TI TLE Met hods and Apparatus for Attenuating Drillstring Vibrations FlIELD
[ 0001] The present specification generally describes nethods and apparat us
associated with drilling through subsurface fornmations. Mre particularly,

t he prese jfl.cation describes principles for inptoyj i-LJ.0 ng
operationS&%%§§@¥F§nding the life of drillstring assen%ﬁ?ggggaﬁg%%%nuating

drillstring vibrations. BACKGROUND [0002]It is well known that during well
drilling operations, drillstring assenblies can undergo potentially
damagi ng vi brations. Axial (e.g. bit bounce), torsional (e.g. stick-slip),
and lateral (e.g. flexing, whirling) vibrations are well known phenonena
that can damag€THEi | |1ing assenblies. See Jardine S., Malone, D., and
Sheppard, M, "Putting a danper on drilling s bad vibrations,”™ THE O LFI ELD
REVI EW Schl unber gékthodaiddnpartgyipr Aptspuating NlsgingKibra#ds engi neeri ng has
been done over the years to better understand, nonitor, and control these
potentially damaging drillstring vibrations. See Rabia, H, "Qliven
drilling engineering principles and practice,” G aham & Trotnan, 1985;
Clayer, F., VdfitWer, J.K , and Lee, H Y., "The effect of surface and
downhol e boundary conditions on the vibration 2{ drillstrings," PROCEEDI NGS
65 ANNUAL TECH. COME0LspEThaugieryspesitationgspersly g ripggpethofgdier, R W and
Wang, C., "An integrated nodel for ddl|stri nam cs, " Lancaster

Uni Ser sy, DOUB S RS AN OB SR e g B Mo RO, 3.
"Drillstring component nmss inbal ance:. ). or _source of dawnhol e
Vibrations. © SPEPDRILPING AN CCOVPLETFElisIo BOUBTb e e B8O W G Jr

extending the life of drillstring assemblies by attenuating drillstring vibrations.

BACKGROUND

[0002] It is well known that during well drilling operations, drillstring
assemblies can undergo potentially damaging vibrations, Axial (e.g. bit bounce),
torsional (e.g. stick-slip), and lateral (e.g. flexing, whirling} vibrations are well known
phenomena that can damage drilling assemblies. See Jardine S., Malone, D)., and
Sheppard, M., “Putiing a damper on drilling’s bad vibrations,” THE OILFIELD
REVIEW, Schlumberger, January 1994, Exiensive study and engineering has been
done over the years to better understand, monitor, and control these potentially
damaging drillstring vibrations. See Rabia, H., “Oibwell drilling engineering
principles and practice,” Graham & Trotman, 1985; Clayer, F., Vandiver, J.K., and
Lee, H.Y., “The effect of surface and downhole boundary conditions on the vibration
of drillstrings,” PROCEEDINGS 65 ANNUAL TECH. CONF. SPE, New Orleans, SPE
20447 1990; Tucker, R.W. and Wang, C., “An integrated model for drillstring
dynamics,” Lancaster University, 2000; Dykstra, M.W ., Chen, D.C., Warren, T.M.,
and Azar, 1.1, “Drillstring component mass imbalance: A major source of downhole

vibrations,” SPE DRILLING AND COMPLETIONS, December 1996; Lesso W.G. Ir.,



Chau, MI., and Lesso, WG Sr., "Quantifying, bottonmhol e assenbly tendency
using field directional drilling data and finite el enent nodel," SPE/ | ADC
52835, 1999. [ 0003] Downhol e nonitoring and surface control techni ques

have beenﬁybgﬁggﬁg,;o deal with sonme of the vibrations pgghish@pgsnapove. See
Hal sey G yl |ngstad A., and Kylling, A, "Torque feedback used to

cure slip-stick notion, SPE 18049, 1988; Alley, S.D. and Sutherland, G B.
"The use of real-time downhol e shock nmeasurements to i mprove BHA conponent
reliability,"™ SPE 22537 1991; Aldred, WD., and Sheppard MC. , 'W)illstring
vi brations: A new eneratlon nechanlsn1 nd cont strg gles SPE 24582

