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Abstract: Summarizing the current development status of intelligent and digital technologies in the coal industry, analyz-
ing the new situations and requirements for research and application of intelligent technologies and complete sets of equip-
ment for efficient coal mining. Addressing challenges such as comprehensive perception of the state of high-strength min-
ing surrounding rock and equipment under different coal seam conditions and integrated coordinated advancement and
linked control of equipment groups, the paper explores the deep integration of advanced information technologies such as
the Internet of Things, cloud computing, big data analytics, and high-precision inertial navigation with coal mining techno-
logies. This integration has enabled condition monitoring and data integrated management of coal mining equipment, im-
proving monitoring, management, and decision-making efficiency in the coal mining process through precise perception,
real-time data analysis, and intelligent control. It has also enhanced the adaptability of complete mining equipment sets to
different coal seam conditions. To address the challenges of integrated advancement and coordinated control of equipment
groups in ultra-long workfaces for medium-thick coal seams, the paper introduces synchronous mapping of geological in-
formation ahead of the mining face through dynamic perception of geographical information and real-time model updat-
ing technology. High-power rapid advancement equipment suitable for ultra-long workfaces has been developed, and a
multi-area synchronous advancement process system covering all aspects of support, mining, and transportation has been
established. This forms a linked mechanism for support equipment groups in ultra-long workfaces and achieves coordin-
ated control among equipment groups, significantly improving mining efficiency and resource recovery rates for medium-
thick coal seams. For complex geological conditions in deep thick coal seams, refined control of supports and intelligent
coordinated control technologies for equipment groups have been developed, enabling perceptual coordination and adapt-
ive precise control between equipment, thus improving system reliability and efficiency. Addressing challenges such as
coal wall protection in ultra-large mining spaces, intense dynamic loads on surrounding rock in the workface, and signific-
ant variations in coal flow loads in 8—10 m ultra-high mining height workfaces, the paper proposes adaptive control tech-
nology for coupling hydraulic supports with surrounding rock, enhancing the adaptability of equipment to ultra-high min-
ing height workface environments. Key technologies such as a guard plate monitoring system, adaptive cutting technology
for shearer stability, coal flow load balancing, and dynamic chain tensioning control have been developed, enabling effi-
cient mining under conditions of significant coal seam thickness variations and strong mining pressure. In the overseas
promotion of intelligent and digital complete sets of equipment for efficient coal mining, the paper addresses challenges
such as differences in coal mine conditions, safety requirements, and technical standards through customized adjustments
to technical equipment. An integrated monitoring and big data analytics system has been developed, improving the re-
sponse to abnormal situations and enabling autonomous perception, high-reliability data transmission, intelligent analysis
and decision-making, precise control and execution among equipment groups within the workface. A technical system for
intelligent and digital complete sets of equipment for efficient coal mining adaptable to different working conditions has
been established and has achieved good results in engineering practice. This provides support for the high-quality develop-

ment of coal mine intelligence and solutions to key technical challenges in coal mine intelligent construction.
Key words: intelligentization of coal mines; efficient coal mining; digital and intelligent technology; complete mining
equipment sets; ultra-long workfaces; extremely large mining heights
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Fig.1 Digital intelligent technology system architecture for efficient coal mining
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Fig.3 Unified description of local coordinate transformation in coal mining field of view space



48 %% 3

F #®

2025 4F55 50 4

IV L 2 8 R I 0 285 {07 8 R 7 A8 M8 O 2 R B S B
[ T W 5 1) e — ik .
1.3.3  FEHHLT R

TR REALTT R T. 252 Mo Jot S AF s ma e, A
I, A T T b S5 2R AR T sl 25 SRR AR SIS B
B T A T = 2 b AL SEEUF R T 2 S50 Re I
4{[24—26]0

1) W AR S 3 AT i s B AL,

T R AL AT 2 25 0] SR AT T 25 MM 2 IR E o3 A™ Al

S M TR R R R AR T S BT A,

R R IR 2 S o 0, 5 & DAL s
AR, S A R T ﬁ?lﬁlf%’%Iﬁiﬁﬂ’ﬂ%
HRAPARAS, S5 S B, W2 2 ] R A TE 25
Pz Eéﬂﬁ\ W LR BEAT 2R AT mﬂ‘lAﬁE
PR R (R 51, S B A T — 4 b SO A T Fg A
A0 R AR S e 4 TR

il =

M A i 5% H 3 Hy R AR
R TN |
‘_%EFF_ Lo J s !
BERRE NN :
:] R Rtk i !
; N AT
i | A LEEE R :

TR fr B

Bl 4 I AR T A A S

Fig.4 Transparent working face modeling technology ideas

2) B W A m AT . AR R RS D) T
VR T AGH] BRAL T AT I, e 5 s W 3t S5 R A iy
B, BT 1 5 b ST Y D) 3 T BRAL T2, 4%
AP B S SO PR OT R B AR R A

FE AR BRI AR B AT D &%7&
MR A A 1) T i) L ) IO A 20, T X A2
AT AT AR R 23, 4 IR B 1) 47K i
@) Fg RN LS B B 2 B3 2 WA - T B2 1 o,
IR TR BE L R 23 AT R B, O
IR T, JEC AR i T35 & KO, TR AR B
TRCH I AR By RN SR Y B DT R, T Bk
B 5 A 2 10 5 it - T AR AR B2 IR B T, JEE AR
o0, 5 N LR By T P 4 TR IO R o o5, B
TG, AR I

3) Mo HAE B S A SRR R . B TR AT
PR | A AR ?L*Hﬂ‘&%ﬁ?ﬁ 2R F AR

iR i N L e L 23 00 5 T A 8 A T 43
HreeR, %ﬂifﬁﬁﬁﬁﬁiﬁﬁﬁhmﬂ’]niﬁ%ﬁ Bl

JE I AT [ R AR TE AT I A HbRR AR, Tl 5
JR, SERHEBGR SE S, i@ A 5, HONREEAL
RIRE, IF A ShE BCA SO R U 3, F6 T i i i
FRSGR A S IR TAETH P95 ﬁﬁ:wfﬁ”ﬁ{ﬂﬂ
AR, S T U AR R TR B R TR LB
FE, OHL 23 WA ST B 52 7 JEC R 8 7K S AR Ak %ﬁﬂﬂ}&%
SRR RIEAIR S5 5, S5 BT A 1 N b 5T
BN 284k, ST T AR THI G b BT A A .

