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International Advancement of Drilling Bits for Oil and Gas Well(3) —PDC Bits Progress and Present Trend( 1 )/
ZUO Ru-qiang (Ministry of Land and Resources of the People’ s Republic of China, Beijing 100812, China)

Abstract; PDC bits have greatly changed the oil and gas drilling since their introduction in 1973. But PDC bits grew slowly
in early about 15 years. Then their growth sped up obviously for innovations and improvements, such as Layered diamond
table \NPI patents , Cobalt leaching . Anti-whirl . Hydraulics design, Computer Modeling etc. At present, PDC bits drill 90%
of worldwide footage. In recent years, NOV has launched 4 types of Helios PDC cutters, which could increase the thermal
stability ,abrasion resistance | impact toughness and steerability of PDC bits. Those bits are suitable for drilling hard ,abra—
sive formations, as well as some difficult-to-drill formations with high ROP and durability. Applications were successful in
Norway Middle East,Australia ,US Texas etc. ONYX 360° rolling PDC cutter ,launched by Schlumberger, which keeps the
cutter’ s edge sharp and relatively cool, prolonging cutter life and overall bit durability. Applications in many oil and gas
field showed that the average ROP of the bits with rolling PDC cutters increased more 40% compared with the bits installed
by fixed cutters. The rolling cutter’s bits also increased footage 40% ~70% compared with the fixed cutter’ s bits.

Key words: PDC; polycrystalline diamond compact; non-planar interfaces; cobalt leaching technology; Helios PDC cut—
ters; thermal toughness; ONYX 360° rolling PDC cutter
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Helios A FH# ) HIl 14 ( Helios Cutters) £ 51443k, LA
& ONYX ¥ 360° 7R sh VI 5 43k

1 PDC $5kHIKRIA7E
1.1 PDC Bk AT RAMEIHH2Y 15 4F, % 20 i
22 80 AFARAAL 5 i Ul Sk T A 08 5%

1971 4, 5 H 8@ FHH. < ( GE, General Electric)
)R PDC, 1973 4F44 4 Compax i) PDC 1F 3R
anfAE . GE 5 Tulsa K= A EDT A ] PDC il
ARk TESE EE s g 5E 4 MM SESE 4 LT
L5, Z AR, 1974 45, LAY Diamant Boart
ol L SE R T PDC RISk I NI, 7E
PTG (I B ) 5, GE 2 7] T 1976 4F
e A RE L L FHF PDC &5 Stratapax ( HZ L H

) X M)A il AR PDC Al Sk 398 T B3k
fit, B 1k GE A EI4AETTY Stratapax 2511 PDC
" BEAE DeBeers 23 F) Toll 4RI % ( DEBID,
DeBeers Industrial Diamond Division) T 1983 4F#
A M BTESER PDC ZR 5177 5 Syndrill, T 1986 4F
ALK ZE 50 mm(2 in) B PDC, MG Z R A F
DA P 8RR ST () PDC, il i FH T 455 R 1
JZ/ PDC £k, 20 tit4d 80 4EAX, DEBID B H H B
- PDC By EZALR R 5 v =2 AR SR T
1985 4EHF & 1 PDC Tl 3k TR IR A} s
FLIE WIS Bt T A & 242 7= PDC, [ N 2 R A
ArSeSE5 13 PDC il 1 B AR Fik #5427 PDC ML,
PEBERIE AR ] PDC &k,

PRODUCT LINE
Product Product Nominal
number shape dimensions
2325 \) _LA A Dimension=3.7 +0.3mm
I Diameter=8.2 = 0.3mm
2330 O Overall thickness =3.3+0.1mm
Diamond Thickness = 0.5mm(min)
Eiyi
2525 O A A Dimension=6.2+0.6mm

Diameter=13.3 £0.2mm
Overall thickness =3.3=0.1mm
Diamond thickness = 0.5mm (min)

2530

O

2532

@

B Dimension=11.1 +0.2mm

2534

2536

o

C Dimension=9.4 = 0.2mm

7YY

Q

2538

PRODUCT 2540 (STRATAPAX DRILL BLANK 2530-NC
ATTACHED TO CARBIDE SUBSTRATE).

