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Error correction of MEMS acceleration sensor used for trajectory
measurement while drilling system

YAN Bin
(Xi’an Research Institute, China Coal Technology and Engineering Group Corp., Xi’an 710077, China)

Abstract: Acceleration sensor is usually applied to measure the face angle and the inclination angle of the
drilling trajectory measurement system, factors such as the manufacturing process, the mechanical processing of
probe and the assembly produce measurement error of tool face angle and inclination. In order to correct the
above error, the paper first introduced the trajectory measurement while drilling system and its working principle,
and then analyzed the error of the acceleration sensor, the error model of MEMS acceleration sensor and
36-position calibration method were built, and the corresponding test was completed . The experimental results
indicate that the accuracy for inclination angle is 0.2°, the accuracy for face angle is 0.2°, and the two parame-
ters influence rarely each other. As a result, the acceleration error model can meet the accuracy requirements in
actual underground drilling.
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Fig.1 Functional block diagram of trajectory measurement
while drilling system
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Fig.3 Measurement results of different position points
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1 Table 1 Sequence of 36-position experiment
4a 0° 90° 180° 270° (#=0%) (=09
(o] o
-90 10 ] ~90° 19 0°
2 -80° 20 20°
0.2° 3 ~70° 21 40°
4 -60° 22 60°
o (e} o o o
4b -60° -30° 0° 30° 60 5 500 23 30°
0°  360° 10° 6 -40° 24 100°
7 -30° 25 120°
8 -20° 26 140°
0.2° 9 ~10° 27 160°
10 10° 28 180°
11 20° 29 200°
12 30° 30 220°
. A 13 40° 31 240°
5 % it 14 500 32 260°
15 60° 33 280°
a, 16 70° 34 300°
17 80° 35 320°
SCAI00T-D02 18 % 36 340
0.25
020 —— THTEM0°  —=— THTRM90°
0.15 THAEMA180°  —— T HEE270°
0.10
< 0.05
e
K0
= _
2 005 90 80
—0.10
-0.15 fhif1y =A%)
020
025 (a) fHifhy
020 15iffi—60°
fwifh-30°
0.15}F 1Hiff0°
fBiff30°
~ 0.10F 1iff160°
& 0.0s)
i
2 ) . . . ; . .
€ \
0 30 60 0 120 15 180 210 240 270 330
-0.10} > X =
-0.15L LT ) £ FAB/ ()
(b) T A fh
4
Fig.4 Calibration result of instrument-oriented angle and inclination
b.

MEMS



- 148 - HE T R % 45 %
[J]. ( ) 2010 35(2) 32-35.
ZHANG Yubo MENG Yaohua WEI Chunming et al. Research
%}%iﬁj}( on signal processing technique of sensors in MWD[J]. Journal of
Kunming University of Science and Technology(Science and
[1] . . 2010 46(6) Technology) 2010 35(2) 32-35.
1123-1126. [7] [D].
XIANG Junwen. Prediction technology for directional drilling 2008.
control[J]. Geology and Exploration 2010 46(6) 1123-1126. (8]
21 (3 [J]. 2002 16(5) 39-43.

[3]

(4]

[3]

(6]

2007 35(6) 70-73.

XUE Qin. Measurement algorithmic adjustment of 2-axis incli-
nometer in borehole inclinometer[J]. Coal Geology & Explora-
tion 2007 35(6) 70-73.

[J]. 2010 33(8)
GUO Min YIN Guanghong TIAN Xi

design of tilt-angle sensor based on three-axis accelerometer[J].
Modern Electronics Technique 2010 33(8) 173-177.

PNI 1.
2016 44(4) 132-135.
JIANG Hao YAN Bin. The research of borehole inclinometer

based on PNI magnetic induction sensor[J]. Coal Geology & Ex-
ploration 2016 44(4) 132-135.

173-177.

et al. Research and

. [J].
2001 22(4) 400-403.
GUO Aihuang FU Junmei. The technology of inclination measure-

ment based on the gravitational field and geomagnetic field[J]. Chinese
Journal of Scientific Instrument 2001 22(4) 400-403.

(9]

[10]

(1]

ZHANG Xingmei GAO Caihong FAN Yuerong. An analysis of
influential factors on accuracy of measurements of digital con-

16(5) 39-43.
1.

tinuous clinometer[J]. Henan Petroleum 2002

1996 10(2) 37-39.
LIU Kuangxiao. The analysis and applieation of the mathe-
matieal model on MWDIJ]. Petroleum Instruments 1996 10(2)
37-39.
SOC
[J]. 2012 18(12) 34-37.

YU Xiaoping TUO Xianguo WANG Honghui. Design of
high-accuracy tilt angle measurement system based on SOC[J].
Electronic Design Engineering 2012 18(12) 34-37.

[J1. 2007 5(15) 598-601.
GUO Pengtei
calibrating method without north reference for magnetic compass[J].
Journal of Chinese Inertial Technology 2007 5(15) 598-601.

REN Zhang QIU Haitao et al. Twelve-position

(WiEGRE ZEZ)

(LEF 143 1)

(4]

[5]

(6]

[7]

[8]

[9]

2009
GOODWAY B CHEN T DOWNTON J. Improved AVO fluid de-

tection and lithology discrimination using Lamé petrophysical parame-

16-20.

ters[C]//67th Annual International SEG meeting. 1997  183-186.
.AVO [D].
2007 11-21.

GRAYD GOODWAY B CHEN Taiwen. Bridging the gap: Using
AVO to detect changes in fundamental elastic constants[C]/69th
Annual Internet Expanded Abstract. 1999 852-855.

AVO [D].
2007 27-43.
[J1.
2006 25(9/10) 1104-1107.
WANG Yibing TIAN Guangwen LI Wuzhong. Criteria for

the evaluation of coalbed methane area selection in China[J].
Geological Bulletin of China 2006 25(9/10) 1104-1107.

[71.
2006 3(2) 7-10.
WANG Hongyan LI Guizhong LI Jingming. Characteristics
of CBM enrichment in China[J]. China Coalbed Methane
2006 3(2) 7-10.

[12]

[13]

[J]. 2005 50(1) 131-137.
PENG Suping GAO Yunfeng. Research of amplitude variation
with offset by forward modeling[J]. Chinese Science Bulletin

2005 50(1) 131-137.

.
2008 82(10) 1311-1322.
PENG Suping DU Wenfeng YUAN Chunfang. Identifi-

cation and forecasting of different structural coals by P-wave

and S-wave from well-logging[J]. Acta Geologica Sinica
2008 82(10) 1311-1322.
Gray
[J1. 2007 42(4) 435-4309.
WANG Baoli YIN Xingyao ZHANG Fanchang. The elastic

impedance equation based on Gray approximate and inver-
sion[J]. Oil Geophysical Prospecting 2007 42(4) 435-439.

AVO [M].
2004 35-79.

(TS K& 2)



