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Implementation of Automatic Tree Building and Analysis
Software for Fault Trees

TAO Jun,NIE Fei,ZOU Jun-yi
(School of Automobile and Traffic Engineering, Wuhan University of Science and Technology , Wuhan 430065 ,China)

Abstract ; Fault tree analysis plays a crucial role in system reliability assessment. However, as the core fault tree (FT) construction of
fault tree analysis, the traditional method of constructing fault tree has the disadvantages of time—consuming and error—prone problems. In
order to solve these problems and cope with the difficulty of automatically building fault trees in complex systems, we propose a
standardized description method based on meta—component model and system structure model , and takes this as the foundation. By estab-
lishing meta—component model library and complex identifier library , the fault tree automatic tree construction and analysis software is de-
signed to realize system structure model construction, automatic tree building, full automation of complex structure identification and
reliability analysis processes. We provide a detailed explanation of the basic steps for automatic tree building and analysis of fault tree
software ,and verify the effectiveness and feasibility of the software through a simplified application example of automotive ABS system.
The application results show that the fault tree automatic tree construction and analysis software can not only automatically build and
analyze fault trees,improve work efficiency , but also identify and process fault trees with complex structures, which is of great significance
to the promotion of automatic tree building and reliability analysis of complex systems.
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Part_title="ECU'";

Part_pn='7";
> | a8 A
Part_Input="V1'; Part_DirectionIn="L'; A A R A
Part_Output='"V2'; Part_DirectionOut="V2';
E R I

Part_Normal_output='V2'; Part_Normal_dir='L";
Part_Propagation="+1'; Part_Normal_input='V1';

Part_Fault_1='§i§%'; Part_Fault_Output_1='V2'; Part_Orange 1='-1';

Part_Fault 2="Bi{}4A}£'; Part_Fault_Output_2='V2'; Part_Orange 2='-10";
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<root>
<mxCell id="0" />
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<mxGeometry x="1050" y="360" width="150" height="100" as="geometry" />

</mxCell>

<mxCell id="8" value="ABS ECU" style="rounded=1;fontSize=18;fontStyle=3;fontColor=Black;gradientColor=white;shadow=1" ¢
<mxGeometry x="830" y="360" width="150" height="100" as="geometry" />
</mxCell> -

‘ "
meI updatel CopmeII ClearI ExportI

4
B 6 ABS 244 MAER xml L4+
U3 AR R SO T AN B, R G4 A AR T 14 B A BB B % xml SO H shFE i LTS AL ) 2R
xml XA, Zl?}\ﬁ:/\fﬁi)%lj‘]jﬁﬁ e I B R YE b 3 L L FAR AR e R R AR R AN 7 iR,

138 7 AR A
B AR A8E ML) @5 A F4atA (EXCEL) Systenllodel0

<axCell id="0" /> Name Direction  mponentVariab ironment.
<mxCell id="1" parent="0" />
<mxCell id="2" value="EN’ style="shape=rhonbus; rounde 1

<mxCeometry x="130" y="200" vidth="100" height="10C - v b b & i,
</nxCell>
<axCell id="3" value="HHBF" style="rounded=1;font: g 8 L 42 nan

<axGeometry x="380" y="200" width="150" height="10C
</nxCell> 9 SY6 L 4R1 nan
<mxCell id="4" value="HIFIENETE" style="rounded=1

<axGeometry x="655" y="200" width="180" height="10C 10 SY6 R 5.R1 nan
</mxCell>
<mxCell id="5" value="HHIHR" style="rounded=1; font: 1 sy7 it 5.v1 nan

etry x=940° y="200" vidth="150" height="10C -
12 sy7 R NFBL nan
<mxCell id="6" value="FHHMBE" style="rounded=1;for
</’<ﬂ:é§ﬁm>etry x="1240" y="200" width="150" height="1C 13 sva L NFBL nan
<nxCell id="7" value="{E{EBE’ style="rounded=1;for
| % ;

<axGeonetry x="1110" y="450" width="150" height="1C 14 svs R v nan
</mxCs
<mxCell id="8" value="ABS ECU” style="rounded=1;font§ 15 SY9 L 7.Vv2 nan