Polycrystalline
diamond layer:

High-strength—e{
bond

13.2+0.1mm
Carbide——— (0.520 +0.004")

substrate

15° x 1.0mm:
(0.040") chamfer

13.44 +0.03mm >
(0.529+0.001)

PRODUCT 2530-NC (STRATAPAX DRILL BLANK DESIGNED
FOR FABRICATOR BONDING TO CARBIDE SUBSTRATES).

2 ~353=0.10mm
(0.139.+0.004")

|& 13.3+0.1mm —.I I
(0.524 +0.004")

PRODUCT 2541 (STRATAPAX DRILL BLANK 2530-NC
ATTACHED TO CARBIDE SUBSTRATE).

Polycrystalline

diamond layer

High-strength
8.0+ 0 1mm bond
(0.315+0.004") Carbide

substrate

15° x 1.0mm

(0.040") chamtfer
13.44 +0.03mm
(0.529+0.001")

PRODUCT 2542 (STRATAPAX BLANK STUD CUTTER
ASSEMBLY USING 2530-NC DRILL BLANK).

-30° bevel (both sides)

2530-NC blank
High-strength bond

26 40mm
(1040")

Carbide stud

15°x 1.27mm
(0.050") chamfer

o ———————
1.59mm + 0.013
+ 8000
» + 0.0005
((osze0- + 30055

Thickness of the polycrystalline diamond layer of all STRATAPAX blanks is 0.5mm minimum. All
blanks except 2530-NC, 2540, 2541 and 2542 have a 45° x 0.7 +0.2mm chamfer on the round carbide
edge. The 2540 and 2541 blanks have a 15° x 1.0mm chamfer on the back of the substrate. The 2542
blank has a 15° x 1.27mm chamfer on the base of the supporting stud.
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(1) B PDC JFiiE A il is T 2AKG , Bk fif
FATTSEERAR, Bk e FIRELE L A PDC &%
Wi HRvE , SR 2 ARG St R, R
FERAT IR S AR A0 T B LA R 8 I 7
H,

(2)PDC &5k 2549 5K i 2=t A8, gt rh
Bl AR I A i ZUAH AR (torque fluctuation ) B (1]
JiE (whirl ) , 1 BURGHFRCRARTS , PDC BOIR, 5™ 8
b TR UE TURSRER R HUZ IS, PDC Bk 2% 7= 1k

(3) & Tl b F R et e 3 2,
RH O FE ot el il | oot oF S 2 0 5 fR 0 T e
Bl A S AT S 4 S LAY, NI HES: T PDC
Bl e R

(4) X B a] oy bR A A TS, 1977
ARV AES I S A HLBOR > 2 3444 & HHS T 20
ERTAITEh S H, TEXFPREBLT , A T2 5 AL
HRAL T SRR H B B, 5 S G PDC Al Sk =
[RIR IS)

HEFUEEFUFRERF, HH 80 4F{A, PDC 4
KA SO I AR B 5% .

1.2 ZIHRGIF R BE PDC 4l skiZ 4 58 3 , 2005
SEHAREER T A R S R 60%

BIXF PDC 4 Sk b FH A7 e ik e R ) R A
OS] SR A S ET R RS R R
FESEERE IR (DOE ) S HF T, B I J Xt PDC J¢
PDC i3k EEF AR TR

(a) 4hE

(3) Bt Xt PDC Al 3k I Ji A1 I [0 2L, o] g )
(Amoco) 2SR T 5 T HoAR g, an ) 3R 2
AiiJ , JIEANRARIRRGE , [RIBAT 3 A DR PR

(1) LEAIRE DEBID 5 —Z B Sk il i 23w, 40
ST EIFHEIR Z E R & WA 2 PDC YJHI A (Lay-
ered diamond table cutter) , Z 4N 12322 5 i 55
A LR 4 WA T J2 DU S I PR e e R R e M1
XFPZ 2R 4RI JE PDC BN 2SI 246k 2
RIS R I AR — B[] A AL 7
IR PDC 77 i, 75— Fh 258 ) AN [RDRE B2 4
W T—R[ PDC, SRR 2 ~50 wm HYG NI £
TRA 8, NS 19 4 W S84 2 KL WA 18] 1Y
R S REUE R R N 2 X T
PDC TR EE STl BT

