ROTARY DRILL BITS, METHODS OF | NSPECTI NG ROTARY DRI LL

BI TS, APPARATUSES AND SYSTEMS THEREFOR PRI ORI TY CLAI M
wabeog/1z38pt i cation clains the benefit of Provi sSPOIEE2007/009305

United States Patent Application Serial No. 60/792, 445

filed April 17, 2006. TECHNI CAL FlI ELD Enbodi nments of

the present invention relate generally to apparatuses,

systens, and methods for conducting nondestructive

eval uation of rotary drill bits used for drilling
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facilitate nondestructive eval uati on thereor. R@re
specifically, such nondestructive eval uati on may be
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rotary drill bit for driﬁkq? b C? nean formations
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bit, the cutting structures on the face region of the bit body include a plurality of cutting
elements formed at least in part of a superabrasive material such as polycrystalline
diamond. Fixed-cutter rotary drill bits employing such polycrystalline diamond |
compact (PDC) cutting elements have been employed for several decades. Typically,
the bit body of a rotary drill bit is formed from steel or a steel member embedded ina
matrix material that includes hard particulate material, such as tungsten carbide (WC),
infiltrated with a binder material such as a copper alloy.

In the case of steel body drill bits, the bit body typfcally is machined from stock
material to the desired shape. Structural features may be defined at precise locations on

the bit body by machining the bit body using a computer-controlled, multi-axis machine



the bit body by machining the bit body using a
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elements 22 and 24 (typically diamond, and most often a PDC) may be bonded to the

bit face during infiltration of the bit body if thermally stable PDCs, which are

commonly referred to as thermally stable products, or TSPs, are employed.

Alternatively, conventional, non-thermally stable PDC cutting elements 22 and 24
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commonly referred to as thermally stable products, or

TSPs, are enployed. Alternatively, conventional,
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apathed critical point. Such charactenstlcs may include the nature, size, location, and

orientation of individual defects, and the number of defects within the drill bit. Thus, it
would be advantageous to provide a method that may be used to nondestructively
inspect a drill bit after its manufacture and between successive drilling operations to

identify defects within the drill bit, to characterize the nature, size, location, orientation,

and number of those defects.



identify defects within the drill bit, to characterize
the nature, size, location, orientation, and nunber of
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invention, in various enbodi nents, relates generally
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In yet additional embodiments, the present invention includes ultrasonic
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inspection apparatuses for inspecting a drill bit for drilling subterranean formations.
The apparatuses include an ultrasonic probe, an ultrasonic probe support structure for
supporting the ultrasonic probe, a longitudinal probe-positioning mechanism, and a
rotational probe-positioning mechanism. A portion of the ultrasonic probe support

structure may be configured for insertion into an internal longitudinal bore of a drill bit,



rotational probe-positioning mechanism A portion of
the ultrasoni c probe support structure may be
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i nventi on when rERIER DESCRIPHEIN @F WHENDRAAWINGS
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FIG. 1 is a cross-sectional view of a conventional matrix-type drill bit;

FIG. 2 is a partial cross-sectional schematic view of a system according to an
embodiment of the present invention and that may be used to conduct nondestructive
ultrasonic evaluation of a drill bit;

FIG. 3 is a perspective view of an embodiment of an ultrasonic probe according

to the present invention;



ultrasonic evaluation of a drill bit; FIG 3 is a

perspective view of an enbodi nent of an ultrasonic
w@e@bazmerording to the present invention; Fl G Pdr/iS2087/009305

per spective view of another enbodi nent of an _

ultrasoni ¢ probe according to the present invention;

FIG 5 is a perspective view of an apparatus accordi ng
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drill bit has been manufactured before its first use in drilling operations as well as
between successive drilling operations in which the drill bit is to be employed. FIG. 2
illustrates a non-limiting example of an ultrasonic inspection system 50 according to the
present invention and that may be used to conduct nondestructive, ultrasonic evaluation
of drilling equipment, such as the conventional matrix-type drill bit 10 shown in FIG. 1.
The ultrasonic inspection system 50 as shown in FIG. 2 is configured for inspection of
the matrix-type drill bit 10 although, as noted below, the invention is not limited to
inspection of matrix-type drill bits, or to drill bits per se. The matrix-type drill bit 10 is

shown in FIG. 2 to include defects 40 proximate the so-called chamfer regions 36
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The ul trasonic inspection system50 as shown in FIG 2

is configured for inspection of the matrix-type drill
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limted to inspection of matrix-type drill bits, or to

drill bitsper se. The matrix-type drill bit 10 is

shown in FIG 2 to include defects 40 proxi mate the

so-cal l ed chanfer regions 36between the bl ank 26 and

the bit body matrix 28. It has been observed by the

[ LV ' t efects within .

oL ootk 28 R1 B bR, 0By S P B imventors

16f theprésentinyenticmthteddfbes evithivaodeenti @il itriB&ypddrill bits such as

course,. defects al sp may form or devel op at any region

ot e, Formypron el fhesg il Trginps 46 OF cowss, defects also may

eRRIO1EdevERIpGS afY Foforl6fST Willin REIHl 63 SRthdht A rhi¥at¥n! P example,

the bit body matrix 28, as well as wholly within blank

2¥oidyped gracksmey be pressplovhelbnwithis thmbibodaynatriz|28das well as wholly

r | 52 for supporting the drill bit 10.

Rgétgrrgm@gkg' 52 may be manually rotatable, or driven

by, foffhextmsbeic inspeetiesystan 50 ey ibblude ghotargeble 52 for supporting

dpive..pr.. a.ratar epper tor far precise caontrol of

r%x[e éﬁ]]g%lg?&pgg?# &ﬁ)tl%g fr}?é{rglgd’ll%ﬁl?ﬂyé&a %gez og fgven by, for example,
canelectiRihotyr tlebugh dlgédrldrivelor & QoGAy StkSstr thALLRR precise control of
Al ternatively, another, |ess precise type of

s p
r tattongheesiton gkthgagtapetablent2Ansy conseguenslynaf # drillkit 19 carried
r s 0 (o] ackl .0f 3t 4 .
8, KGR oSSR AT Oy e gt
seqmbinatien withrmerptane epcoasler forgranise todcking ofxotational pasition of the

I.ani e,l i. inal axis Li.of the bor, 6 of
o ite S35t sk BEprevited o Bty able 52 for
t alignénhthe lbmeitudénat akizdi, peNthe®bord D& oPEAE BN 10 WiE Md Hds of rotation
thg drill bjt alignment structure 54 may i nclud

I .ude, for
eXHhp Ftanystiable 2 (18 one embadimens 9 thegpressnt svention, thadrll it
tdl e :
o sCATEIRSLA1 1, SR, Oy SO pns contos o
ottiapes thiat aregopplementaryde contebss arishapastof@trutturdlifeatd@s ofithe face 20

o PR Egahl fh HESLATE AT R QRTS8 1P ey o

| desired position hhd ademutopfariretaibnhavi ng at | east one

ul trasgni c..transducer .confiqured for emtting and
det ect { RESLTCHS FHPERR Batetr i alsp maydigriude B sssgeic probe 56

Neinioatd edbt 066 nRRE64ie BidhsdlicBRERMsed 5% %nﬁttﬁiﬁg ahllQetecting
cross-sectional dinmensions of the bore 16 and,

e hgRYes. pieddtrasoniciprahe 56 on livecdossssettianahidithéngions less
tdgn BRY &ogsﬁsegfi%rgﬁ ggﬂ%%i/&rﬁbdftthelgoreh% a@l%d hédog@ngfs}jg\ay be sized and

ul trasonic pro ave cross-section
diomiguredrte f8 within drechayh 16 of reodrildibit 4 Os dh eddieidnhamltrasonic probe

f f di.st bet | i,
Ay TR RS P R Gr  B R pear s
Sarmiofif disthacs tgween &4 UfasSnit hase eafittindeindirbddivial kurkfte of the

wi.t hi n.the_ bare (3{6. ... g
ultrasonic probe 56 and a facing interior surface of the drill bit 10 within the bore 16.

Providing a selected near field standoff distance between an emitting and receiving
surface of the ultrasonic probe 56 and an interior surface of the drill bit 10 may
minimize noise in the electrical signals generated by the ultrasonic transducer of
ultrasonic probe 56 responsive to ultrasonic waves reflected due, at least in part, to

roughness of the interior surface of bore 16. A suitable near field standoff distance, as
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Providing a selected near field standoff distance
between an emtting and receiving surface of the
wa@bkdorasismi ¢ probe 56 and an interior surface oPCT/H82007/009305

drill bit 10 may minim ze noise in the electrica

signal s generated by the ultrasonic transducer of

ul trasoni ¢ probe 56 responsive to ultrasonic waves
reflected due, at least in part, to roughness of the
interior surface of bore 16. A suitable near field

s f ' SVA 1) 1.Z those o .
o&ﬁ? %g r yco%tl?zltep %?n (t)s%edl}"‘éJ r {hn Q‘\%l %kﬁ? Pepgr?gt ’ (VJVEH frRendon Xne operational
ofrequencymdiithd ulgmsmric prakfe S6hselestedr dsizrbeticpsdotbat Hhear field standoff
SS%FCtede‘t i S quLeved thﬁl a near field standoff

diF ST &5APT SFBPP S URFIFEN MATHRALERS RetY Goni anenaftingand feesiving
aBurfibetdfithguifadori6 pRINE JWardiHnl iBfRi tC10 withi
probe 56 _and an i nt%e.r ior surf acfeé?lgggﬁge&d(}rﬂtflf a@ﬁ?&tllé) within the
wheHsi 16 wilkbeadeduats with mastulirdsanieprobgs.tGnewiitable ultrasonic probe for

u ' I ic probe for

bRl BiESn Snibh LoDk fould 1 @ Rt PSeg Horay

;JPtl}saeRnd:aivfhgmablAlat _afr;&uédrr&grofﬂegeﬂzy Wlit;hl &nﬂrat gh&r %%eﬁ%ms in the
requen t t ransducer elements in the

a‘r”F%Qmé‘ﬁ%igﬁméP ‘?ﬂegnﬁ?‘%‘ ‘I@p&:ﬁ“ﬁb) of 0.60 nm The

ul t r as Ok QltrAeRRGhsFIEY § '

pé(ggg suppor t strucﬁ?e 6%%%?65?;%???%{3%&9&%%%3%%0“Strucmre

s r

Ros{igningand suppewineche niitssomis pypheriawithia theberell® of the drill
obitt1 be THE! | : e 60
b0 1HS b 8 EO R STAALA A B mermber o
vestticdly inpvally sbigled tuip stiobary anetisairican siowmesrieeavédence as a
S f ven ence,.as, a vertical colu y a .
R A RN A I T S————
sciiamnThe aantjledsed sePormembBec £ ARY in AR LTht&HINPEXibnding portion

nclude a | aterally extendi ng_ portion
[

menber., 64 may i de . el ]
SSEHTE gpe S tolonsiadingl pasitimndmerhasiam 64 /ang having at an opposing

n@ﬁf@lﬂngfﬂ#gilﬁflf;ﬁ extBAYihB %oﬁforptﬂapmaﬁfs %gbsef?lgc}]aglg at a right angle thereto.

| ongi t udi ng extendrng portion that ex
s Ubsdengitudinally sxtendigypartiam gf thetrhevablomeifiber 64 carries ultrasonic

I j ' t | na. tjion.of .th bl nb
JERL S Rt A RS B VBB SR v o

| mnge thediandlevpredistppott fignitee BaahatheE uldsohR: pr6BE56,Gn a generally
[}Dve. t(ge 1céizalnt gl ev%r ed sutgg r,ﬁ menber. 64 and, thus,

