
17 3 3.26689E-16 1.08864E-11 ACS_RALoss ACS_RBLoss CCR_Leftloss
18 3 326680516  1.08864E-11  ACS LBloss ARS 1Aloss CCR Rightloss
19 3 3.26689E-16 1.08864E-11 ACS_RALoss ARS_2Bloss CCR_LeftLoss
20 3 3.26689E-16 1.08864E-11 ACS_LALoss ACS_LBLoss CCR_RightLoss
21 4 1.18584E-18 3.95165E-14 ACS_LALoss ACS_LBLoss ACS_RALoss ACS_RBLoss

10  MiniCutset 55

4)1-MiniCutset %%

ARG 3) BIAEIR,  Loss™ S B il e dif 1) T2
A—AEIS e 11 PR
‘E;r’arLs(‘]‘Y‘n‘terse;(T‘N‘e; i Mr;\C;At;et‘ vl—Mn(ur‘Selt ”CI‘A'A(‘]\‘ed’(B‘t }‘CMEver;.tiist ‘} ‘HazardAreaChed( | DistanceHazard | SeparationCheck =

Rank Order Probabity Contrbution Cutsets.
't 1 2.99996E-5 9.99692E-1 HDDCenterLoss

11 —ME/NEIRER

5) CMAChecklist 4%

MR 3) BSE R ) [ — 51T i #EI S F 1w
PR, QN 12 B, S g AN 5 R A 7 LA S
PRI IR AR IR R

Erorlat | ItersecCheck | MnCutSet | 1 MnCutSet | CMAChedkst CHEvertLit

Man a enance Test CabratonEnveorment

| A NA WA
| NA NA NA
| NA WA A
| NA NA NA

NA NA NA
| NA WA NA
| NA NA A
| NA WA NA
| NA WA NA

NA NA NA
| NA NA  NA
| NA NA A
| NA NA A

NA NA NA
| NA NA NA
| NA NA  NA
| NA NA A
| NA NA A

NA WA NA
| NA WA A
| NA NA  NA
| NA NA A

NA NA NA
| NA NA NA
| NA WA NA
| NA WA NA

NA NA WA
| NA NA NA
| NA NA NA
| NA WA NA
| gy s A NA WA WA

CMAChecklist £5 8

6) CMEventList 5
TEAGI R AAFAEFAFAE R — 5T T AF 3
HrEE I, Ik CMEventList 25%5, 40K 13 fizs .

CMEventList:Event shown multiple times in different branches of AND Gate
Errortist | IntersecCheck | MiniCutSet | 1-MinCutSet | CMACheckist | CMEventlist | HazardAveaCheck | DistanceHazard | SeparatonCheck
| MNo. Common Event And Gate ‘

13 CMEventList Z&58
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7 ) HazardAreaCheck %%

TEHEAT R DI 2 iT , 75 256 8 X —Afa ks
DI, FEA G E ST — A X 1, Gl 14 B,
O E N (0,0,0), KB 40408 1111 (1111 Al
LI A2 T5 R € SCOEfE ke X, 2E47 B0
L, 24 “ HazardAreaCheck” #3725 F s, W&
15 fi7s 347 38 Jf, 45 25 9 Cutsets” — 31| 31 1 T
[f— 5T F AL T [ — fa B X Ry B A7 %) 4,
“Detail” — 1 15, ] | 3 £ 1) £ 5 1 [|] &b 5 W — A
FE R XA, “LRUs” — 51 9 4 1 ix 26 4[] Jjg§ T
Wi LRU,

o a X
Attributes | Zones
Zone X Y z length Width  Height
b1 0 0 0 111 1111 1111

b \

B 14 kR RIEEX

& 15 HazardAreaCheck Z5 58

8) DistanceHazard %t

1F HazardAreaCheck 2% H:3Laill |, 5 H T T &
b [ —fE R X LRU F4, 0845 th T AT
SE SCRER DX B, A& 16 FIR .

DistanceHazard:Distance of CutSet Events to the defined Hazardous Area .
Erorlist | IntersecCheck | MniCutSet | 1-HniCutSet | CMAChedkist | CMEventlit | HazardAreaCheck | DistanceHazard | SeparationCheck
No. Event Zone Distance |

»1ICCR Lefiloss. 1 -12.7870317066846
-11.175482767402

2 CCR RightLoss 1
3 ARS_1ALoss 1 -11.6257092277016
4 1

ARS_2BLoss -0.529995503875097

16 DistanceHazard Z5

9) SeparationCheck %% 5
M4 3) A4s R, H0H T Rl—51 T LRU 4145

16

FO IR R I Z R AR, 45 1 & LRU fir
Ak R HETE DX ISR 75 A7 A 28 U R A 4 2R, AT 17
Bz

SeparationCheck:Check if the CutSet Events in AND Gate satisfy the separation distance requirement » x
Errorist | IntersecCheck | MiniCutSet | 1-MniCutSet | CMACheckist | CMEventLit | HazardAreaCheck | DistanceHazard | SeparationCheck
| No. Item1 Item2 Distance Intersect Vald
1 CCR Leftloss CCR_RightLoss 0.402260692677579  Fake True
2 ARS_1ALoss ARS_2BLoss 12.0877790590419 abse True
3 CCR_RghtLoss ARS_1ALoss 0.650925684746262  Fakse True
4 ARS_1ALoss CCR_Leftloss -0.288821134721376  True True
5 CCR LeftLoss ARS_2BLoss 12.2260586910609 Fae True
6 ARS_2BLoss CCR_RightLoss 11.2200828464867 False True
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17  SeparationCheck £§ 5
5 &
il

1) ASCBEH RSB A S @i T 5 M He AL 4
T LRI AR

2) AJCuLit i A s e et s ik 5%
GITEM L RIE T % &tk nbr 5 R & &I H
GRS

PRI TG T8 2 M P i i 2 1A Ak b i T
HR MMM TS F TRk,

525 3K -

[1] Vesely W E, Goldberg F F, Roberts N H, et al. Fault tree
handbook [ R ].
sion, 1981.

Washington DC: Nuclear Regulatory Commis-

[2] Wang G. Integration technology for avionics system[ C]//
2012 IEEE/AIAA 31st Digital Avionics Systems Conference.
IEEE, 2012.7C6 -1 -7C6 -9.

[3] Li Xiangming, Wu Xuejun. A software design method
based on fault-tree analysis[ J]. Ordnance Industry Automation,
2011, 30(8): 85 -91.

(4] A5, EREK, 5. JETERAIK )BT R R 5% 42
P HRBER [T, THEHLRE, 2015, 42(3) : 124 -
127.

[5] Kyle Hampson. Technical Evaluation of the Systems Model-
ing Language (SysML)[J]. Procedia Computer Science, 2015,
44(1) . 403 -412.

EE '
X F B, AL, HEIEF, TEHTH @ AL EEK
B, Tel: 021 —20864858 ,E-mail ; liuyuchn@ sina. com

XIk& B, AR, TEMAH @ :ME RAEEGERITS
% m ¥ ik, Tel: 021 —20864760, E-mail: liuyongchao @
comac. cc





