[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

66-59 oo B o less 15 093 1394 YLT (e Suilke wIise dlxe

GRSy ole dolinle _EE=1
4 . A
I Sl (Gwigo = &
= LIRS
mme.modares.ac.ir M%;:Z/,

aolodl dio p193 § 8 ,Khos » dio B9y dwkid 36 o 28 e g

*2 . . 1 .
D H IR ¢ I8 Suads (i
Ao gt (w9, oSl (SlSe i 5,583 (gl =1
Mg gt g3, ol ( SlSe putige il =2

b_hassani@um.ac.ir 91775-1111 i, Ggtio cigia *

saSs dlie YL

oS gy Jlie

1394 cosgpd) 07 il )
1394 35,5 19 - o s
1394 55,5 30 1ol o )

oy (Mo aalllae (S5 1y sl 05 sy dulall dio plgs g 5, Slas p dio gy dwitin S5 58l o585 wyp 4 Bais ol 5
welod bgyswe « ywly iz by iy Jols aie Judgy dwiin 0,5 Cbxl g jdcdl Gblne ) odliiwl 3)90 sbadio jl diges dw

dio Jibgyy it 135 gyl JIS ) e plgd g e2leg 08 B9 5 eyl 2 s () )RS 5 oS il e S 5 oL

Zhsul bl pl 1) 5 (odn dw (Sl bawgs Ha3d )90 slodie oty dwin 10 Aib o Jidgp cpl 383 0)9) Conds plins awlall 55l 4d5

(B G e (55) By alde lubd > Glae ileil (28 S 08 g ek plsa Jden e 435 awlell 4o

Ol (sine 2985 £ 5 )l Slite (i 28)5 plol (gland Wil lsal 285 Glie )3 sglore ol aw 3 (lis S g 9 S Gy oy dwiin

b oims ()l ladze o | Jols zols 05,8 b5y TADC sylslinl 4 de g b oz o3 e g 15 (6,505l celos > (g lis 38bes

aie pled 5 (g5l Dot F 5 ali8l Cuw Wlg o de Judg dwdin dlgy Ll 8L o dwlall badie plgd 5 5 )Slos y die dwiin rly
D)5

Experimental study of profile geometry effect on PDC drill bits
performance and durability

Hassan Mohammadi Majd, Behrooz Hassani*

Department of Mechanical Engineering Ferdowsi University, Mashhad, Iran
*P.0.B.91775-1111, Mashhad, Iran, b_hassani@um.ac.ir

ARTICLE INFORMATION ABSTRACT

In this study, experimental study of profile geometry effect on Polycrystal Diamond Compact
(PDC) drill bits performance and durability was conducted. In an extensive field study, three
samples of bits were chosen among NIOC bits collection. PDC bit profile consists of apex, cone,
nose, shoulder and gage, all of which are effective on stability, penetration rate, aggressiveness
and durability. Verification of the effect of PDC bit profile geometry needs to first determine the
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prCWdri" bit exact geometry. Complicated geometry of these PDC bits was obtained by 3D-scan and cloud of

profile geometry points. Then cutters arrangement of the profile was produced. In experimental study, field test of

SEFfOJT?;”CE these bits was conducted in the same condition (WOB, ROP, fluid velocity and drilling mud
urabili

weight) in Ahwaz oil rig in Asmari formation. Drilling length and penetration rate was measured
and the bits dull grading based on IADC standards was determined. Results of the bits test showed
the effect of profile geometry on PDC bits performance and durability. Optimization of profile
geometry of PDC bits causes an increase in penetration rate, stability and durability.
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2- Weight on bit (WOB)

Please cite this article using:

1- Polycrystal diamond compact Bit (PDC Bit)
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5- PDC cutter