%ﬂﬁﬁﬁ&%%ﬁ HuTi
HF
Yk ¢,EW§
=S

=]
Iﬁmz hmém 7t|n EID 1 Stln EID 1 xhn Il;DI Ihn Emhnthhnﬁhnsﬁmﬁmﬁ Iﬁ

s |

TAEm

l;[)}lm ;Im;l[ 17QD1¢DWSQD @D\q{ Ié[ Iq[ lﬁ[ ()QDRQD qD qD Ij -h[ FI FI H]/]—-{)n hﬁ%zg

B
5 TAEmMCREEESEA SRR

Fig.5 Layout of working face with mining and exploration

14 BT BRARSTEEMEEH AR
1.4.1  TAET 5G &5 M4

BT SG HAR R IREAE | R R 15 B
1, ] R T AR 2% Tolb P4 $ At o vl v e B0ds
RN . M EAFEHL IR %0 (CN), IP RAN 3%
A PR HL 0T (BBU). I i £ 40 1L 2R 1T (RHUB),
TR 558 A 7 38 BT (pRRU) 45 28 45 4 BLAE P A9
5G R M40,

5G LML IMS 15 H REHE T X AL,
5 XL A B G5 0 T 2R, SR IX Py AR
PRI . SG RENMFEASSH. PHRINRIALE;
BT k7 @R, B SG ARk N4 N 45 )
R, SEBL 5G oLk A URIAZ O I 14 R 26 34 42 . R4
AR | 2 IO RN A S ) A T B 5 R T Al s ) B
JG (BBU), SCE S5 5 i A0 38 L S 11 2] LR 2 11

(et TATE S LA E S A IRE; 2T T
A T8 P 3 73 301 ¥R RRU, SE IR E5 R T AR T Fp o 4 55

FEXT AR 25 A2, HLUEREXT T L B I W AC s 1)
F ORI A O, ARE TR RS B AE AR kb 7
fi & 1~2 1> RRU K,

HHET 5G M4 E2A “Jodk Zumis A& (CPE,
Customer Premise Equipment)” Fl1 “5G #41” 2 Ffi4% A
B, XTHG 2 M AR, SR CPE #2 A, (i T7E 3



5514

LA MR R ROT R B B 5 e w9 B 49

AR TP R, (AR AR e . 4% 1P 45
PRAE 7 AR AE — 8 BB R 5G BEA IR, 5 ik
A5G R, XA #E AT HORTIT A, (B IARRR E P M
RAERE /1T CPE,
1.4.2 AT Ry ] SEE A T R 45

E AR AR Ry 25 1 A 1] DI [ 42 T 0 i, L4530
A5 A% Z 18] 5 56 s ] SR MR A S e R 25, w iR
AR A B 1 DRI B

Asf [] 0% ) 285 (TSN, Time Sensitive Networking)
JE—P AT 1IEEE 802.1 RAARIEN MZEHA, i %)
o 268 Y7 i (AR A 081 8 A ) 24 B, S IO B
fRAER | TCEMah &S . TSN ALk T LU W ) iy
B\ RAGPEFUIR A I, [F] s J5 T[] [F] 25| it i)
B BABAS BRAFF R, SEI T X6F Bk ) AR At 1 A
P

TE I 5] B8 I 2% 1 B AR &R, B S T
IEEER02. Las 1 Ay Hisf 1] SR o0 2% i [R] [ 25 (R HE A ML,
e T T SCWORS B B8P [R] 25 R 458 (gPTP, general-
ized precisiontime protocol), F i [ BURR I AF 324341
S 4 R 5 0 5 3T IEEE1588-2008, Xif Hif ff Hif 46 [1i] 2
PMY PTP ARdEEA T2 Lo 802.1as PTP S 24 T )2
W2, SCHFEE TP el DS A TRT T R JC L, i
T R EE AL
1.5 BT BRI REBIES TRREAR

S PUECHE O AR O B 5 (B A2 A,
BATRYRTHR, SE A A BT s
G AT SRR SR RE . H FRE TR
i B HEORAE, BT A H S Al KB
KN TEREHOR, SCTAET 2 5 7 B s Rl & 5
30T, PR BB FRIEAR B AT OG0, 5 RIR AT

e

fig
B

PR P, T SR AL B TE AT R o
1.5.1 AR REEE 3 5 8 G

A 45 22 VR BN 4 A S Uk, BE A0, B
TR, BRI g, BAE G B, B ik gy
TE PR EHE 7347 R 48, 3T Hadoop KEHE V- & 4
B, SRR AR AR, oA AR, Atk
B, oA AT, SRR S A B A e

BEXT T AR T A VA HL ) A (8] 6), B 5B T TAE
AT M. 55 8 132 i, 0 R O A = AR, HL v R A 4
WSy BT U, A7 o B S5 U, 28 4y At 3 R,
SRR R TR st B A El 1 e 2 i el SO 3 DO MRV Y|
WERAEAL , WRE A MRS | 4546 T 258, L0
TS G2 KA HOC R, AL T AR 5 SR, 58
SURAC/TYOE L Bu //BLI YN IR S ik €7y BilE S a4
55 U BT R L B AR OGO R, Ik 5
ST vEER, S S ARk ) B A, A AR
IR SRR AR TR, 0 o SR AL R LR B R
B AR FRARE ) SEA T R TR AT A, T A3
Mras S, R A b v A B S 2 i g5 e 11,
JRHCHR I, SCEUBOR = A M b B S A s gy P
1.5.2  TAEm Al AHAEE

DAL 70T o B IR B0 23 A DA S s 25
SR BTG, FEF )P A B, A N TR R
B T AT RIS W s A, R T AR
PR AR B A B B N AR, R LA
IR T AT I D BB B A BRI,
DL TAEE 8 FREEE 00, BT T TAEERY TR
A=, SCBRE AT AR A R e R R AR 22, S AR AT e fR] s Ak
FLMTUZ T, ZBA NI F B BR i, 145 72
MELLIEAT AR AR A R TN . PR, ST OE M B R S