PREERY (s ragive i 8@_ &ital 9 3ndi pevajiel iRylangitudinal bore 16.
diieclohiziondingl gsineRit@meltiniinh b6 nbiytcobfhrARdrp _%&él{xg%l a hfinually

| ongi t udi nal bore 16. The | ongitudi nal” positioni
RACFAFT 87AT 66t PR defn-meehanienl devigerpdmprisingan eldchycally driven gear

WRefAEh PeRKive %Jitﬂeeﬁa%fé;ﬁgér{a% ARERAPKS 2&{ st pSPVelﬁ gleotor cooperative

conprising an electric n -gear s
d@%éﬁaﬁpﬂlw mygmberit@e s pneumatically on Aygranticdiiyrdrb2n piston cooperative

ooperative with stationary menber 62, a_ .
DS S0 Pl et 52 bR vt plstionins
aneqhanitn 6Emalytcbmprize b hafl@bbatbdWarhip atdoeddd/wit Ae8liar for
addi tion, the longitudinal positioning

62. .|
nECHENY SIPEETHS, 2ablRyFredsunperamsdise o4t Yer ef ampnual or powered
aRRThéthaRisi itnhoﬁ‘giﬁQiilllzﬁ rpogi?i'bning mechanism 66 may be in association with

a linear position sensor if the drive mechanism itself does not provide a signal or other

output indicative of the vertical position of movable member 64 and, thus, of ultrasonic

probe 56 carried thereby.



vertically positioning cantil evered support nenber 64.
Use of a nmanual or powered drive nechanismin

wo o0vgi12sdi nal positioni ng nechani sm 66 maybe i PCT/US2007/009305
association with a linear position sensor if the drive
mechani smitself does not provide a signal or other
out put indicative of the vertical position of novable
menber 64 and, thus, of ultrasonic probe 56 carried
t hereby. It is al so contenplated that, in lieu of the

por t1 ot 5RRe e SraR P e, e o Ak ooty M o B

aldippatidaly %ﬁféﬂeﬁx@rﬁorﬁdrpm &ahalévaiearsaFPUn Sidn®ie i64dnay comprise a
portion thereof, and the | ongitudina extendin

pEFRaAraA companesifpmielatsmllyexiending ecemen ﬂ@ﬁrgqfaamgﬂw lgngitudinally

t I
Utk BBy el 08 3500 Gl 08 ok .
bi Thus,(illﬁvaong: probaﬁé thaybegetasat within lbegmxhdaltborentﬁ rdther than drill

tat i onal . p sition of. ultrasonic s
0B 10%hehs Rleq O ehur e e <H 8 PFfgr Bk PR ppsition of
| altefsahicRefisor @ng, i Hesuidl iheRvapkith betRen: thelmﬁgﬁrdlﬁﬂ a8f lateral
bet ween ul t rasoni ¢ probe ‘56 and t he | ongitudina

pBPTioES of Fantigysred weat aempber ¢4 mﬁerewﬁﬁmm REQbG P and the
S idrigediliinGl ?éﬁbn%?f%mh@vérbd Eu;fﬂo%ﬁﬁ% Sray R IR Hhdcture, for
rotation of ultrasonic 56 t an> ar c greater

t ReampleGlipring qointacts, o 1yeroﬁt lfomtionrqﬂtdtraswnsz probe56 through an arc
ultrasoni c SREGY] al so may include a

c rrﬂpJ Q'h eéldgcog ( ur%ﬁ h%%ﬁ tl::‘3190%?)er ating the

ultras dMeGJlﬁdiSDbB: lﬁﬁpe@tidn Systerh S0eilso Mgy irthade ax@mputer device (not
ni pul ati ng data

anal , hi.n or otherw.se
‘¥ 9 opgFatihe theliraseuth RIOBF 5 ané dor recqixug oHerEng.gmalyzing,

ﬁ%" bf otRMPRe nfaRipulatBiFRla®a géheFREABY ﬁieath{réfsomc probe 56 in
avalla e portable cong uter device specificall
4

dwpgmdomasantqmm or exAmplg, a mmmalbeawadeule\mﬂable

gl ARk Frd PR B B TRl el o win e

Abltesositiingpleytiorsystans 50 & soddopdidrahe ragerak GMNISGAN™ by R/D

REARE R SPss, Commdpa Ul DA » ool serypich ey br Fadn

ayghjuagch mﬁtsmwaretaﬁsgioﬁmydoﬁm ld&ﬁﬂnh @amnpﬁh Qlradbéikt data.
Bpacehsoht

a_personal conputer is also sol npus I nc.
oExomplany rommesd alintiadiable. SOQU‘@FP @@ m% awae%rquwr@tmn with a

P@rs§ﬁﬂ]tc@m Ritdr 3¢ al¥s ?olW'btylb d ] ecel Ver ‘?flﬁot SOIOI'V@\aAQ%achusetts.

Gl trasoni pul’se
aSgch d@ycw@ldjswéiWarn aowitabletfoonsewith alphesedcnmmuasonic probe. An

.and the [traso e 56 to,faci
c SRRt ad 1BR0 B R R bt B e Bhfmggion with the
t bﬁnp@t&ﬁ déwite ﬁhﬁ:l/tl’té&lltrdinnﬁ:(iiﬂ'bbda o6 &d faeithadicoR@blsand! djRration of the

rasoni c be manual | oper at ed
ftrasomc prolPe é) é) by gie co puter dev1nce y op

In additional embodiments, the ultrasonic probe 56 may be manually operated
without the use of a computer device, and an analog signal generated thereby may be
visually analyzed (without the use of a computer device) to perform ultrasonic
inspection of the drill bit 10.

Electrical cables (not shown) may be provided as necessary between the
computer device and the ultrasonic probe 56 for transmitting electrical signals

therebetween. The electrical cables may be coupled to the laterally extending portion
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wi t hout the use of a conputer device, and an anal og
signal generated thereby may be visually anal yzed
w@ eaorheast7 t he use of a conputer device) to perPOr/Is2007/009305
ultrasoni c inspection of the drill bit 10. Electrica
cabl es (not shown) may be provided as necessary
bet ween the conputer device and the ultrasonic probe
56 for transmtting electrical signals therebetween.
The el ectrical cables may be coupled to the laterally

ext ndi_ng .portionand the | an [ t endi n

and fhg o | iod b b PRHLAG G PO fhorpher 64. 1fthe
C @m&lé\%\‘&[ ﬁfi)p%HQﬁé}BBem ®b116¢, ihe d180tHaV.cablRE may extend within the
el ectri cal | es may extend w thin the noveabl e

nmmeablémmqu@rtaybrﬁsenqsm@ 6. As noted previously,
ghe r Otﬁjasrry té gée%o%g QS' %?e $ ﬁ'?g%%lu a Qérﬁsf or other device for
evi ce | a re

or cat I've rotational posit
oin&dftﬁng@tﬁtaﬁvb &b:hﬁoxM positidn bl i rokary table 54 (doid thill@of a drill bit 10
resting thereon) at any given ti

| PR el 2 PG Esh B RERSSdR TRYiGHe SHA0Y feigebposition of

PLARRORE prbbed 53 ﬁfrb{tahafﬁbfe S¥isindt BAp1RER! Si/rﬁﬂarly, and also as previously
Simlarly, and al so as previously noted,

| oatgdt theilprgitudingl ppetipHige rmqhaniﬁ%mfs@awlvm srpsorr other device
;g&sﬁﬁm%%g&&%ﬁ{én an%rﬁ? Bgilola %@h{%aéahﬂi?ev'e%gier B@%’t %ﬁ@'ﬂ and,

Vere ort me
c oorresppnditighyg khe ultrasonid prohs Ghiat apy ghen Sitnat Tlasg seispermay be

) ese, sensor.s be nnect dto comput er
EOIEE TR TEE PO BLAS L AT S L PRI SR ged o determine
d @ tRERoA D fthd@EhbdRd pRibetsBaclative 65 ORI dzilPbie DO ahé to correlate
relative to the drllF bit 10 and to correlate

umitrasewigidstanaairad atAyeEven o gighem regies, ingegmypl/iopsitudinal and
r CHLQAferbdidl off {hérﬂﬁgk'{t @ldrl rlgt £0. r%&ﬂfd%{d%gﬂ'aﬁiso be used to

| ocati on there it 10. Such
mggnahea theeeukmnslon@lenme&matam ¢ﬁtbe intememesi tbedtill bit 10 as noted

esent.ati.on of the interi he. dril| bj 0
 SBlo5 BEHEVIOD e Raeieh ot (RN Seich dhrgfibbugh e, for
S @RampR, bﬁ}eieﬁédfédldigﬂleﬁdrﬁﬁ@nllfbi)ﬁ’l(lexarrpl e, any sel ected
di aneter of drill bit 10. It ?Qdi {eclated t hat
r ot ar y lawil PeaRpreciated shatsotery peftudial posifiqn seasors, such as
I Qb @fYaridcheat &ﬁﬁfdel%n SRARERabl P h@edjﬁsédh?chhé/ndiﬁ@ﬂh luﬁrasonlc probe 56
conbi'nation with ul trasonic probe 5 rovid

f by dbenidingdeddbark itq factitpie precize @@fqlasxoatq dhe B?tawcmal and longitudinal
L g{) g'gog g@w qﬂﬂaéo%?cg*utoﬂg isg mpg,@g@g gp%&%e& 9§ ut&atsa@%%geé& 56

uce rasoni c probe
C ebrresppaditigng uumasuhtcrm ireceiveddry ulgesinieproby after reflection from

g:c\ntqg%? a}ni ? (gfro%gl%l%t §6 'Jf'kﬁ%l %8;’0?‘]@18%% s?@?v%%g(frgelgtgg w181 the ultrasonic

C ko1 S Genalk haybeistd id @&SRIUpCthp hfliemehtiGiediBiee-dimgntional
used to devel op the_ afarenentioned three-di mensi ona

r Eppressaftion of thenterias of thednilh pitdP qripdwerdimengiopaliggetion
a g MR 1By Sffehld? Qefects within drill bit 10.

To conduct ultrasonic inspection of the drill bit 10 using the ultrasonic

inspection system 50 shown in FIG. 2, the cantilevered support member 64 and

ultrasonic probe 56 may be moved using the longitudinal positioning mechanism 66
upwardly to a position that allows the drill bit 10 to be placed on the rotary table 52.
The drill bit 10 may be positioned on the rotary table 52 using the drill bit alignment
structure 54 such that the longitudinal axis L;¢ of the bore 16 substantially coincides
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therethrough, to identify internal defects within

drill bit 10. To conduct ultrasonic inspection of the
waleoozi12387t 10 using the ultrasoni c inspection BgEFUSI0HWI305

shown in FIG 2, the cantil evered support nenber 64

and ul trasoni c probe 56 may be noved using the

| ongi tudi nal positioning nechanism 66 upwardly to a

position that allows the drill bit 10 to be placed on

the rotary table 52. The drill bit 10 nay be

ositioned on the r table 52 n rill
gmtgﬁh%ws of raftian %fo '33 %%htaJP ﬁ@' qagﬁ VF‘E? .SIHBPO%iaeg‘bef 64
e uitasBRcSrdice 56 Hfa&aﬂédﬁémve@m dlﬁza pwtfomng

o rotation of ?ﬁ% rotary table e can | evered
smpgdmxnsméﬁ‘me pozﬁﬁoratht ultrasaic p@bo r5i5@t prseloeted 60%&911 widwn the bore

