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Research on digital electric drive upgrading of XY-8 spindle drill rig
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Abstract: To address the problems of traditional spindle core drilling rigs, such as high labor intensity, high safety
risks, borehole instability caused by frequent rod pulling, and the inability to acquire drilling parameters in real time,
this paper proposes a low-cost, high-performance digital upgrading and retrofitting scheme taking the XY -8 drilling rig
as the research object. Following the principle of "main structure retention, function enhancement, and digital
transformation”, the scheme adopts AC variable frequency motors to achieve stepless speed regulation for the rotary
and hoisting systems, and reconstructs the braking system to a hydraulic disc brake system. A multi-mode cooperative
feeding system is constructed, comprising small-motor automatic feeding, servo pump-controlled feeding, and
non-powered disc brake feeding, which effectively solves the problem of limited stroke in conventional hydraulic
cylinder feeding. Furthermore, a PLC-based electromechanical-hydraulic integrated control platform is developed to
realize logical interlocking and closed-loop parameter control for all actuators. Prototype tests indicate that the speed
control error of the retrofitted rig does not exceed +1.5% , the weight on bit (WOB) control error is within 5%,

and the braking response time is shortened to 0.3 s. The energy consumption per unit footage and standby energy
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consumption are reduced by approximately 29% and 75% , respectively, while the retrofitting cost is about 25% lower

than that of purchasing new equipment with equivalent performance. This study provides a replicable engineering path

for the digital transformation of the massive stock of existing spindle drilling rigs, offering solid technical support for

deep mineral exploration and the digitalization of geological equipment.

Key words: spindle drilling rig; digital retrofitting; electric drive; automatic drilling; variable frequency drive;

electro-hydraulic integration; closed-loop control; geological exploration
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Fig.1 Schematic diagram of the XY-8DG

drilling rig main unit
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Table 1 Performance parameter comparison between
XY-8 drilling rig and XY-8DG drilling rig
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Fig.2 3D schematic diagram of the rotary

drive system
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Fig.3 Comparison curve of spindle speed versus torque

3.2 JHEEIKZN R G iE
3.2.1 feshaityuciE
TSR Bl & G S S B A LS B T B 5 4 Bt

P i AR O AT BT . BEXE XY -8 BUEE LT [ &R 40
FEAE 0 ] S PR AN JE L 45 1R X o — 45 (] B, X
T R G HEAT T EA  BUOH T JRA B4R T 3
K G S A ok A A F WL K B 9 A =R B
£ NI T B VAL NP SE U = L @ i R ad
HAGWE 4R B BRI TR R R Q3 i T
LREPFETHERE , B 5 %5 b T ol /i 5 0 88 AR 4R -
$r 7 R SRR PR — 9 0~8.1 m/s
ML BT 7 120 KN 2 FF 2 128 kN, 24
T I T R G TR B LA PR R T B LA Bk R
Z P B 45 RS, AR T T R GRS
e R His T %4

B4 ARBHRE=ZHTE
Fig.4 3D schematic diagram of the lifting

drive system

3.2.2 flsh RG s

il Bl 28 GE 2 O B T [ ARl % A i S e . i
J il 2 28 S8 4R T A AT P e TR T AR
T 2 A RUR A 3 (R R, QAT 6 BT o 3R T Y
V2 VR BT ey 2 vl MLBIK Sl I 81 58 (1R 7 B 56
I B A7 258 o VR 161 4% IR G B O 1] B 3l s AR
T e B SR A A B R T S S B T A Bhak
AR ST A T L 1Y 5 o 3 4 5 B O R
BOBORFTIT R A S S R R LR S R
A 2 U T RE , T S8 BB A A LIRS TR B9 AT AR
2, LA KB R DU A 3h % T . 3 R B B
5 75 Bt v HIL ) RE ARG i 3l Dy RE b IR] A 1 8 4 A 4
Th T R B A A A AL T M RE AR AP AR AT R Y
i By iz

4 BOEHREFE

XY-8DG RUESHLAYEH R G th i T R G5 H
T RGIC R A, R 20 A 24 i A, e g 52 3L
XIRE HILAS PRAT HILAG B 2l g 73 B L 2l A 42 ) S5 oIR8



158 B T 7%

2026 %7 H

140 -

120 -

FLLEHT SN
o » o
S 3 3
[ )

IS
f=)
T

20- o

o 1 2 3 4 5 6 7 8
LA/ (mes)
(a) XY-8 4k K1

AR JI/KN

0 2 4 6 8
LA/ (ms)
(b) XY-8DGH 4,
5 BER/FE-WAMEITEE

Fig.5 Comparison curve of winch rope speed vs. tension
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Fig.8 3D schematic diagram of the hydraulic valve box
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