R LR R RASHEEE L HSR e |
o [ meben | wmawe | enaskoine || ass
[ memrnsan || eeewen | Dsvicrmabieoy || selsenpn ﬁﬁ%ﬁ
B o N MR U e
EREr VEAMLEE | ] enmamet || R
________________________________________________::T_'__________________________________________:____F'{.____________________:__________________________FF________________________________________________E:
I N N s T \g‘ﬁ
Pl OWEARMEROY || R HEES T |4
D[ sy | eemsesse | D] wmmmen | mwemee || 2w
[ sempitommn | N e TT
| ommmrgn || ormmsoo || mecngsuws || sesssr | %%%M%%ﬁ%|i§¥i

K6 TARRKREE -5 Bl i B

Fig.6 Big data analysis and data governance process of working face



50 # %

F #®

2025 4E5 50 &

2 CREE ) MARSCHNE, RAE R AR [ 5 FErE it
FPRCHE T2, DAARRUE 5 A b1 T B2 H, $ i [R] 2&
T, DN ST S AR A8 (1 43 S BB AY 3 i 2 &R
TR, ST TR R SR B LRGSR R 2 AL,
FT K IR AR Bt A T X0 43, Eini
SKHH LSTM(IE 7) S5k AT S AR a8 fr Bt . @
SR PR T A3 M TN, s 3l 5Bl PR AR 2 e 3 W 2o
R, B Sl AR 1D S e BSOS AR TEIAR, T
T 2 R e AT R A A TR, A S ok DR e d
R AIE R AR 5 5 18 1) LIRS AR A A, anisz &
RS R, BT BRSPS P AR, W L T3
5 Z 2 iHARHAE ER A, R EUR A7 B O R B | 26
Fita 22 T 5540 T T8 BXHREA B, ik 1T IR
522 AR M 45 5k e S8, FE T GELU 0 PREUL IE
WAL AR, G0 T 6 B2 T 2R A A AL L, A 4K
PETF T IS T R 2R SRR DA, AR R

2) FIAR RS o IR S 7 3 Ao S AR S AR )
B O ZR 0K R A 2 O HHE A ARE S . X5 S HOGIRME o %
T A R b B AR R AT R [ A, £ B
B AR, 5 B B R SRR IS W AS TR b S 4%
TR S B0 | T BB T 5 R A
IEA AR 7 %E, SEEL T AR PR SRS B A B A
AT

RV T A A A G MR IET 3 | by R
GIEZ SIS (B SS 1 R (o WSV S
W IR T ARSI A B SCA B AL A5 I e SR P i
ST A R, SRR SG R B A A I 6] 24 35 2R
R RS M P AR S T SOAS | RN A5 Z2 T A
[ B . %o T O AR T AR S, TAET
K LSS R ER TN A R AR
SR ZR =P SRR TR AR 2 P A A4 (DX
BRI T o A9 A SR, S B T S 4%
AT B AL, B 3] g Pl 33 v v ST A YR s S 42
FHE IR, BRI AL TR P 3 p SR 2 A B 5 &
VERE—APHEWT, a0 WO SRR 1 AR Bl ] fig
o ERRMER” IR ST PRI AF, M
SR B I g SR RS R TS
7R SEAREY S 2R BEAT UL IC, SE BB A A MR
153 BT =4 Bl g 5

PRI R 19 =457 GIS BB, 255 E it
R e ) AR T2 5 B2 | TR A AR S 5505 B,
A LM I SRR B AR, 25 5 AL
IR A, S R MRS I, ZE AR R S GIS
DU R, BEGRAEHLAEGEI T, AR

E T DICRBNUF E  h i R 5 R, MR
BEHLIEREISIAY, IF Y GIS RGE ST 2B kA T

>— SR

(
o
® ‘%“ LSTM
X 2%
Gl

@55)

4 N N )
i l (tanh>
i
J

Sz 1 Sx

S
Sii
Attention
i

‘)(l‘rl )(Hl )(m
LU 7
0090 ©® 000 ©® @99 @ in

Kl 7 3T LSTM R 50 Tl o3 #r i f

Fig.7 Time series data prediction and analysis process based on LSTM



5514

LA MR R ROT R B B 5 e w9 B 51

FEXT, BT R — SRR, $3 5 0096 = 4L, TR
I T IO RR s | R T AR Al s ) A

5 A8 PID HUIPHBR R S BOR, (R & A M
Hrh, SEHRMEHL 8 R an e 8 FRt.

R A SN L A A7
Kl T2

Gt
o
Hri (CLAETH =1 77 1)
k%%ﬁ e

-~
45 Y5 A
CL AR 7

ERZEN

HAEH

E X

R

i

R
Iz

g | FEAL X
BRI | X A 7
oL REBSERHTE

B8 T =it FORERY Y [ R s B

Fig.8 Control schematic of autonomous cutting planning based on three-dimensional geological model

1.6 BUFERBERHSHITEAR

BIReAb TAE K SoRG B L TSP i B A5 s il
REREERG, EHRIR 6130 1 R AN P T &
SEEE A BT T, R T AT Y sh ¥ il R 40 F AL
ARBRE B G0 (WRIEAIL TR 6 L5 ) B i il
R4, Hrp, RIEE BN RSB TAE R &R
G T SR IB AT .

1.6.1  TAET SG+R 457 i i 1)

LR P A e 5 X L E R A CAN Mk
DAK 58 A7 2 AisE, s i =X 3 R Y R ik 45 ol e
ooyl A R RIE . Bk L ]
() SGHICERFE A%, SEI A A i s, 2o A
RGO A RGR AR, TR T A3 2L A S
T ek, e m R Gk e M | B R DL SR ERICR

1 3 i ) AR M 4% TSN 55 OPC UA FYIREER 4,
FEFET TSN BRI [A] [F]25 | 2 i R IF 55 Ty i 1) S itk
I, Pl 2838 L OPC UA % A% S B s, S 842 il
s TRV E5CHR S Fof BB E 3 5 PR A, B B2 O Y
A3 AR A A, A5 4R 4 AR A0 S 140 42 ol #5 FT BE it
(15 B ST SR 55
1.6.2 KSR

W SCHR IR Ry S Bl 7, 384 W T 9K gk
T, B TARMIFR & KRB K, TAE
TR ARV B ey AN WAL o2, PV B ) R e i Hh T e oK

