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Development of storage equipment of continuous cable pipe for borehole rescue

GAO Ke'?, NIU Xin'?, ZHAO Yan'?, QIN Xiaolin'? LYU Xiaoshu'**, XIE Xiaobo'*

(1. College of Construction Engineering, Jilin University, Changchun 130061, China; 2. Engineering Research Center of Geothermal
Resources Development Technology and Equipment, Ministry of Education, Jilin University, Changchun 130061, China; 3. Department
of Electrical Engineering and Energy Technology, University of Vaasa, Vaasa FIN-65101, Finland; 4. Department of Civil Engineering,

Aalto University, Espoo FIN-02130, Finland)
Abstract: The double-bit bionic self-balancing continuous drilling technology has the advantages including requiring no
drilling rig, high drilling speed and slight disturbance to the borehole wall. It is one of the key potential technologies for
constructing the security and rescue passages against mine disasters. In this technology, as there are passages for power
supply, signal, chip removal and other aspects that are built in the continuous cable pipe, it is required that there shall be
no such interference, extrusion or arrangement of dynamic/static conductive electric conduction link as in using the ex-
isting drum hoist to store continuous pipes during storage. Therefore, the special ground storage equipment for continu-
ous cable pipes that fits with the technology shall be developed. Firstly based on the demand of the double-bit self-bal-

s A #A: 2022-06-02; & HHF: 2022-10-31

HEETH: BEEEAIIEHTRIESQ2018YFC0808201); FES HRFIFELEIN H (42172345,41972324); H A HEITRABIFLH H JJKH20221016K1,
JIKH20221014KJ)

E—1EE: @R, 197794, B, AT ERAA, W, 28, WA, WSO . BleE AR A A IS Oy TH 1o
TAE. E-mail: gaokenm@jlu.edu.cn

BEEMESE: B, 1983454&, J, HMRIEAN, M, 8lEdR, MEASm, WFOE AP TRBOR T Z A0 POl & 1A GE I s TAE.
E-mail: zhaoyan1983@jlu.edu.cn


mailto:gaokenm@jlu.edu.cn
mailto:zhaoyan1983@jlu.edu.cn
https://doi.org/10.12363/issn.1001-1986.22.06.0443
https://doi.org/10.12363/issn.1001-1986.22.06.0443
https://doi.org/10.12363/issn.1001-1986.22.06.0443

% 3 3

anced drilling technology and the deficiency in the drum hoist storage technology for continuous pipes. We proposed the
sleeve storage and hold-down conveying principle for continuous cable pipes, constructed models, and applied the soft-
ware of finite element analysis to conduct simulation analysis for the hold-down conveying process of the continuous
cable pipes. Secondly according to the double-bit bionic self-balancing drilling system's requirements about the continu-
ous cable pipe performance, the 3D model of the storage equipment of continuous cable pipe for borehole rescue that
was applicable to the drilling conditions with the outer diameter of the continuous cable pipe of 50.8 mm, the borehole
depth smaller than 1 016.8 m and the site area smaller than 50 m’ was constructed. Finally, the electronic control system
fitting with this equipment was developed, and the mechatronics combined adjusting and test, including the continuous
cable pipe's hold-down conveying, operation of storage equipment and storage of continuous cable pipes, were conduc-
ted for the machined, assembled equipment. As indicated by the results, during the storage and conveying of the continu-
ous cable pipes, there was no interference, locking or dynamic and static electric conduction link, which can meet the
technical demand of the double-bit bionic self-balancing drilling system and provide necessary equipment support for the
double-bit self-balancing continuous drilling for borehole rescue.

Keywords: borehole rescue; continuous cable pipe; storage equipment; multi-sleeve continuous storage cable; mine dis-

ER AR LR S U R A AT - 169 -

aster

BRI MR A AR — . B
Jeit B LB 8 AR, A oA BT XS
L PRPHR T A i 22 4 | 9/ [ 58 BERRI IV 7 451 K B
SCERML

XU F P B B AR T ARG Sk XU [ e )
Ml A X IFBES B /0N, B e, AL B e,
SEAT I CE B LR A BT SR 2 — o SR, iR
e R 5 S B O E A 2 DR S48 A
BB B B LT ZOR o R, P T A e
HE P B RS2 N AN ) RSN 25 I AT T R
(¥ 2 WA 3 A Y, A HOMRE RIS 10 5 1 15 00 A8
M ZFdr C2mhE, RS2 Bk [ 808 iz B M
T ERR0, et — Pk . WRLESAE B
LR TR T e 1 A A AN i % i 248, i
TER T LIRJZHA R 5 R AR R | BB BY IR 4%
T, LA (55 A5 dr 222 ARSI . LA, 1R
T 7 b 20T IC i 22 3 3 PR S IU A | {55 A
FH 0 Bl AL i, 10K T B S 4 AR A 5 I N 4
i 22 A T 22 BEOR T R A%, DT 3 0% B 48 A 7 A 85
1%, HAFAERR AR e e,

N T PR HORMERS, 5 e Hh — b HL I 14 25
EHAR BB, SYRAIE R 2B S S48 i 2,
YO 1 2 A A e B o b AP B0 220 B O B, AR DG
W AT AL AIF i 1 2 A A R A, JF XAt
FrPEREMR, PRS0 e K dFmiatr . L
A B LR U Sk 11 V- 7 Sl SR e 7 S 4

