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Study on Key Factors Influencing the ROP Improvement of PDC Bits

GAO Deli', LIU Wei', WAN Xuxin’, GUO Yong’
(1. MOE Key Laboratory of Petroleum Engineering, China University of Petroleum (Beijing), Beijing, 102249, China; 2. Sinopec
Shengli Oilfield Service Corporation, Dongying, Shandong, 257000, China; 3. Engineering Technology Research Institute,
PetroChina Xinjiang Oilfield Company, Karamay, Xinjiang, 834000, China)

Abstract: For the maximization of the efficacy of the polycrystalline diamond compact (PDC) bits in drilling
engineering, comprehensive research, including theoretical analysis, laboratory test, case study, and on-site trials, was
conducted to investigate how a high weight-on-bit (WOB), a high rotary speed, and other optimized drilling parameters work
on the rate of penetration (ROP) and the wear of a PDC bit. Furthermore, the wear mechanism of the PDC bit and the primary
cause of the premature failure of the bit were analyzed. The results indicated that: 1) The ROP of the PDC bit was directly and
primarily affected by the WOB. When the bit was in an efficient rock-breaking state, the WOB was invariably in a linear
relationship with the ROP whether the formation encountered was a conventional one or a hard rock formation. Adding a high
WOB over 200 kN into the normal pressurization range of the PDC bit was recommended if the formation encountered was a
homogeneous hard rock formation. 2) ROP improvement could be achieved by enhancing the rotary speed. Although the wear
of the PDC bit could be aggravated by a high rotary speed, the requirement on a PDC bit to penetrate most formations for a
long time at a high rotary speed (400—500 r/min) could be readily met by the quality of the currently available PDC cutter. 3)
The ROP of the bit was also affected by cutter density, but not in a direct manner. As long as a dynamic balance among
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“capabilities to bite into the formation, cut the rock, and evacuate the cuttings in time” was reached, the optimized
fast drilling could be achieved even by a PDC bit with a high cutter density. 4) The wear of the PDC bit was less severe
under the higher rock-breaking efficiency of the bit. The WOB could be enhanced to improve the ROP and reduce bit
wear. 5) Dynamic impact and inefficient rock-breaking were considered the primary causes of the premature failure of
the PDC cutter and bit. The key for the PDC bit to achieve efficient penetration was improving rock-breaking efficiency
and restraining bit vibration. The above results could be used as a reference for the proper utilization of PDC bits and

the innovation of ROP improvement technologies.

Key words: PDC bit; ROP improvement; drilling parameters; ROP improvement for hard rock formation; bit failure ;

wear mechanism of PDC cutter
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Fig.7 Effect of rotary speed on wear volume of PDC cutter
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Table 2 Parameter comparison between high-speed motor and conventional motor
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Table 3 Drilling performances of various bottom-hole assemblies in Fengcheng Formation on southern slope of Mahu Sag

K6 Hhidk HFHHEE SRR /m  FHINURE Y (mh ) F SEEGIIH]
JL533E ANk PDCEY L . B A4k <50 <13 HIF 20204F
JL56F S PDCES L IR 88 2.0 HIF 20204F
MH48 TRl Sk S 193 1.8 HIt 20204F
PDC4isk BEST 86 1.2 KT R
MN52034: 3 20214F
PDCHfisk = R 578 438 IREHIK-Be
MN272JF PDCHt 3k R IRAT 1008 8.2 KFHAKFBE 202248

4 A5t BEEENT PDC &3k 4 1 52 1)

FE AT A PR R )2, 28 T 3 000 m P

I B, B EOR N GOl H EORCR AT “ AT E R
¥ 7 PDC &3k DAORUE MU BS 2 o 358 FH 9 4l 3k
J& 019.0mm & A F U J]E PDC 443k, FE 22 ¢19.0 mm
HEh =J1% PDC 4k, “/JIEE  KF¥” PDC



%51 % % 44

B #4145 PDC 46 5k 46 9 -ik XA %70 B T AT ¢ 27 e

Bl W OE 3 B A 1) A3 14 %% BEAIC L oA ) R S
AR RN T 515 7K 32 800y B, M2 A HBLE TR, B
Sk Jie B — L Ut i FHLR /NI A i 225 2) Bl S A T
TR HE T R T RRUR O R B, Y A AR A OR
U, WISk TR A

“OLTIF L RFT” PDC Bk T8 AL R 45 BE
T BRAE O B —Fh Z AL . i T I ORAE X 45
B, B AAZ B, VR B L) 30 BUF 40 BUEL LK
F, B RE L HER S SR, BT R
Z2REAFE, XN LR a ki “DIIE KA+
PDC #i 3k (AL, (H R & B HOR 5 38 87K P A
BT, “J18E KA F” PDC &k By sk &
TR A, T EONAR W B 1) T B>, S35
Bl Sk AR B AN S P 225 2) A 15 S AR, B Sk A
P2, AR THi s ZE AR EME)Z .

