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Experimental Study on Rock Breaking of Conical PDC Cutter

Zou Deyong, Guo Yulong, Zhao Jian, Chen Xiuping, Wang Jiajun, Yu Jinping

(School o f Petroleum Engineering , China University of Petroleum (Huadong) ,Qingdao,Shandong ,
266580, China)

Abstract; In order to optimize the structure of PDC bits and improve their breaking performance in
hard formations, this paper analyzed the influences of cutting angle,cone apex angle, weight on bit (WODB)
and other factors of rock breaking of conical PDC cutter, through experiment with basalt. The results
showed that the conical cutter was better to be installed on the bit with its prong pointing the bit axis. With
the increase of the cutting angle, the cutting depth increased first and then decreased-to the maximum when
the cutting angle was 25°. The conical PDC cutter with small cone apex angle required smaller force to
break the same volume of rock and the cutting depth increased with the WOB exponentially. The experi-
mental results could provide reference for the design of a conical PDC bit.
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Fig. 1 Experimental device of cutter rock-breaking
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Fig. 2 Key parameters of two conical cutters
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Fig. 3 Principle of cutter rock-breaking
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Fig. 4 Diagram of cutting angle
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Fig. 5 Relation between cutting depth and cutting angle

at different WOBs
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Fig. 6 Relation between horizontal cutting force and cut-

ting depth at different cutting angles
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Fig. 7 Relation between cutting depth and horizontal

cutting force at different cutting angles

24
22
2.0
1.8

> 16

-5

=14

% 12

2

£10

%08
0.6

0.4 o Vi TR Aa86°)
0.2 m 245 (BHETRAT78°)

0 1 1 L L 1 1 1 1 1 1 1 Il
03 04 05 06 07 08 09 1.0 1.1 12 13 14 15
YIHIVR & /mm

8 2 FhHER PDC 7k EHTHI S SYIHIR BRI KX R 2k
Fig. 8 Relations between cutting depth and horizontal cut-

ting force for two conical PDC cutters
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Fig. 9 Relation between cutting depth and WOB for two

conical PDC cutters

3 S il

D) #EJE PDC Viidi 5 H VI8 ) 4l Sk i e e e
Bk 1 G SRR TRIE, DI H ok 25° Bt Ao i 4k
IR ARSI AR G BETTBEIS HETE I OB o o
il AN [ b 22 3 I, DT FR A 20°~25°,

2) HEIE PDC i 76 /NGl T A M A s R e 22
Bl B PR3 L e SR A S R

3) IR AT HETI A /N AT PDC 1
HIRE A SORPL TH-E T K AY4EE PDC 14 .

4) eI K T 2 FRheETIA A 1 AR
HBUFLLIREE Hh 38 4B PDC U (14 15 B FN 7 BE 2
AU DA — 25 R 4 T00 A X B 27 3080 53R 110 53 i 0 A
HEIE PDC i 16 A [ R 32 (R e e

2 % X #

References

(1] ZlazE. BT 4T 4. B e m 3 PDC &k il 5 5
HIO . A e A . 2007,35(5) : 86-89.

Luo Hengrong, Tang Yuxiang.Xu Yuchao, et al. Research and
application of a new PDC bit in directional well[J]. Petroleum
Drilling Techniques,2007,35(5) :86-89.

(2] #ws , SIS s A B 5. e 2 p s PDC 46k i F il

i) AMEEHREA , 2014,42(6) 111 -114.
Yang Shunhui, Wu Hanjie, Niu Chengcheng. et al. Manufacture
and application of PDC bit enhanced by special diamond-im-
pregnated segment[ ] ]. Petroleum Drilling Techniques, 2014 ,42
(6):111-114.

[3] ., At PDC &Sk e Al IR b iy i LT . A
eI A L 2007,35(4) :92-93.

Chang Ling,Chen Huazhong. Application of PDC bits to deep
wells in Shengli Oilfield[ ] ]. Petroleum Drilling Techniques,
2007,35(4):92-93.

[4] Durrand C J,Skeem M R, Hall D R. Thick PDC, shaped cutters
for geothermal drilling:a fixed cutter solution for a roller cone
drilling environment: the 44th US Rock Mechanics Symposium
and 5th US-Canada Rock Mechanics Symposium, Salt Lake
City,June 27-30,2010[ C].

(5] TG, 3& R A b 22 it L I 2L PDC 853k BFFE LD 3 &« A
TR (RO A il AR 2B, 2013,

Yu Peng. Reseach on plow-crushing PDC bit adapted to hard
formation[ D ]. Qingdao; China University of Petroleum ( Hua-
dang) , School of Petroleum Engineering,2013.

(6] ARTE A, IS, 400, B2 8 E TR ot el 1. A aipLA .,
2013,41(6):1-5.

Zou Deyong, Yu Peng, Yang Guang. Latest development of
rock-crushing tools adapted to hard formation[ ] ]. China Petro-
leum Machinery,2013.,41(6):1-5.

(7] XU, TS, TR, 5. g 36-1 il B B4 sk ek ik
PR LT Wideih < . 2011,18(5) :669-671.

Liu Yajun, Wang Xiaopeng, Wang Kunjian, et al. Optimization
design and application of new drill bit in SZ 36—1 Oilfield[ ] ].
Fault-Block oil & Gas Field,2011,18(5) :669-671.

[8] Michael Azar, Allen White, Steven Segal, et al. Pointing to-
wards improved PDC bit performance: innovative stinger

shaped polycrystalline diamond element achieves higher rop
and total footage[ R]. SPE/IADC 163521,2013.

[97] Jonak J. Influence of friction on the chip size in cutting the brittle
materials| ] ]. Journal of Mining Science, 2001,37(4) :407-410.

[10] Kou S Q,Lindgvist P A, Tang C A, et al. Numerical simulation of

the cutting of inhomogeneous rocks[ ] ]. International Journal of
Rock Mechanics and Mining Sciences, 1999,36(5) : 711-717.

[11] Sunal O. Parametric study of a single PDC cutter with a numerical
model[ D]. Morgantown: West Virginia University, 2009,

[12] Mendoza J A, Gamwo I K, Zhang W, et al. Discrete element
modeling of rock cutting using crushable particles; the 44th
US Rock Mechanics Symposium and 5th US-Canada Rock
Mechanics Symposium, Salt Lake City, June 27-30,2010[C].

[13] Pierry Joelle, Robert Charlier. Finite element modelling of

shear band localisation and application to rock cutting by a
PDC tool[R]. SPE 28052,1994.

(44 x| XLE]