(2) iz H 4B F1m B i ( NPI, non-planar inter—
face ) Sl IR A B S B AER) PDC YIHI 4 B 8 1T
M HITE . AR MTAE 4 F] ( Chamfers patents) T 20 1t
4290 ARAR PRI Lz AL R B
PDC i[5t & 4 SIS R T A4 AR SR PRI Al (]
2) , ATHEG 0 WA )2 5 R B i el DR ) 4 fih T AR
(AP TH A T AR AT 22% ), DT AT 442 /5 7 5[] 1)
BCRESRBE . YA RS PDC 45 (4 S 24 55 10 1% 4 L
FRUE PDC 3255 1 30% . HAT MR Y PDC 4
Sk FERGHER PDC 5 (T 248 /1 T H S 100%
[, 3% Fh PDC 500 1 & NIA 2R I8, Kk, #
FH PDC BV 18 5418 2 AR AN AT R b B AT 4 WA
JE V& ARILAR T HLAL e R 1l Sk 0 T B 1 e oo
Atk g, DLve e PRI W T & 1 XM AE
(Dual chamfers) PDC 5 A FEAICS 22 (0] BE4% 7 40
FEUIHIH , AL T PDC Ak R EERE

W)z

e )=

(b) 7 A A S L5 < R A 2 T
2 AAMAENENERSEHE

DR BB SRk 12455 il PDC AN Sk ARl 1 IS
PRIV, AT B 0 M 06055 1 Bl Sk AR
I 5% B 5 015 AR % F], Eastman Christensen
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P FYRILEESE T PDC Bk By [l A= 746 ( Anti-whirl
product line) % 20 4 90 AR 1l PDC
ik &7z oI B IR AR . By Il i PDC 4k T
HolE T AE Y R & e 2 b 2k

(4) SE[E & B (Synthetic ) 23 7] R F i A et
hiti SR dn i NI 2 VRS b T ] PDC, £ PDC
TR B e AT o i v — 2P R, DA
T PDC il 3 A4 Aty Sk il T TB0F B 1 v S B 5 R Al =k
PREhmHZ . 1997 4 K H G 4 T4E & A Al
FEFr PDC T30 A S R BRI BE R R

(5) iz TSN BB (CAD ) Fad sy B A
BT BhE R, Wl Sk AR P A DTS -
H A HAEN s SRS ST IR AN B
T A4 ) 71 2% ( CFD, computational fluid dynam—
ies) ) BFFER KK A4 TR IR R T
BTG PDC %Gk, fiff PDC G Sk i P R A T i
BER,

(6) X T T HEH A M, 41 PDC R 4
I DUE R TR A, RS 25500 X0 il Sk o e 5200
Bl kS R 4 WA 2 R R DL & PDC B
ROAL I8 PDC A4 HEAT RIS, AN ) A
FERBUAS TR,

TEMCHATE] 5 EREAE SR = & B PDC 923 7
A A DI Diamond Innovations, Jit GE) 23 ) |
E6 ( Element 6, i} DEBID ) /A F] . MegaDiamond /3 F] ,
LR

DL IR Z WA B, i PDC &Sk M fg
T 0 e R IS S e ok T
FEIR AR E T, T /3 1 Sk 0 Al 1 A8 3 RO
FZg 7R T AE M A=URE I | b BT BB 4% S5 45U 1 iy
o T H., 5 PDC 4 Sk [R]85 % Jr 1 AT H, 5l T 8K
Bl et RS8R AR NG B R B
4 (BHA) 5%, 5 PDC B S AR AH B, AR L 2E
JefEgh PDC B Sk O ) M EE AR, =
1995 4£, PDC i 3k (4 i H o ol 0BG I 8 i Ry
15% 5 % 2000 4FHK 50 24% , 1% 2005 45, 5 -
BRI PDC Bk iicaR | O Bl Sk
T AR 50% , A3 RO Ao [ B it i 47 6
PR 60%
1.3 iE 10 4FZ5K PDC Bk B R, H F(E 5
TG EIT A 80% , ot FHAG I Bk R 1]
g 90%

