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Research on technology and equipment system of large diameter shaft drilling based

on gravity slagging
LIU Zhigiang"?, SONG Zhaoyang'?, CHENG Shouye'”?, JING Guoye'?, ZHAO Junxian’, CHEN Yun®, ZHAO Like’
(1. Beijing Coal Mine Construction Company Ltd., Beijing 100013, China; 2. National Engineering Research Center of Deep Shaft Construction, Beijing

100013, China; 3. Jiangsu Hexin Petroleum machinery Corporation Limited, Yancheng 224200, Chinaa; 4. Ningxia Tiandi Benniu Industrial Group Co., Ltd.,
China Coal Technology and Engineering Group, Yinchuan 750001, China; 5. Inner Mongolia YitaiGroup Co., Ltd., Ordos 017000, China)

Abstract: The shaft is a key project, including the mining of shaft engineering minerals and the development and utilization of under-
ground space. As the lower part of the proposed shaft has the advantage of a production system, the use of gravity slag removal is one of
the important directions for the development of large-diameter shaft drilling technology. Aiming at the problems such as discontinuous
slag discharge, low efficiency, and difficult to cooperate with the rock breaking process, the bucket type slag discharge technology exists.
It is necessary to explore how to change the slag discharge mode of the working face during shaft sinking. The gravity slag removal pro-
cess can improve the efficiency of shaft sinking, that is, through the pre establishment of a small diameter pilot shaft connecting the upper
and lower levels of the proposed shaft, or when the upper horizontal construction conditions are not available, the pilot shaft can be dir-

ectly drilled upward horizontally under the shaft. Under the action of gravity, the crushed rock slag will fall directly to the lower level and
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then be transported and discharged by loading equipment. Firstly, the applicability and limitation of the slag removal technology with pos-

itive and reverse fluid circulation in mechanical rock breaking drilling are discussed. Based on the weight of rock slag, the process of grav-

ity slag removal is proposed. The development status of mechanical rock breaking and gravity slag removal technologies such as large-dia-

meter shaft raise drilling, direct upward raise drilling and pilot shaft boringare analyzed.The problems faced by mechanical rock breaking

drilling technology based on gravity slag removal at this stage, such as efficient crushing, stable and reliable drilling tools, controllable

drilling deflection, and intelligent drilling, are summarized. The technical processes and equipment of pilot hole drilling, pilot shaft

drilling, drilling and blasting expansion, raise shaft drilling expansion, raise shaft drill expansion and shaft boring machine expansion are

systematically sorted out. A comprehensive well completion process system with different process combinations has been established.

Mechanical rock breaking shaft sinking technology based on gravity slagging will continue to play an important role in the construction of

large-diameter shafts in coal mines, metal mines, hydropower, transportation and other fields, and provide reference and reference for the

technical development of unmanned, mechanized and intelligent shaft construction.

Key words: shaft; mechanical rock breaking; gravity slagging; raise boring machine; shaft boring machine; large diameter shaft

0 35

I TIETERA U Sl e = p st
B THERGE, WA EHHE . BUFIHE B, ME,
ISR WA R IXCBIE AR IR TR, Hoh, JF
fa] 5 FEGa R TR T07 JF A4 i 2tk i JH
3, SR DX AR 1 AR A TR HUR BRI S5 TR XA )
FERB B Stk TR v e T AT 1
ST, HRAVE N H Tk W) IR G, R
Hicwr . ARG PRI, LURE X K i K
AP REIE S EEIIRE . ARk, BEE AR L
NS (AT A T AR B B AN W I g i A
2R, AT W I SR U e b o ) - ) A S
AR T Z, e R R 25 WA 7K
S | R S I ] 5 24 U 4 e R AR
HP I, BT A ER SR TR
TR A, e 1L R AR L3 R TR AR
A W RS RE H A R

1 2 DA T i) T e 25§ S R T ) SR
A A A T G881, 5t Tt o o el 1 i
15 2 L 1% 2 20 M TR K S o 2% P I s s
BB ELNR, ESHHARN R RE BT
T AEARARK | BARE HURZRAE T, EROR A AL
BB v P2 SEE 9 o HE AR i T ANEEUE B9 7K
JEZEAE T WERHVRRIR S H T ik o $ LATE I 50K B
BEPLBE RS I . N TR RS, B UR S 1 1 At
T P TR 1 8 I SO RRBR I Dk o 98T,
W BRI AL BN BB, X i 070k S i fR]
A — ARl DI T s T H A A RE T 1Y
BR A, B 1 o o LR BROE ] T & A s AR
JREEH, SRR KRB HLAE A PERAR T, B ) AL
F i i e AR A, RIS RS W %, 3 i

