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Abstract: To address the challenges of high compressive strength, low drillability, and extended drilling time in the deep tight shale of
the Mabei Fengcheng Formation, an experimental study on drilling parameter optimization for axial—-torsional coupled percussive drill—
ing was conducted. This study intended to identify the dominant factors affecting rock—breaking efficiency and to establish a parameter
matching method suitable for this layer. Using a composite percussive rock—breaking efficiency testing device, drilling experiments
were performed on core samples from the target layer under fixed conditions of weight—on—bit and rotational speeds with different com—
binations of axial and torsional impact frequencies. The effects of impact frequency on rate of penetration (ROP) , torque , and mechani—

cal specific energy (MSE) were evaluated. The results show that axial-torsional coupled impact can significantly increase the ROP
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while reducing torque and MSE. High—frequency torsional impact plays a dominant role in torque reduction and energy saving, and a synergis—

tic rock—breaking mechanism was identified in which axial impact promotes crack propagation, whereas torsional impact alleviates bit stick—

ing. This study confirms that axial-torsional coupled impact technology provides significant benefits in improving drilling efficiency , reducing

torque, and lowering energy consumption in this shale formation. The obtained parameter optimization method provides a theoretical basis for

field drilling design and offers important engineering guidance for accelerating drilling in deep hard strata.

Key words : deep tight shale ; axial-torsional coupled impact; parameter optimization ; Fengcheng Formation ; rock—breaking efficiency
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Fig. 1 Experimental setup
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Tab. 1 Axial-torsional impact experimental paraments

ey I SO S g
Hz Hz MPa

1 10 20 0 0 0.77 163.77 81.67
2 10 20 8 0 0.26  147.19 211.67
3 10 20 16 0 1.14  151.60 51.45
4 10 20 0 8 0.30 110.58 140.57
5 10 20 8 8 1.12 159.30 55.03
6 10 20 16 8 0.99 172.83 67.09
7 10 20 0 16 0.55 31.26  23.09
8 10 20 8 16 0.32 2270 28.48
9 10 20 16 16 0.98 38.21 29.35
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Fig. 3 Rock torque and drilling depth changes over time

2 HERESH

2.1 HhHHHIRER A A UG E R R0

TEAETE10 kN F43420 v/min JE S 250 A% F,
S T} ity oy e o A0 5 L ) b AR 2R RO LR Bl
R 22 5 B G, U BA A b 5 ot 35 b XU TR 2 B
TUnR A T BB WE G RN . 5 J0 i vhs xt
WL A HE , B HLRR A v oy A | 35 B B2 s LRI
EB U T AR Bl AT 32 FT SR P3G, T2 2R B
LA U

WE4PR  WNERARAE R, i At il v 2 sk
B R TR 7 i a2 LK KU LIV & oL 1| RU LI 1 R IRV WS D O (8
AU 340,77 mm/s ; 16 Hz 2t v 451 F HLA &l
A 1.14 mm/s, B0 B 2H 45 5 2948.1% , 3 W il o 42
b SRS v 1) Sl A A A R TR a0 A R
FVRFRBERE . AH LGN, BBl I o s LA Al R
FLI R TR, b 8 Hz Rl 16 Hz i v 4514 T 4L
B 23 591 29 0.30 mm/s F10.55 mm/s , S T B4
VLR = 2 084 ) vhili e i AR H op R
R G UTEIIR A F R DI 0 BT, T E B i A AR

[ERPN

W AHe ).

N e R s RS EIREI BN KB b= AL T REN
A AR . SR LR LR SR 5, 8 Hae
8 Hz .16 Hz: 8 Hz 116 Hz: 16 HzZH 4 BB GG 1 43 51
g 1.12,0.99 F1 0.98 mm/s, 5 %F B8 41 43 5] 42 = 4
45.5% .28.6% F127.3%; H: 118 Hz: 8 HzZH £ #& s 250 R
B, S5 FIN, 8 Hz: 16 HzZH & WL AL AL N
0.32 mm/s , fIGF5%F B, U BH A HH b o5 IR AR f 2 2 m

16 Hz -
T

4z 8 Hz
=
=
=

Tk

JeHh B8 Hz 16 Hz
Ay ) e A R H

B4 AR &5 T B9 T AR Eh E X b
Fig. 4 Comparison of average rate of penetration under

different axial—torsional impact frequency ratios
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Fig. 11 Composite percussive rate—improvement tool
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Tab. 2 Parameters of the rate—improvement tool
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Tab. 3 Bottom hole assembly (including the rate—improvement tool ) , Well Fengtan—102H
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Tab. 4 Operation parameters of the rate—improvement tool , Well Fengtan—102H
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