ngi i tudin
626 PEYEerEio; AR URFPRES DMy BRbb AR SESARAAbte fluid or
?&aﬁi}ﬂlﬁb ﬁhbirhleﬁ ifh e e @ 6 b8 tied diilh BltdIOI tb hultbdsbnibally édihple the
rasonlc coupl ant 68 such as gther SUItaH ded
f PitFagonE pERbe %&9 the dgl & e Sipee ‘H ing 31uid qiirsgs ypigally are provide
ttl n ®eldriiGhit Po 4 é}Et@&Pﬁ’bﬁﬂhb YoFOHPloh ll‘ﬁzeu._’l()t th@r%@ﬂ itRe drill bit 10
probe 56 to the drill bit 10. Since drilli lui d
cmyéaeer»ubnyxpxg@dum g veater tpnlo(riat shiowin) ¢armed hercdmm tabls i@ tq grevent the
extend fro
PIFFOBP foa SR e o ifinbit 08 dolf e 18 Gk ERtgmobl evatuation
Shﬂthﬁ)drﬁwlt l@.dAderHaﬂt/allyyt}tewilﬁnéﬂutdrqmrmmrtgb @nay be plugged
ul trasoni ¢ coupl 68 rainin ut, from
1 BOBRPRiTgheFace 8% 3R S i, £ FBinbfy, atrpiericipiyes gior o filling the
Ab&%rlraﬁbitu ultrhdtmidl eblplant $8f MbedriiPbit SEeRRatisAg6uPEY4 also may
ged proximate the face of drill bit 10 wth,
f b¢ c@-a&gccbto Ripg openings eorpmygicating betwegn the borgd _6taﬁé the exterior of
g |
PeSERE bR eRine WhIFROR £ pEGBHENn B il Biy B et shructure 54,
0 pﬂmhmghulbmmnhgmnaw sngcﬂuest it eraythieecobigered formse witlea specific design
ext er.ior
oBRE PP RER e Taeodss ot P GYHR S SioPIsgie gl cofifiured for
Susttrigdhé b erﬁhés ialth@ f¥R B tisd driIC bitNe d?4ndiading @rotrudmg structural
configured use with a speC|f|c desi gn and si ze

bFeatisas YHEh e berfgrmedefy covered i an Sgmesicorria Yfor being
M Vedtlin %9&% J ugdqﬂeﬁfn QY el 1 b0 PPSHNAGSa Sippbiifhg surface of

face o or 1 ncludi ng protruding
sﬂmutﬂhbmhhgeamumewcumhﬁéh may be forned of or covered

with a e i gl

o ugg! n'ing %t;iﬂﬁa;[gs todRESS, lﬁs{)%Ppﬁlfg%f:t%c(xedtéﬂ?%rﬂlrbxﬁpﬁi may be
S ppRided g as uttfaﬁmcm‘ouplaﬁt (ibr hh Iultkasbmaldogpinhstuch as a gel, may be

Ztalr’liﬂc‘?ﬂﬁlliﬁ“ ¥ ﬁ% %%Ptnlb‘? B‘i?ﬁ © Egtb"f ﬁﬁ{f tp,;,&ﬁﬁ i)btalionwithin the

aBotd 14 RSAGfatE QMRLSME insPectidh fkido@SONI C courJI ant
such, as a gel, may_be applied directly t

uI t r asdAiresqnioyavEsSbihen snay ba gmised %pu}smebm th yltrsqnic probe 56
{ﬂhﬂx E&Eedj&rcﬁre%@dtlﬂtof AGLdst Lf’éﬁoﬂu)f h@APM ¥it 10. These ultrasonic
I n spection t

waves 59 may be reflected by structures or features, including any defect or defects,

within the drill bit 10. These reflected ultrasonic- waves may be detected using the
ultrasonic probe 56 and converted by ultrasonic probe 56 into electrical signals. Data
resident in or carried by the electrical signals generated by the ultrasonic probe 56 may
be received, stored, analyzed, graphed, mapped or otherwise manipulated using the

computer device, in combination with rotational and longitudinal positional data for
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U trasoni c waves 59 then maybe emtted or pul sed by
the ultrasonic probe 56 and comuni cated or directed
WO pa00/123871 east a region of the drill bit 10. TP€B®S2007/009305

ultrasoni ¢ waves 59 nay be reflected by structures or
features, including any defect or defects, within the
drill bit 10. These reflected ultrasonic waves may be
detected using the ultrasonic probe 56 and converted

by ultrasonic probe 56 into electrical signals. Data
resident in or carried by the electrical signals

gelssenie grehe oer gaghy wledire upraspndsgatasst gepregent;wjkyn the drill bit
r
LG5 8P 1A, 30 ARG PSR i 0 st
WFIG. 2, et ieflpet] or aadsel refrgétiamddfnet bcpCbsattli:@n alportaneof the ultrasonic
forul trasonic p% % 56,for each r f ect ed uB}t{ tﬁuh eneou
dAXESIB® Mppie AREFHONR] {1y foRRaTE OBy Fo OF OPSIELF HEthy Rjgpeencous
ORiiRMvaEhin dsAICHIt 8Skidven Bowidahesurfaded and Sovhdaiy §ulﬂll'aae

the drill bit 10 shown in FIG 2, naﬁ refl ect or cayse
r Rt Getwesn 15stoRs. My thisonarnes, Fdeast dis REpseppgor absence of at

Ul dabEsiRM efect@l Srithif ik JRNBR 10308 bAindRARld Bythe data acquired using
conmparison to, or i1nconsistent Wth, honogéneous
r d@uitrasqmqpnobedﬁl Il bit or known boundary surfaces
and bo ary..surface_confiaguration j . .
Thi's. mimgpla SoBEEedd Bal HaBi aSntEbACE C6ffAlfon B refraction
| @ﬁkﬂeﬂbﬁﬁoﬁi of altitascific wal/td may becudrak hh imeitfack(beteyerh@aterials having

|nQ cated by the data acquired u the ul trasonic
Rt BEePhypiEalsHaRTrten o sraSBER fe, Geatigp. Teerin 9 combination of

r it REbh aRd rélecBiof @Ftiltﬁ@&h@ Rva9bs fldly 'oB6ikd 42 @h@lﬁi@érface between the
reflection of ultrasonic waves nmay occur at an

i niteaspric cobplane@hanththe bitdody waatrin g 8dndfaé therintepfeges hegyeen the bit
DR R Bzs SRS ORI B, FRLERGLIGL o FSHLSGh PRt
vvaltmsommywms ur ﬂmtafmfnmehnnrmdfMHaMal\mmhmay result in the detection

ul tr cou nt 68.a bod X 28.2a

Pt BERSR L G v Pt bR ey i 26 VAR the
t ARrd3bidHradBductP R 16&tb® 8.1 Shell’9lav fafyatdoasidered and used to
bendi ng, of the ultrasonic waves in the aforenentioned

aBetermineshapatigd tes ul WW%WGV?S Thifthesresdeet thgpliggsonic waves in
def SChstefihl &%ﬁ hﬂrtﬁt Bre a}risj;gé Radel ¥1a8ROYE AmbR! Rk I?ﬁatenals

position at nic transducer 1Is |ocated
Sazelc&mtdﬁak) dndvtheragdies ¢itths interfacs etivesvatiffergntimiateriplspwith respect

e ultrasoni c, waves 9 if the e f
t Eeﬂ'%llf’?lg?gﬁtl% AWOIAVE BHOWE ST Beet T e’ésrllg%l ggﬂputer model
(668 goveardpllEbit $0 gatlubingthe vaieisaegions ef thatdrilkbit 10 and boundary
terial |d materijal) d the angleg of the
| Ypcafipas Gereetgeanmay OF Ssahin SoRMEBCRaR i PF r?ég"s%eélcat“dt rgflected
t QRrdsBRicdfiVes ¥ BEBRIIRE Che\RI@R, AEE 1KEMMA, orlélitftiord and number of any
t hr ee- di mensi onal conput er nodel of a g| ven drill_ bit

1defectsdiygmmpringanagaitudess anglgs aikreselting patieins of pflected ultrasonic

a

SOOI LR RORASI R sanat et o
given size and design of dnll bit, or with actual data from another drill bit of the same

size and design and known to be defect-free. In other words, the inspection techniques
of the present invention may be most beneficially utilized in conjunction with specific
bit designs, materials, sizes of bit body components, and interfaces between the

components.
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ultrasonic waves to determ ne the nature, size,

| ocation, orientation, and nunber of any defects by
weomparisny nagni tudes, angl es and resulting papCBUBZ0D009305

reflected ultrasoni c waves detected during inspection

of the drill bit 10 with an idealized npdel of that
gi ven size and design of drill bit, or wwth actua
data fromanother drill bit of the sane size and

desi gn and known to be defect-free. In other words,

the i ' ] resent inventi.op,ma

pe. st Bon Bt Epeled e Suablfc B3GR ¢3ERY BT o0 may be

s pedforfmal dxicordibgs togthe presentcinivaitin l&iirzgﬁl%)ngftu&hﬁl \b@ﬂ%,l sthear waves, or
{s, d.interf . between the_conponents. o

e MU -

r HsPBdticH tebhnilldsSnd Ah8m w2 RS L0 R uak LRt Ggﬁg%ér Bciddfice

present invention using |ongitudinal waves,
wiispsctiogrteghgtigues AEhg nesyef shear wiavea or Jongitugirtalisiamed may be dictated by

' | .incid . .
e h T I LT T —

ubedly.f or obl i que incidence inspection techniques. The

use of .shear ves or |longitudi nal waves may he . | .
i ot at d4°BOmPRET SRUiTE ar RgioE BLSHER aECH &rRngifidinal position of
t fife ultthdonic PRdbe 56 ahd AroflbR4l Mehtafion dFehdidtar) ¥ble 53 Wing the
comput er _devi ce nag be used to detect and record a

6

| BPIGPPORYing aspemintel spnsers. (The totary tabde 52 maydissselBtineiy ratated, as by
r 9kakbied tler@hb Rk Qﬂlgfg, lt’ﬁﬁxdr\ﬂtrgg&fﬁé @?ﬁgs éé/ Hgéuq e
d e e rotary

t he correspondl ng, assoOCl at Sensors.
t eprnmuBiatedyintscaroghes ditexnal segnmenadLthe drill biy 16, &1l refeadd ultrasonic

[ n f.or exagple, 1) and ultrasoni.c waves may , |

A ETBE b ke arRY" P ATdbeRiBen Lt e P ecaaHEA defirable for
t iispelttingla deldetctiGegionbr vofurRebfilte dHIIEIE 00 Po@MATHI&RNis process
be d tected.(guch a %rocess may be repeated as

nBR¥ L8 RFTOBReGRR apbatantally ssprletel 309° altsasoaistssan of the drill bit 10
I B&H K¥Rn RbmpRttd R Pfirst fb@lﬁhérirl{ggl xﬁisﬁtlicfnoof the hlﬁﬁﬁggq?ge 56. The

this process may be perfor n a substa
culigpenie pEdE 39 thempwibe ssleativaly maveddn & ldngitudinkd direction by a

ORISR 0o DB Bl k) R i
beoredibaelative hythnsmlrﬂeﬂ;i't hO,amld(mlgiHetl gihlilkgdzntﬁily ?Qﬁﬂpttﬂﬂe By0eultrasonic

I d i t , 0. centineter .
(005 She Al bR ehastod HERER Al thamebdioasietipalnasitise. (Rpis process
t Ay B& irégeattidtunti§a degifbdveeion&r volRsd éﬁ%%ﬁ’big gﬁrﬁh@ﬁ&n

360 ultrasonic scan of the drill bit

, ) f y .
oplrarendepllytingnsstede hlrespasiveli thraotssy sable 52 maprhesselectively rotated

PhARER mRRi¢ FOESE ke BRI £ LR gpeion o povie

i :bglical sqan patht for tlagt Witrasgnic proberS6tvelije mmmg&tm% sheéh an instance,
i vel d while the.ult i C. e 56 i

