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Abstract: To address the challenge posed by the lack of domestically manufactured wireline coring equipment for
ultra-deep scientific drilling exceeding 10000 m in China, a design study on a 13000 m deep wireline coring winch was
conducted. Considering complex working conditions such as the piston effect induced by narrow annular clearance and
caused by borehole deviation friction, a mechanical model for wire rope hoisting was established. Numerical simulation
was performed to quantify the peak load of the wire rope under different accelerations, determining a safe operating
range with a starting acceleration of 0.1 m/s* and a maximum constant hoisting speed of 1 m/s. Accordingly, the core

technical parameters were determined, including a rated traction force of 200 kN, a rope storage capacity of no less
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than 14500 m, a wire rope diameter of 17.3 mm, and a wire rope grade of 2160 MPa. An integrated structure combining

a tension-reducing traction winch and a storage winch was proposed. A master-slave synchronous drive system with dual

friction drums was designed, incorporating a slack compensator, PID-based constant tension control, and automatic

spooling technology to achieve orderly winding and tension buffering of the wire rope. A distributed electrical control

system based on the Profinet bus was developed to ensure precise operation. The results indicate that the proposed

design can effectively reduce the winding tension of the wire rope, mitigate issues of disorderly spooling and associated

wear, and improve control accuracy, thereby meeting the requirements for safe and continuous coring in ultra-deep

wells. This study provides key technical support for the localization of deep earth exploration equipment in China.

Key words: wireline coring winch; traction winch; cable storage winch; constant tension control; automatic rope

arranging; scientific drilling exceeding 10000 m; ultra-deep well; drilling equipment
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Fig.1 JS wireline coring winch
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Fig.3 6500 m hydraulic wireline coring winch

B A0 FH T A 7 B8 R Y 4 VR O B AL T
e 25 1) 4 O 42 R 22 W B 3y, oz L IR Gk
) 3200 m, RARECA HELR LAY, J8 T EHHEAL . A
J7 K G 48 R LU 84 1N Wl A FE 22 MacArtney 22
Al R RAPP A R4 o X R 5 oK 948 R B0 48 4
F2 TR SR B W WO R Gk A 5] 2 A 4 4
VIR o 22 51 204 ( SURR I 5K T 3% &) Hy 45
Fa AR ] 0 HE 30 09 PR A 4 184 6, B AN B 1 Al
HZAVAT A GEF 6 A48 ) o 3% B R H
CLEEA B N S DO TR o T ' 2
FIE o E ok ) HE AL HE A SR . XRS5
WP A2 FR A2 51 2 i ST SR B T L B T 4 g
AR AR AL X B Bl 07 R R . T K ) HE SR LAY AT
Vit 25 46 1T 9 22 48 1 9k ) 4 5 E — A BR 1 Y
W,k A E A HE NN B IR ELAR 4R BE A R
FHE2R B 57, O] SE Y 22 4 Ty o R Y < AR AR
SRR R G RCE M 11000 m 248 B IOL K
A (FE 4) 5% A RAPP 28 Al , 4 7 fif 28 & #8 12000

m, & A5 TR % 11000 mo 53X A AU 28 1 48 4 15 1l 52
e ABPEHUR B R E R R e et iR, T
PRl G

4 11000 m BN BLO &
Fig.4 11000 m electric wireline coring winch

2 AREEFBLEFEFTESHHBESIKE

TR 4 3R W0 4 42 B T 1 4% O 3 A S i A2
B R 13000 m, A& F+ 77 5 BT 3k B9 22 46 %5 U) AR OC .
FEAS R 3 5000 m FLIRES 38 BCFL N 9 22 26 1) [ it
K5 P9 4 A 22 R EE i L 200 kg, TR R G
KBE TS A FE R B R . YA L
5000 m i % BN R T 0 2, s E B L
W BRI R R TR R ZE RN 2 N R
Wi, 5 BTN 2 i AT R b, S H RS R
AL E M 11000 m 48 REUL 4, N2 4
B AR N 17.3 mm (89 22 48 % 9% 2160 MPa) , 1£ #i &
13000 m K ¥R FE 48 2R B0 48 4 401 78 $2 T+ 7 i ] DR
JFH 7= e R B9 22 48 R AT HE T Bk A AT
21 ORI B T8 5

T R TR B B L R /N ER S TR
2278 I WR 03 A AR G PR 2 Bk ) e s T 4R R
B 4 T 38455 1 52 A 1k

(1) e ik e o B JE TR 3G, 8 0 oK 1l 2 i
JE 1T 35 300 °C, IR Y Bl I NG BRI B A 2y 5k B
150 °C, H: IS # JE 29 9 180 MPa''™ I JF T i 2 %
ARG I B B, DT 8 /N AR BEL D 5 R ) e s i
i Y E N R BE W GO e L SRR B 3 K. ™
A E ARG , 0T 220 W g T s R I R BE 1Y
SCA . MER 22 4R R BRE 1R IR i T R SRR
K0 22 2 7R B AR AR I IS I 4K 22 48 N L AR 22
MR K N AT I b ez dg s AT
R R RIS HOnT 2w v T R A 22 4 K 4



20 BhiR T 7

2026 9 H

TR

(2)/NERZS A] B 55 06 JE RN o A B 5 Bl AT
PN BE 22 ] 1 20 25 (8] B A 5 mm, 32 Fh i B2 b N R
JEAEBEFF A _E AT, B B R o N RS
BEFT PABE B9 /N B 2 E] B 1) R 3R 80, 52 B R U R A K
B e (A I s ol ol N B R - A
28,7 AR B 25 B 03 IR B R AR I ZE RN .

(3)FRE S il 5 BER R A7 o 8 B ko A v
F MR I3 A DA AR F55 5¢ 42 7 1, 7 A9 R LS Al 2
5 | 3 4 22 24 PN A T R ) S RE 38R BHL )
it B AT -5 90 1A BEL 7 2 IO, 304 7 1w
IR B XU

S T QYN TR S R )
T R F IR R R ) S R R D
S5 PN R 255 sl A B AL I fE 5K T .
2.2 W8z 1o

T3 AR TR L2 2 O B2 T i e P N 22 48 32 T 4
- 9 22 48 5 AR R CRET 2 0 ) T VR R O
T3 AR 5 T3 Bl S U AR B g HG v A BEL
F T 22 B T3 55 2 i BEL 0 4, LR A2 D 15 o0 e 5
IR o PR AE A BE T 1) e 0 0 A AR 2) L A
BN A b B R ) 22 AR SO RR O s 22 B
H7 SRR TR I A R SRR Bk IR AR A
TE N A B s T o DR AT 0 A A BE B 22
48 2T A Y ) LT i 8 )R T i R AR A )
B LA B B TR R B T o B R &
BN T 22 28 RO A B SR T R T
P T O HR I X DGR R o8 42 e B RS A
2251 S 22 248 o N A 5 T P9 RE T B gk, O 2R
JEEERL T

B AL v, P9AS R A 22 28 A2 S TR B AT N
6] iz 3), 52 71 -

HAG

EEL/B‘{ ¥ IF, I
Wl s
e
ST

TR 2
— 4uf b
J1F

ARSI F

FEREERR )1 F
{ﬁﬁﬁﬂ

B5 MELBREARBVI NN

Fig.5 Force analysis of the wire rope hoisting model
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Table 1 Wire rope loads under different acceleration conditions
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Fig.9 Slack compensator
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