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Mechanical characteristics of the anchor drilling machine

for comprehensive excavation
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Abstract: In response to the problem of coupling vibration between equipment and coal rock during the anchoring drilling process
of the comprehensive mining face in coal mines, considering the unevenness of the top and bottom plates of the working face, the
mechanical characteristics of the anchoring drilling rig during the drilling process are mainly studied. Construct a dynamic model for
synchronous anchoring operation of multi drilling rig anchoring drilling rig, and use numerical analysis methods to solve the vibra-
tion response characteristics of key components in the anchoring drilling rig. The results show that based on the time-domain curve
analysis, the maximum vibration radius of the drill pipe 1s 3.59 mm, and the minimum vibration radius of the drill frame is
1.51 mm; According to the frequency domain curve, it can be shown that the amplitude of the drill pipe reaches its maximum at
around 11.94 Hz compared to other components of the drilling rig, with a maximum value of 392.6 mm; According to the vibration
phase diagram, it can be shown that the overall stability of the power head, drilling frame, and crossbeam of the anchor drill is
good during the vibration process. The vibration response characteristics of key components of the anchoring drilling rig during the
drilling process were obtained through comparative experiments on the anchoring test prototype, which is basically consistent with
the results of dynamic numerical simulation. This verifies the reliability of the theoretical analysis of drilling vibration characteristics
of key components. The relevant theoretical results can provide a theoretical basis for the stability research of the anchoring drilling

rig in the comprehensive excavation face.
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Fig.1 Schematic diagram of underground coal mine rapid

excavation group
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Fig.2 Longitudinal dynamics model of anchoring group
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(c) Vibration displacement of drill frames
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response of key components

B 7 () By X5 L m] DUE Y ZE P 6 N PL AN BF i R
o B AT T 32 B0 0 IR B 60 F BRIk Bl EE A
4 mm, ¥z 3 v % 5 K AH R 3.86 mm; A& 7(b) i X
Lo AT R FE P B AN LA R AR B AR IR AR
PR B R BEAL R 2 mm 22 A, ¥R B0 D % o 02 JF AN W]
B R KIRENE A 1.97 mm; K 7(c) X} He A
R, A B IRENIE AR K2l T AT
T ARV 6 % 1 8 JF AR [ 8 7S AR AL | XA
T4 0P S B L Z B R R AR B S5 R
SEPR T OUARST o kX b 3 418 s v LA &R B, 45 ok
SRR L BRAR B0 78 5 Bl ) 2 U AR A A R AR
— B0, BEAUL R 2 L i 4 TR Ol R — 2 (E R B i
JEFEAKH ), B0 0iE 1 8l g 2 RO R A 45 R e 1

M3 ZH B rh ok T LA B Bl R 2 O [ I 4 3 R
IMBEEZ S, KA TARBL R A2 = R a R R
MR T2 5T AR B0 O B i e R, At )= 5 R B A
1113 4% 30 i 7% 2 L4500

IR S5 R W] B AL 5 S PR 4G R 22
TRAFLE 200 Z N, AN AUERAIE 1 3l g 2 B SR A 7 ]
FE A R] At S B [ AR 1 A Bl A4S e A e g
PEH AR

5 & i

(DA —EE A TR 225 T 1 48 4
IEAT T AR R 115G P 2R B, 12 8 1 Al B3 B4 76 &
Z4 PR v 38 L RE 7, AR A% ST R Gl R 25 0T AT PR
AE LA o 38 2 43 BT 12 B B O B R 1 T
2ERE M I 0 L 32 R R R B R ) B B
S5 R BEAT IR, BRI A A0 1 Al B A 28 R G A G AR
S,

(2) R FHiA% B0 B 5 B AL 3R 5 o)) ) 2 R )
FHBUE 5 87 125 50 1 3R A5 2R ot Skl £ Mo i ih 28 5
AEAE M o AR 0 A0 38k it 42 0 BT R A5 /0N I E R AR T
R 5 L G Al 3 42 A LG R B o AR A X AR
PR 3h24% R 3.59 mm ;3 i i3 £ n] A, R AR R R
11.94.37.83 Hz By 22 A7 BN AT R (B 38 B B K, 43 51 ok
392.6.285.6 mm , R SHACH W] 5 ; 38 28 23 B OC B R A
I s AR AT 0 B RL Sl T Sk R A RO R A iR B
TR R RS M R A