8 o last 15 0,53 1394 (LT  ysrde uilse udige

355 0 ol o lses Sams ay el (e s Lyl ol jo a8
PR35 P 5 (KeSh cge oy (nl 953 S5 o sz s
5 oS o b odsl 6l 1990 L s 00, e anloll aze % slaoss
Ohl%es 5 &y dawgs anladl ate ol)5 LYs 5 OIS 1 (SO Glgie 4
ISz oo 5 ©p Jlo glen o [1] 285 JI3 gy 050
Jlo yo [2] wols @l Slo )T a8 o Jilie o Canglio g | lnoss
L S S, plp o plis anldl g )li> e o San 5 Jo5 1992
oleasz 1998 Jlo jo 05 5 wselis [3] wioges (rlesl 5 Sk
2004 Lo [4] woges @l s b dgge slp |, osip 5l soa
o poladl gloaie 5l pwsie waz Joo SO &1L G Ses 5 Sgelig
[8] wiass Jlod sl yo (s )li (sloan o 10 (5,¥0 (psabee S (292480
Ol ez 1) snaz g gwain Joe 2010 Jlo o oK 5 ez
e GEaSads ol 5)l8 ol 4 a2 L [6] wiages Byme LS
4 b el 00 S &l g3 Cud &g alols @l Yaens anldl
[7] 2ol ae )l 2 ooty ooz Sy amaie b o
Sl Lis Co (Ken (Jue daosip (old iz aSEL G950
S 3 GnSslr Caz |y ool (s Jao 5 JIsS [8] 5505 1)
[9] sl asls asl)) s 5
aslllas 3590 el ate cwtin slo 2ol b 3T ol jo aiow ol o
Jedsn dwain glsanl 5 5)li> aie wiged 3 QB Gl g 285 )8
plao o aige oSles slily yo Aty Uiy gl Glase a5 e

awlodl a0 -2
Slodie g slailais slodin 10gd oo GOLEends 55 90 4 (5 )la> slaais
23,00 a5 wiee Sulw sloats gloil o age 5 anlell slaaie .ol ju
Slge aiS (g lix 55U lages o 1) laaijle 5l e S b
S0 Slga oy ytege j> sialuas Ll g Goe o Lo 4 aulll
MalS 900 90 s dslall gloaio o] o Jlod 4 (5l I3l 55 eolanul
Sor b laaie Jolb Jas g0 ol ighoe sl 5 (olyb Olite
sl et L an b gloae 5% il

slosig sl 5 bowd bdesles sl Jyaze g0 (nl 51 S
5 0SS Lid oS o oole Sl g ile Wy b anle)l sloais aiis
Sldoe 5l oolaul b inls an)5 slaaly Lailoads LSis o
WS e et SaSe a3 cer ool by (S50l
loo S Sjgay (59,95 5 Glale 4y Caaglie 5 (S o 4 b e il
sl 50 B ple Caglie wiz o a5)ls 55 )5 awledl o cole jo
bl il oo dlge cnl Lal ol a5 Y58 b aylie jo s ol
S Jome 1) Yb b ciole g 55Lad

A S i ile uaslie (39 Fimly Jods a0l S5 a5 4555 les
sbae szl 5l (Fn Hhb o ¥ 4 o laye sl
b S cpl Lol ogd co ool o lacaogame (oass ¢lis )| axle) (o ile
odd Bk pnile Ay b aule)l slaaie (5,0 50V g8 ojxe yole I3
il da b gloae Brw g Giule 4 Cwglas 550 g il

1- whirl

2- cutter

3- Matrix body bit
4- Steel body bit
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3- Profile
4- Cutting
5- Apex

6- Cone

7- Nose

8- Shoulder
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1- rake angle
2- penetration

8 o last 15 0,53 1394 LT . ysrde uilse uwdige


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.51.1
https://mme.modares.ac.ir/article-15-11774-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1394.15.8.51.1 ]

Uhu;)'g){eg..\.za‘s..\mom;

