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Table 1 Basic event types of aluminum leakage fault tree in electrolysis workshop
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Fig. 1 Fault tree analysis of aluminum leakage from electrolytic cells in aluminum electrolysis workshop



2026 4F 6 A% 3

Vb SCHAT « T OB A A 4 RS D B S R AL 3 A - 99 -

3 IR E A SR SO E PR
3.1 RNEESRNEEHE
oo /N EI AR SR B A% T B SR K AR Y R AR
MEEARFM RS AR RG R, H A
Z RGeS A R AEGE B, R ER A
HLWA(2),
T=(X, +X,+ - +X,)+(X,, + X,,)X,, (2)
HHRSR BN R I 11 D R/NEIE
G3R AR (O RN M IXa ), 1Xah, e,
Xof s BUFAFHRIZE (24) , 275 X0, Xif, (X, Xofo
T e B AR X0 0 4 B A0 SRy 11 AP eT e
1, Hodp BN FEAR TR X =X AP RE B 5 | & RS U
il TR YA ) T X, 5 X E X LA AE .
oo /AR A SR T B TS 4 e A ) o TG PR B A
HAAA . RS, R R IA L (3)
T =X, - X,X, - (X, + X,) (X, + X,,) (3)
R R/MEESL 24P = (X, X, X;, X,
X,, Xg, Xg, Xip, X0 f5P2= X, X,, X;, X,,
X5, X5, X, Xn%O
B Fr A A A5 < (D[R] B 42 i) 350 DRSS 5l
ST o/ ek 5 42 RGBS H- Bl 1R FE e 2 . I
TR AR > TR A AR

F2 I/ RS R/ MESE

Table 2 Minimum cut set and minimum path set

<
+H

59 X6’
59 Xf)’
J

table of aluminum leakage accidents

e Frrdls BLW]
X}
X,
{X;)
X, X
x, %4\$~1¢Eﬂnffﬁﬁz5§%ﬁ
I/ It
o o
x;}
{Xg)
X}
X, X} WAL A T e 2K
X, X)) MR Al
(X0 Xy X5, X X, X, X, X, X, B 7 A7 T3 XU K )
/N X, X 1) B T/ R R
R XX, Xy Xy X, X, Xou X, F2 5 BT AT ST XU K
X X, RMFERE S N AR

3.2 BMEZEESW
3.2.1 SSMEZEIRITE
DE X
24 K5 B B (Structural Importance )2 M ST
& B T e P R A e % B A X T A &
AR AR bR, B R R IR T g5 e o
(7 BRI 2 DG 2R, N e A AR TE G, 72 L
I 77 47 00 5 G HE I 1 B SRR, W 4l iy i
FE b, dr/INEVAR AL R SCULE (4) g 1 4 4y i 2
JE AR, W (5) .
1
|

Lo~ 2K

b KO AL & S X B A S/ N EIEE 5 IK 5 A
HILE A SRR (BN I & BEAR S50
1,(i) = ﬁzn’lﬂ (5)

kAL S X R N R B 5 S 5
P EEA R R HL

2) IR R

iR E BRI T LU Bk O 5 A F
FE NN ;@ AE A SR B A S,
AN PR R AR ) SR RS W 25 4 F 2 A X
(X (5) AT

FRA s B B 250, IR IR A h X ~Xo TR AE
— ARG i MR IRAE TS (Xio V Xa0) 5 Xao
IR 2 o FHOAR R/ NEISE XG0, X, -, (X!
(BFAEEILE 9 ), DL K (X0, Xiof Al X1, Xiof
(R RIE 24) o

PLX, X0l Xk 141

X L — P fiph K

1

I(b(Xl):§:1 (6)

X0 tHIAE 1A/ N EIEE T K = X0, Xia} , HAD
B EEAR AR Dy 0, =2, 00
1 1
[¢(X]0)=F=§=O.5 (7)
Xlztﬂfﬂﬁz/l\%/J\%U%EP ZK,,:%XIO,XIZ} , K=
X, X, R T/ N EIE K, A5 A SR A 5
o0, =2, % T R/NEIE K, AL S A EEAR R
y‘:’n;,:2,)”\u:
1 11 1
I¢(X12)_ on- + ol - 22-1 + 22-1 =1 (8)
3 (5) - () 1R A LS B L . 1, (X, )=++-=

(4)

)



- 100 - b EH & LA

1,(X,)=1;31,(X,)=1,(X,)=0. 5;1,(X,,)=1
3.2.2 SEWEBIE S HTAE R

BT BRI AT IR A5 A5 S AR R A
HEE R WS,

R3 HGMWEEE

Table 3  Structure importance analysis

Fif EOER 3 =0 Sk B
1,X,) 1 1,(X,) 1
1,X,) 1,(Xy) 1
1,(X,) 1 1,(X,) 1
1,(X,) 1 1,(X,) 0.5
1,(X,) 1 1,X,,) 0.5
1,(X,) 1 1,(X,,) 1

