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Analytical research and discussion about drill bit and borehole bottom

device used for drilling in anisotropic formations

TANG Fenglin, NING Fulong, DUAN Longchen, CHIKHOTKIN V.F.
(Faculty of Engineering, China University of Geosciences, Wuhan Hubei 430074, China)
Abstract: Different formations can be encountered in drilling engineering. According to the physical and mechanical
properties they are classified as isotropic and anisotropic ones. And in most cases they are anisotropic due to the
influence of complicated geological conditions. One of their features is different hardness in different directions of
loading, leading to borehole deviation, hence compromising drilling rate and quality. Russian researchers have done a
lot of research on drill bits and downhole devices used for drilling in the anisotropic formations and good results have
been obtained which can provide reference for us in deep drilling.
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Fig.1 Fragmentation of anisotropic rock by drilling

A 1) Sk AR R AT AE R L B ) S o
JEANBESCAS 1 o FATT BRI T HE A SR HBUET X
R T , A BE US4 O Bl IR R 2 BFROCR o AR X
AT BEAT R B BRI BT LR i T A
POBRIR T B EOR AR AR E R
e 58 Bl R MG A BN S5, B LA (i
Bk LI E) AR H HE ROCHBOR . R W dh
R A A6 4% ) S M P Bl BRI, O 1 s/ il L
A5 R S B R EOR TR AR R TR A X
11 il Sk RFLRC S B, A T A IR T

2 BmRMEAEIEAEX

52 37 Al IR T AR 35 A 4% 1) S s A o ek
T A Al Sk 5 T A T R AR L BR T AR A TR E
i Y BROIR I A B SR Sk K e BRE S ) Bk 4
b BB TR AL T
2.1 BB BRI RS 3l il Sk

X Rl Sk R 2 — IR R ORI
AR Wi LR 21672515 0 B3 R AL Sk T LLARIE AL
JR BT AT w5 AN [R) 9 4% 1) S P2 A, BE S T D 4
S M DTN i/ Al LS g R EE D R R AR A
AREFHRIR . WK 2 PR, B S b4 N UTEI
BB Y1, o] LA & SR Al R 3l . B I B 2 1)
FH I R A Al Sk b B P 2 R AT TR S R AR Al
et B JE Ve ml RERS Sl 4 BE B R O BE EAT 0T . A

BB B AT — AN BR A 2 3. [RIE, B Fl B B 5
Bl 3 R 3 2ot IR A S R AR EAE . MR A
55988 K i TET AR %) £ B2 A o, T LR 5 S 4 3% T 1)
R BE a s A Bl Sk G 7 a1 3G R .
555 S ARG ) o 2R R AR ot
a=arctan h/L

oA h—— B E 1Y B T B A B Sk AR A ) o £
3 1 8RB s L—— 3 19 6 T S AE B =k [0l % Oy 1)
AH I 7 ) R B

TP Sk B AR 45 1) S A A R A WA B EI R
A2k A A A E B T 3Tk T L RS R Y
AN L),

W 4 S 7 AL VE A 1 I B Sk DT HIEL 5 45 1]
SrEAEAMEER, 5830 EEIE T
o R UIHI IR A SR LA 8 (& 2b & 3a),
IS 5 A 5 B e R . BRI e st 1) B il 2 P AT
§5Y1 71 Fo 6 71 R A48 10 )22 J7 1) (UL & 3a) |, T AE
ATy 1) L 45 1) S 2 a4 A R P o K, T A
G WA DN TR B 0 RBE R A %) R BE N T AR A )
HI LA 18 5 U1 5 A AR DL R AR 4 A A RH
1o W RV B )R Ny A g (8 2¢ &
3b) W5y R¥5 W) 5 5 2 3 5 7 [ (L& 3b) | i 7E
WG T5 1) b A B R R R R d N o BT LA, AR X M
LT B AR R R A T BE AL 3G R T (UL 3b) 6



56 B R T 7%

202142 H

7)) 7

- . -
F, w

(b) B Sk B TR PRI A 25 1 St
P 2 AT 1R BN i AR B

DATRTRTA TRy
L)

LY

w F

() B Sk B TE PRI 25 1 St
P Z T 1 R BN B AR O

2

1= BB B 2— FPE 5 3— BRAVHE
B2 $hkMR5R
Fig.2 General appearance of the drill bit
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Fig.3 Fragmentation process of anisotropic rock
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Table 1 Calculated values of &, L and a at different

diamond size d,and average penetration depth /,

WA JAE d/mm
K hod b -

1.0 20 30 40
h=0.084, 004 008 016 024 032
h=10%h, 0.004 0.008 0.016 0.024 0.032

L=3mmifa/(°) 89.92 89.83 89.67 89.5 89.33
L=2mmmHf ¥ a/(°) 89.92 89.75 89.5 89.33 89.08
h=30%hs 0.012 0.024 0.048 0.072 0.096
L=3mmBf ¥ a/°) 89.75 89.5 89.08 88.5 88.33
L=2mmMf i a/°) 89.67 89.33 88.33 88.00 87.25
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Fig.4 Based and directed drill bit
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Fig.5 Structure of the ellipsoidal drill bit

A 15 02 Al Sk SN il 25 B AL ELAR L 6 B 9 AL
B T a0 AR (WLE 5a) o R SRR 3 43 5t
IR, BT LAl LA BE T Al B A b 25 4 A 2 i
T TR AR A /0N A Al Sk A T AT B B o S i ST s o
N iU E =S

I3 — Pl Al Sk 2 iR AR b ey S A B O B
FIAN B B B i i Sk (UL BT 6) At HL A 55 16 [BE 4 Sk
KR prEae. S RIER (0, d, a0, 00,1, 8.) B

RSF RN, AT LABE T B3 E AT o /0 Y i T T AR
AN BCAE N AR A Al Sk ok Gk 2 R 2 0 e W
LRSS R WL No.49085) o &l Sk Ik L5k 31
AR R DL R R BR A T 1 B 2 X I AR K
J1 8l 1A TR LR IR HE BRI I e 8 25

(@B >, a7 a,

6 BRIEEFENSMNERHRELHFK

Fig.6 Drill bit with the inner and outer segments
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Fig.7 Installation drawing of the downhole device “KCM”
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Table 2 Result comparison between drilling with KCM and drilling with drill devices of other companies
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Table 3 KCM eccentricity vs rpm of the drill bit
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Fig.8 KCM eccentricity vs rpm
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Table 4 Length L of the drilling rods of various sizes vs
rpm of the drilling string when the drilling string is

moving in mode @,

AR AR Y BEMKE L/m
age/(°)  (rmin ') BQ NQ HQ PQ
70 1000 8.11 7.46 7.22 7.25
65 800 8.50 7.82 7.60 7.60
55 600 9.91 9.28 8.81 8.80
45 400 11.59 10.93 10.29 10.25
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Fig.9 Wear of the drill rod with
the downhole device KCM
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