Awloll Ao 93 9 3yKlac 53 dko Jadg g Awwdids 3850 (2225 w2

Syad g ples g ceniias 3G adles slowl glad g oced eSS
Suo b oo Gl ate plgs adles glad mal38l L ojly aze cexlys
D] o5 YU T, aie oy Cvogas aéles @ ate (655 p0 a3 09

adlos glais

oS 25 e ol ate gl 555 2 e b @y atles YL glad
D58 o0 o afled o5 elad oo G Con lowsile g )e> (6l
Sgdige 0l o3 glaoaiile sly @i 5 Ol 09 Sl b @iy
Ao oo olid |y aze agles gl VY ISCs

atlod o5
leaze ISz 058 o o 2l e (63550 Loz a4 S35 ables (IS ST
£ loaiile gl 635 0 b 4y S5 adles oy aldl ane ails o
Slr ) i e a Sy ka4 ate ooy adles aies ol
223 se LS |y aze 3550 5l adles (e VY JSS oiS e o8 5L a8

ol

alo-F-1-Y-Y
o S aslato Uog 093 0 £9,0 adles 5 ulee slozil 5l aze ails
Mlaer Jh S

Goe o5 by yFe 5 Goee labg e sl V S

Elad 5 e Jawgs ol iy ya3 dle Judgy asles Vo IS0

A oplaids AD 053 AYAE LT (oo Slle wdiie

39 (a5 oo Lae> ol Sl 550 a5 Glojlail a1y ol Sl g 08,5
el 00 00l UL...) J.dj); 6‘)"5 AJAJJB)J? J&w

il 11—y
o T 3508 (535 50 Las g ame Ly (e @bl alaii ],

ebg e gelaws Y-\ Y_¥
03,5 o a5 ()T 4 bg e (sblgs L Lalog 5o
w3 oo L) Boe o5 5 Brese Ly y2e sbly; ¥ JS2

Guos slabg e

o7l Coogad g 0S5 e olml ate 3 1) (YL )k e by e
osiyy sln 1) 63k b Boos Lyyire (rizmed wad e 015 1) ate
Iy Geos bogymee )0 laoo,s il prs vt A S5 005 o 0l
s o olis

&os pS by o

e 5l 52l Sl 9 Wisdioo sl Slol 4 Gos o glabog 5
9 St o5 sy (J&z (s lalogye ol aiil e Goos gy b
VUSE 058 Cgmms coe S anlall gloaie gl el (Sas ol o
DVYT ams oo Las 1) Gas oS Lgypes 0 Woed,3 il pns  ovie

adlos -¥-V-Y-¥
St n cBust 58 o B ST 8 LN o e My e 8k

S b a5l Jols o -0l ate gl Sl Jolor o0 -l B S

Dyl s

Log e

4;’&:

PDC aie by & JSUb

1- Gauge

#Y


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.51.1
https://mme.modares.ac.ir/article-15-11774-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1394.15.8.51.1 ]

GRS )9 2 9 ITo (SIeRo (pd

Auloll ako g 9 3 Shoc y3 Ao Jadg 3 A di puili T w2

S A Sl oKis 14 Sl

i ate blis pl 5l el Cawd 4 azs 15 o

(1652) b iy Spgo S5 iz b okt o siholoo
ol sy il Sl lasie 5 epSoer deeniy pla
5 b a3l Wike 5 laiy les 038 Sladae 4 e (1752)
(18 JS) 1285 1,5 (gmt 9590 Wik 5 ooy (oo 05

59 iy soled canloll e 139, 3280 zl 5l Coenl 4y 4z g5 L
dwldl e by y zlyseial ogm 19 S (0 0iad pgal damis S
Ol pgal Sy S ol [0 esls lis glals el oals eols ol
S bodiyy Sligyed 5 J&s alo o cpl jo el ool ialed 1) laoss
@l Jedon 005s] ey Sz gom o5 30 055 ARt S0
awloll e Judgn ol JS8 B ogdoo Jlosl a5 5l plas e elis)
sleglpsl cud s oVlis 5 (pomte (ol &5 cud 53 4 3Vl cey
el 0943, oot T il 0955 Ll ol 4385 15 4 3,50 )8

