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Design and application of the automatic control system

for geo-technical drilling data acquisition equipment

ZHAO Jianbo, LUO Shuaixun, DONG Zhaohui, LIU Xuguang
(Shaanxi Xitan Geological Equipment Co., Ltd., Xi’an Shaanxi 710089, China)

Abstract: This paper describes the development background and performance requirements for geotechnical drilling

data acquisition equipment. The main structure and performance parameters of geotechnical drilling data acquisition

equipment are introduced together with the selection of the electrical control system and the important electrical

components. The automatic closed-loop control scheme for constant rpm output at the drill bit is described in detail.

Field test has verified that the geotechnical drilling data acquisition equipment can output a constant drilling rate,

and accurately collect and store four main drilling parameters.
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Fig.1 Structure of geotechnical drilling data acquisition equipment
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Table 1 Technical parameters

of geotechnical drilling data acquisition equipment
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Fig.2 Block diagram of the electrical control system

for geotechnical drilling data acquisition equipment
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Fig.5 Composite pressure and torsion sensor
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Fig.6 Installation position of the rpm sensor

and the composite pressure and torsion sensor
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Fig.7 Upper computer communication interface
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Fig.9 Schematic diagram of hydraulic control of drill bit rotation
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Fig.10 Block diagram of the PID closed loop control system

T n
un) :Kp{e(n)—Q—,IfZe(i)—F

Ii=0
TT“[e<n>—e<n—1>]}+u0

=up(n) tun) +upn) +u,
Kt up (n) = Kpe (n) BN I T wi(n) =

n

Ko (T/T) D e BRI up (n) =Ko (Ty/

T) [e(n)—e(n—1) 1 FR M,
B E B R w ) NE n R R 1
aedin i By PR TR w (o), FF AR
5 EWRMWIMZEES e ) Fl e (n— 1), 1 H L4330
AR AR 2155 e GO AN, 75 % 5 PLC W3
AR Kz ) ExOE S iR K
Au(n)=aje(n)tae(n—1)+tae(n—2)

T Ty
2T
ay=—Kp(1+ T“)
T
a7_*Kp T[)

WG EX ARG  PID P83 i 720 . PLC
Tl 25 T S A R 0 B S e R S R Al Sk P 1Y) Ol
2, Q2= B K PID 8 45 2% I Ih A2 AE FH 5 it e
F2 AR A2 Ll 98 5 BR Y b Y AT DL R
S5 0 B ], PLC $5 ] 28 AR IS PID 4 2%
i R A R LA R 0 RS T TR R B Lk
61 ) 11 et o fofT VR 3 1 i R R DR R 4 O R
B, 0w 225 /NEE Fo 55 45 1k B 3R IR B
PR e PLC 2 6 #5424 PID 875 &% i i 25
JEE /0N ) PR AL A R ki ) R B 2 4 O
SEAH, HRR B EE

5 ITREEHHFHERELEEIENHIMNA
T 50 1 A SRy B P A 1 PR B T 3L S 5 I S T
=W H KR AR At T3 CWLE 1) . 3
I SR R il Sk B 3 R S Al 3 32, 43 53] Sk 300
r/min A1 0.3 mm/s.400 r/min 1 0. 5 mm/s, &%
R A S AR AN AT OE (N 12 BT .
VOE M SBZ G 4% T TP iR R A1, B 25 4% BRE 4 10
A AT G Al ik R AR B A B 23 L) Excel
AKX RAR U B (S WL 2.8 3) T f#E



28 W TR CHE 8548 T

2020 4 12 H

TR N BRI BEAT RO 0B . 45 R 4% F {5 1k
A, A S S

11 HBIMFERE
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Fig.12 Parameter setting on display interface

R 2 F#E 300 r/min,$53%E 0. 5 mm/s
Table 2 Rpm at 300r/min, with penetration rate at 0. 5mm/s

#£ 3 B 400 r/min,$53E 0. 5 mm/s

Table 3 Rpm at 400r/min, with penetration rate 0. 5mm/s

i [a] / e/ B/ it/ Bk i/
s (r+min 1) kN (mm=+s 1) m
300. 0 393 1.6 0.5 0.227
300. 5 392 1.5 0.5 0.228
301.0 392 1.5 0.5 0.228
301.5 392 1.6 0.5 0.229
302.0 392 1.7 0.5 0.229
302. 5 392 1.7 0.5 0. 230
303.0 392 1.7 0.5 0. 230
303.5 392 1.7 0.5 0.230
304. 0 392 1.8 0.5 0.231
304. 5 392 1.8 0.5 0.231

I 8] / g/ 146/ HilE/ B/ Bl =k AL

s (remin ') (N+m) kKN (mme+s ') H/m
116.0 293 46 3.5 0.5 0. 087
116.5 293 44 3.3 0.5 0. 088
117.0 294 44 3.3 0.5 0. 088
117.5 293 45 3.3 0.5 0. 089
118.0 293 45 3.3 0.5 0. 089
118.5 296 44 3.1 0.5 0. 090
119.0 303 40 3.3 0.5 0. 090
119.5 303 47 3.2 0.5 0. 090
120.0 303 47 3.2 0.5 0.091
120. 5 305 44 3.3 0.5 0.092
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