274

i

K J N — i T 50k, 95 TR B |
B4l 1 45 3 R AU e 8 R &R
VREE 1% W 8 o 0] 647 Jo] P 2= i, e A 7K
At R 1T 2SR 0K, e P 4R g 2 R AR B2, B 1 1
425 2ok it o b 2 K 1 68 P 1 9 3 Y, m e i S
h— Pt R BESCE T5 0k o IR 2R i
BREI T2, BIEFFRITAZRT, I BEFL 1) H: 5 2
A RMZ A REER R, SRR A AERWTZ | =
] | ZRBURIZS BRATAN R LR ZE A, AR R 1] 25
JERGERR I, A2 B B P, Wl E e SOl
— MR EEA R DT i o BT LA, VRESIE FITE S ik A
B T2 bRk, 3 R T AR E )=
T2 Bl R | )2 5 7K S5 T Y
—Fof 4l BE KN [ J5 %, AT GERR o )2 Bk T
TEAN [ M JZ= AR T 12 B e e 8, 3 1 AR B
1 HAAR D BERFE 5 5K, A 510 P A B R 52
H T ERARASTT A URET Y BSOS 454
AP A AT LA DA 0 3 3 1 R 0t 2 et R P e, I T
MU B 7 ik A Pt R R PS4
B 1 SR A TR A L L N T2 2Y
AP . MARPETT BB B SR EE - I BER)
SLBR IR A VL T2 i v R TR AL AR
W5 SUBEE THZ, 7 2R R 18 N I 2 0 58
TR, TG T K U, B AR
B, AR ARSZIOK | KA L MU T P
WIRZIR, S AL N B A 7 E A R £ 3, L
BRI X LS B S R AL, S50 NSTEN
HUBCRE REAC I A e DT I AT RC . (R, 48 54k
PR RS M H T I8 O W H B A ST 1)
RO T I | AR KRR AR A XA,
A 1 A B T8k, BRI TR EAR I L
HAEEHL, FHIE T B A B L R EOR . B



XA ST A AR AR B EOR 5 T 2R

2023 4F55 1 11

HE M HR R ITCR  TURARFAHER | i T
FHBE | JEIEIFE P UL, BEJS IEBERRL ST A, 15
TN TFIAEN . Bl Fak % 38 8 7 vl R e
Bk, Z W T HHLIERE, 455 a0 1R TP AR s Bl
PERRABAR Y (R R ] isf R FH R S A 2R R, Hiv
ROR GHEARCRA YR, TAR I A B, 52
ERE WHBCRIRAA R

BRSO AR I Bl Ak W o PP R B e X
B, AR SR T TP R 2% Boh - HRA T
JP AN BB R) 25 S S5 B BRI L SR IR R A o =
MERS, TT IR T 5 ) HEE 59 R BRI SR ML Bl
PEEARRE 3 S T 9T . HUBEEA H O HER -
ARIZ, TR TP IT Read 7 A LU I
i TR C 2 B4 FAbAE ™ REHA M TR, R
FHATUAI e 15 R 2 98 Tt 98 Ja 1, (67 R AR
T4 P2 7 A 0 i, SR AL EE R IR EDE R R K
PRI, P IR RS i A R, SO TR IR T
PR HER )7 20, S TR HRCR, IR 25 8l ik
ARVE C B 2 AR ) TR A o e db, Kk |

i KRR, | A M ERIRERTE | N W B AR AT

HOTR BORLEAT LU B AR R TR B, A 24
AT BT A RRE 2 2 G A AT RUR R A
R G, ST UM B HEE B m A .
I, 2 AT T HUAKRS A B HE 8 O s A
TET I 40 XA, R e 1 AT LA I S o ) ki
AR GIRR, T 2R TR A A LS ik
T2 M T IR T 2 4r | S, 257 B e Y
S HAEEE L.

1 HiEEEANHRE T ZRR N

IR 8 £ e 07 SR AN ), - i T 32 %2
3 R T A AU o B ok, R e 1A R
B 10518, TAR AR 0 A F 2t 2t T
AL, SEMRE g B H R ) B HER M . R E AR
FAT R BN 0 18 2 B e T MUK A T 2 A 1
R P AR TR R G4 S A T . A
A AEAUH U A S 52 TS5 Bl R IE A, AR Y
J R A B T 2 st v O 50, HEE RS, HL
MELL S A T IRl . /N EAR B LS R E AR,

vk HE R TR HEA 177 320, Bl E A

B RS Bl 2 )25 (6] 2L [RGB T AL A S shid
I8, Bl Sk T R B A R T TR AR A BT IR A
I W SURE AL AR, I 7 W ) B 3l T #50A o 1e] iz
gy, M5 O B RO T A R A T Y TR I

R CHEVS I FUE) B, A B AR A o ) 32 8h 9
A HE R
1.1 #HHBEREEHETES
T AARHE B B R BRI, Yo KRR T
SEPEIHRE DIRESN, i EA I BEVE ], RS
BEIEIE AL AL IR A AR P ARTE A L AR Y
ANIA], R AR HERE J7 IR AN AR R], s B AR AL AL
R IR PR, X TR AR A )
TR RS AE A
1.1.1 AR ESERFEEER
/NEAREG LR IEPR PR HEE BB, anEl 1 R .
P 22 7 b T () U ARG I ZE X5 EE IR e S it
I 7, Ve 2858 o B AT LR A BB, S & R
KRR 02 A B TS Fle IR A, BRI R R IR G 4
BT ANEE TN I AL Z 18] 0 PRI 25 6] L3R 28 b T, P
ATUTTE FNE 53 B, 43 25 Hh PRI 33t U1 % 0 ik A\
IAGIASE IR I PR H .

SR A %
A
Hg yugn AR
BEAT ¥ i*i ¥
i Wl
AN 1 it
)i} B
e
LI
RN
HE
naan
N— 3L

NN
1 NE AR LA I R IR 4 R s
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in small-diameter drilling!"¥
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Fig.14 Expanding excavation with pilot shaft boring machine
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