1.3.1 Br—AX PDC &l Sk AR e Pk it B 5 e o
AR SR

br bidlk PDC HiliE A RS, 248 A Rl
M A PDC A REE, & —10% #) PDC
VIEI#4 , 41 Hughes Christensen 2\ F] Y Zenith 1 ; Hal -
iburton 23 &) HJ Z3 14 ; Smith International 23 &) #J HOT
% ;NOV (Reed — Hycalog ) 23 @] ) TReX Fil Raptor
S il PDC Btk B Ay s 1 23 AT ISP 3l )22 L)
KA TR
1.3.2 iz UE%5 1.7 (Cobalt leach technology ) I 3%
55 PDC PRtk

ZI T A iR H GE A Al Fl Sumitomo 23 ] F
20 fit2e 80 AEALHE H (HARRERT ML AL, J5 2K, Hi Hy-
calog A FIR ARG I HUG L RITF R L2, BhiAEH
KA A T4 e WA T 455 iR BE (H2, 74,
BERF™ 2R (9 P IR T 2 700 C i, 25 1E
PDC 5t 4 WA A s Ak, TR DT H] 5 45038, [+]
I, B TEE A K R A e NI B RAR 2 | il B T
e [ A WA T2 TR EAN T 3 R R LA T8
W ORHRR T. 2082 PDC £&NIA 2 rgss . 2 H
USRS T 205 A Nla A B AT R 3Z & il 1200 °C, 7]
$45ik PDC RUERETE, B PDC AT 2 JZ 2w NI
A2 NE R E S ERNAE DIRFRIRZE &N
AR, AN — 208 e NI 2, DL
1= PDC 1) #3774 ( Thermal Toughness ) , M 1] #2 &5
PDC Bk 1 FH 73 i A HERCR
1.3.3  WFEH B S A PDC Bk

AR AT Rl vUA BT K E
B RZH, ACEIH IR IO B R 2 i 14000
m KPR BB | M B M T KT B, H R
Xof e A ] 5 A R 1) il Sk TE ]
TR e Sl E (RSS) 4

VFZE AR AR & T R siad Y- 1m)
53k o 4N Hughes 23 FI A9 Quantec D Fl Genesis D &
5] s Smith 2 H] Y Directional Z&%1 ; Halliburton 23 8] i)
FX Directional 51 ;Reed — Hycalog 7~ 7] HJ RS Z %)
(HFesE S m a3 ) 5 MS 250 (T h S 10 44
HF) Sk T G il Sk RE RS RS 1
RSk BT 7 ), JF B B IR R

2 TEIE PDC 6L
2.1 Helios KXPH# PDC ¥ H]14 ( Helios PDC Cut-
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ITJLAE NOV ARG JEHES 4 F Helios X FHA
PDC DIHIH , ENTRRTETERE E&A 25, & HF
RIS PV L (R IR R R IE#S I T Rk T
20, W AR T PDC A Y R P S BB, B
AR s T M AT bt R R L R A 0 DR BH el
PDC 3B B JT A J LT AR S AR | it — 2042
Bk BB SR DL A T A i, 1288 PDC DT
VIR A A IS R BE A (Helios ) , 85 W12, B
RIEH BTEATE,

2.1.1  Helios XPH# & PDC YIHI ¥ ( Helios In—
ferno PDC Cutters )

Helios /=i VI HI A ( WLIEL 3a) Ry & ZEMEAL i 1
RIS . PRE ORI R Ta) B A T HAT = il
PERCR s A DRl SR Aa e TR S 1) R RE ) 5 St
I DUREARESR B UTEI A . X sl kb )= | iz
“TEAAE - BIFEE - B RR AR R, LT BRI
PDC i, I Hmif PDC IHE IR,

2.1.2  Helios K FH#H #4717 PDC YJH| 14 ( Helios
Thermal Tough PDC Cutters)
2.1.2.1 VEREFFE

SR FH e 2 B AN 5T 58 A < W A L s TR DR
(%) T.Z (Deep leach Technology ) & I Hf A il 1 3
FOIHI 45 (UL IE 3b) , B B #O) 1 (maximum
thermal toughness) . FH 3 0985 S Al Kb s 2D 1
PDC H AR , AT Bt Sk Bl AR B PR FRam s

