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undesirabl e effects of backwards whirl 1by providing a-cutting el enent
arrangenent and corresponding drill bit body profile that, during the
drilling, direct the net radial inbalance force vector [err] toward the 10
beari ng nmeans and substantially maintains the force vector [err] on the
bearing neans in a stable fashion. The bearing neans thus provides a | ow



net radi al inbal ance force vector [err] to substantially maintain the
bearing nmeans in contact with trg:bqé-,egajmwafl during the drilling, but
Smal | enough to avoid creating frictional "or cutting forces that will cause
the drill bit to grip or dig into the borehole wall and nove the
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bit rotating counter-clockw se as indicated by the arrow. Wth this
\afrangement, if the TABLE it RETORADEAS mmﬁm mmﬁ&zcwner ials or

angs up" for a i / S TAd SRILIOBYT vect or

\Tgrr]mvwll not nove net radi al |nbalance force vector [err] rearward beyond
the trailing edge of sli@hatisldrface 32. Because force Umbadarnowr] is nore
vari abl e t han |err] t he- Pfifemtors have dmbelamcel uded t Magniitudehe
preferred e ts, Rixestiontor Eeorce Directdom stdmeundsdiions is
greater than force vector[erF]. Thi s reIatloqshlp enhances the static and
dynarffc stablqlty of the drPll bit. 35 Sehe magni t ude 3B30%he net radial
i mbal ance forcqu$ptor [er § preferably is_in the range of _about 3% to 40%

of the applied: ght-on-b | oad. For exalfgle, if the wei - on-bit | oad
~is 10,000 pounds, then [er shoul d be witHizn the range oft to 4,000
\poundg. If the drill bit i§,designed for r tively | ow wei -on-bit, the
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magni t ude of force vector rr] should be l'atively highjyld vice versa.
If the drill bit is designggq for relativelgghigh RPM a sqrgydat greater
magni tude of force vector ?err] i S needed. If arelatively large drill bit

is used, 40 the nmagnitude of force vector [err] should be decreased. O
course, the greater the magnitude of force vector [err] in general, the
reater will be the wear on the bearing neans. Sliding surface 30 directly
cent acts the borehole wall without hydrodynamc |ubrication. Drilling nud
i s punped through nozzles 27a and circul ates up the borehol e past the dril
bit body, thereby providing sone lubrication for sliding surface 30. This
| ubri“€ation is not, however, hydrodynam c. Significant contact of the 45
sliding surface with the borehole wall does occur. Accordingly, treatnents
for the sliding surface, for exanple, as shown in Figs. 6A-6C, are often

desirabl e. The inventors have found that the drill bit of the invention can
be fugther refined by specifically positioning the cutting el enents
(including selecting the drill bit body shape and design) not only to

control the direction and magni tude of net radial inbalance force vector
[err] but also of the individual force 50 conponents naking up the force
vector [err] i. e., circunferential inbalance force vector [err] and radi al
i mbalsgance force vector Fri. Mre specifically, drill bit performance has
shown i nprovenent by positioning the face and gauge cutting el enents so
that at | east one of force vectors [err] and [err] is directed to a

| ocation corresponding to the bearing neans at all tines during the
operation of the bit. Additional stability can be achi eved by designing the
drillssbit shape and positioning the face and gauge cutters so that force
vectors 55 [err] and [err] are approximately aligned wth each other and
with the resultant net radial inbalance force vector [err]. Further in
accordance with the invention, the cutting elenents are di sposed to cause
net radial inbalance force vector [err] to substantially return to the
equilibriumposition in response to a2di sturbing EP 0 467 580 B1

di spl acenent, preferably for disturbing displacenents or offsets of up to
75 thousandths of an inch. This feature of the invention is related to the
dynami c stability of the drill bit. The magni tude and direction of net

radi al |nbalance force vector [err] for an operatlonal subterranean dr|I

o " oy o -



I ‘mbal ance force direction, and net radial force inbalance magnitude for the

drill bit of Fig. 11A Table 2 shqsgg6F nding data for the | ow
friction bit of Fig. 12A. Ofset here refers to the radial distance that
the drill bit , center of rotation is noved corresponding to a disturbing
di spl acenment during drilling_glhe 15 offset direction refe o the radial
direction of the St urbi ng spl acenent. HXS. 11B and 12 pl ots of
net radi al inbal ance force tor [err]] ( ction and r’ragng de) shown in
Tables 1 and 2, respectivel TABLE 1. NE DI AL | MBALANCEg VECTOR
v. OFFSET FOR DYNAM CALLYl TABLE DRI LL 220 Initial - 53
| mbal ance O f set 192 | mhbal ance 292 Magngggde O f set
Direction Force Directi oyga ) 22 (poungago25
[err] 56 22 800 . 030" 2267 56
83 1746 &8 92 - 91 2028
1412 91° o 114 1302 30 1459
94 87 114 134 1101 87 857
93 1352 P34 164 94 542
1302 36 40 45 50 55 12 EF64 467 580 Bl .23D" 5428
85 5 2070 8%31 352 108 1600 10868
126 93%2 126 48 149 2552
607 149 48) 82 453 193101
92 6308292 106 22 1789
%380 22 66 2267 66