(3) % Hb U 2 A [ R ML 5 20 g A B B4
ORI AR 1 DB B L OCEET AR rh A AT 1 iR
LB B K, B 9 3.86 mm, B IE K 3.59 mm.,
Bl DR TR ML G SR T IR B LA B/ SR A
K 1.97 mm, FE R 1.5l mm. ZEFEHTERA
B 2 S b o LR s B B K, R E R
14.91 mm. WFFEE5 A B T42 S8 B TR TAERCR,
FE A N T8 A B TR] B (R B 4 32 A2 Ml 1) 22 4 P F A
FEVE, Rt T AR T i B R T e AE S

2 X Hk:

(1] BJRG . W bl 200 8B PL R TR % & i B o
FE[D]. K& HMR, 2018.
LYU Houcang. Design and research of hydraulic shock
anchoring rig and working devices[D]. Changchun: Ji-
lin University, 2018.

(2] Zisfh, Dse, Bk B . HMD-2500 4 [ 5 L i F
[J]. e 45, 2019, 20(1): 21-23.



2320

& @ L

S

%38 %

[4]

[5]

[9]

LUO Shiwei, MA Liang, YANG Suchang. The devel-
opment of HMD-2500 anchoring drill[J]. Equipment
for Geotechnical Engineering, 2019, 20(1): 21-23.
YOSHIDA H, YAMAZAKI T, NAKAJIMA M, et
al. Excavation by snake robots with fins and a drill[J].
Advanced Robotics, 2023, 37(14): 942-958.

W AT DR A T B L IR A 2 LA B 5 3 A
MR LT ] BEHLR, 2021, 42(9): 116-119.

KAN Zhitao. Design and dynamic simulation analysis of
cylindrical feed mechanism of drilling rig for roadway
floor anchoring[J]. Coal Mine Machinery, 2021, 42
(9): 116-119.

IV IR 250 i AL 4 B I R ) A R I S (D .
BB LT TR AR R, 2022,

SUN Wei. Study on mechanical characteristics of an-
chor unit during drilling in coal mine comprehensive ex-
cavation[D]. Fuxin: Liaoning Technical University,
2022.

AN LR B MR A R A A AR RS (D]
TN P E AR, 2021

SHI Hao. Research on strength evolution of mining rock
mass and bolt-rock interaction[ D ]. Xuzhou: China Uni-
versity of Mining and Technology, 2021.

LIN, WANG B Q, MEN Y M, et al. Dynamic behav-
ior of soil anchorage landslide at different frequencies
[J]. Geomatics, Natural Hazards and Risk, 2019, 10
(1): 271-286.

ERE, BB, AN IE, S RTE R TR GCE WIS
B 2 B AW 52 BUR S e a3 [T ], o R i (A
RBFERR) L 2021, 52(8) : 2539-2556.

LI Liping, JIA Chao, SUN Zizheng, et al. Research
status and development trend of major engineering disas-
ter prevention and control technology in deep under-
ground[J]. Journal of Central South University (Sci-
ence and Technology), 2021, 52(8): 2539-2556.
SR, TR I AR, KPR, A ] R T A T g
B R S5 AT R PR I BT (7). M "2 4, 2016,
41(6): 1407-1415.

ZHANG Zhecheng, ZHANG Xiangdong, LIU Yuan-
hao, et al. Experimental research of anchors bonding me-
chanical properties under transverse harmonic loads[J].
Journal of China Coal Society, 2016, 41(6): 1407-1415.
AE, S5, BkEl, & . 0T B AT Sh o G I I B R
TRV ES B M [T]. R0™ 5% & Tk, 2022,
39(3): 567-575.

HAO Yang, WU Yu, ZHANG Kai, et al. The analy-
sis of vibration frequency parameter of rock bolt anchor-
age system during axial force testing in coal mine[J].
Journal of Mining &. Safety Engineering, 2022, 39(3) :
567-575.