1) R f A s b s i R 4t

F TR AR R R 5. FU A Shid Lt
VR G0 29 IEEH RGN R BE AR ] &
Bt R ARSI i R G0k FH 2 s, AR i e )

oK, T AR 1 5 TR, /N IRl B
kst Xk 0 iy ) 4 et s LA A ShIC LA ) R GE N
LA 5B e FEESORM 2 ) 1, SR B AR L o4
] A £ Pl 4 i 205 45 1) 7 2, S B o e 8 S e 3l
AV A AR K IR AR . MR A 2 b sk ad g

uti 8 IR A gl S g IR A S 18 K Ak B A N
(Y AR 38 R S

BT R TR TR 2 0l 5 SR T AN B3
A R, B Hh T A SR B REAME DTS, TP R T
AT G SRR . BT R IE R AL,
Xt SR 3 e 2l ih 2 i B EA TR 4R, L T IR I -
PRt ] 5 R AN AR, Sy oA s oA bR At 1
T A S A5 ST WA SR SE I 2R AR, TR T
AT A A AR, ARl AR P B R e
AR, A4 SR T 8 o AT A S R BRI AR
BRSO LA T R A o WA TR R, “FE REAS+
I 18" 20 5 7] RS S A S S T R G IR
W, AT AR R R R T I AR, 35 R T W S 48
(9 TARRE, A RERTE T BB ARG IR TR RE

2) W IR B R A L A ol

VBT S LRI S T S R, A7 A IR 2800, AT
TR 52X, i B A5 A i s ATy 4k 5
A, FBARZET A I, BEE TR —R Ak
AR BRI T, JT & T - S i 45
U5 AT, F TR A ) ) Blisd B AR i o
ST E R

LT R FLAC R AR R B A5 R
LT R G R AR R A A, SRSE 1 W S  E Th Rg



52 # %

F #®

2025 4F55 50 4

JE 110 B R R R 2R, R 2R 48 s S B TR 5
P T 5, 7 T 5T H R 1 F 19 5 S R
FERUE R T AR AR (932 sh A, 3 B TR T
12 SR FE AR AR R T ST R AR I O Ik U
A7 A P LE B0, S UE B RS JE 1T 3542 em,
AP T E YR AT ] IR e LA S LA R
il A )
1.7 SHARBFEE

725 (Digitaltwin, DT) DLECF A6 77 0184
L SIAR P U | ) e o 401 2 A A 5 B S AR 1 B
TR H R, I LLE R S ReE 4k, I S AL

S #
|

-

oA

FERtE |

FERBCE IS THRAE T R R,

O A AR TR AU A R R S B B S AR
ARG o WY PRSLR B AR L AR LR S
2R RN, TR R HLAE B A LA, HE AL A (R T
FUSCIREE, W R IREE | B 4 M B £ R 2 ROR
RBEATHA . K Lok = HLHE SR T 5 R DU 2 A Y
TRCEAE R — 25, IR LRI TE I — UCRIRAEER A IR
JEE A S 2 A 7 1w ) OO A% Rl 0 M0, 4 2 R AU T A
TR 255 5 WU A R G e 2 iR iz sh i R 4L, JF
PSRRI g S 37 2 I 3R 3 e A AR, SU R 5
ERRAEA N LW, WA 9 PR .

P ¢
e EHEM  ESSHE (TEEE

T B

M
e
AR T ¥ 6 28 2 A

————————————————————————————————————————————————————

i
)0 AR R Bot S = HH
A T TR SR IR 5T 4540 s )

B9 I AT R 2 E R T

Fig.9 Schematic diagram of digital twin architecture for efficient coal mining

R R R A, BRI RAT N, IF kT 2
TIART] 2 LA Y “HEEBCR RN T 5L XSUZ AL
WAL R GE, RGN “HEAUBER 5 SR A R
AT EALE” A LER TARHRZ IR 38 N
FIARDEACRAL” , AT IS UE 2 Fh T 00 T 25 R B A I
FIRACRCR, HRHACBCRAE T

2 BRIFAHEUSHFARBRERARSE
BEHR

21 BRIFEARESH —EUSEERINELT
ZHR

201 SRR TAR R A B s AL
1) W SCR AL IR AR G o R SR HL YR )

AYUR THUR R &R Sh P RGN 7 R 5, Mt

RS & SCOREER & | FRRE UK A% . ARG 2

P RSy TR | AR ALTRAE | £

2RSSR RS N B R R ) AR G L TR

2 3E i FL T O S IR P R RS I R e Y A s,
T A LT MG AR PRI SR ERLAL B LA S B B e
RIS S0P P R X e 7 S 2004 il e R L
W 2H 22 6], 171 5 H IR | A RIHE IS S e, SR T 3 /8
155 B BERE& A0 T H R B A A0 SR 45, i
IR, SR R G EE

2) RAEHLE R R HLE] . RBEHIHL B R 5
5 A ol XS 1) 3 £ 5 B S e S 4, A o
O] SEI RIS AT SR, I B A AR
Tife.

3) SRIEHL. W SRRz B ALK B4l 3%
Gio BRBIHE R GER o0 SR, AL S IR |
A IE A PR B AR, SCBERIE T AR e &%
1 22 i [e) 8 2L
212 AR R R T R A A R BE IR Bl o

R
1) FER=SZRsh P fEoAR . ™I T T A B



5514

T kA MR R O TR B B 5 R e s o B 53

YIRS %, SRRk PIECRUAT A L FRAGEAR | Kii
FRHERE T S BR T BaT e sl | 225 L sl L5
PRENAEZHI T B, I, P 2 T O BRALES S A B
Fil 38 P SRAREAIL -5 98 s S A i s (151 10), AR A
AT R SR BART AR AR . RAMEHUR S5 0 AR
AR, 38 1 AT AT TOUHER, A R -2

ERVRTE &5

TH =8

PR BRI S T OLI EN  BERT AR UL, S LA
W25 R R Al F AR B AR L MRS RS, R R
WO SRR A Mo BRAIE | R ML RE A XU o
SRR SRR T OURIBGE I | B i i S 3
Jrik, SRS F BN PR HE S AR S ST
RO, LUK IR~ S48 IR 340,

< S iy R
ST

B

o W i W
\ N g1e)e) g

(a) LHRIZ 510

WRTET TR SER ’
RSN - BB KT
o (ETHR TS
KIRL
o HEHLE F
TH— S T fhaea| peal
K DI
‘ i P o
i e o
e TR—ER D [— e

