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Modeling and Analysis of Key Influencing Factors on Safety Clearance in Mixed Lifting Container of Ultra-Deep Shafts
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Abstract: To analyze the impact of external flow field pressure variations on the safety clearance during the operation of lifting
container in ultra-deep metal mines, and to identify the key factors in the safety clearance design of mixed lifting container in
ultra-deep shafts, a closed-loop analysis method integrating “multi-field coupled dynamics-regulatory codes-engineering design”
was proposed. This method was utilized to investigate the key indicators of safety clearance for mixed lifting container in ultra-
deep shafts under different operating conditions. Relying on the Daping Phosphate Mine mixed shaft project in Guizhou, a
standard x-¢ two-equation turbulence model was adopted to perform a numerical simulation on the external flow field pressure
variations of the lifting container during operation. The pressure distribution characteristics of the container during steady-state
operation and the transient passing process were deeply investigated. Simultaneously, by comprehensively considering the key
factors affecting the oscillation of the container, such as the torsional moment of the hoisting wire rope, the Coriolis force, and
steady-state aerodynamic forces, the design safety clearance for lifting container in ultra-deep shafts was systematically analyzed
and determined. The results indicate that the relative relationship between the operating direction of the container and the main
airflow direction in the shaft is the key factor influencing the negative pressure in the passage. Under the counter-flow operating
condition, the aerodynamic negative pressure effect is more intense, which makes it the critical operating condition for safety
clearance design. Furthermore. the total lateral displacement of the lifting container is 158.8 mm., and the calculated safety
clearance is 536.4 mm, which is higher than the safety clearance (528.9 mm) specified in the Sa fety Regulations for Metal and
Nonmetal Mines. The research findings provide a scientific and reliable basis for the safety design of ultra-deep shafts, ensure
the stable and safe operation of lifting systems in deep mining, and offer a theoretical reference for the evaluation criteria of

safety margins in the safety clearance design of ultra-deep shafts.

* W FE B H#E:2025-07-23
HEEWMB b E AT HEAHRA R 2 EESLRELI%E S H(2024GZKJ02)
EE BT AH R (1985, B IR K VP A 4 W R AR UM, 2N EEH L WL A i Ak J T i F 98 TAE . E-mail:18900774633@163.com



M EFRBRIRERIT AR LR ALY 0B ETERE SAJ] 7 LR L IFA,2026,46(8). 61

Key words: Mixed lifting container in ultra-deep shaft, Metal mine. x-e turbulence model., External flow field pressure,

Safety clearance

0 5l&F

SIEAE SR IR IR B A, R
VRBERFEERE N . AR K B P9I B0 — b 7E dE A K
REHEKRAEREIESBER T L, FE =28 T 0
M 2% 1) Bk 5 v e R L R A T R IR 2
k1500 m, YT, RIFRFAHRIE#E 1 500~
2 000 m VR AR 7= U T O I A% J ) i
I T R MR AR T R AR AE &K,
PR 56 [ A5 30 7 iz W A SR R T
91 000~2 000 m, e KAETFEFE BT 18 m/s5%, H
TR FH Y 2 2 B 452 202 T L, TR B R AR T ik
@7 mX6 m,FLE R T4 4 1 B OR 23k 55 t.

B 22 208 T T DR LG S5 A TR R AR BE LB AT
et 3 KUBE g/ BB D A A A S A e A
R EBHEFRTRETHER T Z N A
1M1+ B I URAS T 184 0, G 8 22 98 1) A 1) X 2 B 22 o
1%, 5 51 & £ T+ 25 2 0 B 1) A A% [m) R IR KA
SRR TR 28 WM R B0 R UR Y 4 A B 4R
PR T 22 SR LB D0 g R BB ) R AR A R
Bl 7 2 AR T A A R ) RS Y R R R %
FARW MR B AT O B R 51l J2 A 8 5 25 i
i rp R 1 R T I sl 6 e A TR BRAG RE ), 2R AR
NV BUE B AU PP AL T B — 25 4 2 AT I i 22 4 ] B
HARFZIEZEHJBRARARGE D ARET LT
A RS A B A HAEH .

T ARAEIB AT 0 ) A = LB L
LARET I RHARZ —., KPR 2 i m2
a5 IR BE SO A A Y KURS L R AN fE B R T &R
SN e o S Wb e WAL L T A a0 NG o B 911
NG T 5 15 4 ™ F 451 55, 0P L 3 (A A= 7= 3 Bl
R A T A = 1 U

HET 0 1L 2k T ) 4 T R G i R S
] A K% AR A TR TP T R R 4
T B B 8 — KL AE L TN 2022 RGCEEA 22 AR ) R £
T=% (S RESREY ILE2HE)(GB 16423
2020) R 6.2.3.1 & IR &0 IR B e )
(GB 50830—2013) 158 9.1 £ R (A (04 Jad R ik
FFHLTE ) (GB 50771—2012) 14 13.3 54,