C11] A, XA, JEEL, 45 M UG A FL 3k 2E Bl T

PSR BE BB S [T). RO 5% 2 TR,
2019, 36(3): 473-481.

FU Mengxiong, LIU Shaowei, FAN Kai, et al. Nu-
merical simulation research on vibration characteristics
of drill rod when drilling roof bolt hole[J]. Journal of
Mining &. Safety Engineering, 2019, 36(3): 473-481.
BETTAN, HEZ, XA, A A T8 O IS {4 0 7 ik
L R R PR 5 W I [T]. R 5 % 4 TRk,
2018, 35(2): 245-253.

FAN Kesong, SHEN Baohong, LIU Shaowei, et al.
Numerical test and application of propagation character-
istics of stress wave on roadway roof anchored body[J].
Journal of Mining &. Safety Engineering, 2018, 35(2) :
245-253.

K, KR, MARE, A OB IR ST 4 -
& SCH 2 RN SR IR [T ] E A 1% 5 L
Tk, 2021, 40(7): 1428-1443.

ZHANG Kun, LI Yuxia, ZHONG Donghu, et al. Re-
search and experimental verification of mechanical char-
acteristics of advanced hydraulic support group-anchor
coupling support[J]. Chinese Journal of Rock Mechan-
ics and Engineering, 2021, 40(7): 1428-1443.

Tt v A T AR A — PR BIL AR e Y 4 A R R L
Fr S EMEALD ] R . E el k2, 2022.
YANG Mei. Structural strength simulation analysis and
topology optimization of cutting device of high roadway
excavation anchor integrated machine[ D ]. Xuzhou: Chi-
na University of Mining and Technology, 2022.
B, O, B AT A I b i
RS WEE ARG ET] BACH & B 5% &,
2022, 58(10): 147-149.

YANG Bofei, CAO Qijia, WEI Zhao. Research on in-
telligent mining face rapid heading technology and moni-
toring system[J]. Modern Manufacturing Technology
and Equipment, 2022, 58(10): 147-149.

W, 2R, NG, A5 SRR R SR B S
S 1R LR FEL D). HUBRER I, 2021, 43(1): 9-16.
XIE Miao, LI Zheng, LIU Zhixiang, et al. Simulation
study on dynamic characteristics of supporting state of
advance supporting device for fully mechanized roadway
[J]. Journal of Mechanical Strength, 2021,43(1): 9-16.
BRI A A LR — AL TR R R GRS S S
[T]. HFAHE4)R, 2017(19) : 58-59.

HUANG Yuanzhi. Research and implementation of hy-
draulic system in mine digging and bolting machine[J].
World Nonferrous Metals, 2017(19): 58-59.

ANY P, ZHANG N, ZHAO Y M, et al. Experimen-
tal study on bearing characteristics of multi-strata an-

chorage system[J]. Energies, 2022, 15(4): 1581.



55 10 1 BT AF e 2 IR SR TRC S B T B AL A T SRR AT Y 2321

[19]

[20]

AT R AL A A ] 37 I A TR Ak ol 5o 2 RE 0 A
(D] J#p . P4 rE 28 K2, 2021.

FU Xiaomin. Seismic performance analysis of large non-
anchored vertical cylindrical oil storage tank[ D ]. Cheng-
du: Southwest Jiaotong University, 2021.

Xk gk, KA S AR I I LR AR A B R BT IR K
JEE[T]. T4 A Shfk, 2019, 45(10): 23-28.

LIU Songyong, ZHANG Deyi. Research status and
prospect of intelligentization technology of roadheader

[J]. Industry and Mine Automation, 2019, 45 (10) :

23-28.

[21] CHLEBOWSKI D, BURTAN Z. Mining-induced seis-
micity during development works in coalbeds in the con-
text of forecasts of geomechanical conditions[J]. Ener-

gies, 2021, 14(20): 6675.

E— e W (1980—), %, Wi+, iz,
E-mail: xiemiaoll21@126.com

BAEEE: 5 TH(1997—) , B W5t 4 .
E-mail: 1124053887@qq.com