<axCeometry x="670" y="450" width="150" height="10C
</mxCell> 16 SY9 R 7.v2 nan
favl ATl 107 1A TinmtCUTY mamans=f17 rmiman=?D" san

£ 1R
. G SRR
O L fH4Eik @TF—1
{ Yes |

BT BRELHFAKSERE



.74 - AP AR

Sk

5 34

AR 4 TP AE F Sl B R A A i TR AR
BT B ATHEAE VI (PR i W) e, 2 A 3
A DL R R e S TR R R PO IR B

RAE TSR NFBL FIF X 107 () 6 52 B [ i Ak P 480325 % e
)R FR Y NFBL [0 2% A0 3, F A sh i 2 1 i 2 E 1
PRI BB - A e 5 SR AR 1 10 AL ] AL 6

HOPETE S S S 2 A 0T S ST A A Sy — v ] DU T R R AR ANl 8 P
R, e B H A S A S 2 AR AT U S A B, RAR 4
Iy cEnebE/dEn - o
B 2 11 - BR
ETEDN T T
A2 o TR i =
SLAREE I NFBL
© NFBL 7 % {2 Ko
O NFF £ il 5% (2 BR A 0
O HIL it 151 & )
XA NN ﬂ”s;?&ﬁsﬁ‘,l st 2

o XIJL%IEIE%#‘MJ

&\

@@6@0

%%ﬁ&ﬁmfﬁ@ﬁ% Vi-

B

@ fEre

f‘—mj ’meﬂ
] 4 Ak BEL 2 -2) 5] 8 2 2-3)

R1-F1-P2-V2-NFBL-V1

®

e =
EIZEIo  |[and | (\m
- " 32){33 34 3.5 Gﬁhmmtmﬁn m"ii?ﬂﬁ‘ﬁxq giggﬁlr(ﬁ(;ﬂ
[ Aot miFR |

TR S meS (ID) ) (E 3Tk (S H kst (csv))

A8
RS P T SR B SCAS SR SR A /N
££ . Jf7]iz i Monte Carlo 35X F 22 i Y i B2 b 3k 47

B M &

eSSy D W E VAT 2 = T 11 B O K = N & |
T 1000 YHIARE AT B 22 G i B I 1) | 4% IXC ) e s vk

A EENEA EAHT B A I B AR BT LS, SR R &R BOATEERE | DA RSO R LR i 9 PR,
l—zﬁﬂmﬁlﬁ o o X
r EHES BT ~Monte Carlo {}j BL45 3
i || Emgitgs
Bl Minioal Gitsets & 1 2 3 4 5 6 7 8 9 :
w R X8 |[0-100]|[100-200]|[200-300]|[300-400]|[400-500]|[500-600]| [600-700]| [700-800]| [800-900]|[9
74 :ﬁ%ﬁﬁrﬂ’?ﬂ T - 1 34.2878 | 88.291 | 297.161 |102.0873|461.8339|335.2349(571.6691 |128.4178| Z
’J‘B 2, 80.2545 | 189.5669|161.4171| 33.7442 |218.9258| 26.2396 | 70.158 |733.4576| 8
#) e 3 20.0573 |128.0748|147.6807|189.7355| 10.4707 |347.3665| 3.0775 |255.9867| 4
4 17.735 | 66.8503 |173.6372|318.9845|445.6581|253.7756| 135.602 |674.1771| 1!
rMonte Carlo ﬁiﬁﬁﬁ— 5 58.9906 |171.1278| 87.0298 |170.9516|455.8081 |308.6596| 0.8489 |621.3976
: 6 67.3726 (136.2997| 32.4531 |366.1321|153.1957 |441.5518(362.6467|111.1024| ¢
7 147.5163 | 245.562 | 166.6908 [289.6761 | 141.6079|190.9061 | 728.0603 | 2
- RYEATSERE B SR H AR 0 4 R
ARG TG (h)
S - D] BT EERE BT
LE AR 1A] - (8800
TR 1 F 387 530 0.73018868 1 F 387 2816 [0.13742898
1 E IR % : (5000 20|12 371 495 0.74949495 2 152 371 2816 [0.13174716
Iﬂ;ﬁlé} m 3 1.3 453 605 0.74876033 3 (°123 453 2816 [0.16086648
B9 #HERHS>IRE
PSS N TR AR AT 2 RS RS BT ARG ERE R, WE T KRB FahErEagntiaE 425
BT S AZERIRTY [ Sh A OO R R AL T TR, R B Y A 2 M R ) Ak B