SR 5 > I AR A5 fife R 179 OC B 0] A T AT s 1

Jiv s RE 119 22 2 18] BT I {0 , 249 26 T 2 L A8l ol €
FOHa A s F 2R I T3 BT 1l A9 TR 5C B 5 %
o T B T SR R 1) o TR R L 4R T B 5 4
167 42 35 B T S BRI A A B9 3l AT o A (i) £ 30
R HE IR AR T A AR 20, e, 2 T R AR
) 7 9 BEAT 22 4 1) B2 80 4L L S 15 475 RE 72 0 R Bt
IR T RGEAE A P A2 2 T 00 OO0 HE2 o L E 4
Z A AR T X A L CSOR BT A O
BB, ARSCLL S K BF 67 48 TR TR 5 O ik 58 %)
G BIER ARV I 45 1F 5 52 71 75 4 00 3l 25 4%
P L HEX 2 4 a] B B4 52 B 7 5K LAVl BEAT A 1 19
T8 I 5 AT RE Y Rk Dy

1 RBAEFFRAMZ R SK

BE X BRI R A B A 2 R T AR R B AT
B R T AR B g 2 (CFD) ¥ L 38 FH bk 1
ke it WAL I JR = 4k R A AR AT
TR PR TR i O 1) R e e L R AT B R M S
G R R I Bl I R e W [
PEN L LR S A AT AR T A AR I A 3 R e
TR R 6 3 2 v Ak il B O R AE A% 3R
145340 IR 55 AR AL FL AR

BT R BRSO L R T R A s AT R R
() S BB D) R AT IR A AR A B, E S G
Fz 52 W 25 2508 1) A R R ) BN g R S8
S B W B e A R 2 a1 B O S L ORS
TFRLT A K R 1) 12 Bl PR I

PRI MTEIR G IR b iy SR 1 B RS e 2
Fofr o0y 25 28k o 4 () PR FH A0 &5 1L . PRI b, 7 3R RS 3h 2
ik Al b - L REEE TRESS T B
LA g B AR T 22 s HLEE R R R Tl o
RGP R T A E 2T R P AR AL E
CINAENE - N8 A RS E e AN

g0t %o A R TR A 2T 120 R
VU g8 38 AT s — O Ry 28 3} TC 9 58 L Oy — 0 oAy 5 T
SRR, A AT BTRR TR A AR AE I AR v 2 XU e T A
A BHAT A, X ] RBLAGE 24  fb 48 DA (R

QO RN GPIES @WK

(2) JFA8 N KU A AN T s 45 3 3l 22 AU 1A
V6] F9 AH B AR 7 5



62 H ok B 5 A 2026,46(8)
(3) B I KU HE O A28 G) HFEARGE THRRERR. B e
(4) FA% BE T Oy 26 PR AR AT %(ﬁi%’i PERBAEPR Boussinesq ik,
AL B GRS HILER 1.
x1 NEH[RARITSH
Table 1 Design parameters of four container lifting
#T77 PETT i/ m B/t AT/ ¢ T/ (m/s) HLHLZ) %/ kW
R 3} e K 1589 F3) 255 KIESE - 29 KA} 18; KHEE - 10 11.79 3000
/NG B A 1589 WEE <55 ik . 5.5 6 6.62 1250

2 BAFMEAHENEN

B A G WERR T 25 4% oh KR WESE /NHEGE A
RSB, % BT AR BT L IRA I
B I A3 S KRETE 55 /1N 58 R 1] 3 47 L 1)
BATPAM E T, AEGHEME 1 PR, & F Lo aT
HE— 2L 43 N A AR IE B 75 1) S XU T ) A R R
AP T,

2H 5 e T BT g A3 A R AE A 2 o A
o R AR O SE R EGE NRESE . 5 L AT
ZERRW] . (D YRR S /NWEE R s i, — %
2T 3 (] B X B 20 — 20 Pa A R IX 5 (2) Y
KEETE /INGEGE 32 2y J7 10 5 1681 3 RUIAE J7 1] AH SR

BFE/Pa

233.4
126.2
18 9

- 195 7
-303.0

(a) EESENRR®E (HBE)

RE/Pa
1160

i —262
-97.3
-168.4
-239.5

(c) MEESERRER I (EHE )

R 5 3} 22 1] 3 G B9 BT B R AT 3k — 300 Pa,
111 77 1) AR [5] I o 2% Ak 63 R W 249 2 — 250 Pa.

1 BEHRE

Fig.1 Schematic of combination tank
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Fig.2 Pressure distribution characteristics in the cross-section of combined tank channels

(&1 3 Sk KB 58 AN /N BE G 0 T 0 A RRAE , = 1A
B A LR A0 e/ NRESE 5 ORRESE . Y KIS
/NGRS AT B KIEGE 3R 5 il bR 2 A=
EE/Pa

—2653
(a) MESERFRA (YBE)

4w, T 2 Al B s KR B R X, Y s
a7 ) 5 1 32 KR ) R SR 9 X 2
A —80 Pa; Jy o MR, 1 R 25 5 — 60 Pa,

—2282
(b) BESERFR R (QBE)

B3 KBEESNMNEEENSHEL

Fig.3 Pressure distribution characteristics of large cage and small cage
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Fig.4 Pressure distribution characteristics of small cage and balance hammer
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Fig.6 Pressure distribution characteristics of combination tank
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Fig.7 Pressure distribution characteristics of combination tank channel skip and large cage
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