SRS Bt S s S GBS Pramaucers

pfop ek ataple two or four transducers at equal circumferential spacing (180°r 90°,

respectively, see FIG. 4 below), at the distal end of cantilevered support member 64 to
obtain adequate data while moving cantilevered support member more rapidly through
longitudinal bore 16 or to avoid the need for rotation of drill bit 10. Further, it may be
desirable to control drive mechanisms for longitudinal movement of cantilevered

support member 64 and rotary table 52 using a computer device for coordinated
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a helical scan path for the ultrasonic probe 56 while
acquiring data hi such an instance, it may be

walemnadsie t o di spose an ultrasonic probe 56 heeT/ng2087/009305
plurality of transducers, for exanple two or four
transducers at equal circunferential spacing (180or
90, respectively, see FIG 4 below), at the distal end
of cantilevered support menber 64 to obtain adequate
data while noving cantil evered support nenber nore

Byt PR R 4Pl 224 B SR T LPwBIP dhgy Momit any

dsighifithherepions @idrésdl dri ve nmechani sms for | ongitudi nal
novenent of canti] evered sugport menber 64 and raotary

tabl e 3¥eplrasgnic dagasguard gbq phusalityof Iongitudinal positions of the
CaRfadbMiR pRSHEEARIY plubaftf OF rdtRisas FB&ti@nscmﬂé ?6@251%31% 52 may be

of drill bit 10 which does not omt any significan
r egfnbimed rhé pnajzedthethglcomputanite geletrate acguialébregtdimensional

PlbidentatioR of s BN P AR GAIRE 1) The B iebH RS ral

t thece-dinadnsidnableprdsentatiyn bEtHeQl] bie d0 an ekl 26 el fy and

t he cogﬁgterd%%%%en rate a V|rt%g! t hr.ee- di nensi ona

r SRR ArTes onflefegtsaresent withinghe drilk il Qi In fusypanner, the
10kradbific ngs%éct?dﬂjsf)’sﬁﬁm L0} Ha?fﬂe UsBd 6Siddh iR &A@y ithin the drill bit, to

representation of the dri bit 10 may "be used to

i ehanestegzethe natwe. siziee licatom royiedtations arst nutabereif ghose defects, to allow
pfe%’f’mi omhtemrﬁl l&p og{ ée!rlfic? Wheé 8116 J:}pm%cl%érlg’st{ég Q? S{dse Elgt%cts reach a
ultrasoni ¢ i nspection system nay De US€ 0

i cétital pypintefnddherety tdprevertteathsirbphibifiilurt of teatrilt bie durfg a drilling
the nature, size, location, orientation, and nunber of

t Ao YL ects, to allow renoval of the drill bit from

servi c@ shogll Bedotédabpicisk SddriiFicafion HPER dRi8 i, location,
reach a critical point, and thereby to prevent

cameptioz ind npmbpTekdeSeots Hathin  eivenidrilleit (i enhanced by use of a
qfe'féljeh OcABEAtN f?zﬁ{d d &r &m&jwﬁﬁ:hr}gg g% imal ofl}]le{\ﬁgd itfrinsic to each

identification o e nature, size,
odiil bitaltQ torfacititate inspdngionsherdef Sotk awefetringe aalifiration feature may

Skl b el 0 ) g (0700 i

00 18CHo . G350 iALK) dbeh Cirt@meaemtidl rédeks Rabhih€d o an interior surface of
faci|litate inspection thereof. Such a reference

. f
cllppk 2t At design sugh aajhat disslosedbelpyrwith zomppet to F1Q. Gawherein the

I A ol O R

nparticwlady iswitable foripne wdingrsughy afrefoeense calibratior? fzatyke istultrasonic
desi - [ | o l,owwth respect . to ,. .

PP SatEl i bRt o8 P81 RS b RO Mdolg IS 06 d impinge
degomihs sarfacendfathe aacessy téfleceing batlofrgmt Aikihover afdbprecikb distance

T b M B POt B SR S0 g et
ecdlibi&d ultfREhR R Aeh¥béinMRS DE! i o UitBrvdlsl dudm@Dhf inspection

coupl ant _68_and i npi nge
operation. Further, such a calibration surface may be located elsewhere on blank 26,

such as at an interface surface between blank 26 and matrix material, so that passage,
for example, of ultrasonic waves through a known thickness of steel may be calibrated.
Furthermore, a plurality of reference calibration features may be provided at various
known depths and locations on or in a drill bit. Such a configuration may facilitate

real-time calibration as the drill bit is inspected for defects as previously described
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upon the surface of the recess, reflecting back froma

known and preci se di stance between the face of
wa@bdorasismi ¢ probe 56 and the recess surface, wdTOSI0AY009305

be used to calibrate ultrasonic probe at the begi nning

of, or at intervals during, an inspection operation.

Further, such a calibration surface naybe | ocated

el sewhere on bl ank 26, such as at an interface surface

bet ween bl ank 26 and matrix material, so that passage,

exa ltrasoni c wayes through a known . .
¢ HEsio Lo Ger Sputs I SHuCmaY P paroet b Ay pising gach of a seres
ploficalibriayioR featires ﬁ@ﬂﬁ&irﬂﬂblt isrtﬂirhwﬁlcfaﬂ?tsdirﬁﬁd NBYcH&libration features
provi ded at various known depths and | ocations on

or
. Angy be designsdiso agnehtonegatively affaet nepformmpnecef the delldit. In additional
{ SPltgEnE %, b Aeficd Sendild prlay Belselired BEBEH B4Sonic probe 56
\Amvdsthecmﬂutthrmdoncemmgﬁecqaberfeof irethe peesenck @fahltmsamc ctglplant 68 to

bl;{ron e a?&nﬁgggﬁﬁﬁéme¢?a§@8 ’1 i qta oy gws @g&%gl?ez?é Bﬂeratred in a calibration

f eabdy wFordtsdBontl @b wiﬁg@lmaﬁlaameqts IrDax’@e@@é | tH€ bitiplitude of a
affect performance of the drill bit. In adcﬁtlona

erfEMINAEAEDSt 3 kngpnasndardmay bp capleved da serlelie siee and configuration

sqﬁlérlgga&cpd&’g& ul trasonic probe 56 over the emtting
nd receiving face thereof in the presence of

uI t r as ddlteasewiapreles 268 sofwpredor dperatikgiolimasorst kraosdueers within the

t anc and. t.he obe. 56 ra
ot Pl BShERE b AhtA g of BrBhm RESHE Bllptfy Ryno probes are
bamewhGn thena:aayd aﬁﬁ&),mﬂ'xhxelaallj‘mlvaﬂalﬂé‘, ABfnoked sBRON FEG 3 1s an enlarged
a ai nst _.a kno standard ma a%gpl oyed to scale
EparfiveBhY P iharitaions Prbeaoshewndadder 2. Ube e%rgaéﬁme probe 56

p rlﬁ@ 8 SeARShutA{ hUBE Snd WntARELARUNG ShtaEASP Eﬁa‘f may include a phased
transducers within the ultrasonic probes and

ar?allay oif wYraspuicdranséirasss (ebshimm. dolaltemative B&tralswelc probe 58 is shown
av . F(g Ahfat hQsOX\@¥lﬁlgir}chv ebg ﬂ?ﬁ&ﬂlag &%y%%'ﬂ%@& ? ﬁ‘)l Iugtrasomc inspection

bl'e, as no an en
peysp@cit showni iaFIGE. 2t H&xeuﬂﬂmsaﬁmrprob@ﬁ&hﬁlyﬁﬁclah@wplurﬂlty of active

FIG. 2. The uIt oni robe. 56 ha r.ect angul
SRS D EER] AR e B PareBtie? AL Lo TERLE g 58. Esch active
i %ﬁffb@#ﬁS@oﬂﬂﬁSﬁﬁa@hﬁ%&o@é 58 Lﬁayaﬁaaa@aghma%w&u(tmbmc

shown An alternative ultrasonic probe 58 is shown in

Fitansdncersnohghoven)c 1 this porfzguraiicup gheaHirasani piaky S8anay be
u %%Hﬁ %ﬁ}eh he pb&lf&fn?% Qﬂﬁs‘%adt{&ﬁg%{g?@éln%§ ¥4 ﬁ@a?&}ué BOWbthe drill bit 10

The ul trasoni ¢ probe I ncl ude
p Icerra$pqn5hrm‘ tomvmelmtﬁ@oelslowicmwakmgeue hbl@ult6 offthe drill bit 10

C { oni robe 58. Each, active

S Il){r; ?h ace %Etgplg% tht%hdé1 dl]? r ag%lﬁ i t|8 (rigg uﬁ‘fﬁoxﬁlﬁf r(i)l-:bn‘a'c?bu' de a

p R ased ]aific’t tythe Contlpl exity @i Itl?)e inaaufactuciag @g(d&@des wBEND) conbtifuct

this configuration, ul traso

C SRPYSbaa Pae PP Arlbith et o pfO; BrepReBidieg axis Lis of the

UlbofAB® fia§ n€ precRblyl dindlid With Ailbndithdid1 aRERSNHE BE1 m . In other
gi ven longitudinal |ocation within the bore 16 of the
d™argds,[$he baxg 16 may not be precisely centered or oriented within the drill bit 10. If

the longitudinal axis L;¢ of the bore 16 does not coincide with the longitudinal axis of
the drill bit 10, the ultrasonic probe 56 may be positioned relative to the longitudinal
axis Lj¢ of thebore 16. This may facilitate providing a selected standoff distance
between a surface of the ultrasonic probe 56 and an interior surface of the drill bit 10 as

the drill bit 10 is rotated relative to the ultrasonic probe 56. This may facilitate accurate
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wi thout rotating the drill bit 10 relative to the
ultrasonic probe 56. Due to the conplexity of the

worewaflaasvuri ng processes used to construct conRENUSZNADOIZ0S

matrix-type drill bits such as drill bit 10, the

| ongi tudi nal axis Li of the bore 16 may not precisely
coincide wwth a longitudinal axis of the drill bit 10.
In other words, the bore 16 nay not be precisely
centered or oriented within the drill bit 10. If the

| ongi t.udi nal L1 b 6 d t ingide. ..
SRR RO oGeeTket am et of A in Age i bihQ eS indicated
Uﬂ>§ iaa 9@? - éarﬁ)&ﬁ tﬁ@ul‘ﬁ%¥or9@ pRIBRISEL OkEIelask Bt Phrk Y& thid k&R0, a drill bit

| ongitudinal axis Li of the bore 16. This nay
f aligrimend seugnmbiasmyedondy seferanced hergigmayipg pmveéed for aligning the

bt oA LESTE pord IR R R 2R RERah of the rotary
lfibiess3.otated rel ative to the ultrasonic probe 56.
This m f cilitate accuratedg@ern1n ti,on

| ocat i AR HfrashgicarInsEonFystRoy AR mayiptlily ap Aol megsprine
1191e@1§arb§hq '(E&tsﬁgwﬁ)’fdil @Eéhrﬂl@%ét&ﬂuﬁfn@rfhé fb‘éatibﬁ Eﬁﬂi Gﬁérﬁatlon ofa
probe 56. At least in part for this reason,

blongithdigahawis Lstafihe mré lémfébe ém’é\‘?itd@s | Shis é%ﬂ@ﬂ@é@easuﬂng

e LRSI, NS08 5 LAY b
r nie&mrmg rfcHite(CMM) \THeahéasufilg nikichanisih rmaobn used to identify the

ect em 50 i.ncl ude,. an di tion iys

RS O R RLA LR orr B i PSon et oBRE IR o within the bore 16,
' dgh®hdTh tHide 108AtibAS; den€ifly Biehositio dnd driefitabibn df the bore 16 and the
| ongi tudi nal_ axi s Li _of the bore 16 of the drill hit

1b>ngntnd@alam$ Lisohereofre@ner the posiien and erieniaiion RE figdengitudinal axis
I?Js ®&¥én ggt%ﬁﬁxﬁe& %E?/Ic\lﬁﬁ bitf BF m&y BERbSitioRed SR fE B8P table 52 such