(b) SCRIKEN SHms
Bl 10 [DR— SRRl AR SR
Fig.10 Mining-support linkage control technology strategy

2) X -is R HOR o SRR IR
CEEME, Horh ERASR IR R RE ALY B,
DI R A is AT P A o WO SRl s RS AT 5 AR
PLH BSR4, sl AR ML, DRI, Y S 2R
5 A B 126 ATL A IR Bl s o 2 v R TR AR B T T O
L PRI R T A BRI AHERSA TR () S -
W ERER S T, WE 11a fis . W84 REIi g
MLELZRE H bR, 8 20k LA S 28 o0 B [B] B
BRI H bR, & 26 W SCBR AT sl . FIRAT
FRAL IR AR W D HERS A TR, B RS AT o i o B S IR B
R BE HARMEXS L, SEBLAI A . R R A5 ) 2 5
PRI RS EAR F kAL ) B AR SRR BB B s,
E 11b fiR.

AR R AL L B A2 R SRR A T AR R ), i
DISCIRMEREAT P TA%, SCAERSA TR B4 e 42,
B R L T R RIS R . S —1z e ek
By ] 5 G4 ] 22 G0 N P 3 5 S R R 4 ) A S I

WM HERS AT RS, SPIRIE I 224 SRR T o
T T2k B B4 R A3 ) 48 08 PN PR B SR RS AT
FRRBEAT IR . RGEA R AMAL, Al SR B AL,
HAT R PR Ry W 7 T JRE PR | 3 IO A A i A
L.

3) sk —InRER SR BOR o FIRHE LS R
BB BB AT XS R I8 Rk o3 28 G E 28, SR
B AT AN 2 Al e S BRI AR A AL 2, G 1 SR AL
R LA R i R, T AR s AL SR BEALIC Bl A
SRHEAE T S RSB | 42 5 | L Y 3h A5 DT
P R S, B Hh 2 T A s AL azs A ] R SR
PLHEIEE R R T 20, S0z b —m R BRI 3h, anfsl 12
7R

o A A JR A AR DR AL A B 5 B A s AL
AR BT RIS A MLE TR AL 2
S, ST AR S T B Y, S B A
AL N B 5 A A LR A i 1 AL B SR A B 2



54 # X F 1 2025 4F45 50 %
o Lt | Bl [ mimmien | o | s
Y aaxbk HERS H AT Ng HERAT
BN | FEAR " BT
L AR i
() S —IEHE R T iR
- LT | Tk
TR e s [ s | e | e s ammsoe] o
V| swsmgr TP b HE [ R TR e
BT
fR
S AR
FUT R LA

(b) SCIP—ia % REIkah i gzl
BT Sc—as i R sh HoARHESR

Fig.11

A AL
BHRELS 5

b T e

Support-transportation intelligent linkage process system

RAEHH e

. .

o | | alpL | |
| | |
| mmew | ] s |

IS AL~ FIBR A%~
STREL Y SRR
T FE AR e
_ _
s L Enssmn |
RhblEs A
|| wiszms | |
bl | || | EEBE

K12 aski-lnRE ARk s T 2

Fig.12 Transportation-mining intelligent linkage process

SR FAR, AFIAR G S AL 0T | SRAEHL ] 1 55
NPT Z AR, 2B Al ik LB 8 R
HRERIL A 5 3 E 1) e D0 DI s SR PN 42 o 0%,
DA T V5 SR figp 4 ) TR e, S92 B0 7 AL 5 ) o R TR
B

4) S S LI RTSCIE BEBR B EOR . T AR v
Sk SZAPONIAS T SR R RE AR TR A 7 A S
WY, REARBT L BUA IR . B SRR E IR, %
M SR S HE8CR AN AR T RE AL S, 382 th A 1 i
Sk BT — WAL RN T2, £ 4. O BT S 20
R AR A i S IR A SR S AL
Fo T Tt [a] B RO (2 BT . () B iy S AR S 2R
TR RS A A0 1 8 By A 2 AR ST 00 o i
SRS . D) AT S AR ] KR A
iR GE, AT AT SCARAL N S . @) T XU e
S5 43 AT M A AR T XU AR B sk SR
5 T S AR I K B0 RS Sk S T S AR )
SR, SRS 0L ALATRS A Sl i o

ZHOR T L BRI R R L A ACR,
REMK 3l T 25 BT A i A iy DA — AR A it
2.1.3  FRRE R AR REML T IR R S

B /IR B A BR 2 A S R R TR B
PP FHZE AL | FL AP AL R L SR P RGRR
BER A 0 | L L EL 3R M0 25 M O A5 L AR 2 o
HrBeA, SBT3 2% 1A OB BRI B R | 56
IFAAT T =Yt o sl AR R PR A A, 17 552 B
AR A7 B A5 A R AP s, b A0 4%

1) SEEL T 2 B i SRR S S, i T Bh
A HUH A BB, I 1A Ml SR A, 358 T
B S AT AL e 00, B0 T M AR B T, 4
TET X5 KRB A 18] | J e 0 e 28 40 4 48 B 5 00 B
REST

2) FE TR RE MR AR A4 — b BB RO, 52
LY M TR Y 14 = 2R R S 25 TR, T S BR A
BRI 1

3) AL GIS 15, T Hu SRR SC LK



5514

T kA MR R O TR B B 5 R e s o B 55

BRI BT AN TR, A8 SR ECE R A . AT, A RRIIY
et 22 T Ut

4) H TR RE b BT OR B R A, R TR Refb ik
IR, R Hb BT S5 RVRRAE A TR e A AT, SR T
BRI R 2% A Pl Ptz
22 S0mBRIVFEAERUFAREZSGERBREEL

TR IIAHIRIE
2.2.1 450 m K TAE T = s E R A

BFXE /M SRR 450 m AR TAE TR, BIF &
T ZY16000/18/32D K H .0 42 Ak s FS sh i 52
PR FEIRF] 1.25 MPa, T 57 48K AR 5 TH
P, SRFERLAR N 480 mm, SZAREH T HRIE LA, T
B HEAP BT BRI S AR, AR D T SR
JRC R R | TOURR M R R R 55 (), L ANECEE R T
ZYG16000/22/40D i+ 48 | ZYT16000/22/40D ik
THR | ZTC3x2x2500/25/40D ik A B RS2 48 . ZTC6x
2x9000/23/40D [0l X AR T 48

FEHE AT 450 m, 25 FEHIMAILAE B 0] R 518
PRI L, B A HLE A B IR 456 m #4710,
U A = RE S DL 10 Mva #E TR, AF R T SGZ1100/
3x1600 AL FI AL HL, SR HOBURE A1 &, T AR A A
F 048 mmx152 mm [RIIAEE, H1k R H 58 SME, Fi
# A sk BB sE e STk 3500 th,

TAEE R4 T MG750/1940-WD ISR AL
S771350/700 F 55 Z% HL . PLM4500 %I % % HL . EHP—
5K400 AV LAV 0l G 2 B, AR 28 Tl T IR T
WKl 13 Fis .

