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Key technology and application of DRY-1B capacitive component borehole strain gauge

Abstract: This paper briefly describes the theoretical basis of the DRY-1B capacitive component drilling strain gauge
(drilling strain gauge). It discusses critical technologies such as micro-displacement sensing, noise reduction, temperature
control, performance testing, and calibration. The strain gauge achieved high resolution (=5x107"'¢), wideband (10-100
Hz optional), extensive dynamic range (=1x107%), 24-bit AD recording, low power consumption (< 3W), and other
technical indicators. Its performance is better than the United States PBO and Japan borehole strain gauge of the same
period, and it is an international leading long-term observation instrument for crustal movement, which can basically meet
the observation requirements of creep movement with slow accumulation of long-term strain and seismic and volcanic
activity with a rapid change of short-term strain. Since 2008, through the application of more than 20 geostress stations, the
borehole strain gauge has recorded a large amount of strain information, such as crustal deformation, fault activity, co-
seismic strain wave, strain step, and ore pressure activity. Based on the results of the self-consistency test of strain
monitoring data of the geostress station in the Beichangshan Mountain and the analysis of seismic mapping capacity of the
Turkey earthquake, it is found that the strain curves of the 1#+3# and 2#+4# capacitance sensors at the Beichangshan
Mountain stress station are generally stable, and the correlation coefficient R* is 0.95. The annual variation rate of the
differential strain of 1#-3# and 2#-4# elements is 10~® magnitude, which reflects that the shear stress is dominant in the
Long Island area and the stress environment of seismic activity is relatively high. The strain gauge was used to observe the
apparent co-seismic strain response of Turkey’s M 7.8 and M 7.5 earthquakes on February 6, 2023. In particular, it obtained
the M 7.8 main seismic surface wave period of 50—-60 s, presenting an out-facing wave anomaly. Theoretically, the strain
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wave generated by the M 0.74 earthquakes within 100 km can be distinguished, and the application demonstration effect
has been achieved. The borehole strain gauge has good popularization value and application prospects in geodynamics
research and internal dynamic geological disaster monitoring.

Keywords: capacitive component type; drilling strain gauge; differential capacitance displacement sensor; coseismic strain
response; internal dynamic geological hazard monitoring
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(a) Messy edge field of the no shielding ring-electrode; (b) Stable edge field of the shielded ring-electrode

Fig. 4 Internal structure of high precision capacitance sensor
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(a) Motor driven wedge slider positioner (magnetostrictive calibrator); (b) Rhomboid screw positioner (piezoelectric ceramic calibrator

DMK AR TS 223, o 8 P B AR O 0 T 7 ] R
A G H ] o SR PR B - A A PR, R R BT
il BT R A SR R R R 18

i Xk L A A T B b e e B Rk, KR ER R T DRY-

1B Y A 75 g aak Ot LR AR A RS R P R L
Vi RO R AT FE R, nT 3 T M AR
I S T 2N P R e M ) 5 R O ) 5

2 HRALM R BN AR SR

21 SHALE MRS

BhALY AR WS R g E B AN 5 L HER
4y R EEHAF 5 40 DRY-1B R4l 1L 1
ARASCCEL 7) AR, He b L A8 A8 H R B A5 By
St P AR AN (AR ) | SR AR B+ 4y ik 1 AR AV (£
B My B (& 8a), 17 5 R AR IE T 5 1K N A2 {5 5 o
IE b4 32 2k kTR R ST R G IR 2R
G ARG OGF OIS 2 k. Hod, s R
it AC220 V T HL TR 2% . SCTM S ER 48 . K
BH fE Fi U545 ol 2%, o3 900 25 5 b AL L TR IR A i
# . RS485-1TU F I T & fL i AR A it e 5 3l IR R 52
B R I 28 A Tl 285 5 4 it RS485-1TU, A2 e fL .
A OB R SR R R AR b L WSS
bl R G 2E A il 4% . GPS KLk A GPS 3 75 7 41
B, GPS 7 5T 52 v, B2, # il 48 SR BEH TS

(FE 8b) .

Bl LR A8 ASC SR AL N AR W R 4 Y AN AR
Z—, R DU A HL A A IR A — S L
AL AN AR T TT A Y 22 26 FR R L W 0 A8l L R 3 2 A Y
E S AR A, SR AR 1Y N AR HE T8 2o AR H B [l b T
B rhoG, 2 B b 5 W A2 37 2 25 AR A S I

B 7 DRY-1B & 45 3L 5 & B
Fig. 7 DRY-1B borehole strain gauge

22 SHALM T R G ARIER

KRG A EE AR R T )
FE. AD L%, SR AR Bl 18 A/ R Ll
T /AR UL AR LI B A R A (3R 1) .

3 HEFLA RN A

Bl AL 7 M N AR B R — R B0 N Bl g M
GF W AR G, T LN AR A 2% AR G O e B
T 807 0 S SRR LI L T SR 3 Sl W = 9
L N5 g = R AN T R ST
P 2 A P M 00 L SRk A A UL 45 b Jo 38



31 2

42, % . DRY-1B AU 2553 i =B 7L R AR {3 e sl 45 R 5 h

319

a R4 b

WL

(777

LTS HAREAS

DU 43tk o7 AR

HR T W - b R e

s
EX R

AL ey Otk

RS4%> 152

12VDC

A

a—JF T 4hs b— It L4
A8 LM MR % L A

Fig. 8 Network topology diagram of the borehole strain gauge monitoring system

(a) Under the shaft; (b) On the ground
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