Sl ng machi ne . e measuring nechani sm nmay
bthau ﬁmchmmofmmmnqu thdwotary ¢ahile 62 substardiallycaincidsisnith the

AL A e o et By b e

pﬁﬁﬁﬁﬁﬁﬂhﬁqﬂoaﬁsentatlon of the bore 16 and the
| ongi tudi nal axis Li6thereof. Once the position and

ori ent &tFon ilhptrateE 2 noRgPle erRlary Ritespris inspectign ppparatus 70
del&hrdin F%j an Eﬁ’lﬁogfn'lénlt oPitle pkosciPMvERL RPHAt A DE 18ed {d@nduct

rotary 2 such that the axis of rotation of the
r uoade;tmawe umsgmbsmmwm ofdrilling endipment. sHch pthe conventional

a Inagl;l]mﬁg}ﬁii nﬂ'[ll B tlﬁ sfﬂ)\gﬂ% FiGe, bﬁl;eelg n%[@ﬁm Edldn J}J{pﬁra’ms 70 may

structure ‘be use I'tat
p imtwdsa 1oMteBpotiianl 12kt mtcenﬁgnrpd) kd h@b%lwﬁhlyl the bore 16 of the

uIt S C..i hspecti aon aratus 70 ag ordln

ARt Th oPieE ppRERR R e e oAb SR ghich may be
t BoSifBAGEbetveale Rdwat @ dsidinerit 6 riRE A dhdianSippet tlamofieric o-ring 76.
drilling equi pnent, such as_ the convent i onal

miuring usgs8e dpwer elastomernte @ Kipg 4 andiheupper efasomeric o-ring 76 may
ULLN B3R difpabl iRG il BP sARRR'A S dr1? bIfAY within the bore 16. A

disc-shaped collar 78 may be provided to engage a surface of the shank 14 when the

lower portion 72 is disposed within the bore 16 of the drill bit 10. The disc shaped
collar 78 may be configured to anchor and center the ultrasonic inspection apparatus 70
to the drill bit 10. For example, the disc shaped collar 78 may include tapered threads
on an interior surface thereof (not shown) for connecting the disc shaped collar 78 to

the tapered threads 34 of the shank 14 shown in FIG. 1.
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include a | ower portion 72 that is configured to be

positioned within the bore 16 of the drill bit 10. The
WO oMen2380Tti on 72 may i nclude an ultrasoni c prpPGEUSHN7/009305

whi ch may be positioned between a | ower elastoneric

o-ring 74 and an upper elastoneric o-ring 76. During

use, the lower elastoneric o-ring 74 and the upper

el astonmeric o-ring 76 may sealingly engage the

interior surface of the drill bit 10 within the bore

é Sr f Qc zﬂ%f t %g sh a%‘%lc{ﬁﬂ \%ﬁ%ﬁ t 98 I&\[kg%ﬂgrgt 210 r@ @%ﬂﬂﬁ pBsitioning

d naohamstn\HOtﬂ)r seledtﬁleb(mevih@ thé lctvhae pdmdri 7Dand the .ultfdsenic probe 56

OB S B SO ST LRSS0 s
d h‘lejchalﬁbrh Mafﬂkllﬁlé%rﬁéhﬁ)r $2her fehfifiiha R tshes@liml pddition of the

|nclude ta ered threads on an interior surface
tH aseRic prelze Ahrslgi veft@thq:cbﬂhbmlpr@g apy givgndimes thfe\dtrasomc

T S T
maglectivelyirieating tha gowerdionddn P2 and t}mrulﬁgsomiar:ﬂsmbe S6réldtive to the dnll
t he | ower rtian 7 and th

for selectively novin
Pt e o g e oRing mscheni SR A1avdrlade pepsor S8 for
I eledtif)Bg h Potaliéndl pobitioR b¥ tH ultrdffhid ﬁf&thGQ'bﬁﬁbe to the dnll bit 10 at

posi tioni ng mechani sm 80 may include sensor 82 fo

i gengiveytims. al hedapgituding glositioning mﬂch@mssm 80 and ﬂwgmh@nal
tp P?}gﬁox’%ﬁg rn?cl[cﬂgﬁlg& §60m5.{'] ﬁxcijl[del éle&}o-mégha?ﬁ caf a%wg{a o g&chamcal

trasonic specti on apparat us
[ dcwl'mcbe pacumétat devinaes, grdgidtaudici deyicer fdrasel cetivag niowrmg the ultrasonic

oPPEehin e e Grerian Ity O e G Bt 1Fnd 6 slergvely

r ﬁit&ﬁﬁ@ﬂ@ul@%htd 1$18b&186 Ferstia oA 86111 0. NEdrt8mple, the
sensor 88 for identi féﬂag a rotational position of the

ulaneiiydisabresitiening meckanisn B0 ang thaveotatiarial pesitionipe mechanism 86
a@é(chgrg?if E'lciddéﬁhn e-mﬁrl{;aq’ Reeb g usﬁl?éhi] lgﬂglﬂﬂié%@ %gf;i/‘ Bhifdnal

rotational positioni
i positioe oEtheatl rasomicprabe ﬁélwmlmvﬂmdmxe 6 off thei drill bit 10 The electrical
devi ces neunat i.c . devi ces c _devic
SN PpTF SR eES PRA <G dRTiee §F Bt s aSiapiat the thspection of a
| @Afibitdalbethativoly; ahé RAgitediakl p&%nﬁdhﬁ@ﬁledlﬁdﬂlém I80tand bhe rotational
and for selecti velgyq rotati ng the ul trasoni c probe 56

r BPsitipRipe mechaisyg § maybe hagl-opssatedy anpl e, t he
I ongi t ugj §}tnilOsd kladBE PEVIBENAMHS éﬁ@f tﬂ@qnl:ﬁ@mc ins ection

rotational positioning nmechanism 8 I ncl ade
aﬁpllﬁr@éﬁ 79 &edt commpmicaigs vaidh dhstintegior hewbcm@a hcalhhvn kingindinal

ni b
A0 bR Bl IR RLSP1280 LD gorion 2
rra_f]t}iemmmhrmhh;ménbty appatamp J06s irdenteCintd thefboré D bf a drill bit, an
omat.e the inspection of drill bidt ernativel
¢ WP o BB O B8 PRTes MG BRI histich i Spratre i the wall of
Lﬁblgéw %Hﬁﬂlttuﬂgﬁl SikppoktiferiBEN NNt Gefior BRtween the lower elastomeric
and- operat e
o-ring 74 and the upper elastomeric o-ring 76 within the bore 16 of the drill bit 10
through the opening 90 and the hollow longitudinal support member 92,
The ultrasonic probe 56 may be pivotably coupled to the lower portion 72 of the
ultrasonic inspection apparatus 70 about an axis transverse to hollow longitudinal

support member 92 using a pin support P as shown in FIG. 5. An adjustment

mechanism may be provided for adjusting an angle of the ultrasonic probe 56 upward
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An openi ng 90 maybe provided at the top of the

ul trasoni c i nspection apparatus 70 that communi cates
wowao/1eise7 i nterior cavity of a holl ow | ongi t udPeEIUS2007/009305

support nenber 92 that is coupled to the | ower region

72. \Wen the |ower portion 72 of the ultrasonic

i nspection apparatus 70 is inserted into the bore 16

of a drill bit, an ultrasonic couplant such as water

may be introduced through an aperture in the wall of

hol | ow | ongi t udi nal pport nber 92 intq the region

bRRd GRHOVRE TEIBF o RS PEmeRdS: ﬁ‘ga’ﬂloﬁﬂﬂ‘d&%“é g of the bore

S t ed thré #BEi90l and thr
S4B IE 1 of S el v

| dngomgxmdml Sspmxbmem’mnﬁ% to the ultrasenid prebe éﬁu Byllgwing the
t Hlér %fr{ur: probe ab I1')'(ot %%8 eda)aé) Pér?gmlhgw %?Dag{dt&ﬁﬁg%ﬁes Bgre 16 of the

on|c 0 e pTd on appals
t 4AN SRS the wltrhsdni ©walesnghitted itlrerébysmpp be dincetet duto Y drill bit 10 at

gﬁﬁéﬁmllegﬁ%gﬁgﬁ{éw?p@e}g%“m{?ﬂm!go%@bgénm?qlﬁéiséhereof. An
ap@difoRll sbikr %Htrsﬁ@@ﬁ) fnap 'b@ Beovifed fVAARARGNIAMNYGY tHe Flvotably

relative to a plane perpendicul ar to the |ongitudina
amioynied@lsasonirepriobe 86 abanypiveRlig®pl e, a wire or cable

may be AP E&X#Sglddé\h&f&%p I_}Lcj%)g-g O ?sh %Qmﬁpﬁxe@{r%&ﬁ ihSSection

| ongi t udi na e ultrasoni c probe
5appdeatua 70 mvthegsatrimenatiﬂer as discussqd ptmncﬁﬁlyt io rpliation taathbewltrasonic

oS YRSh SH P AT B bl o e

betod, hR&I2S graPh) of Bfhefiist maipulaté dafa géatiaidoyahe htfasonic probe 56
relatlvetothe pl ane per icular to the

| %@FPW? ﬁ%PIWP@CtWFéoEPecmahwl@q FdaviregRay pe pryided between
o] VW cg%ld%ra%wt ‘*egltltago‘hg ghﬁétfv% f'i)»p u@ﬂ&h@tlﬁg eltaaﬁcal signals

nount e trasoni c probe 5 any given
t thaeebeﬁzvcmnﬁﬂteewleamvalwabl(em maywhtmd)thmgh tlee opmdng/ ®Q and the

ketp 28T ARt o RaRoR AR BERRH ik B (o cho-

ul t r as QhieGltrSRRGhbIYLLIGH SHEATaR0 76 Moy be kel kéSco@ducOultrasonic
control the ultrasonic probe 56 and to receive, sto

aHePgtion ofrthp Arill it 1} mer similer manpgrasdba da%ﬂase&aﬁwawﬁ}ﬂ in relation

by, ﬁl@%h&'&%ﬁ&%ﬁ%&tlgﬁ Qf’ﬁeﬁ:i%O' BohRIRFNGE2. Partiichlaf§Othe Gower portion
waves. El ectri cal es and wires may be provi ded

ba2wEthe ultrescummgp@qtlou@pp@@nw?@ maebepesitiersd withinghe longitudinal
Tﬁore f; t?tln ?g'ltl%{a selgclh%hr thg gh%%%l l%p?% g}?%fgé@ #{& shaok 14 of

9 Ehe&trﬂl bid 0l drgildwreht lmrhos ap pnuytbelmnbei' 1n9a?lot1 gittdieal dlrectlon relative
U| ¢ rgx[%?@ﬁgb 4‘78{) obe %8“5& gas 1|8It1 E:xgisﬂg loI wan?(gg%llrﬁ%gitioning mechanism
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Ultrasonic waves then may be emitted or pulsed from the ultrasonic probe 56
and communicated or directed into the drill bit 10. Reflected ultrasonic waves may be
detected using the ultrasonic probe 56. Electrical signals generated by the ultrasonic
probe 56 may be received and recorded by the computer device. The computer device
also may detect and record the longitudinal position of the ultrasonic probe 56, the

rotational orientation of the ultrasonic probe 56, and the angle of the ultrasonic probe
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72 of the ultrasonic inspection apparatus 70 may be
positioned within the |ongitudinal bore 16 of the
waleoo7i123871 10 such that the di sc-shaped col | arP@BUS2007/009305

engages the shank 14 of the drill bit 10. The | ower
portion 72 may be noved in a |ongitudinal direction
relative to the drill bit 10 to a selected position

usi ng the | ongitudinal positioning nmechani sm 80. An
ul trasoni ¢ coupl ant such as water may be provi ded

