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An Adaptive Toolface Control Method for Slide Steering Drilling

ZHONG Xiao-Yu' LIU Jia-Peng® LU Qiu-Hai' CHENG Zai-Bin?

Abstract In the process of “slide” drilling, the friction between the drillstring and the wellbore is so large that it takes
long to implement the tool-face adjustment which is very important to change the current wellbore trajectory. In addition,
it is not clear in theory how to adjust the tool face correctly and efficiently, which results in that the tool face adjustment
mostly depends on the driller’s experience and is very inefficient. In this paper, a simplified transfer function model
which describes the tool face adjustment process is proposed. Based on this model, the differential positive feedback
control algorithm is used to improve the response speed of toolface adjustment, and an adaptive method is established to
identify and correct the parameters of the control model in real time. Finally, the results of the dynamic simulation show
the correctness and robustness of the proposed control algorithm which can increase the dynamic response speed of the
tool-face adjustment without overshoot or steady-state error. The parameters of the control algorithm is automatically

identified and corrected without the driller’s experience.
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Table 1  Wellbore trajectory parameters of directional well (2000 m)
PG (m) It () Ffifs () PR (m) +N/-S (m) +E/—W (m) FRREE (°/30m) 5% (° /30 m)
0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000
200.00 0.00 0.00 200.00 0.00 0.00 0.000 0.000
300.00 10.00 0.00 299.49 8.70 0.00 3.000 0.000
400.00 20.00 0.00 395.96 34.55 0.00 3.000 0.000
500.00 30.00 0.00 486.48 76.76 0.00 3.000 0.000
600.00 40.00 0.00 568.29 134.05 0.00 3.000 0.000
700.00 50.00 0.00 638.91 204.67 0.00 3.000 0.000
800.00 60.00 0.00 696.20 286.48 0.00 3.000 0.000
900.00 70.00 0.00 738.40 377.00 0.00 3.000 0.000
1000.00 80.00 0.00 764.25 473.46 0.00 3.000 0.000
1100.00 90.00 0.00 772.96 572.96 0.00 3.000 0.000
1500.00 90.00 0.00 772.96 972.96 0.00 0.000 0.000
2000.00 90.00 0.00 772.96 1472.96 0.00 0.000 0.000
2 FmHEAMAESE (2000m)
Table 2 BHA parameters of directional well (2000 m)
# Ed KE(m)  FK(m) SEHE (mm)  NER (mm)  KE (kg/m)  H0E (kg)  BE (kg)
1 8.5in Bit 0.3 0.3 215.9 - 131.2 39.37 39.37
2 6.75 BH 9.5 9.8 171.5 63.5 140.27 1332.57 1332.57
3 6.75 Stablizer 1.524 11.324 171.5 71.44 149.77 228.25 228.25
4 CrossOver 0.91 12.234 158.5 70.1 123.9 112.75 112.75
5 6.75in Collar 8.14 20.374 171.45 71.45 149.74 1218.88 1218.88
6 6.75 MWD 7.5 27.874 171.45 73.03 150 1125 1125
7 6.75in Collar 9.14 37.014 171.45 71.45 149.74 1368.62 1368.62
8 CrossOver 0.91 37.924 158.5 70.1 123.9 112.75 112.75
9 6.25in Collar 50.7 88.624 158.75 71.45 123.89 6281.22 6281.22
10 CrossOver 0.91 89.534 158.5 70.1 123.9 112.75 112.75
11 5in HWDP 109.68 199.241 127 76.2 73.96 8111.93 8111.93
12 5in DP 1828.0 2027.214 127 108.61 34.82 63 650.96 63 650.96
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Table 3 Wellbore trajectory parameters of directional well (1200 m)
PG (m) It () Ffifs () PR (m) +N/-S (m) +E/—W (m) FkEEE (°/30m) 5% (° /30 m)
0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000
200.00 0.00 0.00 200.00 0.00 0.00 0.000 0.000
300.00 15.00 5.00 298.86 12.97 1.13 4.500 1.500
400.00 30.00 10.00 390.99 50.70 6.64 4.533 1.500
500.00 45.00 15.00 470.12 109.82 20.21 4.588 1.500
600.00 60.00 20.00 530.85 185.12 44.32 4.652 1.500
700.00 75.00 25.00 569.03 270.11 79.76 4.707 1.500
800.00 90.00 30.00 582.05 357.74 125.46 4.738 1.500
900.00 90.00 35.00 582.05 442.05 179.17 1.500 1.500
1000.00 90.00 40.00 582.05 521.36 240.03 1.500 1.500
1100.00 90.00 45.00 582.05 595.07 307.57 1.500 1.500
1200.00 90.00 50.00 582.05 662.60 381.27 1.500 1.500
F4 EHHEEAEGSE(1200m)
Table 4 BHA parameters of directional well (1200m)

# AR K (m) ZK (m) HNEAE (mm) WEAE (mm) g (kg/m) M (kg) 21 (kg)
1 8.5in Bit 0.3 0.3 215.9 - 131.234 39.37 39.37
2 6.75BH 8.0 8.3 171.45 63.5 140.27 1122.16 1122.16
3 6.75Stablizer 0.5 8.8 158.75 71.44 123.91 61.955 61.955
4 MWD 5.0 13.8 171.45 73.03 150 750 750
5 6.75Stablizer 0.5 14.3 158.75 71.44 123.91 61.955 61.955
6 6.75in Collar 180 194.3 127 71.45 67.95 12231 12231
7 5in HWDP 118.82 313.12 139.7 92.08 77.43 9200.233 9200.233
8 5in DP 914 1227.12 127 101.6 43.68 39923.52 39923.52
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