20 2028 10 ' 92 :
114 1459 114 134
ooy 134 | TAB&giiggiNET RADIAL IMBALANCE gggéslﬁﬁcron
968 352
g2 & 2104082521 - 106 Imbalance

1789 20 TABLE 2. NET RADI AbefABELANCE FOREhmbXEGhoR O f set Magnitude
| mbal ance 92fset peoactuds O f gekce Directiln ecti(pounds)  Force
Direction (pounds) 30 o' 0

204
\1}89 0.,030" o" [err] o° 204° 227 1189 . 1753
527 236 _ 1405 236
235 0.030" 1322088 227° 1733
235 132228. 050" 236 [err] 1405
229 21123629 235 244 1322
1733 244 23550 23S 1224 2822
ZEE; 0.050" “Zos° 229 2111
229 244 1733
244 250 . 1224
w© 250 252 1124
252 252 1031

The drill bit of Fig. 11A demonstrates dynamic stability at an offset displacement of 0.030 in. and an

initial offset direction of 56 °. The net radial imbalance force vector F; has a stable direction and magnitude.

45 The drill bit of Fig. 11A becomes and remains unstable, however, for an ofiset of 0.050 in. and the same
initial offset direction of 56°. .

The drill bit of Fig. 12A, in contrast, remains both statically and dynamically stable for offsets of both

0.030 in. and 0.050 in. and an initial offset direction of 204 . Although the direction of net radial imbalance

force vector F; changes after the disturbing displacement in each case, the direction of force vector F; is

50 substantially toward an equilibrium direction, and still toward a location corresponding to the bearing means.

The drill bit of the first preferred embodiment provides dynamic stability by making sliding surface 32 of

sufficient size to encompass the net radial imbalance force vector as the net radial imbalance force vector

moves in response to changes in hardness of the subterranean earthen materials, and by positioning the

cutting elements to minimize the variations in the direction of force vector F;. If the sliding surface is not

55 sufficiently large to create this condition, backwards whirling can occur. Through experimentation, the

inventors have found that the gliding, surface preferably should extend over at least 20%, and most

preferably over 50 to 60%, of the gauge circumference. The sliding surface can extend over as much as

90% of the gauge circumference without adversely affecting the ability of the bit to sufficiently drill. As a

13



252 252 1031 The drill bit of Fig.
11A denonstrates dynam c stabiliigp pderdao@f set di spl acenent of 0.030 in.
and an initial offset direction of 56 . The net radi al inbal ance force
vector [err] has a stable direction and nagnitude. 45 The drill bit of
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subt er r aneanpluelty pf sproed gliding serfepRyzones- any precedi ng claim wherein the
cutting®el enents are positioned in a nonuniform attern on the face
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revendi caBl- difeségéxdeforagp dans des mattsiaw toryeus squiperainRpoyl Qiéas Hibiiqu dgdoraderayent tnefRaroirant
appui conpr &i8droy g 19rage. daRPREGEPMBIBAMGr t f or mant appui pour qu'il alt une
di mensi on suffisante pour onvel opper |le vecteur de force de d6sdquilibre
radi al e nette lorsque | e vocteur de force 35 de des~ €|-H-I—|—|—b-Fe—Fad+—a'|—6——
nette se ddplace en rapport avec |a dusgt6 des matdriaux terreux
souterrains pendant |le forage. 27. Proc~d4 solon |'une qu I !"Iﬁ IIlIl”IIl
revendi cati ons 23 & 26, dans |oquel |'6tape de d~term natl L



vect eur de force de d6sequilibre radiale nette conprend | a determ nation

d' un voctour de force de 40 gpo4btisebie circonferencielle et d' un
vecteur de force de d~sequilibre radiale. 28. Procd4 solon | a revendication
27, dans loquel |'6tape de nodification de |'agencement des el 6nents

