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Application of the twelve-position calibration method

for the borehole inclinometer
L1 Zhong, LI Yang, ZHAO Yanlai
(Institute of Exploration Technology, CAGS, Chengdu Sichuan 611734, China)

Abstract: The magnetic sensor and the acceleration sensor used in the magnetic borehole inclinometer bring errors to the
output of the sensors due to their own difference in characteristics and their production and assembly, resulting in the
deviation in the calculation of the drift angle and azimuth of the inclinometer. Therefore, the twelve-position calibration
method is adopted to correct the three axis zero position deviation, sensitivity error and installation error of the magnetic
sensor and the acceleration sensor according to the geomagnetic component and gravitational acceleration in the vertical
direction. The comparison experiment before and after correction shows that the mean square error of the drift angle of
the inclinometer is reduced from 0.5° to 0.06°, the mean square error of the azimuth is reduced from 21.75° to 0.82°. It
demonstrates that the correction method is effective and can meet the requirements of the engineering application of the
inclinometer.
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Fig.1 Installation diagram of the inclinometer
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Table 1 Twelve-position roll order
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1 # 7w 4 M, -M M, 8 & &

2 M K B M, M. M, g & &

3 R &K 4 -M, M. M, -g g &

4 R W M M, M. M, g & &

5 & # dt M, M, M, g 8 &n

6 1 M omM M M, M, & & &

7 R XK M M -M, M, g & &

8§ 7 X dt -M., -M, M, 8 T8 &

9 dt K H M, M. M, g 8 8a
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Table 2 Error calibration parameters of

the inclinometer sensor
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LISy Y ik 129.94 0.9716 -0.0076  0.0399
Z% -314.095  0.9067  0.0062 -0.0566
X -17.5863 0.9998  0.0046 -0.0013
T i A%
e Y %l -46.3725 0.9977 -0.0074 -0.0606
- Z%h -6.8975 0.9977  0.0019  0.0585
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Fig.2 Two dimensional diagram of horizontal circle experiment of the three axis magnetic sensor

before and after correction
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Table 4 Comparison of borehole drift angle errors before and after correction ()
T )
EE RS Borid 2
2 5 10 20 30 40 50 60 70 80 90
B IE T -0.41 -0.43 -0.5 -0.56 -0.51 -0.5 -0.56 -0.57 -0.54  -0.54  -0.47 0.51

K IE 5 -0.01 0.05 0.01 -0.02 0.06 0.09 0.05 0.05 0.07 0.06 0.09 0.06

4.4 JiiARIERCR SHT7R o M SATLLE W J7 (0 A8 D 22 16 KL DR /s A

T U UE 2 e A S A AL AR B BB 25 S, IR T 7 0 A B9 e R 4 X 2% i F
RIE X e W O MR RCR Gl ER IR A B 30.06°, ¥ 1R 2% 21.75°, i B IE S5 19 7 6 ) d K 4
30BN [ B T O 7 AR B, R ARG AR X 25 O 1.06°, B R 5 IR 25 O 0.82°, i A IERUR
i O BCfEL A B T ORCIEHI S BT A A RN ER T DU R I AR Y K

x5 RERIBEAMLAIREST L

Table 5 Comparison of azimuth errors before and after correction )
WA RERS LR 597 2
0 60 120 180 240 300

) e TE i 30.06 24.37 17.23 16.39 16.13 22.71 21.75
BOE & -0.85 -1.06 -0.78 0.43 0.84 0.33 0.76

s HEIETT 17.41 11.60 4.44 2.84 1.91 9.10 9.59
KBS -0.04 -0.47 0.04 0.63 0.51 0.47 0.43

10 B IE i 13.72 8.42 1.42 -0.79 -1.58 5.04 6.95
KBS 0.16 -0.09 0.17 0.48 0.81 0.40 0.43

20 B IE i 11.39 7.00 0.85 -2.06 -3.92 2.60 5.86
KR & 0.07 -0.01 0.35 0.52 0.71 0.42 0.42

30 e IE i 10.23 6.94 1.31 -2.28 -5.06 1.30 5.58
BOE & 0.11 0.22 0.36 0.54 0.67 0.41 0.43

10 R IE T 9.36 7.02 2.04 -2.25 -5.78 0.39 5.47
LN 0.17 0.21 0.44 0.65 0.67 0.48 0.48

0 T Hif 8.65 7.32 2.69 -2.34 -6.19 -0.32 5.47
KBS 0.29 0.31 0.46 0.63 0.77 0.56 0.53

60 B IE i 7.90 7.70 3.46 -2.38 -6.56 -0.88 5.52
BOEJE 0.31 0.48 0.78 0.73 0.72 0.65 0.63

70 e IE i 7.32 8.05 3.64 -2.58 -6.58 -1.26 5.53
BE & 0.44 0.58 0.67 0.77 0.82 0.73 0.68

%0 K IE T 6.70 8.23 3.71 -2.85 -6.31 -1.41 5.42
KIE R 0.50 0.65 0.76 0.84 0.98 0.80 0.77

90 B TE i 6.18 8.24 3.40 -3.28 -5.86 -1.30 5.24

KRR 0.60 0.79 0.82 0.85 1.00 0.83 0.82
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