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Research and application progress of special-shaped PDC cutters
in rock breaking
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Abstract: The influence of different polycrystalline diamond compact (PDC) cutter geometries on drilling efficiency
has drawn significant research attention. Substantial improvements in rock-breaking efficiency and bit durability can be
achieved through optimization of cutter structural design and enhancement of material properties. Recent advancements
in materials science, manufacturing technology, and numerical simulation have facilitated notable progress in the
application of non-planar PDC cutter geometries for drilling efficiency. This paper systematically reviews research
advancements in rock-breaking mechanisms, cutter layout design, and field applications of special-shaped cutters
through experimental and numerical investigations. Furthermore, it proposes recommendations for future development
directions, aiming to provide valuable insights for enhancing PDC drilling performance. The comprehensive analysis
integrates fundamental mechanisms with practical engineering considerations, offering a scientific framework for
optimizing cutter configurations in the challenging formation drilling scenarios.
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Fig.1 Energy consumption and relative wear resistance
of different PDC cutter for rock breaking
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Fig.2 Distribution of damage states when

@Rk

different types of PDC cutter break rocks
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Fig.3 Stress distribution of axe-shaped cutter

and three-ridge cutter interacting with rocks

HIE T3, e ol P RS IS AR L T 1A 2 0 B e T
1009 F1133%6"" o [ N 2 25 [ 58 S T8 14 19 e & L
A SOR  TE R T R TN R A 4 R Y HETE
A AT Sk A AR B A HETE U P A B U
A AN CE 4D Jih iy g RT3 R4 T 38 S e 4 1k
AR IR Z A AE T a0 R A R A i)
I 2 1 A DR O 3% B, 00 1o b B T 0 O A AR AR
PERT, e 77 SO0 “ BE M s o HETE I 18 Tk
PR RE T U 5 A DR B A 7 = A 4t 7 T 1l
WEYT . T e A B PR JE — BN T8y 9, HE
TG T4 ), T i A ROR R Sk AR
HETE A7 DN AE VI I A7 o i P BE A s 288 Aoy B e ot
O . b 3 o W /T ) (| B B
(46.14%0) FHHH /N B E R P RRAF LS TRt
T Uk R 0 4 W T AR R TR Sk U I R A
P D07 T v AL Bl o A i T 1A B Sk A2 B T
ZFHE MR . Xiong 55X L HETE 4 5 7 1 2 1
PEAE B R, 0 A OVLRB R IE , 48 7% 1 HETE 147 Tl
HRRE AR AE T IT R T ORI AR, AL
3N T5 i — e il s o A 1 Uk A | T



W52 51

FORAE PDC RIE G WA BT 5L 5 0 T i 13

L0 J1/MPa
2.691<10°
2.422x103
2.153x10? -
1.884-107 -
5107 -
1.34610° i
1.077x10°
8.074<10 -

5.383<10
2.691~ IO:I
0

(a) Tt

48

ML J1/MPa

ot 1 1D DD

—aon

00 & = 00
—=\Coe
oo
e

8.060=10 -
5.373x10

2.687x ]g ]

(o)t
B4 PDCEEESERELNZE"™

Fig.4 Stress distribution of PDC conventional

cutter and string cutter while cutting rocks
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Fig.7 Damage status of fractured rocks by
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W -shaped cutter at different cutting depths
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