1 EEGEERIEE

1.1 ZEGEESESHEMRE
1.1.1 #EEH5ELLETRANZTH
1) WHE A ELAE A2

RS TR, IR AR BE R HIAE M 5iES:
B2 BRI F A AR A A, B anIA] 1
N, WIS RS AT EIR R S EE I, YRR SN EEX
LA SHE TN N, S AT — 2 Ja Ak Sl 3 1
EHMNATGE, & S5 Z A2 T2 0%, RO S
ZIRURAEM SR . JEET, ELEATE N [ B
P A2 B AN S BOLAE AR R o A AR 1k,
EOMESAE MR PR RN,

K1 LS AR TN 32 )
Fig.1 Stress principle of continuous cable pipe when
stored in drum

2) ZEMELREEZ T
ZERELLE AN 2 FrR, AEAETRT R E A
B, G LR IRl ) ) F, SRS i AR Y

F

NNNNNNNN TR

B2 LR AR AT

Fig.2 Stress principle of continuous cable pipe storage sleeve

storage cartridge



- 170 - B E R 5 # %51 %
SRk TR S AT B 1 N BEAE A, 1R : P S
WA N A S 5 ERNERENS : olelel e e
BEAFH— N AAAE T, E LRI VAR D 2 i : 8 8 8 =
TATHEA R — AT, 130 2 8 R A 2240 : 8 8 8 ﬁE
B AR EAR IS B T SR W2 1L ANAE, DT : 8 ° 8 ° 8 =
THBRIESESAS Z R B . B AT EE L, t =

112 8 3565 RE

Kl 3 i s TAE I, A S e HUR R i 2L 45 4
A BT 5 W BB 2 — AP TR IR, I I 2 26
W e S A8 SR B — AP A S . iER
A5 Gty SR IEAUA eSS, 2L % B A T M
i AR . ESRBSE AL I R 1A )
TRTRESEA, 158 — AR BT T ARG, J5 sl
FIEA 55— R T EXTIE, %240
B — A T R A S — st T, 4n
4 R, HELAE ST — B — L JERE EEA D
FFRHEHR S A, e R sh i i S E UG 5 5
TRAE AT T IE, R 240 B A — Pt
PERA AR R AR A, i DL RS E
BUAFHAES ZAPET L 50 O VR L 58 —AF
it fa) L 508 =9t U 1A A, B BB S — A
Kl 5 5 R ESLE AR, 0 3 EARE A 2 Ead
PR, ILE R T 2 EmHE A
113 3 258454

HRAE 32 Bl Z & A7 I, TR 22 8 A7 i

KT ALY

A

fBEE ML G IRAl
EEERA
B IENLHY

[l B SR

Z BRI

K3 A

Fig.3 Storage principle of continuous cable pipe

(ORI GIRAIET I N (b) fEE P ATHLE
K4 ZEREEIE

Fig.4 Multi sleeve pipe storage mechanism

VI R, fEREIAEE s
K5 5 EESEEEEm

Fig.5 S-layer coiled tube storage cylinder

KB S e P LR AP, TRl N

f = mx (D)’ +d? (1)
Ao o, AESRAE A L ITERE s m o %
SO AAE 2B D N LA AE S N B AR d MR
AMZ
ZERGE VN A2 m P
ms= - ()
o h AR EE, mm,
ZEMEE VI — AL VE B A A R

f = \J (D) + I 3)
TG N EAE D N
D=D;+2xsXz @)
K. DO WIIE AT EAR, mm; s HAEAE T S JE
Z (6] [B] B, mmy z R A7 B T B CHE PP A 1 z=2x, i
PER z=2x+1, x BUEEED)
ARG ST T, R

T, = Z g X \JT(D, +4xs)’ +d (5)
0
L PR AR ET, N
Ty= 3 D)+ 252+ 1)+ (6)
0

MR TR
T=T+T, (7)

ZE RS DA G L 1,

U EEIERARD)—R(), iR/ R EERH
EV At 70 1 016.8 m.
1.2 EEZESEFNIRFEE
121 #E9F RFHEANTFRE

ST AU VE Jy i 2 25 8 XX 3k F Al
BRI S F, Tk ek g B W h 184y, F 2
FH A 16 B A . AR R SRR F ik AL . JeRE R LA
o

BARTAERELANE 6 iR, 4 A JeRp 22 kT i Al nf



R LIRS

*1 ZSERBENESY

Table 1 Parameters of multi sleeve storage mechanism
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Fig.15 Operation experiment of continuous cable pipe storage
and release equipment
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Table 6 Operation parameters of drilling rescue continuous cable pipe storage equipment

S #ESIEEE(rmin ) HETEANMFESY (cmin ) S IEPMEE/ cmin ) B ABEE/ (momin ') S2I0E A/ (m min )

1 61 102
2 90 150
3 121 200
4 182 300
5 212 350

102 0.432 0.424
150 0.636 0.638
200 0.848 0.858
300 1.272 1.279
350 1.484 1.488

~ |

Kl 16 EEZSE IR S
Fig.16 Continuous cable pipe clamping and
transportation experiment
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Table 7 Experimental data of continuous cable pipe clamping
and transportation
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