L 76 18 d BRI b0 iheicked vl O SR RERMARE sLilrd. L
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rillhit 19 prdyanpther saa%tanq%IYapogmlftpéép Spltrasenicisean effthe drill bit 10
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and the ul ?1rf1;e§%rtr§?%%$dgkngbg&1&9n @gé ?ect Y Ib)t? Trot %d %fml a
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t ct ul.t r.as ves

e el oethbie Mg S it R T L Yo of she
uﬂtra!;orﬂc ﬁtdb&tSﬁﬁha}albé yorfilsinpd eih®ardiiFed|UyIthe G(E}hﬁuﬁﬁ aévieé to generate
t he drj b|t 10, has been conpl eted at a_|l ongi tudi nal

Fogirya Wf%er imensignal epssentatipnefcatdensha regiereebibedrillpit 10. The
tdia Giid tHe VHthal l&ee-ﬁi‘xﬂeﬁ&&ﬁz@%ﬂ%s‘én&h%ﬁ%f R deehe Q'?Xrtﬁ)% of the drill

sel ectively noved in a longitudinal direction refative
tiit 1 hmagtieiysediq indirataihe araseneerofadafectior defects withip |t drill bit 10.

| rill a
i s EARRE e Aty sl appacthls 7 paY b8 bEEEko Haerliey dotecrs
rejtkeiatadrillbitj to (ﬁaﬂe&lnlze d‘ld xmymel | Nsig, lldﬁtlugﬁoxﬁintﬁthﬁ) dﬁd(lj h{émber of
bit 1 s .been ultra ni.ca eval uat e The recorde
Jhosets Jh o 9 3ﬁ3Wfr81P°§a (et ;‘z"t om §Fryide i aelegtRd
rdadctedizéits PPhbd TSt f‘eaEH 8 cHiticAIGRRRY, EndiheRDy6 phB¥nb&atastrophic
conbi ned and anal yzed by the conputer device'to

Jatregidhe,dgil byt dyring a drilling pperatiohal representation of
at | eagt aRchi&gd bev@éusw"ﬁergiw Jfrallibn 204 reHigHSIRD

the virtual three-dinensi ona* representation oﬁlt%ﬁgonéfwaves
| gensratesd yotheiudtrasohictirebal$6 frlay lwccur(fomaxpmipte) s enl idterface between

oY T A R -
iedyenitiie 28apdaheblaak 26. Mhy réfeactiof Gr bendifg Bf tHeYultrasonic waves
dn?eflye ggnslphcate precisely determining the position of any detected defect within the
drill bit 10. In another aspect of the present invention, drill bits may be designed to
minimize the number of interfaces between the ultrasonic probe and the chamfer
regions 36 at which a defect may be likely to occur to reduce the amount of refraction

and reflection that occurs at interfaces and to further improve the accuracy of the

inspection techniques described herein.

19



within a drill bit, to characterize the nature, size,

| ocation, orientation, and nunber of those defects, to
wa@bkdoomeisgrroval of the drill bit from servi ce WhERUS2007/009305

sel ected characteristics of those defects reach a

critical point, and thereby to prevent catastrophic

failure of the drill bit during a drilling operation.

As di scussed previously herein, refraction and

reflection of ultrasonic waves generated by the

ul trasqni c probe 56 nay occur
i nt erf%@é%&‘%@eﬁw ﬁfﬂerdﬁ'ilolﬁ; i&i ex? g?% W%Oihl’?eem of the
bbPes@ﬂQMvéfﬁ%'lé( sk&vn BIEIGR. |'1|‘Heedrflli‘§1€51 009 YRR @ ekdliril] bit 10

body matrix 28 and the blank 26. The refraction or

beheivm in BIG-tlmndineludsombit bady 892 ped/a shank 14 aftéongltudmally

It
TR IR T T 54 e s
t hetge! Bhaktl 04 aué ﬁtbilt(‘h’odydmiﬁ'ik 1061 3n oexytrasetcdibsidgitiddt 1@shown in FIG.

b e LB 4 PR RAERE 1BEBERET . qtonie gy
d %ﬁ@mmm@ 1dtéﬂf&1 \yalI Of BSE U6 ih End 1RE1688 of B BINBGWY 10 near the

refraction and reflection that occurs at interfaces

asbaméerfregionse36 atiphich defests mapcesoaey Asfllysiatedhypeanppasison to 2

t i .CI. . c.ej

SRR AEFSCURE Gl S, RO o TG ;b
pbetvereh thebie bbdymairix $0Gaml the skdelblatk 10Adasibedn elbnlnated to provide

100 is simlar. to d h Fl

 Rerntimeod naft st e Slokt pleck Lok RSV e Bubiiding! 637E'16 and the
| Qhgtn¥dtGEgiahd 36 BXthey bnfiguR€ibs of éhd dilpbRViI0dedhtbivetallltefraction or
the drill bit 100. The bit body 102 al] so_ i nc¢l udes

s bergding|ofpkrasomic Aayes 5B ﬂteT?fBEFymﬁﬁPF redugedand thecability 43 pocurately

;?SIeeFﬁbﬁ%‘k !P?%HBH %Hd ﬁ rHt (H] ﬁde@ec]%\om S omﬁﬁltnb(;diﬁl 02 may be

efsahcsed: adi aI ly i nvvardl y to the interior wall of bore

16 in t e re ns_of t

regi on Pe P et ding o abbatRls ¢ PR Ghvenion
bﬁuﬁ@@&é lu&%ohﬁ iBspeOfive Bystedi 80 aff@thid ltray@tic thispbdtidnl dpparatus 70,

such as drill bit 10 shovvnln FIG 1, nter
baRRksPse &0 Bomiten 8 HEtCRFS TUHOBRENY REathaia lsbSipe defect within

1Q4p6it Be&™ ?xk/émlﬁﬁt&ﬁoh OFBf OVdrfifle BsueO8ksivRWRHRIaRGHI b a drill bit

through the steel blank 104 between the | ongitudi nal
banay tepeafmet afteheavhairilingprmsti@sandimpy bg compared to one another.

C f' { % Pe tfed %sﬂ{ I l ﬁ&soqm?co oEQ«eit 8% tially the same location
? '2 %en or & ggag }?ﬂ

r acC rason | waves
mwiﬁﬁn Itlﬁidtbme of amldllltlh’Emaja bk rdlytivaly desitabhdt ﬁ)lrynsjnfh'@’ﬂmtrthe results of

b 0% Bt b ey B P BN ES IR e da R e ghable

aGe1atitély PrdciscaBPeHisRNAE 6f Bk ulth@oRIc3sEBE withweA HHillMbit, the interior of
such as the ultrasonic inspection system 50 and t he

ulthe 488 hitmanbgeentigyrediepapdde @ lamling pad or other reference feature or

location for the transducer. The landing pad may allow for substantially repeatable

placement of the ultrasonic probe within the bore of the drill bit each time the drill bit is
to be inspected.

A matrix-type drill bit 110 according to an embodiment of the present invention
and includes a landing pad for an ultrasonic transducer is shown in FIG. 7. The drill bit
110 is similar to the drill bit 100 shown in FIG. 6 and includes a lower bit body 112 and
an upper shank 14. A longitudinally extending bore 16 is provided through the drill bit
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may be used to nonitor an existence, devel opnent, or

both of at |east one defect wwthin a drill bit over a
w@rawen28rme peri od. For exanpl e, successive evBCT/HE1007809305

of adrill bit may be performed after each drilling

operation and maybe conpared to one another. The

ability to repeatedly position an ultrasonic probe at

substantially the same |ocation within the bore of a

driII bit may be relatively desirable for ensuring

hat the results of success ve eval uati of a dri
0. e bk Soc 13 i o atpel Viankl dAnd 8 Pihbegpanatix 116. I contras

& tgL layfloxt Rf()esq)o% 15611@@;5 bl h@Rveg, tAE steBEb1dhL § 84 81N drill bit 110
probe wthin a drill bit, the interior of the drill
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dray inglpde g frustgepicalytepered ygpers Féz F?/‘g% legleeor 1if’:ﬂ%f“g pad
140rReq94 @h@ﬂteﬁ%eﬂfén@fm%il it'BBle 106. tﬂ?uﬁfa@&ﬁﬁ brobe (not shown) used
invention and includes a |anding pad for an ultrasonic
t tcamsmd?e dridl i é\m may ip¢lede springraenbers| copfigurpddo eagage the inner
r
of tt}?e (Hﬁabﬂ lgi‘{’h%otg}y 41%%23 an oﬁenis e it I}1 Qhe bore AG As the
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oF3Ee TRoriER TR BE] Bty O EeTancis Bad Py PR sy but against the
t RAE bf ldndh tpa@%rféb@m | Théle@ue br lah@m@'ﬁhﬂ,suffﬁ@e Biegby prevent

bl ank 114 of the drill bit 110 shown in FI.G

i theiultraspnic prahelfiem ﬁh@nwg.l?@glmaﬂldrﬁlﬁherum% BAre16 of the drill
PLRb 63V,

25090 AP0 521l £ 1S0 GSe ve n
t nendieesto stile nht dﬂthe\mrbmmﬁerelitml motch of tlée phdinigepadrcavity 120 and,

b B B0 b BRaaS By S R bers g g it i
onol andw@mﬁ@dra&wﬂ fiedarddg pad emm 20enpevithe ultmrsomo probe to be
bore 116. An uItrasonlcfﬁrobe (naot shown

RSl ot 19 SHaniiehy PRSP Bit10 each time

C ﬂﬁrf drﬂpf)i? qdo tl@to%kgﬂgﬁec‘aﬁ Sﬁkﬂearco%ﬁ%ﬁﬁﬁen%oﬁﬂ@s zgfdférjence location
O when the ultrasonic probe i's inserted into the

bwhechll@ay Aldow Her dﬂta pempuredaelptivdto atdeasti (g didferent inspections to be
to the bore 16, the spring nenbers

;ggnmgtei f#ﬁ/earé(’:clpr cunferential notch of the |anding

pad carniringkZliag dperations) finidsgae frated theoughdye bore 16 of the drill

I apdi.n d sur.fac 4, The |led r | andi pad .

o Bitr4030 S5 efod s e mevtTes PAS SRoE B OB Poty cause abrasion

agN@ Bfsida dremelibtislirfbs ¥f fhieldriliesit 1 10 withhetheGoge 16 Ak the steel

the drill bit, The tapered upper surface 122 of the

| ami«rig4mc@bvnswrf 30sqeRyble|tp ahrasior aggcrosionign dy deghit body
8% Y8, o g%)@gblg'prr&%&fl@er ﬂﬁgr'lgb urx‘ me%nﬂfoftahc@bé Al %rom an

paé cavi t'y 120" an : may allow the ultrasonic

peoisipnt amdobrasierhmsistant fratarial echbortengséeroéarbide, li¢dn carbide, or

b Ic)hner erosion and abrasion resistant material known in the art may be provided within

the bore 16 during drilling operations to inhibit degradation of the steel blank 114 and
the landing pad 120. Alternatively, the removable, protective tube liner may be formed
from a material similar to that of the bit body matrix 116 and may be sizéd and shaped
to protect the interior surface of the steel blank 104. The removable protective tube
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10. In this configuration, the |anding pad cavity 120
allows the ultrasonic probe to be precisely positioned
w0 poogaksstanti al ly the sane | ocation wthin thepPd¥f/ib1007/009305
bit 10 each tinme the drill bit 10 is to be inspected.