Ao e Gl | awlall die igas 3 Juds, 20 IS

e Giolo3T -2-3
Gl o Glesl pll cuz wlie g)li> Luld o ol
6}.0} a)L)‘ uLwL....:)lS L: u|3|)5 LQLQG.M)J.’ )| B | f..\:l;ul;.l}‘

63

aclos gloss 11 sl

u;ﬂjlamg&lzﬁ

5 -5-1-2-2

3 1) ol 09,0 ate (5)lwl Ak oS Cul e A (S Seme &5
58 aiile atalgrl Slbes 5l g oad ol 9,0 ate (5 lwb o S S8
[16] S oo 55l e a5 2

9% 93
&g oor S o anlell ate Judgp dain S 335 (o) Cux
=S 5% (8 112 inch) 215/9 mm ojlasl G e (sloass 5l aiges 3 Sloe
(13 JS2) 8,5 ol i 3o bl

59 Sasle OMSe 5 505 sladie anais sl Sauzs 4 axgi L
0] Gy Szl IS g, SO lgie 4 bla ol cwsis gl sel

A ol de dwais

G A (oSl gy 4 dulall o Judg 7 il -1-3
i S Ggpilasgas b ate oo )5 5003 Iy bl (58,5
@n e OSl olStns bgi e il o3l (2B Dby pgnl 5
L (15 505) ws S zlscnl bate awsis 4 bgye blil (14 JK2)
les cnl 5l bl b caz LS JI38le 5 oy slacells 4 4z
e BB al> e pl (29,5 0l eolinul L) » polas Ll cux
Al e aie Clo

gl 5 Giledoe coz Sogadle S8l oy Il 4 azgs L
o3litul 3590 B JooSS sln JI8lp 5 cal Slain g0 (sloasds 5 Dlatie
85 )8

8 o last 15 0,53 1394 LT . ysrde uilse uwdige


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.51.1
https://mme.modares.ac.ir/article-15-11774-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1394.15.8.51.1 ]

SR J9 M2 9 A0 (S3eXL (pus «mLAJIAIAIalg.sgA)ﬂu)gmdéég)imm)ﬁiﬁ“w)q&um)).}

all
(s
Loy (gam ¥ ez VY ST

duloll aie diges ¥ 890 Yo S0

olsie a lowl aisle g slsal (8 lage gz ek gble o550
lidime; Sl b ddlats jglore slaolz 000,58 bl clis Glace
ek s et bt o el g el pladl Jome e ,
(slisia Saietn 1 Jpaz 130, oo SLtalas] 5 3 S5 s oSS @ D 4
Glgye ¥ Jouz amse plai ) o)li> Sliles plovl Caz oad Giolej] Bl 5 Goiiy siles A J&B
4 Lgsye Sl oiman a3l 5o slanie e S byl

il W o Ul Bl g 1 telioiial ¥ Jpee 58 gl il
slagatls lye 4 i glaane (o> Gl 3985 25 () li> 5l
3o et Dy 058 oo )18 oolial 3550 e 3 Shes )] (S

el oad ools LS VY S o 6,k olles

Som g mbi-¢

slylre laie 4y gl sloate S5 (e g 3585 25 (5la> 5l ke

e ot ) Jyoz

T ey = < &y L il g ate oy olass
Vo Vimm \imm IRGASIRY
e vt i oy Sl
7 4 & "oy olass
¥ ¥ ¥ Jsb slass
7 O/A reg 7 O/A reg 7 O/A reg aie Jlasl g6
& pm Vo mm Ad mm ailos 5 plas
Ll Fe £0° by e ails;
YYY mm FYY mm YO mm o Job :
1- blade ledl ae by s ghytil oo 14 S
A oplats 4B 055 A¥AE LT ¢ o0 Suile Guwie o