13 A A i T e
Fig.13 Ground joint debugging test of complete

sets of equipment

222 450 m K TAEM TRESCE
TS UR o, MRS S 450 m oK
ZER TARSEHL T 2 X ke S5 R ek sh s ofil, 2T
SRR SR 1 R 7, SEER T 45 R A0 I A S st
A, DI IRALES 4R RN B R R A O, A
fifepR T S AR 227 T 0T (A3 I 1 ) A, 1
15 20%~60%. X i Sz iz R DL
Sk 5T S AR PR RIE Y, & A R 4 i R e A T

AR, BT T TAE AR R ME L R e, T
VETRI P REAR B 100%~230%, [AIRZRAH L T4 4 300 m
TAEHFE R 2 5%, #EIX Z FCE R 110 77t T T
PETE K R, 8 X R 2R 7.6 77 m g 2> E|
5.69 1 m, JTMifE#ER A 19.8 m/ 7 t FFER 13 m/ 7 t,
FEAIK T 34.3%, £ X/DAE 3 A TAE, 1540 3 IREH
W 1 4L7T, BT “— N—1i—T ", 3w

TN By2e A BARSEI T &4, B, gt B
FEL AR, B AR R,

3 FRRHERHEE 6 m ARBEHLER
BASHERE

30 FARAEXEZHTEESINEERHAHEE
REFEHIF AR
3.1 B TAE LA R AR A A TR
FET TAERRE SRR AR 2R | SRBEAL R A
PR . B IR MR AL PR R A AR 2 R AR R Y
T 72 AT R AR AR RS AR AR bR R R Ak
Jirike TEUCHAE b, PR T “BL+IEL” T EERE
WAL 258, WH R TR T LORA MSH AR “F i+
O3+ = TR M AG IR TR S 2R W R e, 5K
T TAR TR SRS W (5] 14),

BRI
Sy

(a) GRR AT 42 JR b 28 S Re 45 Jm P A o 22

(b) = TLORA IR ST AL % il 22 4t
Bl 14 LR TAEH FLA - RSB RS

Fig.14 Surrounding rock-equipment state perception system of

fully mechanized mining face



56 # %

F #®

2025 4F55 50 4

3.0.2 WS A TE R ) SR

e SRR Sev e U BRI PR SN g i
PR BT B R SCRHMERS T T 7 4 77 5 52 8
fr 8, TR 55 00, R i [R] 14 B 45 28 00 S Tt 3% 28k fif 1]
2R, 7R T AEAS [ T Hs 7 ARG S 41 B A
&, HERS T T TOURS Z T 5 i 7 it e M A6 A 1 7 A6 L
AU R R b, AR TR SRR AR A e,
RS T 7 T ZEAT A8 B2 280 IR RSS2
B SRR = F Z MR R &
3.3 ST R R R REEE I HOR

BETT AR SR I 8 R G A s R SRR ARG,
FENL T AT K EE 7 103 S AR A2 B8 S AP g 2 A
B O3 TARTRRE | SRems . AR AR GE L | 32
ESEali LAl ) SR AR v 3 o S B o (F W
i 77 FRR A5 B F DS, S T AR S R S
JESCORBRAL Y H A Sl ik, SR A A 0
P A A S DR PR P o P R AR, e 1 2835
—HU R, Sy s A PR R A
HZH I 15 Frs o

A
s TS i s 1
R 8 e i
et o ———————————————— - —————1
------ T i A R e
|

" rEEEE {
BRI

N ZIE SR
L]

Rl

1

| s S L |

K15 ST B AL PR RE R i HoR
Fig.15 Collaborative Intelligent Control Technology for

Support Equipment Groups

3.4 JEREE T R S

BT D SORBER™ AT 10980 S AR RH g 520
B, AL T PR OB S A2 T o BT Y, il
JESCZRTARBH TS | 3BT 1 W SR TR %
T O S AR S, ST DU S SRS [ M
PRIE T B ARSI RS W i 5 T30 SRSt
YEASHAE S AR AR 5, A BT T TR AR S P
FIRRZL (B 16); 2 T TAR I SE R L SZ2 A2 7R
SMSCIRTARR I 285 BBk, VAR S S
SO SR AT AR MAYIE LR, S s SR AL P
CESUIE S XS

101

4H271H 4452911 sH12H 5H151

5 |-
E
Wmoor
¥ M

-5+

1(%60 140 120 100 80 60 40 20 0
B&
K16 AR TSUR AR S H 2] 1
Fig.16 Comparison of real-time cutting curves of roof and floor

of working face

32 TARASZEE6om ARSERLERES

%k
321 ARSEUR DU SR S SRS R S8

HRAE AR TR EFH T AR IR A K TR
M R RE R R A5 R o, BIF R T DA SRR iy AR A S 4
T S HE, SR T AEBH 14 18 000 kN, 7 48 i i 12
N 440 mm, J5HEEIFR N 360 mm, Wit THRIEN A . =
RAPTE BALA AN B R AP AR LA, fifthe T SCBRFLIR RS
B . R e AT SR 5 B AP uE | TUAR e e s S
(IR, [, DAt 1 S 48T N GE IE 1A JR), DRIIE
T4,
322 TAFEERTCIHAR SR AM L

TE B TC A2 S AR AR S e, St
T A T A2 iy A TP /N S 37 A [R) I SC AP X B T
RE LSRR AP, BAERBUN, X 8eks .
SR SRR T2 R AR B A
323 TAEME eI R RGN E R E R AR