Such a configuration provides a reference | ocation

which may allow for data acquired relative to at |east
two different inspections to be legitimtely conpar ed.
During drilling operations, fluids are forced through
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;&P&b&gé&g&t@gg}g r\ée i e ugsgﬁg‘;prgge B{:,%go aﬂp al‘fy the same location
%L&Jhl{ﬂﬁé ﬂf?:rbo\éitfo'ﬁlﬁg}%eﬂbbll Ancﬁ&rbbé‘-@t@ pokititied Withirthetbor® For

bit erosion and abrasion of the steel blank 104.

| exaample,tbe pesitioninganemipgr Mg W@@F“é‘nﬁs afix RO Suppeting the
I%I%a%grag 60 e&%é@ﬁg Qpﬁe blﬁtg?lggxam%e bPIERAill Bit Within the bore

PRarr X 112 during
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bit, a renovabl e positioning nenber

pPEsbe deposidenedotiatselsnied dogatien yrithin dhslrare of g‘?‘r’gdfrqgloiét ive

10 tNhegach of the ultrasonic inspection techniques and methods discussed herein
above has included inspecting the bit body of a drill bit using an ultrasonic probe
positioned within a bore of a drill bit. In alternative methods, a drill bit may be
ultrasonically inspected from the exterior of the drill bit. A ring-shaped ultrasonic
probe may be provided having an inner diameter greater than the outer diameter of the
bit body to allow the ring-shaped ultrasonic probe to be positioned such that the probe

encircles at least a portion of the exterior surface of the drill bit. The ultrasonic probe
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bore. The positioning nmenber nmay be configured to
engage at |east a portion of the bottom surface of the
wh oo/ 12377 | east a portion of the side walls of P€T®S2007/009305
bore, or both, to position the positioning nmenber and
ul trasoni c probe at substantially the same | ocation
each tinme the positioning nenber and probe are
positioned within the bore. For exanple, the
positioning nenber may be configured as a fixture for
Qr L tr,
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about the circunference of the ultrasonic probe to

prefiactize af ukitaseyndhmay be usddn eAnivaFtien wathaitiasant pEragnic
bedysd aJc@rsacg difdcp @mlﬁélleulgggin‘i’d Fidds idld t&l@%?i‘i‘l' it at (?esued angles. In this
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%quepéh%mopﬁaﬁa e ety b e %ﬁmcvﬂf Lserved by the
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r @&ecat@gtrd@afdany Qg WIdemg dpeeaticiigiat ledbt\Rirti SIBF £ fitdlction of the
t he drill bit. Furtﬁ IS conterrPIated t hat

miRAgnitede of the doads qﬁé@ﬁCﬁ@aEalﬁe# @ the &l hit dgripg dgiiling operations, the
fracture properties of the materials and the overall structure of the drill bit, and the

presence of defects within the drill bit. One or more defects within a drill bit may not
necessarily cause catastrophic failure of the drill bit during use. The probability that one

or more defects within a drill bit will cause a drill bit to fail catastrophically during use
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reflective of ultrasound may be used in conjunction

Wi th stationary ultrasonic transducers to refl ect
wepiortizz7ul t rasoni ¢ pul ses into the drill bit BET/US2007/009305

desired angles. In this configuration, the ring-shaped

ultrasoni c probe may be used to inspect the drill bit

fromthe exterior thereof. Inspecting a drill bit from

a position exterior of the drill bit may present

difficulties associated with the presence of the bore
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Slflee Ct%ﬁy t@és; eg%gl{%air@tﬂeg%)g/ ﬂ@ega %g#eg?‘att%{q%kpghcatmn Serial
dx% Erl/37 W 641 iffled NovEabkd 10012005 hhd pEhgUReted RERESP AOSE

that the inspection nethods and techni ques descri bed

h%PE‘P%tlﬁﬁ)ﬁeﬂél Neehl/262, 43?»%@% Noyempay 1020050f a

..-o

rotary
wel d, é?goahlf lg%éweé:}lg%;orﬁ I on o o rg{ H&g%ellﬁ %p(?ﬂlﬁﬁeé drilling
UQOISrISb@'dhadcmsdengondt mamx-hy;tbsroﬁaryl dt’lﬁdimTSI sydless, for example core

one

BB DG R PR H PR PSSR HEPEY g fserbamer wings, tee

amya;tﬂubﬁs;&ouairs:pﬁeannrbu@fartchﬁherrurﬁhﬁg&odmwﬂidwlme art. The
ciré%gferentlal or girth weld 32 between a bit bl ank

ra mater{al,sizes a(léé’étemaés?miyxtswal penfiguraiqnsof gpy gf the foregoing
dirk hbnﬂnitlr%zoﬂ’tﬁé ity deithe pRUsStfiRC&RIoN h bi t bl ank 26

and shank Furthernore, the inspection nmethods and

t echni §heinspestion; rhetfodeansl teckriqess itdderé¢inabvainady be used to
Ié%ﬁlrc?grﬁg %10 2g Ll{rlg)&aélg\gglr fe%rllnlo bI%rteﬁete;rr{)]ﬁlgd r&% gt | cornlaltlons By way
alfcbxanmlé)mhmlllmﬁhtiom tdtelinspecyipe mettioddlahd tedbniiies described

i,ncl.udi ng dri bits teel biit bodies and dr|H
A b uS il SRareetE= 18 s T reraks or ofher
CRIRRS i £h EBEBIMSrotAY AR viv1 PR ital ShovRABIE. A0 R materials

densi fication
from which the earth-boring rotary drill bit 10 is formed are known, the properties of

the materials (e.g., the fracture toughness K, and the critical stress for crack propagation
o, for crack propagation) may be determined using conventional standard test methods

known in the art (e.g., ASTM (American Society for Testing and Materials) Standard
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techni ques, such as those described in pending United

States Patent Application Serial No. 11/271,153, filed
wolnweasr7 10, 2005 and pending United States PatENS2007/009305

Application Serial No. 11/272,439, also filed Novenber

10, 2005. Al'so, the inspection nethods and techniques

may be used to inspect drilling tools other than

conventional matrix-type rotary drill bits such as,

for exanple, core bits, casing bits, reaners,

e8GR aE TS T e SR QONEbhimBl Erli Tonptness.
@B&pﬁ%aﬁ%hal%bﬂéllc{f@hé &gl itdy tléﬁtdnﬂudes tha aadegntlﬁed Bhe characterized
specific nmaterials sizes an lntern an I

@gewks gu defiepis tergin Y boeneraed- of @gts. frgn 3P (ﬁl?{&) fpghniques
ther pe§¥ HE ubdd % Qicdidie 8& hEd Etrés@‘h@t@ﬂélﬂnfactﬂi@K and effective stresses

I'on methods an echni ques descri bed
locthe majo be genergtedan ltlmecttlli bltﬂﬂel@lc e antinipated forcel (el wejght-on-bit

@g‘{?a?}'m f al l ﬁ\%der i‘ﬁ? éo Gdjnlfil%llt llb'dﬂ%ag a subseqﬁent drilling

igpeREiehi Edj}.xal’fﬁ)tnb @&&a&iﬂhﬂr@dﬁ&kﬂxﬂ%sﬂﬁ $avtére &land effective stresses o, as
her ei nabove may be used %o |dent|f and._charact.eri ze

oredl e Erardye tewghness K, ail farutsciiset or erck PrapRERfion g ko in
rtﬂé &ft ¥in 'Ella%c!nbgﬂta ijglhé)lakrﬁalé eSHRB of T.IE! Andekson), Frddagre

mat eri a rom the earth-boring rotary drill bit
Meitanfosr Feddamentlsond AnmfisationspERG Beesyflng.h@nd edition, 1995).

?%%rtégﬁe vaéue‘s%‘a’v ‘)cen &ertaﬁﬁx%f tfgﬁl&%%ﬁs%%sé? i %rglglk(FAD) may be

FEeVE QY LFACK propagati on sc
RHeapagal indn)sedty pledicd edhethar tedirilbbin § 0cwitifert inderghe anticipated

st andard est tho known in the art . Q.. ASTM
(%‘]’B’Pg € fd ﬁur?éxgﬁqs%elgﬁgawgraf elfrgy)\vn m%he art and
%&&%&Teﬁ ek/ﬁh FédPEgeli 430-48, 0 L CAnd &s&H) Fridtad Mechamcs

Measur ement of racture Tou%hness A COI’T&)Ut ati gnal

Todamsialsndihpplicapns, GRE iaess: eh (anekeditien. 1993k i By 2y of
and 53 ?a !ﬂ'%lc B(%rl Iﬁl? ‘}{ FhE rftlo &edflg foécté,%%ﬁ%ksnc Bhe Reitical stress for

enment anal YSI S t echni ques
td’t@dﬁk mpagm:om&eajs/ba) is gteatdr dlpan carﬁqumletb@bostt §.8si¢ may be predicted that

SO T AR A e s
ﬁtéﬁ@ﬁy ERtEE K toVRiedRictad tdigdhnéddER) (IGKQ) fts(ghfaﬂa)thim@ﬁ equal to about
maybe applied to the drill bit 10 r %asuif?qlggn h
gmnragmp@meéﬁha%a%ﬂl&ﬁswfwl @Z{ ‘Jé'ﬁ apbRYle faugg mechanism.
g@ttﬁﬁsﬁxgﬁﬁe@ aht ﬁ{e‘fhéﬁs%gcrﬁ;eﬁ%I'éH EhaHeQReQ B PredRE fllRIt of drill bits

ractur€ toughness Kc and fractdre stress for crack
pchxagat drdhng tqolabefokmthm aferpctupdlyarsed imelddlingrapseationtto prevent
[, ex T L. Anderson, Fracture
l\é&lﬂﬁ?n‘? Sgll a?rreon alcg'ﬁléﬁ%m,&ppl i cati ons, CRC Press, _
I nc. Wmﬁ: thdi ptesem in¥&ffon. hadbeen dévesibed/ héreirswith vespbetdn certain

det er m ne fﬁgtlél #1963 %tr'scg Ssm%lé?%ﬂ%rﬁg 1 Q?Jgnr{%%{fukl)(fﬁppreciate

V‘Qha{ it fl@hé)t donsiRited. "RaBBY hfenpalediods, deldtivtis ﬁﬁ@ﬂiddi@diﬁxons to the
lure assessnent di agrams are known in the art
apnstferred embodiments may be made without departing from the scope of the invention

as hereinafter claimed. In addition, features from one embodiment may be combined
with features of another embodiment while still being encompassed within the scope of

the invention as contemplated by the inventors.
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descri bed at, for exanple, Pages 459-478 of T.L.