R H S KT AR DI RE , BEAS S UM R e
TUR [ S BT FE v o R B 4 A ik, RORR

FugpE

SRR T S A S T R 1 B 6 T 6
BT ST e AT T TARCE, 9 R G it



%53 3]

P AR5 AR SR B BT AR Y S B 75 -

AT SIS AR SR AL TREA

5 4RIE

SO LR T — Rl e 19 3l B R A BT A 9 5
Bk, AT AL IR TE R L R e R R O
I 2 R G T A R IR ) AL B 4R — R
SRR AT | BT T TE A AR 1 A 2B IR
i, RSS2 T OB [ 3 B I 4 BT B O K
B, R4S ABS RSB TEAT BT, I0AE T
IR RES 2B Ge S MM RS 1 e 1 3
FLRTHEME A BT I — PR . AR T Be 1 T 1 g i
R U T TR 9 4, R S T R AL
B, b TR RS AL BT e 5 H R 3T
R EA T 1 T3 TE 0 5 2 5 G A T LA S B
B2 RGN TR ST A T 2R G AT AR MU 4y
B AT 32 (0 I AT, X R 8 P 5k 437 3
IREA TR,

S 3k

(1] 2 & BERHTEAe COLHESCh s L] B ER
A3 ,2022(8) :169-172.

[2] KRZYSZTOF B,DAWID S,JAKUB Z,et al. The use of a
fault tree analysis (FTA) in the operator reliability assess-
ment of the critical infrastructure on the example of water
supply system[ J]. Energies,2022,15(12) :4416.

[3] ¥ WE T SRR P MR IRBUALE B R AL 1
[ T]. BB 2023 ,41(4) . 74-78.

[4] RIFAL. Zess i O R B0 B 4R 18 S0 18 R SR BT ST 03T
[D]. BT ATHBHE R, 2012.

[5] WA, M IV, 5. GPU JF47 I iL ) R e 1 Btk
B B [T ] 5 3 T AR DR, 2022,38 (10) < 28—

34.

[6] MARCO B, SERGIO C,MASSIMO R, et al. Integration of
recursive operability analysis, FMECA and FTA for the
quantitative risk assessment in biogas plants: role of proce-
dural errors and components failures[ J]. Journal of Loss Pre-
vention in the Process Industries,2021,71 :104468.

[7] SHANKS K,HAMAD A,AMEER A. Failure modes effects
and criticality analysis and fault tree analysis case study of
waste heat recovery plant in a cement factory ,united arab e-
mirates [ J ]. Journal of Failure Analysis and Prevention,
2020,20(1) :40-50.

[8] WAZNEE, M, 7, % JET FMECA #Y B 3h2: ik
RER 5L [T ] W AR I AR R4, 2017,38 (7) : 1162 -
1166.

[9] MR ¥ ,1FIEZE FMA 25K 4653 % T 2T Bayes—GO [19%L
PEHURATSEAEPAS [ 7], HUR 5 W%, 2022,50 (13) :59 -
64.

[10] ifhfd, B8Rk, L EE, % — R T GO & MR B
AL [T]. DO LR 4E,2019,40(8) < 1775 -
1780.

[11] LIShaojun, LI Xiaoxun. Study on generation of fault trees
from altarica models[ J]. Procedia Engineering,2014,80 :140-
152.

[12] LI Zhen,JIANG Zhengqi, WANG Dongsheng, et al. System
modeling and fault tree analysis based on AltaRica[J]. IEEE
Access,2020,8:168879-168897.

[13] RITHL, W % A8, 55 S TR SRR B 302
JrE [T THEALRRE 2021 ,48(12) :159-169.

[14] Fk RCACR RESSHe 5 M2 45 bk TEEE1232 B 5¢ K Ho
AL CARSCEL[ D], R . B TR R 2017,

[15] O 3. ZRRGELZEBEER B 2@ Ao i 7 ks
[D]. BB EBFHER,2020.



	
	页 1
	页 2

	
	页 1
	页 2


