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Abstract: Inclined shaft hoisting conveyances are characterized by heavy payloads and high operating speeds, which generate
tremendous impact forces upon braking during a runaway event. However, existing runaway protection devices primarily rely
on passive safety facilities within the shaft for interception. They are unable to adapt to the dynamic variations in impact
energy, failing to achieve effective energy absorption. To address this issue, a design and optimization method for an adaptive
multi-stage buffered inclined shaft hoisting conveyance was proposed, aiming to achieve mechanical braking and the staged
absorption of impact energy following a runaway event. Based on this structure. a multi-body coupled impact dynamics model
of the multi-stage buffered hoisting conveyance and the inclined track was established. The effect of multi-stage buffering on the
braking impact force of the hoisting conveyance system was investigated, and the stiffness of the buffer springs was optimized
based on the Sequential Quadratic Programming (SQP) algorithm. The results indicate that, compared with the unbuffered
structure, the multi-stage buffered structure reduces the impact force by 24.5% , significantly decreasing the impact response,
presenting smaller residual oscillations. and yielding a smoother curve. After the spring stiffness is optimized by the SQP
algorithm, the impact force of the hoisting conveyance and inclined track system decreases by 35.5% and 14.7% respectively,
compared to the unbuffered system and the pre-optimization multi-stage buffered system. This improves the absorption
efficiency of impact energy, enhances the system’s impact performance, and results in a more stable secondary impact force.
The research findings provide a theoretical basis for the impact-resistant design and safe braking strategies of inclined shaft

hoisting conveyances.
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Fig.1 Overall structure of the inclined shaft

hoisting conveyance
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Fig.2 Structure of mechanical braking device

for inclined shaft hoisting conveyance
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Fig.3 Structure of multi-stage buffered device

L

for inclined shaft hoisting conveyance
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Fig.4 Schematic of the impact between the

hoisting conveyance and the inclined track

k lbg+k 158

Pﬂs(a) - k11,8+k158+kzl,8(6_L1)
k11)6+k158+k2[,(3_L1)+/€3[,(8_Lg)

A C NIRBALRE s 9 NAEFENLFE 50 N A AT T
JICEME SR 0=9—C. M 0<<6<L, B RGN —
Rgoh: Y Lo<<6<<L, RGN _HG%w; 2 6>
L, RGN =G nh
PRI BIBPE N FWE T 4 F, BiFEL
XH:
F,=—0Gn,+m,)gsina (2)
RIEHEHESIRBWELEN FoitHE L
X
Fi=plm,g+F,)sina (3)
K Fo WIRA S FAE IR R TR 15 0 N E

PETH 25 A% L 2 1 Zh 5 B i ) F e RO
W
Fipee = Ar ce @ D

e A D ebli s8] s e i ol BH 2 R BOE IR 1
WA F 3R 52 1 387 R R E S A

mz.§.:Fs(a)TLFf*ngsina*Fim,)m (5)
HRIB BTN
ml.r}:Fs*Ff*mlgsina (6)

D) 2 6 A X i B i B T AR A

.. .. . 1 1 Fimp“d
F=p—t=—| 4 |(F.(®)+Fp—
ny m, n,
D)
H b 3R B o A 4 T S B IR

Ph % oh RS IR R S8 Bl ) A L i o 3 ) o i 4

2.1 HAEBRESEIEHW

HAT B AR R o BT HUE Oy, y B
T 1) b RS S B SO R O, o BLiE S
WA N o ERTRER m, R TN m, . TO
o h GEEPUE D , w0 L OFPEE T D, —
PG h RSN EE R ko, NTRSERNEE Ry ks s RS2
RN BEE R koo, » — G WSRE NI FE N koo, s — G2 B
MBI R Ly R BN L., vhdi W3
JER vo . MMIBRFAEDR BT RENIZS 5%
JIGHTAI A, R FEZ B E S 2 RG]
s 1 PUIE R R T RIAER .

ZHFE WS F(0) FARL M BE R %L
0<LO0<L,
L,<0<L, (D
o>L,
BB T SR BN IZ S B s . AT
FHT 53 A ol 007 T B9 9% gl o Bz, I Sy 42 45 A 2
2O 5 % h SR AR TR,
22 SHRENRATEEZZENEN A TERE

S5HESHR

R B 3 JT 7 45 44 o R AR AL S A3 JE UL L
ZAR S Iy 2 A v o TS 0 R R LR sh ) B B
Rl S LY AAR A AR TH A AR 0 A LIS A B 2
R THA - RIE BUIE R G AU AR DL A n & 5
FR7R . WG 4550 4 R 45 0 9 L Bk K 1Y %5 B2 Oy 438
kg/m®, BPERE R 10 GPa, JHAA Ll 0.33, [F] i i%
HS7 b R EE 5 BE e AF S8, b s i W
FHCH 15 000 N/mm , — Z/N 5 35 W B2 22 %0k 800
N/mm,HE &% 1 (N +s)/mm,

Bs5 SHENRASSE RIEHNERGEMUHENIER
Fig.5 Virtual prototype model of multi-stage buffered

hoisting conveyance-inclined track system

FETHA e RIS b A AR B AR AR R Y



B, 5 —HAES SBEFTHFRITEERITERLT]FLHFRSE T L .2026,46(8). 241

il 3l whili B X HL AT BT G 2% b L BAGL Z% vh S 2 R v
B ] 1 Bl v A BRI AR . JE 2R v R SR R AR 5T
423 3 MR AL % L 5 S BUAE A I PRI 5 B 2% vhiiE
W3z BT NI EE /N vh s T R Kb R 5
IS 5 22 9 % P4 TH 25 4 2 R 42 48 55 I B 1 A
1% 4 vhili e i % Ak Dy FRBE ot e A5 LA R X
A i A ARG vh s W AE , B v BB EEBEZ AP B
A MR, S ety g R TS ) B ) Sk R B ] o
I AR FH 22 vp AT R ok 3l 1 b i g i Bh A AR Ak
M7 1 B8 T 25 25 0 Rk Bl % 24 0 R X 4 s i i
WEZ Tk,

FEFRTHAS 2% — R PE R 50 R SRR BL o 5
W, o IR O M B vp I 2 Gk vh A R L HE
BUTE AR X T T AR R 107 4 TS RL R RiE $E
filt ) EEBE A 5 m/s AR THAE AR EE 5 000 kg 19 T
T AT AT, A R A 6 s .

5.0E+05 [
4.5E+05 !
40E+05F

35E+05F |\
3.0E+05 |
2.5E+05 |
2.0E+05 |
LEE+05 [
LOE+05 [
5.0E+04 [
0.0E+00

~5.0E+04 1 : : ' ' ‘
0.000 0.025 0.050 0.075 0.100 0.125 0.150
Bt iil/s

6 FAEZEHEMTREHET AL

Fig.6 Comparison of system impact forces
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under different buffered structures
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Fig.8 Comparison of system impact forces before

i SI/N

and after buffer spring optimization
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