Uik

SR R R R B 4 A T AR R A ik, &
REAL AT, W B TAE IR R I & S BT EEC R,
Bt T TAEM ARG R A 87 58 /Rl TAET R
ML MG1000/2590-GWD !, &I 4235 i WL %
SGZ1250/3x1200 &Y, ¥ ALk H SZZ1350/1000 %,
EREHLR H PCM700 B, Fz 7 A B HLE R Z2Y2700
R PR T EREBIN R AR & TAERNESLRRE . H4m
REBAT R AR R (18] 17),

TR RGN T DR T 140205 7R 75 TAE
T, V3 TAET AR R ] 58 1 5 ORI, 3R =&
5.5 m, B fCR M 6.2 m, FF Rt 7 a7 S e S 28
HAE 5 TR AR S, S H 75% DL b, R kA
WIS, SRR S50 B 35 5] 1.73~1.78 MPa,
Uiy Sk S BRSCAPAAOR BT, TR T BT TR B 24 5%
P TAE T By s P s TR SR E M S R SR,
SEPL T SRR A AET T



T kA MR R O TR B B 5 R e s o B 57

E 17 FREH R R ELS R %

Fig.17 A complete set of fully mechanized mining equipment

for large mining height in 1 000 m deep mine
4 8~10mBARSHEURRERERSE
%2

4.1 BARSHEUFREAR
4.1.1 R SEE- AR G B IR AR

W SRS N 13 5 A N ) A B S, 4
[EAG AR T TAE N 1Y, SER TN 5 00 RE (%) R sl )
A, R RS MR SRR RS O R BT .
FET TR T TFNIERE K SF A8 00 B XU Ao i, 9
HE R 1 M B 1 RE R IR RS (0 S R e A
RECPP T S AR e A, AR R TR
FESI AR AR, ST WIS SR | SR TARRR 7 M
Rl 7, i B Re il v DI S R R e, KRR
HIAPEAE AP @A R B 15 5 TR, H
RE 5 ALY s BT R S 2 L A8 RN B
gL YRR P2 AR T . = G AR sh VR |
FTHFFf BERAPS 1 KN He S e shag o i, Wk &
AL ST AT (B 18), 80/ INTTUNR 31288 288 i Xof S 2R g e
o, P R G R
4.1.2  RAEHURRE M L I8 AR

IR AR L@ M T AL | FEARE O
B EER P, YRR AL B R M AR AR I B S
SR, L3 IR DR Re e AR T ey 5o R 4B R O TSR
HLFE SR ShaR 4 2h B AaE pipER" . TR fefb e ik
71T, 5 TR o b SO R R AR AR B P, 4 T
PRI IR AN RV I ] = 1 N R0 VAN i VAT =11 N
H kT | RIS W, 2k sl, ML, JoZmin
ELAR BRI R RV L B R | T AR ROR,
FHEHLE A A2 . A SRR 7] 4 A s ik DhEe,
SR KR R A S
4.1.3 B P S SR B A TR B R AR

TERYFR, Kz FIB AL Tt #& i, &
5 HERE 2 00 GRS TR R B A2 B kTR B DD )

et )

faff

e AN

B18 10 m BEARCR e T AR I i I R 46
Fig.18 Monitoring system of 10 m super high mining height

working face

I b R R A o) AR S IRE A DX 3 7 43
LR SIVERU, B “2 P = BRI
BT, IR RROR . SR B EARE A LR SRR T
SR, IR SN W S A B, Rk R, fif
BEZR TR TR TE IR TAEL RN .
42 BARXRSEXBELEEMEARIELE
4.2.1 8.2 m IR R S T ARk
FTEXGMEET 22 LR WA 5 J R4
ARER, SR T 8.2 m MR RELER MR, R
JEHLAE TLS8 TR IR R AL I, X &, i it
PR TIREE AT, ST RALA A 5| g K nT
PERYEETE; AR T 2Y21000/38/82D % A % i W s
SR, SRR 2.05 m, SRAHELAE 530 mm AU K ELAS
XU 45 ST RE; BIF R T SGZ1400/3x1 600 5 Mz i 1%
BN He A5 M TR AN 19 B .

1 -m_' - )
K19 8.2 m IR MELE R &
Fig.19 8.2 m super high mining height complete set of fully

mechanized mining equipment

LA, ST R s Bl 2R G S AL e FL R PR
MBS R G, A7 A o A T R B hy 3 i
R AR AR R | 5 R BRI D) AU S b
LA L0, BRI E 1RSI, 1
FAEBE AR S T AR 3h, s 1 SRk MU
gy Gaf Tt R PR, R TS



58 # %

F #®

2025 4F55 50 4

IR BARBE R W A, B T ROR = TAE
TSR BN 292 2 B FA sl SRIEHL IS N
R A N I i SR L s R G
P AT S R0 MR SR I RAFMERE, B 82 m K
K 1R 25 R 2 A, AE A XS W B T N, A 1 AR
1836 Ji t Z8 5001,

4.2.2 10 m HSCR E R A S TR SR

BT R 22 2 WA A5, ARSI
BT UTRMRERE KSR AV G RUR 25 s il ik, 52 3% 1
TR AR 5 R A e, STk, ihR T
10 m FFIEHEE — R 2 E 4R E T R34, Tk
T ZYA29000/45/100D I KR 5 3048, Hu0E 2.4 m,
P 1.9 MPa, 131 T “BUZ (45 B2+ = G4 5
M Gy, Horp )24 2472 1100 mm, T )2 45
%900 mm, 3k 7 4% 5 B SEEE T AR H 0 (10.0 m)
B Wik AE (5.5 m) B9 “KEREHNG Y 2t I
% MG1200/3350-WD BRI KT RI AR RIEHL, 18
fA B4R 4.8 m, RN =5 LY 4.5 m, 225 (] 5y
IKF] 1.8 m, Pidi k2K i 1f 480 mm, SEHL TR
ML RN, R T FH At R Bk T SGZ1600/
3x2000 AVFEI M AL AL, TR GRS 1600 mm, SR HIAS
SAMHEIEER, 3 FRIK AL TR 6 000 kW, 10 m i##
TR 1o e 28 ML TET R R A 1] 20 B .

