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Interaction model of PDC cutter and rock
WANG Jiajun, ZOU Deyong, YANG Guang, HE Renqing, CHEN Xiuping

(School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract: A series of drilling experiment were carried out by using experimental equipment, in which load on cutters can be
increased. Experiments were conducted with various load, cutting area, cutting speed, back dip angle of PDC cutter and
rock properties. The experimental results were analyzed with multiple nonlinear regression technique and a new cutter-rock
interaction model was proposed. The results show that the cutter area is the principal factor influencing the force of cutters.
The force of cutters increases with cutting area, back dip angle of PDC cutter and rock drillability. It is a logarithmic rela-
tionship between the force of cutters and cutting speed.
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Table 1 Rock parameters
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HOTHYE RARE O PURME  HUbomE
ik K, P/MPa 5./MPa 5,/MPa
A 5.0 944. 50 67.34 5.58
KHA 5.7 1118.36 84.79 6.21
Ak 6.4 1490. 80 94.18 7.02
K 7.0 1785. 40 103. 54 7.87
*2 REEH
Table 2 Experimental conditions
HiE B N/ VIl E  WEE M
Pyop/kN (r-min”")  »/(m-s™") r./mm a/(°)
3 50 0.2975 13 5
4 100 0.5950 16 10
5 150 0.8925 19 15
6 200 1.1896 20
7 25
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Table 3 Eigenvalues and contribution rate of variables
2211111 B < T A S KU S =1 715 N7 116 03
FAE(E 5. 443 2.38 0.845  0.813 0. 612
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IERES UIHImA  mrehdE SIS UIEGERE
FEME 5,192 2.47 0.878 0. 827 0. 632
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Fig.3 Relationship of cutting area A with normal force F, and tangential force F,
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Fig.5 Interaction model of PDC cutter and rock
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Table 4 Experimental data and calculated value

(11)

of force of cutters

. Bl WEE mim TR TIHLy
E o/ e A/ F./N Fo/N
() (m-s™)  mm® sz R s
10 0.28 7. 396 985.4 986.2 595.8 594.3
15 0. 66 9.842 1338.3 1337.9 935.4 934.8
20 1.19 11.531 1680.6 1681.1 1198.9 1197.9
* 10 0.28 4.472 1032.51032.9 388.3 388.8
15 0. 66 6.213 1314.8 1314.2 897.8 898.2
Ea 20 1.19 7.582 2013.52014.2 1217.1 1216.7
yia 10 0.28 4.794 1328.7 1329.2 800.8 801.3
x 15 0. 66 7.448 2078.3 2077.9 1238.3 1237.5

7

5

1

6

20 1.19 7.842 2337.5 2336.8 1464.7 1463.6
844.5
666. 2

1256.8

10 0.28 3.755 1659.9 1658.6 843.
15 0. 66 2.636 1745.5 1744.9 665.
20 1.19 3.936 2424.3 2423.6 1257.

3

DE

&’

(1) VIE AR DT A 52 i ERHE

(2) fnzli s ) 18 S AT S PR O

(3) VIHIR 32 7 B A AR A ml P
SR, AR R B R . VIHIE %2 1 5Y)
H TR A B RO AR

() TEMFEIRZ AL, VTEI 5 52 77 B U H 3
JEE B8R MG K, I HLYTEN 6 52 77 5 D) HI 5 SR
ST

(5) R BORLH BT 5l g 2 BRI R FH 21 453 i e
b NS B RE T UTEA 52 7 5 DD R X A
KA,

SE Lk

(1] ARfEsK, fKEE, THGFI. PDC %3k )2 A8 (1155
WEFE[T]. AMETREOR , 2005,33(2) :4143.
70U Deyong, ZHANG Jianghai, WANG Ruihe. The ex-
periment study on mechanical model of PDC bits [J].
Petroleum Drilling Techniques, 2005,33(2) .:41-43.

(2] H3EW, E&F. PDC PIHIH B A 2 01 il s BF 5%

[J]. HEAMRS 4. ARBFER, 2006,30(2)
4547.
MA Qingming, WANG Ruihe. Experimental study on
force of PDC cutter breaking rock [ J]. Journal of China
University of Petroleum ( Edition of Natural Science ),
2006,30(2) :45-47.

[3] 4RfEk, ExM, HEE. PDC Hik ik )y 72 K b)
HIZHOHRIELT] AR T2, 2003,25(5) :34-
38.
70U Deyong, WANG Ruihe, YUE Zhiguo. Trace equa-
tion and methods for computing cutting parameters of PDC
bits [ J]. Oil Drilling & Production Technology, 2003 ,25
(5):34-38.

[4] FAIRHURST C. Some possibility and limitations of rotary
drilling in hard rocks [ J]. Transaction of the Instruction
of Mining Engineers, 1955,1115:85-103.

[5] GRAY K E, ARMSTRONG F, GATLIN C. Two-dimen-
sional study of rock breakage in drag-bit drilling at atmos-
pheric pressure [ J]. Journal of Petroleum Technology,
1962,14(1) :93-98.

[6] ROXBOROUGH F F, ROXBOROUGH F F, PEDRON-
CELL E J. A Practical evaluation of some coal cutting
theories using a continuous miner[ J]. The Mining Engi-
neer, 1982 ,11.145-156.

(7] RESE, R HA R ISR RTT[T].
el L3 TR, 1999,11(3) :46-50.



% 38 &

%4

IR%,5.PDC bl LS & A EAE ARER

- 109 -

(8]

(9]

[10]

ZHANG Houmei, WU Hehong. Investigate the relation-
ship between the mechanical properties of the rock[ J].
China Offshore Oil and Gas ( Engineering), 1999, 11
(3) :46-50.

DAGRAIN F, TSHIBANGU J P. Use of the D3 model for
the estimation of forces acting on a cutter in rock cutting
and drilling[ R]. SPE 78242, 2002.

PELFRENE G, SELLAMI H, GERBAUD L. Mitigating
stick-slip in deep drilling based on optimization of PDC
bit design[ R]. SPE 139839, 2011.

#iiE, WOATE. UIHIE B A A DI R ],
SN SR TR, 1999(1) :21-23.

DONG Hai, ZHANG Hongtao. Study on the impact of

(11]

[12]

[13]

cutting speed on the force of cutting rock [ J]. Diamond
& Abrasives Engineering, 1999(1) :21-23.

HARTLEY R R, BEHRINGER R P. Logarithmic rate
dependence of force networks in sheared granular mate-
rials [ J]. Nature, 2003 (421) :928-931.

GERBAUD L, MENAND S, SELLAMI H. PDC bits:
all comes from the cutter rock interaction[ R]. SPE
98988, 2006.

JAIME M C. Numerical modeling of rock cutting and its
associated fragmentation process using the finite element
method [ D]. The Swanson School of Engineering, Uni-

versity of Pittsburgh, 2012.

-
FE3H)

(%45