1992; Chen, D.CendT.gif{fsoN O ahd 944 é’ﬂf[é”m@w’e PHpRY A iﬁf”ngl ling
O e e e WA S i fno%aﬁP#ﬁg@FéES%a%ﬁ%g”ﬁf the
Caused by the vi br ABhs ERE"GHT 1115@?0?1%%@ sgrf%caﬁf%% g Aol dommoe
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whi ch i ncl udes_.t 0 r eaded c mher.s. with rukber nol ded
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 emmar ot i o- aoSE A Hg§ Jley.s wagn% flad B 200 §eafmay%§9§m%§gl the

t enper at ur e- de |es i ht'er ficult

or | mpossi bl e thgfc*{cgf:ﬁa%fngnrgﬁ%}o IO‘.? {/i QJI@%P&?M%S&QES’ Qj 2‘%"9{591(:1” i ng

condi tions. and axi at’ |'oads comoh to drilling

operations wsgodg% Wﬁng{%a@gﬁ @U%zﬁ Do uishhs 43I DG ARkCr | al . whi ch

is difficult efn an propose a ich a

ragnet or heol 00), 6@l bh Hhdftdilrbl o e B NAPE %g@a}@gzb%m%nct aﬂcg%ﬁempmﬁ@t s of the

drillstring assenﬂ anpi ng mechani’sm ME., an

Wassel |, M., 7 n I APS
TECHNOLOGY | NCLHléfJIS& Yl e Jl%’/h[fgscq 588 @J}Qsh;gp{/}%@@g?%ié izt i g

I s regul ated b)boﬁlm%&%}e'”(?smrxm $o8kO HoMRGer! iNEs BRITRI NG tALISH. 8 T ferent
drilling conditions. is not clear, however, that this proposal wll be

ef fective. [00gp] T&eofm{e%&monw@ﬁ& e atohdans mgwlwm%&@ theexRygconi ng, or at
| east reducing the effects of, one or nore of the problens outlined above.

damage caused by the vibrations the drillstring is sub;ected to.

[0004] Accordingly, some have proposed in-situ damping techniques,
although each has its limitations. APS Technology suggests use of an isolation sub,
which includes two loosely threaded cylindrical members with rubber molded into the
threaded cavity. The rubber between threaded cylindrical members is intended to
damp the drilling induced vibrations. Nevertheless, the temperature-dependent
properties of rubbet, inter alia, make it difficult or impossible to obtain reliable
performance across different drilling conditions. In addition, the huge torque and
axial loads common to drilling operations must be transmitted through the rubber
damping material, which is difficult. Cobern and Wassell propose a moditied sub in
which a magnetorheological {luid filling a narrow gap between two components of the
drillstring assembly is used as the damping mechanism. Cobern, MLE., and Wassell,

M.E., “Drilling vibration monitoring and control system,” APS TECHNOLOGY INC.



SUMVARY OF THE | NVENTI ON [ 0006] The present disclosure addresses at | east
sone of die above- described needs and others. Specifically, the present
di scl osure describes many nmethods and apparatus for attenuating vibrations

of a drill ' senbly while drilling. In one enbodi ' tions are
attenuate %%&$ﬂ¥€%Hucing one or nore vibration attenuggﬁgﬁﬂwégﬁ?%% at

appropriate assenbly | ocations. For exanple, vibration attenuation nodul es
may be inserted at | ocations where vibration energy is expected to be

maxi mal . In one enbodi ment, the vibration attenuati on nodul es include one
or nore cavities |oosely packed with particles of solid material such as
sand or net al | TRSHORERERT AP V@ﬁfhﬁbeégeﬂmﬁﬁﬁhdﬁb%QW@VF%§U€Wha§ tungsten or
simlar heavy netal powder. In one enbodiment, the cavity walls are
roughened and/®ienpircligdbtogesvistdapeing gadey fdlsrephiitlingrnadidasv LByt i on ener gy
transfer to the | oosely packed particles in the cavity(ies). The vibration
energy is di ssilgpathedessaha pisarensrn! 3HEDS GAEFESt i ¢ particle-particle and
particle-wall collisions that occur as a result of drillstring notion.