F120 10 m AR mELER A&
Fig.20 10 m super high mining height complete set of fully

mechanized mining equipment

PRSIk, B AR T B R iR SR WU SO R A
SLRE ST ROIR SORBR R R GE, O S B SR Y
UERT Rk ki QAL = €T 2 i P DU R U
e L B e R AR A T b il 15 IR Sl wfE AL, SR
B I3 R0 4 o) R AR P B B i i
AR, AR GEREME KT 0 45 R L A i, AR T
WO rh AR S R A

PEOF R R T LGB F, Bt T 2 RhsIAe
MBI B 7 vk, R T AR E BB R AR 5 0 R 4

FIAN T BHLE LG IE 5, 80 Ok E1 5o A &
SEBRFFR S5 AT, TS IRER A SR M AR 2% 1 P [ 425
i, I AL g AR sk T 5 R IR s H R, R
R IEAL A EE T2 M s HRAL T2, e
i

R MEIE ST 122104 TAF Hi4F 7= 0 35 1800 J7 t,
P& MR R RE 7~ 10 m 115 Se 8 K IF %
A ER S RN LI EOC YT € N i eyt p O 8
sk,

5 HEKRKSVUARBEURAREEESSD
Rz F Sk

51 BSAREREEHRFEREELIT

T TR 2R L A5 S B A S AL B BB AL AR P2 1Y
SEnl, B R R GR R R =R
18 1) SRR . S R S B T — IR TR 4% R L TR
PR RGE, 37+ T TAE M) 19K 3% . SR . )
ARG B e AR sl e ), i L EAS R 4
e, WAL R A Bk Rtk e, nI eI R A2
WA A L Re b Hl 7oK

P LS TR S R G0 (R SCHE) . SR B a5
il R GE (FAL). AT IR RS 9 s ACH L R G
AR A, 3 45 BT A9 ) R GeAE N I il Ak i BT,
BT TAE MR € fl Ak 2o, g@ar 1 HeE A 3l
A T AT LR R S0 (K 21), 5 P i Fas %

FT MRS AR WA, TR 48
BOAS R S AR 28, nTPAT A ST 32 i is 05 5 2 0
FEAHME . Y& AL SRR, P I AR A4 il 4 PH A
TR, YR SR 2 2 o R — e &, (T 0 2
oo WE SRR G AR BC A LED o B, H T EE X
FE SR A, SCE R SR TAERR ) ORI
TR AT | RIS B S S R 55 T A 1

TAERIR S48 5 )5 s AR A A, SCE T
FIRGE AL Pl IR sh s g AR A T Bl
S AR RS, Tz N T AL R A TAE
RS ST WEHE o OK S 45 25 8 o 2R B 3% 4 F U B
AR L G, SRR IR B S AR R T A
ISR T SN K VANE. 10N | i R 23 O [ i = R 2 g3
I ek v VR ) B B R

ST R G 0T Ok Dy RE, T SCRK g4
Tl 8 2 1T S BUN SEt oR, EBIA A B AR A%
RE, I T RGBSR E Ag e, Wiisg
P O CET L B T B, SCEE
BRI



T kA MR R O TR B B 5 R e s o B 59

1 pve by i 4

BRI

PMC™-R 37 4047 il 2%
21 FRefb TAEH Rl R4

Fig.21 Automatic electro-hydraulic control system for working face

VCU AL T 425 ) #. T

TAERIZHAL R GRS I T L 3.
T RI2% T 55 =07 2G84 1, S S5 8a 1%
T . R GUR REAIEEE TAE I AR A, W)
SR S B R B_E T, [ SR TR RS AL
MR, JCZIRR

AR AT AR AL 5 BT, T AT R AT, 8 T
A T 92 1] 32 G0 R 2 RS SE B A% 2 1 T T HER ML
W3R ZEERITAIERE T AR . A E S, B
£ H e A Pl v T RE, SEXT ARG SR LRI,
G IE LA N IR &, BCE T IR, S T iR
B SEERT R | Py D SR AR 3D SRR . A
ik . S 2 W4 Bl e S D
52 ZEXRITIEESREUFAREAR
521 REHLCIZEE]

RAEHLACE T AT AR i R e IR M AL
TR A B s, $5 30 7 I TR S b 0
ARG, RBEHURTE O B A5 B . 7 M AR B S 0 id
TCHIERE

R SEIRE AP R 5, SERIASIE K BE LR TAE
TR T RIENLICIC AR DI RE, BT “ e R S
A7 LU ENERL T e B EH BT A 2R
B YR B S TR AR = BN — B, SR

PMC™-DIRZ]{z il %% PMC™-VIRZ AT HAL 1 42 2%

FIHLA I A TR, P A R D R & “E B R,
T4 T T —MBer RIEIEIR . anEl 22—&] 23 f,
SR SRR 2R B A1 5 R T, RS I AR B R i, A
BRI TR A B AT AR e A T S
522 WA SRS

T T A A ) R G AN A Sh Ik R TR D R
SR A, 45 A RBEHLA B 1 S 7 7, W 3
) IS i iy 22 SN Y N A N R e TN e |
VB, SEBURE SRR 2R A shas il . BLAb, #5561 &R
G 2k B il T (AR e 3 ik S R s ) R AN Tl A
K, B W DA 5 S B A5 28 SR BEHIL, 2 SR BEHLVR
T J2 o o 5 Al S AR IO B, R R KBRS S, R
AL RO 452 1k 22 51 50 il 42 0 = D e, PR &
Pk
523 TAEmIKS HoIE

FFR e TAEE BT, A T A IMU i
MR PATT | 7 B Smfinas . IPC4 Tl R E DA
Bl RE A 1 TROMR S 345 1) 3R GEAE IR S48
VA WERGE . RAEHLIE B E LA 5] 1 FE v,
IMU W 0 A0 £, A7 B 2wy s o) SR AR LA 5 L AT
A, BRAL R 2 TPC4 T, A AU L LI SEPRES
J5 £, 3 2k DK A% i 2 S0P R G IR T, W



60

Fi:3 2025 4E45 50 %

8 000

g 7000
£

= 6000
=

{5000

111111

m 2 949 mm

7 B /i =7 24 JE R £ JE(°)
IS

"
Lifig

)
200
2000

Tt

130

120 110 100 90

More recent
B B
Bumpess i i B

BAFThRER L
P23 IR Lk
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