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Development and Application of Unmanned Operation System of Multi-Equipment for
Tongkeng Mine Based on Spatio-Temporal Coordination of Key Processes
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Abstract: A set of intelligent mining system solutions has been proposed to address the problems of numerous small and
medium-sized mines, complex ore bodies, and difficult safety control in China’s underground metal mining resources. Taking
the complex and fragmented ore body of Tongkeng Mine as the research background, an intelligent system based on the concept
of “spatio-temporal coordination” was constructed based on segmented airfield subsequent filling method. In this system, a
global wireless positioning network was adopted to achieve unmanned and less-manned operations for key processes such as
rock drilling, loading, and shovel transportation, as well as cross temporal and spatial collaborative scheduling of multi-
equipment. Ore flow and equipment flow were innovatively integrated in depth. In the practical application of Tongkeng Mine,
the system has run stably for one year, and has built three sets of standardized intelligent mining processes, one set of multi
process and multi equipment collaborative support system, one complete intelligent equipment chain, and one scheduling
platform. It has safely released resources in hidden danger areas, completed over 4 000 meters of perforation, and extracted 80
000 tons of ore, significantly improving operational efficiency and safety. The research results can provide a replicable
technological path for intelligent mining of complex ore bodies, and provide a reference for promoting unmanned mining
operations and intelligent equipment in mines.

Key words: Underground metal mine, Unmanned and less-manned operation, Equipment intelligence, Intelligent Mining,

Spatio-temporal coordination

* W fE A HE:2024-12-29
ELWA ) V5 E B &R0 H (2023 AB01130) 5 180 1 44 11 8 £ A ™ ol BF B B8 514501 %1350 H (2020GK2087)
TEH B kK E1985—) B IR E A g TR, £ E D I H AR 5T . E-mail: zhangyongxi@2008.sina.com
BAEESE R 1964—) I R K WA b 30 KIS 4 8 07 L% 2R 7 H R 526 45T . E-mail: asdkook@126.com



16 ok B R 5 A

2025,45(7)

0 5l

AR A DN TR B O R R A
L AT g R0 T 1)) B TR M 4 )R
L B8 PR TR 32 A i) T4 S0 A 4 (A WA 25 1 H OB &2
2% A R TR R £ 5 R R e A T i L A R
B B R 2 4 ) SRR AL . SR T A B BE AL B A
AR R SRAT T 20 B A VA RO A 7 A B 2 4 Bl
A LAl S B A 77 Ml 25 T 20, R A 2 SR BE IR T
Y R S e IS S

AR B BER A& IR R HOR IS T
F . B oK A AE T el T R
ZRAMFA RS, LU T e R B E TR
BREWC S S AE 55 0 BL . W R T TR A RS %
LN RE ST . TR ICIE AT WEIY T R TR R s PH AR
AT LHD [ 3% 3 45 6 75 3k A B0 ok 7 1A
MR A SO S & N B AR B IE R, R R
W7 R R BE AL 5 Y 3 i R AR 1) 13
S AR AT L R G AT 98 7 2O R B R L BE
WEFE B N A 22 4 W A8 S5 2 07 i Al . e
SARATT T L R A [ S Bz i e SRR
WL LRGN T RS S BRI E T2
BEA R EOR R SE BUAER A T ZHOR  $2 R B A
PIEE ANE b KNS € I I 5 7 N G F A = R A )
REF I E 2O — T I A A Tr 1 . LAk AE
A B O LR AT L VE SRS SR ] UWB SE fif
FOR IV TR RIE T A GUE N R SR SR T R Bt
LRI 5T  IFAE R B BE AT b A 3K Y 3
P 1AL R GRS R R

BRI A W R RS 927 Wik 23 Z 4T
R s LB LKA 1 55 (1) 40 A AR RE 18 488 DX A 4 A )
RERE BT BT 1 000 J5 t, I 1 bl 55 B
R ZS IX o A O 2R TR B 8 58 DX 1) A 5 90 1 [
KA AR AR B A PR AR LA L
WL T A b T 22 A B[R ] R A S 2% 0T R R
Y AR A2 R s XM R A R B TR R
M, 455 DX T AL 9 TR 3 5 2% PR 52 2% st TR S LB (2,
7 AE T AE 151 2R ARG SR B AR 185 4 4 KU R 46 6
R R e SE ISR U 927 B R AL BE IR
8 22 4 [ 3R S i I 0% 75 ik DA 14 S B 3 A X

ASCLASRGTA L 927 6 (K S T AR 35 5, A XX
TRV B¢ PR RE AL 22 4 R RO SR 2R L SR B T i 23
[ HHE T i 2234 45 U AL R G K5 m i i oe.
Sha oy B it I SR 20 i 5 G BRI OCHE T

gaill®

St AT R REACME 5 2 T T T 2 A
0 MASRE 507 5 BT T2 e At
VR £ A L S LT DI % A
B E I RSN 2 ST M K2 B
WAL TP T A NI 22y AL B AR
U T AR T A A TF SR MR S B
B T HC0 ML B S0 T AT U 4 B 6
BOTR IR T — AT B AR B

1 HHyEAELLZLTFRTZ

EF XTI 927 K DLW BE A 3 T R R
SR SCHE 4 B g i e B i LR B b AT T
BB ST R - R A REDFR M IFRIER, B
PRS2 AR AR LA 4 A J5 T

(1) RGBT, 5T e 98 U5 W A7 41
G B S T AR E . B E T A L R 45
SR BT SR B SR o TR A TR

(2) BaRERBEA, FRNHZIEF B E T
DU R T R S PR L SRR M T A ]
U N IR X LN

[E5]

B4 (UUIEE L R B A S LA
B s L4 m®) S g i e e 48, S T
A R e T R R AR .

(D) fEMV PR BE AR AEAL . 3 2 2R 37 45 4 L 5 3 W
T K 32 B 6 2% A bR AR T L AR A R O 42 L B i
b2 &AL T R AL 3R BE .

AR R RE T R B ik R R34,
WAt T % 5 U R A, A D T R R R A
B4 A SR I AR M,

1.1 SERTHRERIERE

X HRGTT R RE T R T R A5 A T I
RBILTF R A2, R FH oy Be Fe SE S RE TR O7 58 S 9y
EEN T W (A T YN (B2 S S s
FEHCRE HEILE 1, FBEETFREE T ESHUT .

(D) BRI TEEL N 6.0 m, 5 E N 3.5 m, 5
BORIEKE N 15 m;

(2) BB ST 2.8 m, ] B8 e &
B OB A I T OR

(3) T REGE 53.7 t/h. ¥ A HEHE SR Y
N 4.0 m/h;

(4) JE B3 10 2R FH 22 B0 2 st 22 (LAY Sy 50~250
ms) , $& FHBE I BT i

(5) 2ReZs X FE I8 I BT 2L 5 S48 3% 45 18
SUNOE S v



RAEFAART LERTAFNENRA S EERANLEZEFRS RA)]F LB R S5 FK.2025,45(7). 17

1
20m 80~100 m 20m 80~100 m 20im

B+H

E": = g o o e : {

Hmldmldmld4m 14 m
-

it ~1

B1 HBRTHMEREER
Fig.1 Sublevel open stoping with subsequent filling method
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Fig.3 Appearance structure and operation status diagram of SFMYS0 tunneling jumbo
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