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Abstract: Horizontal directional drilling technology has broad application prospects in urban underground space
development, resource exploration, and other fields. However, it has complex rock breaking process, making the
study of the dynamic characteristics and parameter response patterns of horizontal directional drilling processes crucial.
This paper takes the PDC bit and roller bit as research objects, a three-dimensional finite element simulation model of
horizontal directional drilling formations based on ABAQUS is established, in which the deformation, failure of rock
mass and the forces acting on the bit during drilling are simulated, the response curves of bit reaction forces and torques
are obtained, and the dynamic differences in rock breaking characteristics between the two types of bits are analysed.
Through parametric simulation, the influence of different drilling parameters and rock mechanics parameters on the
dynamics properties of bit” s rock breaking is investigated. A multivariate parameter regression prediction model for bit
reaction forces and torques is developed based on response surface analysis, and the drilling speed prediction equations
for both types of bit are derived, and the accuracy of these equations is verified. These researches provide a theoretical
basis for optimizing drilling parameters and improving drilling efficiency.
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Table 4 Experimental results of PDC bit response surface

300 - —F —F — F.
i e i/ T/ W2 i/ A/
200 | 7 (mmes') (rmin') J&F/MPa kN (Nem)
1 20 20 50 106.1 1494
§ 100 - 2 40 20 50 144.9 2553
3 20 40 50 84.0 952
ot "M (s b‘t“rv""‘ﬂ‘ " Mf
0 TN 1 1 VRN / 4 40 40 50 119.6 1643
5 20 20 70 143.3 2072
_100 1 1 1 1
0 0.5 1.0 1.5 2.0 6 40 20 70 199.1 3602
7 20 40 70 110.3 1341
15000 8 40 40 70 161.6 2290
9 10 30 60 745 732
10000
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z
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using tricone bit 20 30 30 60 122.4 1813




42 BhiR T 7

202545 H

FPHOCPE 2 . K51 A B.CH P{E<C0.0001, %
B 5 i) 7 {7 ) A7 7 A 5 3 A OCME s BPLAC T P <<
0.05, R H5m A AFAERNBEXLR, K6
A .B.CHj P{H-<0.0001, & B 5 ne 17 A [6] 47 75 % 5
FH N s B AB R PAE<0.05, 32 W 5 g )37 (i 8] 77
RN B E R,

®5 PDCHikRARBFTENN

Table 5 Variance analysis of PDC bit resistance model

JrEKE PR HBE F1H PE
HE Y 19428.15 9 99.29 < 0.0001#*
A 8963.36 1 412.26 < 0.0001%*
B 3896.88 1 179.23 < 0.0001#*
C 5779.8 1 265.84 <20.0001#*
A? 3.8 1 0.1747 0.6848
B 567.56 1 26.1 0.0005*
! 9.47 1 0.4355 0.5242
AB 7.41 1 0.3409 0.5723
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BC 66.7 1 3.07 0.1104
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Table 6 Variance analysis of PDC bit torque model

JrERE P ABmE  FH Pl
iR 1.08X 10 9 68.86 < 0.0001#*
A 4.46x10° 1 257.19 <2 0.0001 %
B 3.85x 10° 1 221.62 << 0.0001**
C 1.58 X 10° 1 91.34 << 0.0001**
A’ 1.94 X 10° 1 0.1118 0.745
B 5.86 % 10° 1 33.8 0.0002%*
C 2.89%X10° 1 0.1664 0.6919
AB 1.13X10° 1 6.49 0.029%*
AC 6.64 10" 1 3.83 0.0788
BC 4.37x10" 1 2.52 0.1437
¥ 7% 1.74X10° 10
eI 5.75% 10" 5 0.4952 0.7705
afi iR 2% 1.16X10° 5
it 1.09% 10 19
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Fig.7 PDC bit resistance mean interaction effect response surface
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Table 7 Experimental results of response

=B KmMEEIRE SR

surface for tricone bit

oy 2 i/ Mg/ MiREwR o e/ U/
(mmes") (rmin') & /MPa kN (Nem)

1 20 20 50 63.6 2806
2 40 20 50 134.1 5217
3 20 40 50 32.6 1522
4 40 40 50 76.5 3317
5 20 20 70 85.5 3766
6 40 20 70 178.6 6991
7 20 40 70 44.2 2070
8 40 40 70 102.7 4437
9 10 30 60 17.7 982
10 50 30 60 148.8 6002
11 30 10 60 187.9 6336
12 30 50 60 53.8 2542
13 30 30 40 60.3 2628
14 30 30 80 111.1 4868
15 30 30 60 83.3 3624
16 30 30 60 82.4 3586
17 30 30 60 81.8 3289
18 30 30 60 86.4 3766
19 30 30 60 89.5 3965
20 30 30 60 90.1 3898

MFES.FLIMR., BSHTA B.C.BHPH<
0.0001, 2 B 55 m 7 {E [ 77 76 B S 35 AH G M s AC Y
P A <20.05, & B 55 mm 7 i (8] 47 728 0 1 35 6 &R
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Table 8 Variance analysis of resistance model for tricone bit

PR CFM AmE FAH PAH

HEL R 35914.17 9 140.64 <20.0001 %
A 17437.2 1 614.56 <20.0001**
B 13340.25 1 470.17 <20.0001**
C 2647.1 1 93.29 <20.0001**
A’ 19.91 1 0.7016 0.4218
B 1514.13 1 53.36 <0.0001 %
c’ 1.93 1 0.0681 0.7994

AB 468.18 1 16.50 0.0023*

AC 172.98 1 6.10 0.0332+
BC 102.24 1 3.60 0.0869

bk 22 283.74 10 — —

AT 217.67 5 3.29 0.1083
gl 2% 66.07 5 — —
ait 36197.91 19 — —

T 0”7 (P<C0.0001 ) Ry LI 58 F 52 Wil 4 2, “+ 7 (P<C0.05)
B

PRI X a2 [ DS A8 280 A7 AL A, £ B R OGP 3
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Table 9 Variance analysis of torque model for tricone bit

TEAEW CFIR HBE Ffd PE
R 454X 107 9 5.04X10°  <<0.0001%*
A 246X 107 1 246X 107 <<0.0001**
B 1.41X 107 1 1.41X107  <20.0001%*
C 4.93x10° 1 4.93X10°  <<0.0001**
A? 7.86% 10" 1 7.86 10" 0.1586
B 8.22x 10° 1 8.22x10° 0.0006*
C? 1.65X10° 1 1.65X10° 0.8300
AB 2.72X 10° 1 2.72X10° 0.0178%*
AC 240X 10° 1 240X 10° 0.0238%*
BC 1.42X10° 1 1.42X10° 0.0677
Bk 2% 3.39x10° 10 3.39X10*
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Fig.9 Resistance mean interaction effect response surface of tricone bit
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Fig.10 Torque mean interaction effect response surface of tricone bit
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Table 10 Experimental design and results
for PDC bit validation
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Table 11 Experimental design and results for

tricone bit validation

Mo BN/ BER/ MJRSR 1/ BUNANE R
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% (mmes") (rmin") E/MPa kN  (mmes") */%
1 10 20 45 81.2 9.5 5.0
2 15 25 50 87.3 154 2.7
3 25 30 60 115.9 24.9 0.4
4 35 40 65 140.2 35.3 0.9
5 40 45 70 155.2 37.9 5.3
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Fig.11 ROP prediction results of PDC bit verification test
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Fig.12 ROP prediction result of tricone bit verification test
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