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.51.1
https://mme.modares.ac.ir/article-15-11774-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1394.15.8.51.1 ]

M 39 40 9 3o (SJeRe (s Auloll dio ply3 9 3 Skt p1 dio Jad9 3 dwdits wil 1275 w2
1200 -~ S S Lyl 2 Jour
1000 -+ e ool Ll
—},‘\ 800 + 742 150-170 rpm Sy ey
3;3 600 + 6000-9000 kg e ) 05
f 400 ¢ 323 102/15 ms/h Sl £
200 + I
0 [17] ol w5l (Sl Sloogas B Jouir

Al ey <&y ey

ki 55 2250

61 56
. 48
“a, r
N 4 +
s ! 32
L3t
x o f
3 2 I
3
14+
o f
Al gy < &Y TES
ale 3ok & 5 23 S
0,
70% T
60% +
F 0
50% + 41%
1 F
9 0% £  35%
% 30% +
20% +
10% +
0% +
Al gy El< TES
a5 o ,s 24 S

oy 5 Pl wsiz il Ghlie wdpas p als disei 3 0 5
P emip S G 38 Al eediy Gledes Jdsp gl
0,8 pll wlie Luylid o Sl cond anloll ate L8 dwais
Ol 5 858 &5 )l Sl (asli 3l oslil L lacca plss 5 3 Shos
285518 Sl yee S

Elad oy iy 05 o b call goi ate wao oo Lid ool oy uls
P Ol %S 5 )i Slte i iy bgFe al; g asles
S9i &5 clog e argly (nyeS B b iz se o gy Al Cul il )
Onbilie cie cpl plos pae conw adles ol glad Lol ool asils oYL
ol 0038 5 e Gygo 4 adles anl plad jo lgly8 Ll g g le>
Lol el 00ys )3 3505 F#55 yhalS cow YL by e agly 7 oaie o
el 0335 ()l 5l ke Bl o ae (0l YL Ik

Sl g poiii=6

Pl slez a5 (559l9SS eaSimgy; laasie ) Sen 5l O W s

65

& oo Wil SolSe Sloogas

30/678 GPa FICIN] Iy W
0/207 ololes cupd
94/460 MPa 0y50 3 (5,Lad Caaglia

Gl e WS oo I8 eslitul 350 ate o Shee i ol
oy gl 4y azg3 bl oo ool e 22 S 40 4553 sladiges
Elad i 4 azgi b aS ol 00,5 (g lax 1, ;e 984 all digas ool
sl 1y o,8lee (pyige e plys jr acles glad pudtue ;36 5 acles
]

Oty el o0 ool L 23 IS 0 (o la> slaate d5& )
by e S pils o 4ol ol il oo o g9 a4 by ye 3985 £ 5
il 00l 4o @ 1) o3 oemled ColilB a5 il o glaz ;0 60 sac oS
ool 0038 5 aie pl plgs (ralS o acles ddlaie 0l glads Ll

G Oliee sl oad esls ol 24 Ko 0 laas & Oliee
ol 0 )T e 5 by ease s IADC s jluiteal Lulul
Sl Ol 5 5 E8 (e Cumge allyy s a5 o sl
Sl o ge e 0 om0 )8 e ol o aslinl slap 3 o
&y pae g acles dshis ol gl o 4 el cpl a5 cl ool
ol 0330 ,5 ate oyl 4 oz slacaw] Had 3y caw g ol
Ao 5o ol o eS el ops ol aie &g aled 4l ales
ao cnl b Jdo a el ol a5 (21 JSa) el ools &, &l gy
sl

Ll o0gy (rslie s lily s> Y by 5ee arsly Jodos 5 7 g8 4o
el ools palS ) 35a3 & 5 caio ol il ooz les o508