(b) PBDEAESFIL R I VI 4 ST

(a) FHILBIHIA 41 E

B3  XKPBE# (Helios) PDC ¥ # 5 5M

2.1.2.2 R HRCR

(1) B Troll JHIF . 2011 4F 2= 75 & KAl
J7 fif A ik ) rh—HL R b 5 i )2, 8 242 in
RSH616D - F5 K [H A #4447 #: PDC 4k 3k ( 9215.9
mm) , Bt BH1 Autotrack JiE s a1 5 H | sl Hi A
PEBG— U R — 1 3, S 3 ARy SO, B
HERGE 4827 m, AxE T AL Sk TAEH s,

(2) KA. Cooper 71 2011 4F 8 fE £
Fhwb 5 b )2 743 ~ 2637 m FH B, 2 6 34 in
DSH416S #f)114 PDC 453k (@171.45 mm) , DL 21. 6
m/h EEHERCR BE 1893 m, 1 T Al E SR
SRR AU 4 d BISER, i H., BT
Bl S LA B () T 1 PR R BN G IR B T U Y
PR, BEERAT Ak B BLIRASIE R

(3) ZEEE ST Panola H-iz FF K BH R ) #:
PDC 3k DI 12. 2 m/h BOAEHERCR Bk 725. 7
m, k%] 3145. 8 m I, S HH L PDC ik
XTEG, Bl Sk ok RO 35% 5 B33 ROBE H BAS U D
31% ; Bk AR Be 4 3R 17 24 54007 3570,

(4) 2R, i3 16 in DSH816 #b) 4 k
(@406. 4 mm) , Bt & HemiDri $FF4%6E, L 95.5 h,
Bk 1553 m, 5 LAFT S5 S0 T S PDC 4l
SR FE Bl A8 HR 5 22, 5% |, 3 R AR
% 11. 6% G HEFIE] 544 22.6 h,

2.1.3  Helios & PH## J] 71 =2 V) 5 ( HeliosEdge
High Efficiency Cutters)

NOV A ] T 2011 4F4 H HAT S Al ik ke i1 oKk
FH#H 7T 71555 PDC VI, Bk A EZE PDC T ¥
JURTIEAR T2, ( AEG, AlteredEdge-Geometry-Tech—
nology ) , ffiiZ A PDC VIl i EMS S A S0t AL 38 B
HEFE T3, AT B2 w3 B E 0% 30% , T HL T R FRA K
(Al FH i, BB AIRRAR

2012 440, FEMR AL 3 32 FH 824 in 1=
3 PDC VIHI 283k, FERFEE M2 D) 51.8 m/h Y
BHUERCR BE 491 m, $RENE FRRCT AL E, UL 43
m/h BEPERCR | SCEGVE T 3749 m, A3E T2 R
B AIE SR
2.1.4  Helios K BH#HHT oh o BT A PDC U #
(HeliosImpact Extreme Durability PDC Cutters )

PO R vy PDC )P 4l Sk 3058 T IR )
MERT 2 S 202, LR E A
B ARG PDC Yrhinp AT 45%

2012 4E K | E1E 50 5% T Nacogdoches i W FH
TE Travis peak M)z, FH % HL PDC 43k B
AR 2 BT AL ) (DL 4 ) o i
iz i A b PDC 853k 7E4G i 3261 m ZJ5,
AR (A4 T) .
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4 KPEFFHERT A PDC 5K 5E# PDC $hk B AT LL

TERESE MBS LY. Pauto sur JHTHT, 1182 ~ 1676
m PR R TS MDA R A A, A,
P 1844 in(0469. 9 mm) HA /\JI3L HElR HAZ 16
mm A A BHAHT 5 ( HeliosImpact ) PDC A9 FuseTek
AEESk (5) " B AL Sk — ) T IF,
PL1.95 m/h BN ERCRER I 54.3 m, M TR
bR 1.37 m/h [ 42% ., VLG B IE, %48 Sk U
1.82 m/h FYESTE, JE R 159 m #E iR 8 Ar Y
33% , 3 T S e R IRHE R 379% ' A3 b
IS I | e 2 b 2 HR A | FuseTek Sk A%
RS EAT I PDC &Sk i e £, HIERE R
TRlEHS (PDC + Z B I R0 A
A AIDTHIE 43 B BE A HLERRRAES S, BE FH A BH
P b D4t E A