R T RGEG S A A B B (D3R DDA ROT)
EFHUARAG B OC R, 28 3 AT BAAE JHE Rl T 20 5K X 4
TR T Mg . w5 I 7 A AR, I B 45 48 A A
($241.3 mm FHHR, # & = FF I &5/ 1) —JF I
B, TR 2 300 m £ Z 24 2 800 m), 18 1 JZ AH ]
IR B A | A P 2 7R 8 4 B v i i 4 i
W—B W B =B, A BN GO E .
RIS R AE 8 frar, H ] ¢19.0 mm & & R Y J) 3
SK419-YS % PDC %l 3k iy HL Ak 4 i 5% 11K, ¢19.0 mm
HA A T3 SK519-YS %I PDC 4 3k & PLE i, AL

30
SK522-Y'S T4k I Af
251
2 g3 B 4370 2365 2475
L ] L ] [ ]
z oot
E
215
S
£ 10
=

W

SK519-YS M4k Ah# = SK419-YS A4
2452
L ]

At A i 92 922.0 mm 25 R T3 SK522-YS
1 PDC i3k, HR T Rt ey 2 s 3 10,

=) s, At %5 B 1A 5 HUACRG i B
FAOG, BRJT3E. T4 ROT IFAS 2 52 0 PDC 4k
PUBRE R B . “JI8E KA T ek
Yot 4] DLt 8 S8R . SAERC S
128 PDC 43k, AT ARAH BT R 0 iz A TR B TN 22 1 il
g KB 5 RS T sl g B, w528k
FHE YD 5 2R FH ACHE fE 15 28 e nT DA B )3 7 OO
HEE A S, T B YD E O AL Sk R A, 7E L 2 AR
Al R HER I AEAER . B 8 H i SKS519-YS # 4k
FEX FIX By e H E RUE 1082 m, 1 AH A AY
Bl S A R R R DA i, SR A S o ik
(W3R 4), ATSCE el R T2k, HiER 1700 m DA
e, AT WS S HOR A PR R AR AR

[ B, NP 5 R B R L L B R R HE
i, RE kL, VIR ROk, HiMS Kt =B
AT, WRIE “Z 138 /N7 By A 15 % B
PDC 4 3k B 7] LS SRR PR Bl iE . DL S )] {2
%, %[ FORGE 78B-32 T # A 4l 18 5 Yl A i1 TN
KA, iRk H A S BOR L FL A A T SRR
% PDC %3k (TKC83 A, 8 JJ 3  ¢13.0 mm & &
R, BRLEE ELSE- S MR B R AT T 20 m/h, B AR
st (e s, B T DR TR “£
JIEL /NG PDC Sk I HLAR A AL ) o

o M /m 73000
2452 2524
P 2407 . 2339 12500

2000

/m

L176- L176— L176— L176— L176— L176—

2275
L ¥
28.3 11500 )
252 252 m
I 18.6 18.5 41000
- 1500
0 1 1 1 1 1 1 1 1 1 1

L176—

(=}

L176- L176— L176— L176— L176—

X419 X17H X163F X394 X194 X303 X044+ X229F X237 X401 X433 X204

8 MFMATRXR_IFHHIER
Fig.8 Drilling data from Luojia block in Shengli Oilfield
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Table 4 Comparison of conventional and enhanced drilling parameters in Shengli Oilfield
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Table 5 Drilling data of TKC83 PDC bit in FORGE Well 78B-32

BIEERC AL EAZ/mm AFHEmM ERU/m ERPUATE/(mhT)  AEAN  TREEE/(rmin ') HER/(L-sT)  AhiBrpE
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14 269.9 2320.5 270.4 225 295 50.0 52.4 TEHINE
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Fig.9 Wear resistance and impact resistance tests of nano-polycrystalline diamond (NPD)
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Fig.10 Impact-induced failure of 135° axe-shaped teeth when encountering granite
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Fig.13

Cross-sections of polycrystalline diamond layer of PDC cutter
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Fig.14 Morphology of non-leached PDC cutter after im-
pact resistance test
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Fig.15 Typical dull conditions of PDC cutters pulled out of hole

Joi il DX 3k

ARIBEAE DX IR

(a) HEEIBiAS

AU DX 3

(b) BREEMHS

16 X SHE&1ME0 PDC YIEI B 66 R
Fig.16 Leached depth of PDC cutters detected by X-ray



32 % B 45

2023 % 7 A

(a) JI3#1 425

(b) JIF#1 45 3 itk

(c) JI3#1 JFHEREE 4 itk (d) I3 JFHPEE 5 ik

B 17 KBS PDC YIH & # HFHH5
Fig.17 Morphology of non-leached PDC cutters pulled out of hole

TEEESEAA M VE T S & W0 2 N &8 Mk A
ik, 5 BOR WA X Ik BB h A et e
SR B A ot DX 3 4 Iy )2 %) 3 9 R S 453 T
P B R ACRE A A R, R A NIA )R
SR V&K UE— 2L R, e B RS 4 WA 2 RRE BT 4 4
FARZ R A] g2t BT = (LR 15(F) ), 53 PDC
VIHI0 AT b PR 22 o 3 i G SR 22 1 2R i o 14
117 ] vty , A G NI 22 kA R B s b 2
PS5 s PDC U IV i B A . Y O i
F—BER, X—BRSERE, WE 18 PR,

T 2 P A (IR 380 ) s, PDC VI 6 B8 11 AR 6
T RLA% | SRR 140 m/min 2638 B (B 558 ) i, B O
FETH T A B & NI 2 RS, S B E A
JEAS AT R 2 B SR (IR 7)), 8]
F 147 5 400 R ] W 2 5 . AN 2R PDC YD I A i
7 W5d s b B, U101 1 7R AR 1 47 1 B A S R 2
T, 940 P13 H A AR 1A A1 A T (B
100 m/min) T M5 15 B S 450 F 45 i, 5 Z A0 e
7 Rk A E R A 1 (4B B 140 m/min) B ELE
55 30 Bl S 1A TF dn

oy 4 o ”"‘ %
(d) 140 m/min ZE3EE-55 40 ST (e) 140 m/min R E-26 50 JBEEE T (f) 140 m/min R34 -5 60 [EIEE 11

fi o

18 5[E 7 X MAIYIHI & E O
Fig.18 Wear scar morphology of PDC cutter corresponding to Fig.7
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