S 5 domis -5
S8 g lly plys yate Jdgy iy jl S U Alie Gl o
2835 18 addllae 9590 (225 Dyge 4 s)li dle Seky el

@ (<) (&

> Olles 5 G bbate 53‘)"; ZlJim

1- Dull grading

8 o last 15 0,53 1394 LT . ysrde uilse uwdige


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.51.1
https://mme.modares.ac.ir/article-15-11774-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1394.15.8.51.1 ]

GRS )9 2 9 ITo (SIeRo (pd

Auloll ako g 9 3 Shoc y3 Ao Jadg 3 A di puili T w2

States Patent N0.20100175929, 2010.
[8] S. W. Drews, C. Maurstad, multi-set pdc drill bit and method, United
States Patent No. 20100155151,2010.

[9] Y.Kovalyshen, A simple model of bit whirl for deep drilling applications,
Journal of Sound and Vibration, Vol. 332, No. 24, pp. 6321-6334,2013.
[10] M. Wilmot , W. L. Alexander, New PDC bit design reduces vibrational

problems, Qil & Gas Journal, Vol. 93, No. 21, pp. 57-59, 1995.

[11] P. Macini , M. Magagni , How the Minimum Interval Concept Can Improve
Bit Performance Evaluation, IADC/SPE Drilling Technology Conference,
Thailand, 2006

[12] D.N. Minh, H. Geoffroy, J. Bergues, C. Putot, Evaluation of drilling
parameters of a PDC bit, Journal of Rock Mechanics and Mining Sciences,
Vol. 35, No. 4, pp. 578-580, 1998.

[13] T.S. Roberts, Development of a New Concept of Steerable PDC Bit for
diredtional Drilling, IADC/SPE Drilling Conference, Dallas, 1998.

[14] M. Azar, RFord , Introduction to PDC bits, pp. 36-52, Houston.USA:
Smith International, 2002.

[15] M.Wilmot, C. W. Keith, Drill bit with performance-improving cutting
structure, United States Patent No. 5549171, 1996.

[16] M.Wilmot , PDC drill bit having cutting structure adapted to improve high
speed drilling performance, United States Patent No. 6615934, 2003.

[17] R.Ajalloean,M.Mohamadi, Evaluation of geomechanical characterstics of
Asmary limeston sites.,geology engineering journal, vol 5, Nol, pp.1059-
1076, 2011.(in persian)

8 o last 15 0,53 1394 (LT . ysrde uilke wdige

L Sloymd s S JLS gz 53 o bl g la> ool 5 (liwe>

&=ty

[1] J. F.Brett, T. M. Warren, S M. Behr, Bit whirl a new theory of PDC bit
failure, SPE Drilling Engineering ,Vol. 5, No. 4, pp. 275-280, 1990.

[2] G.Warren, T. M. Brett,J. Ford , Whirl resistant bit, United States Patent
No. 4932484, 1990.

[3] C.H.Cooley, P. E. Pastusek, The Design and Testing of Anti-Whirl Bits, SPE
Annual Meeting, No 24586, 1992.

[4] M. Wilmot, G. Krepp, Innovative Cutting Structure Improves Structure
improves Stability and Penetration Rate of PDC Bits Without
compromising Durability, SPE/IADC Drilling Conference, No. 39310,
Dallas, 1998.

[5] M. Wilmot, G. Booth, M. Mottram, New PDC Bit Tenhnology and
improved Operational Practies Saves $IM in Central North Sea Drilling
program, SPE/IADC Drilling Conference , No. 59108, 2004.

[6] J. Shamburger, V. Salvo, Optimized central PDC cutter and method,
United States Patent No. 20100012388, 2010.

[71 T. Schwefe, cutter profile helping in stability and steerability, United

66


https://dorl.net/dor/20.1001.1.10275940.1394.15.8.51.1
https://mme.modares.ac.ir/article-15-11774-fa.html
http://www.tcpdf.org