5 SEHRKPRMIHE PDC 5K FuseTek B &5k

2.2 ONYX ¥4 360°7& 5y PDC %k (ONYX 360°
Rolling PDC Cutters Bit) "’
2.2.1  [#%EW PDC 43k (Fixed Cutter PDC Bits) [Y
BB

TEMRTA , B TR A H AR AN Hr, A i PDC
REANWTHE &1, PDC 4k B 0T Tl 5 St st b 2
h, SR, — H PDC IG5 228 8 Sk ik B2 )5
ERLEEE T, SRR ML iy, PDC (3] R 2
A—/ N UIEI I 5 il XML SE a5 i
FREME  fEE it f2 s, PDC YIHIJ) 70% J&JCH
1, B 30% B UTEIJ) 68 5 E 4, i T2k
ANWTHIALAE ]S & G m el PDC BEEabir

Bkt B S PDC YIHI JI AW, 85 4]
ORI N R, INTTRZE T BB, % I3 2
HEIEG Hs , LR RRD SRR (H 7R 24U
LT, SRR HE SR LS I VT O i B, S B0
ZUBIR SNSRI 2 BRI 2 4 PDC 4l Sk Pk
REAN A A0 E 2P R Aot O LATE 158 s 0 A S 12
RN I E R
2.2.2  ONYX 333 360°7R 3l PDC 14 (b

W42 U118} ( Schlumberger ) 23 &) BT & 50 %5 14k sk
(Smith Bits) 22 w] 3 A &t ONYX 360°7& 3l PDC
DI, nl gz PDC YIHI 3 B, I J5 0 59 U1 A
FEgEAE A Bt 4 PDC WA 360° H H #% BhiT,
PDC 475 RE 242 18 1 22 AE H B B (I 6) ., R3h
PDC X Fhal Ze 45 H IR 3y, 3% shVE T, 1 4 A
TALGEIEE P PDC PR 1R EE 452 A PP RE T R i)
]

B 6 ONYX 360°&35h PDC HIHI&

Bt R S T AL B, PDC T
Ko sz B, LA HR [MVR S), i PDC %
Ty KT R A R ARG, DT B S SR X
FIRSIVEIRECREE T PDC UTHI i 2 BR e
AR TS A, S DT EL 09 7 i, AT 34 5
TR B S By L 2% PDC U HI T B4 3
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(ONYX) , o R & IR A 5 3 2 7,
2.2.3 ONYX 360°7&3)) PDC Hy%i kit
TR B R 3 PDC ) HIHA 16 B0 R )
LB BT 4L RSE JIEEE | DL R b2 1A
M B ATTRT AL Sk B PRANC SR OB AT P
BERYGE, HHBC R S PDC 4k i ZE . MR LA
HRTFHIE 2 45 PDC Sk 5 5 45 7™ 0 10 3 47 55 %
BE, AL b BRI 5 TR 3 PDC i
BAREE PDC WAER K EAINEE TR A S
Wl PDC R ECH | o IS AL e K 3l 2
FEIR ) 15 15 25 68 1 5 T 1 22 18] A e A
5, AR ENL, il TR SR L E T A
T 5) PDC 1519 MSIiR613 453k (WLE 7).

7 BEEE 74 ONYX 360°K ) PDC 5 H) MSiR613 $hk

2.2.4  ONYX 360°7& 5l PDC ki 3k i) o FH R

TE S [E 2 Ay A H R T 88 360° 78 31 PDC
YISk  BI0US T RAFIIZCER .
2.2.4.1 7£ Hemphill £ H

1B 61 in(9155. 6 mm) JHFBECE 7 4~ ONYX
5 PDC 1Y MSiR613 43k , 7F Hemphill EAE i 751
BUZ i m ARG, & S A SR Al =4 L
25 f/h(7. 62 m/h) BIETHERLSR  FERF S AL 1) 5
Wb )2 K SEEG E 1562 11(476.1 m) | SR FAd
FH 7 N8 HLIE € T PDC &Gk Bl B K3 5113 fi
(1558. 4 m) WyEZTREE LUk R, BT I ON-
YX J83l PDC &3k it IR, e 7 A48 %2 i PDC
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