Ander son, Fracture Mechani cs: Fundanental s and
wa\pplhiizmyri ons, CRC Press, Inc., (2nd edition, BROPE¥2008B§09305

way of exanple and not limtation, if the ratio of the

effective stress s to the critical stress for crack

propagation sf (s/sf) is greater than or equal to

about 0.8, it may be predicted that the drill bit 10

will fail due to a plastic failure mechanism I1f the

rati o of the streSS|ntenS|t or Kto the fracture

toughness K (K/Kc) is greater LtAhan or equal to about

OwWhhat istcimmyedds: predicted that the drill bit 10 will

fail due to a brittle failure nechanism In this

manner, the nethods described herein nmaybe used to

pr edi Ctl fai | upRuRfd @BF bl)ﬁd&hhgn&‘l&sﬁ{l&ﬁfe ifEpdctibR @f b AeiIbit for

before they are actually used in a drilling operation

t subjeranean dfilling eamprisingie drill bit or other drilling

vy etfe bt EaBhESTes WY ol A S0 REF R HOGR PO from an

t hose uftrasbdﬂcreaengy&lmﬁtbrl n the art wi || recognize and
a eciate that it is_not
Egﬁeﬁ%@ﬁawu‘em&?ﬁgﬁgﬁs&ﬂ@a 14 EA0R BOTH b€ by dril it using

prefer %Qﬂ@ﬁggf@éﬁg{%&e@yﬂb%mde W t hout departing
fromthe scope of the invention as hereinafter

c Eenaratihg mrepwaman@m of ptdgesl pPoTtionoef the eotanslidll it wsingghe detected
be con‘%itpa%gnwvg&egeatures of anot her enbodi nent while

sti bei ng enconpassed within the scope of the

[ nventl on as contenpl ated by the inventors. CLAl M5 Wat

is claijned conduct i

1. od f
nondestr uct [V PHSAAEE Pt Vhefh Fotvimupitagpe ulrasonic waves

S WbinpfisaNAARLIAS tHd d1R8sTRIWa VS NG the @NRUS aG#rtifg of the rotary drill bit
ultrasonic waves into at |east a_portion of a rotary

difiom within 3 Jasgitadingl harg 96 theotamaddl) bini t t er; det ecti ng

ul trasonic waves reflected by the at | east a portion

of the rotary drill bit using an ultrasonic energy

r ecei vér; arkhegeethrdof olgim 1g mmmMuoicatmg altrasenictwaves

f..th drill T
2 RO LLON Lok 06 G BLabi b 1o 54 Ml orf B4 56118 otary vt i

C G A lAatibn gxtetibr astheideilvidves conpr i ses directing the
ultrasoni c waves into the at |east a portion of the
rotary drill bit fromw thin a |ongitudinal bore of

the rotary dffe hefhbll of %ny dheor@hibad: frowdad, WHerein detecting
wher ei n conmuni cat i ng ultrasoni ¢ waves
ultrasonic waves comprises detecting the reflected ultrasonic waves from within a

longitudinal bore of the rotary drill bit.

5. The method of any one of claims 1 through 3, wherein detecting
ultrasonic waves comprises detecting the reflected ultrasonic waves from a location

exterior to the drill bit.
6. The method of any one of claim 1 through 5, further comprising

sonically coupling at least one of the ultrasonic energy emitter and the ultrasonic energy

receiver to the rotary drill bit.
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conprises directing the ultrasonic waves into the at
| east a portion of the rotary drill bit froma
wo omati2sm7 exterior to the drill bit. 4. The nep¢DUSWD7/009305
any one of clainms 1 through 3, wherein detecting
ul trasoni ¢ waves conprises detecting the refl ected
ultrasonic waves fromwthin a | ongitudi nal bore of
the rotary drill bit. 5. The method of any one of
clainms 1 through 3, wherein detecting ultrasonic waves

conprises tectjin he.refl ected ul. ' . .
fromad-l ocgﬁfeo‘ﬂe@?gé’% g‘?m%f WREGFT 1F51?€&pgn%ﬁ&§nses filling at
1&isP2 oRfonITH 18RS nfindl [bdtddfithé Rétatyodtilbbit fwitlt dreultrasonic couplant.
conprising sonically coupling at | east one of the

ultrasonic energy emtter and the ultrasonic energy

recei ver t OTﬁJ‘r%e{h%H%rfﬁn? bhé bf H'a.fmg | tﬁrraﬁgm?tﬂﬂﬂeloéompnsmg

claim wherein sonically coupling conprises filli %

a:brdmﬁbatmgphe tilteasomit weavien agfiotal dsastdnergfasenge qahbfatwﬂ eature on

rotary dr|II L with an ultrasonic couplant. 8. The

met hodP8FOtaR; %P’H Bitof clains 1t hrough 7, further

Q@E&hh@ uftehsoRie Rk eefidchd fhdiR thid 4tr1assd ohe refencase cdlibsatittn feature;

| east one reference calibration feature on the rotary

dr|II detecting ultrasonic waves reflected from

ﬁbﬁa %%@f‘etast & JrehEaIEas &}1& ShdrBy @Hl@éf afnaaﬁélﬁﬁrasé}ﬁé energy
east one of the ultrasonic ener

e mtt enecanelr usiveg thietdetestadi witraseniqyyayasgefleated framy, eﬁh’@ast one

detected ultra r af

one r FEFERES? @gfainﬂflga?hon gé’% Se%%te%}] %t@rf Jgg]set%lg %?ﬁﬁe at least

known ghdRpséne cafibtdiendtatireast one reference

calibration feature. 9. The nethod of claim1, further

conprising using a single ultrasonic probe as the

ultrasgni ¢ REHIhSIBAdISM RAMfrth&ecomhpr lifig & 8RBy ultrasonic

receiver. 10. The nethod of any one of clainms 1

t probe ghthe, ultrasontreenergyigmmitisr prf e AERORICRNCEEY 1e681¥¢T- one

of the ultrasonic energy emtter and the ultrasonic

energy receiver at a predeternned selected |ocation

rel ati y@ toThéendkod 6f atnytomsxflcgnms 1| thmaigh & furthef epropoising

posi.tion feature. ultrasonic i

aRfsifioniRg atflgast PRE ﬁéﬂ‘}e Higasenty FieFELF WRERRE st lrpsoni snerey
Ofelobilvbngt acﬁmtéﬁhlﬂgd sdlécted Iocas@ntetatPleab ehsdifilp bittusing at least one
structure for supporting an ultrasonic probe, the

utefergnespasition feature.

11. An ultrasonic inspection apparatus for inspecting a drill bit for

subterranean drilling comprising:

an ultrasonic probe support structure for supporting an ultrasonic probe, the ultrasonic
probe support structure comprising a portion thereof configured to be positioned
within an internal longitudinal bore of the rotary drill bit;

an ultrasonic probe structurally coupled to the portion of the support structure, the
ultrasonic probe configured for positioning within the internal longitudinal bore

of the rotary drill bit;
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probe support structure conprising a portion thereof
configured to be positioned within an interna
wo ewgi12asdi nal bore of the rotary drill bit; anPCT/US2007/009305

ultrasoni ¢ probe structurally coupled to the portion

of the support structure, the ultrasonic probe

configured for positioning wwthin the interna

| ongi tudi nal bore of the rotary drill bit;a

| ongi t udi nal probe-positioning mechani sm confi gured

SR P A S DSy b O i ik 8360 o
r ot at i RBRHonRIFeREoIRASiE BRIbRGEIER 0 fihe Totanndrilybiteahd or

changi'ng a rotational position of the ultrasonic Eépbe .
mebtationa rrobe-hesitiening yneghanismsopfigyrsd fqchaggingafotptiogpl position
claim P 3t lemal en BRSI tioni ng
rrecharﬂ]f;ﬂ’rlﬁ3 ‘T\{\I{s?r%%%{ﬁ Pg%r%églgﬁlgé {rogl?latr(é@{}ﬁe rotary drill bit

about the ultrasonic probe. 13. The apparatus of claim

11, wherein_the rotatipnal obe- L L1 ank an] P
is confgur ?H?af%'t'%?'gcqm?{xl"{’ 2 ‘83%‘%:“’8?‘16 elm%ﬁﬁﬁkﬁmmng
tehhisRY 18 @bnfiQREd to/ElitRa thdtsy atilltdieabiont dreyulttasdnic probe.

bit. 14. The apparatus of any one of clainms 11 through

13, wherein the |ongitudi nal probe-positioning

mechanjsm cpfpL | ' 1h2%66 €1 "FRQEM tHE $RIS6h] pribeLsiRitioning
the | gin%i t udi n%p%g%%aﬁ liﬁﬁe r ot a_lr;l drill bi t?. the&g L
frheuhenisanis eonfigired ¢b nyatg dnevliiabgnip prable| veithip ¢he igéernal longitudinal

l.ongi tudi nal axjs.of the internal |ongitudinal bore of
ﬁﬁﬁgPtgﬁﬁyﬁﬁﬁayﬁ%glt; and a cantil evered support

nmenber noveably coupled to the fixed nmenber, the
canti |l evered support nber conpr.ising; a first .
por t i okf-rovAbe JPRBUYF ggaqyooq _ ?‘Q@olq?ngPd'@L 13n herein the
%B%%ig% té’ﬁe@ﬁ@éiﬁa/niﬁg aachdifschicsgprisgyrber ; and a

sec I on extending general |y perpendicul ar] )
reefim¢d member disposell joutsigsoiheilengitidinah vaerfgf the ratery diibit, the fixed

coupled to th -1 ' .

any” orEeBetPapiihg FpbEy R tofi LohgfudRARLN, Hone nterna
addi t i pRagltudinaraseof hepotbediilbitdidg at | east one

eI TPROg e vae ety Beplstip for SRR eBR, He cantilevered
waves, Sdﬂ%ﬁg%gé%pﬁgmg;asoni C probe being .

configured to be positioned on_ the exterjor

f the.
ear t h- a6rstpgriien mpyatly cPRDIEA to Bt meBRRIRA X AipE laterally
ul t rasoni calg v, Welgk ddtfertbdsf a5PNi ¢ probe configured

for insertion wthi'n the rnternal |ongitudinal bore of .
t he eaasécdndmiontipr extemding generally perpendicularly relative to the first portion

and having a free end coupled to the ultrasonic probe.

15. The apparatus of any one of claims 11 through 14, further comprising an
additional ultrasonic probe including at least one ultrasonic transducer configured for at
least one of emitting ultrasonic waves and detecting ultrasonic waves, the additional
ultrasonic probe being configured to be positioned on the exterior of the earth-boring
rotary drill bit and for communicating ultrasonically with the ultrasonic probe
configured for insertion within the internal longitudinal bore of the earth-boring rotary
drill bit.
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drill bit.16. The apparatus of any one of clains 11
t hrough 15, further conprising a conputer device for
WO e@eilyisny data acquired fromthe ultrasoni c ppObesS2027009305
A matrix-type rotary drill bit for drilling
subt erranean formations conprising a bit body defining
an internal |ongitudinal bore therein, the bit body
conprising: a steel blank; and a bit body matrix
coupled to the steel blank, the bit body matrix

adj oining the steel blank alo an Lnterfac .
conpr it6i ng EARRATES HégY SR f’?%lémg lgﬁhrBP%h Es’bﬁellrt%’%r comprising a
%81%%{1&9 nedtct forReQifs dataGRrptikelLBUS thatuhrdsbiieygbbd he

steel blank between the internal |ongitudinal bore and

t he chanfer r_eg! on. 18. The drill b! t of claim17,
further, COWH@%Q% b YAR b oF Hgllggérs%ﬁérranean formations

abr asi on-resi’stan I ner” configure Insertion
WoinpiiSinighebit body definingmyintervalriangibustinal dore therein,ithebidpody
19. Adrill bit for drilling subterranean formations
COMPIFYeng a bit body defining an internal

|, busiknatg bore therein, the bit body conprising: an
inner surface within the internal |.ongjtudinal, hore

arhdt bedy realsix eoweladde dicetied blank: thedit POBAFTR AgiOInIng the steel
surfagg al%ﬁ% all liﬁtcn? comgﬁ'?iﬂk[zf Qfank RP gl tAdted) Bk being
the at Teas ne referenc eature bein

g structured to
faci | i donfigusadiis pasvided byntinmpusaipatbitbroveh ithe seg] plpnkrbegyeen the

ul trasoni c.probe within t | gngi I bore. 20. The
drill 1qun%$°’l$%dfﬂa&g?re gﬁ%‘? %la?#gyg‘{g? éast one
reference feature conprises a |landing pad cavity.

18. The drill bit of claim 17, further comprising a removable erosion and

abrasion-resistant liner configured for insertion within the internal longitudinal bore of

the bit body.

19. A drill bit for drilling subterranean formations comprising a bit body
defining an internal lonéitudinal bore therein, the bit body comprising:
an inner surface within the internal longitudinal bore; and
at least one reference feature in the inner surface of the bit body within the longitudinal
bore, the at least one reference feature being structured to facilitate substantially

repeatable positioning of an ultrasonic probe within the longitudinal bore.

20. The drill bit of claim 19, wherein the at least one reference feature

comprises a landing pad cavity.
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