R 3 EZEEH Y M [1,(X)-1,(X,)=1,
(X)) I>[1,(X,)=1,(X,) |, A ISR N4 R G0 58
HE SR TR T 55 KU I DGR R 3=, PR I 240 S i
SUBT AE  BARAG: 56  R B A EE  5
T he2E (X,,) 5 I HE P Aef PR 2% () 45 di 2, 2 00 T
B 45 A A2 s o
3.3 E=EREITMH

FE S PR A3HT B FE Al 1 — 28 T e o e KU B
Ay, KA B T0U =R A2 S A W3 LA B R 1) S B e AR
PERBURYE , 275 BN KIS HU A Al 3T A I8 174K
it AT GET T HERE Al T8 B A F A B AF e A A
ROWFE4,

3.3.1 T R AEMERITR

AR A R Rk (K (2)) B ey FE A
FEARE AT TR R AR R IR K (9)

P(T) :P(Dxi)+P((Xlouxll)ﬂxlz)_

P(Oxi)'P((XmUXn)an) (9)

P T 45 S5 1 ME SR A /0N, T SR T AR oK ( Z0m8
RN, W (10) .

P(T) = SP(X)+ P(X,)P(X,) +

P(X,))P(X,,) = P(X,)P(X,,)P(X,,)
(10)
AR ABUETTA (1),
P(T) = 0.044 037 ~ 4. 40% (11)
ZERSENZ FZ M gt Y TR

Ra EARFIHELEBR

Table 4 Annual occurrence probability of basic

events
SAF ik AER AR
X, PSRRI i 22 5.0x107°
X, B o 22 4.8x107°
X, MR 723 AN 3.2x107
X, Krbe)a s A HE 6.0x107°
X, & OEY ¢ 7.5x107
X, EX VR 255U DN 4.0x107°
X, R ERA AR A A543 P A 5.5%107
X; WS R AR T e 3.8x107
X, SR ik 4.2x107
X R I ok 6.8x107
X, TR 0 7 RO RS e R 8.0x107°
X, M e Bl AR 2 2.5%107

TE: LR LA A A L8R 10 3 B BB 15 Ik S AT BF
Fidt , BRI,

R A (4. 0% ~ 4. 8%) B FEW 4, I0iE T =
AR AR A A 5
3.3.2  HUBES BT S B RS

Shy 25 PP AT 2% A AR 544 6] T00 = 42 1) 5 i)
TR B, #E 17 % %8 # 2 F (Probability Importance) 43
B, RIS R A S AR 5 R A 5O T A X T =4
WER A5

B X, 1Y & A AR BE AR 50% (DA 0. 005 0 FF 2
0.0025), W= (12).

P(T)=2.5x107+39.0x 107 + 14.8 x

107 x 2.5 x 107 = 0. 041 537 (12)

JE TR F A2 P(T)~0. 044 0, X, 1Y & 25 HEF 1
IG5 TS A 0. 044 O % 0. 041 5, X T %
2)5.68%,

B X, 19 & A BE R BEAK 50% (MK 0. 002 5 4 2
0. 001 25) , MR E A2 5Tk T AT LR (13) .

AP, =(0.0068 + 0.008 0) x 0. 001 25

=1.85%x10° (13)

SEI AR MR AR DRk T B4 249 0. 001 85%,
Xof B AR W 5 /0N 3 3 B AR X, I 435 4 o R A
1o, AH AR B e A 3R AI, S8 B kb 5 XU 1) BT R AT
BEL, 000 X 3 X B A R AR AN e 2 B
L AATE P o A 557 S R



2026 4F 6 A% 3

Vb SCHAT « T OB A A 4 RS D B S R AL 3 A - 101 -

3.3.3  HAEPiEREA

7 R ERE X, X, X, X R & AR R 45 A1 50%
W JECER B AR R R R, WL (14) (15)

AP =(0.0050 + 0.004 8 + 0. 0060 +

0.0075)x 0.5 =0.01165 (14)
P'(T)=~0.0440 — 0.011 65 + 0.000 037 =
0. 032 4(3. 24%) (15)

KBS B B WL (16) o 25 S Bl i 45 vp
FEH 2 A m R A EE B e, ] R S AR
YRR

(0. 044 0 - 0. 032 40)/0. 044 0x100%=~26. 4%(16)
3.4 HAZREFEEARWILMAE
3.4.1 MR IHGN B H AT AR AR

DIEE X F MR 2 M TE A EF
B B — R T . ISR T R
PR R R IH g RS KR C R AR R
Tk ABXELLGT IS T A W TE R A SRR AR

FTA & —Fp " b (T F) T (ARG (S
)M EEE ol —AN s SO A T (e 40D
R EMEIT A REOZFH M RAENERAS B R
gt H BP0 LR R —Fh 7, HON B T REA Y Rl
KA A S HL A 8 5 T2 4 Y R AR AL, AT
FR B AN 23 e A A0 AT REAE AR S A6 1 AU 648
3.4.2 CEMERER ) mHET R R