coupants cong) lariidisdnad'urnicipén deatbiagen (101 1D) saglemairedremt sodros motrine retativee lsuiysasnt & pour
di ri ger au niboragscdmpramardu vect eur de force de desequilibre circonfdrencielle
et du vecteur de chros detrénan dedoragai(12; 12 ayantiing| Rertig Je base (143 114) plaeserpytopn d'ushn

cor r espondanexealanaiiudingb e teean €Git 116 pawr recewpir yaeRoUES "?Hl%r'f“?‘é(e r‘é\‘?eﬁ?ﬂiec‘& i on
27 ou’28, dafalibreasclis|119) Plagdrcauipur darkixe jopgitdipgh d'ﬂgéﬂa" g (ﬂaéﬁﬂ;fht s
coupants co n%éﬁﬂ'e [irgnteie, (0F 120Lplacse, ajeur I“Ie Lyerogitnding! dy &épag) °é d%

pour quo |e

ragey
anpl i tude qu# gg? Pl[ll‘iagggﬁg d%p?d {éﬁ%elﬁ(ji nfﬂ)%’}‘l\e? Cﬂlul’e% a':?glf';% talae% t

I d t I élé
goseay 1 r et o {U? :. i gﬁgaﬁggg (s ik o
perturbat eurs p @950)% ﬁ%ﬂ@rd g Eﬁi‘xgﬁj ‘é&ogn ﬁﬁé&e ecrﬁ%a\ﬁg%lagéae sur la
desequi libre Jnj; . réas eurq@.smre%nﬁetet G G bt &TRREE ForME pirlRAbRdal

al lant | Usquglﬁtré%& &id VecBRR 1616 RBUSRuili?Sradidie nEEfeoéted6 de forage dans des
mat 61 kAUX t OF I' QK éugpei! orthdnBlbgpSi (8 482) plabSdans! R régidhUdéABe d6 o gshnstydIToragb etopall Ol
de trou de fay pgr delistcd pak B4€ of ROHRECE REdhtielishbntl cobfiilldvdd. laldatdl Hd trou de forage
llllllllllllﬁehﬁléntl‘bfora@ e L M S * EP O 467 580 Bl (a) la liaison d' un
Yt r6pan de f obaiaotétibd et A Hecersodi eparadatomagaidens dwn de foragb POUE @ntrep bratdntact, aveéce
(trepan de f oleagmtétanxpereva rsouteriainscda putedmietia doeendel désEquiliarperadiale netie] Mpintigplant
e partie desstiisiemertde sapbdit fomnant @ppuh e gentactaven IQaRQOIIdGﬂg?PtquPrﬁ@ﬁ pefdant leepan
(16; 116) poforage.cveJeoyactoyrde fs«m de @ésépuilorecvadiple mefts; & une Qm@wpa:éﬂtr"@red@ age le
cal i brage (1®cteuran) forsp se déséauior riedigle nettedgtaurne,psgentillament |verg ia diregtion §'égyilibre
partant de | 80 18eQn6ET & ugerlagrment pepturgdeirpar ti e frontal e (20; 120) pl acee
autour de 'axe longitudinal du trepan et partant de |la partie de calibrage,
une pPuralite d' el 4nents coupants di amantes (24; 124) placds fixenent sur
| a partie frontale et faisant saillie de cette dernibre et espaces |es uns
des autres, les elenents coupants etant places 10 pour creer une
force de desequilibre radiale nette pendant |e forage, suivant un vecteur
\?9 fopfe de desequilibre radiale nette sensiblenment perpendiculaire & 1" axe
ongi tudi nal du trepan, une region (30; 130) depourvue d'6l nents coupants
essentiell enent continue placee sur la partie de calibrage et sur la partie
frontal e et coupant un plan de force fornd par 'axe |ongitudinal du trtpan
et e vecteur de force de desequilibre radiale nette, et is un
supposd formant appul (32; 132) place dans |a region denuee de couronnes de
forage autour du plan de force pour 8tre en contact essentiellenment continu
aved | a paroi de trou de forage pendant |le forage; et (b) la rotation et la
descente du trepan de forage dans |le trou de forage pour entrer en contact
avec les materiaux terreux souterrains, de sorte que |la force de
ddsdgtd | i bre radiale nette maintient 20 essentiell enent | e support
formant appui en contact avec |a paroi de trou de forage pendant |e forage,
gque le vecteur de force de desequilibre radiale nette a une direction
d equilibre et que |l e vecteur de force de d6sequilibre radiale nette
retourne essentiellenent vers la direction d equilibre en reponse a un
depl acenment perturbateur. 25 30 35 U.40 45 50 55
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