HIE A PR 5T R a8 U0t XU PR 2R (g,
“ PN AT B R BT A 25 S — N KU ) (H TE T AE R A
RIS AN R AT 22 8B 5 N A S g R
Kz,

M T FTA 5 AT S5/ 8E 25 #8) B S 4 B
D73 AR U T XA R, AR SCHE 3. 2 T R
X=X IR 2R A G5 A B 1, 20 1, 1 X, (5
JE k) R 0.5, 3k BE A B i Ak i B A S DR 1)
FERy, fe e 4 0y PR AS B O E R R A R
05902 5 [ i HL 2 e OB 1) B (g2 P PN e
ARG, AR I AR RS L8 7)),
X P 3 A e AN REFR AR 1Y
3.4.3 MUHNZEEZHERMEHIRA

X T LS T S, U ER i,
K — A AR R A4 . PR A
FE 0% 1 1) b A5 FE 52 8 3 31X b Z2 X 2R ] A
MR B8R FTA B 57 58" #
5 A B 7R 1T DU R s AR A L

B, AR 3. 1795 o R B e/ RIS (X,
X b FXy 5 X b AT A0 0 s Al o 200 2 * JE ol g
IS P o S 1 LD W ale S DR e L D R S
G K 5 B PR A 20 0 5 P A TR A L A B B
KI5 1o A TR ISR 77

4 A s A1) B i

STkt S e g R MERS .
ZJZ IR S s A KBS AR AU A
A PRSI TR A A SR A LA T R A L T
HLEh T e A AR e 4 R R Rk B R w50
M) i ] = 2l 0 o A e A 24
4.1 FARFFIEREE

B T A5 MR AR T A
FEARFMAZEE I E (Risk Degree, RD) , LLEAE
FOL P HE A o A8 A R B 2 R T S
PR OCHE I (F ) N SEBR & A i AT e (HE% ) |
W (17) .

RD = P(X,) X 1,(X;) (17)

25 MR L 2R A KU B O B AICHE 7, BH
JR 7 T IR e e 1) A2 7 DG R A A 5 %) B 4 4 o

BeAb A T S R AR 35 N AT o A 2K
DR R 48 (DTS ) , 52 36 H i A P A 4 A= i S 0 7
JEE AR AL ARG 20 A W4, AR A b B8 T =5 ik 1t L g
Jo RTBAT L 1500 K42 08 A8 | 1 12 58 H
Be IR I W I e, Bh A PEAS L A F A
4.2 BB

FoR T B 5 BL & Bh 2248 B B2 A e A #7 f K
BURE , EEBCREL L T4 BRA AL 15 i

D EES = A —TF AL . A AR Sk X AR
AT 0% O R A T R WA SR T R
rf Sk W B s A s AR A s X AR S T R T
Al 5 P JXURS: 25 20, J T FTA KU 5 44 JXURS: k47 50
BEPEDE.

2) 5 A N 5 S AR EARAE L o ] H A A
A4 7 AR DG F8 15, B RS be g sl £&
HR R S o 0] A B I O R A I AR U 3 ]
DL f VR B L7 B R 40 0T R =5 B, S 2k, $E T
BT AR IXURS: 55 Ab 38 XURS: 19 e

3)HMESh LA AT B Ak, RSO B R A
b 24k P B A 5 (EHS -4, A 8 R4 3k
A K AR B ST T R 5 XU AR AR



- 102 - v E A & %A

RS IR HOCHEOR PP i

Table 5 Key Technical prevention and control measures for aluminum leakage incidents
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Analysis of the causal mechanism of aluminum leakage accidents in aluminum electrolysis

based on fault tree analysis
FENG Wenjing"?, LING Xuerui?, ZHANG Haoyu'**, QUAN Pengcheng’, ZHANG Hao'?,
TANG Qiaoling"*, JIANG Maohua®*, YIN Gang'
(1. State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongging 400044, China;
2. School of Resources and Safety, Chongging University, Chongging 400044, Chinaj
3. Aba Aluminum Plant, Aba Tibetan and Qiang Autonomous Prefecture, Sichuan 623001, China;
4. Chongging Gaofeng New Material Technology Co. , Ltd. , Chongging 404160, China)

Abstract: This paper employs the fault tree analysis (FTA) method, taking the aluminum leakage incident from
electrolytic cells as the top event, to construct a qualitative analysis model comprising 12 basic events. Analysis of
minimal cut sets and minimal path sets identifies 11 distinct paths leading to aluminum leakage. Specifically,
bottom leakage can be triggered by any single factor among X ,-X,, whereas side leakage requires the combined
effect of (X,,\VX,,) and X,,. The structural importance of events was calculated using the minimal cut set
approximation method. The results indicate that the factors related to the cell bottom, such as poor lining material
quality and poor furnace construction quality (/,=1), together with the burning through of the side steel shell (/,=
1), have the greatest impact on the accident, followed by side corrosion and excessively high bath temperature (/=
0.5). Quantitative evaluation shows that the annual probability of the top event is approximately 4. 40% , which
closely matches actual statistical data, validating the model’ s effectiveness. Sensitivity analysis indicates that
prioritizing control of high-probability, high-importance events (e. g. , X1, X2) can significantly reduce overall
risk.

Key words: aluminum electrolysis; aluminum leakage accident; fault tree analysis; risk prevention and control;

structural importance