[ 0007] One enbodi meM09Bk oviTBroresanf saFrififratn s JEGHA T SieHgmas: Yidf Fg@ d
drillstring vibration attenuation nodule. The oi|field drillstring

vi bration att SREHSHIBAN SHEeH Ple CReT TS SheP PR RIS 1 VErandr el conpri ses an
outer surface and an inner surface, the inner surface defining a passageway
t hrough the mandrel, an annular cavity between the inner and outer

surfaces, and particle ked | e annul ar cavity. In one enbodinent,

t he mandr el cdﬁﬁﬁNQQQf5F3?%1§§55@8@@nd t hreaded ends configured for

i nsertion between 'gfen& drj!l(gi es, %p‘oneuenbodin?Pt, t he mandr el
conprises a first . a B‘a%{e‘?&tc BT BT THY SagEuiy a 5¢R¥§ to and _
ey S R A R O TR el

t he apparatus, the mandrel conprises a.first pipe, .and a .second pipe
threadeal y o 1aensh bvane S SReeniere MR PRI Phat (e
annul ar cavity, is dispose etween the first an cond pipes. [0008]1n one
enbodi ment . ¢ 1 Tagndf BR E0Rg T UEE0Hh R als P haBhy RESA e Ut o

attachment abopl, Bt RSt cs HhoBlgu SIRONIPRL bl S LaRbId 2€r 11 ng 1S
Ftizer ring may I nclude

attached around & Col Far. 'The st a aplurality of

protrudi ng bl aﬁ&%ﬁion@f&g utaE' il 19!)0%96%?114%3 inkIR EU! lﬁ&ugﬂ%i%f%%xﬂ[on%ﬂé{k)t ¥ (each
packed with the partlcTes§.
expected to be maximal. In one embodiment, the vibration attenuation modules
include one or more cavities loosely packed with particles of solid material such as
sand or metallic powder, which may be of high density, such as tungsten or similar
heavy metal powder. In one embodiment, the cavity walls are roughened and/or
include geometric features that enhance vibration energy transfer to the loosely
packed particles in the cavity(ies). The vibration energy is dissipated via friction and
inelastic particle-particle and particle-wall collisions that occur as a result of
drillstring motion.
[0607] One embodiment provides an apparatus comprising an oilfield
drillstring vibration attenvation module. The oilfield drillstring vibration attenuation

module comprises a mandrel. The mandrel comprises an outer surface and an inner

surface, the inner surface defining a passageway through the mandrel, an annular



[ 0009] I n one enbodi ment of the apparatus, the cavity conprises an internal
wal | having features that enhance transfer of vibration energy fromthe
internal wall to the particles. In one enbodinment, the internal wall

features cQABdsRSBg SPiral. In another embodi ment, the deqi@halr4a |
features conprise a plurality of grooves and protru5|ons that increase

particle/wall collisions. In one enbodinent, the internal wall features
conprise a roughened surface. [0010] One embodi ment provi des an appar at us
conprising an oilfield drillstring. The drillstring conprises at |east one
vi bration attenuation nodule, and the at |east one Vlf tion_attenuation
nodul e conprls@%ﬁbB%E@WﬂWPEN%F%B§m”&“@&VrFVEPB?W%@”S% BARE concentric
pi pes, and particles packed in the cavity. In _one enbo the cavity

conprises i nt ef4ydY- mém?aF@&FUWé§“Fﬁ%@”EﬁW§W&%f??éﬁ@?% il 1m591%Wét|on ener gy
featuros are oRoHBOR Larrganabit g ek hararhet B al o 1ateral
I L L Pt ARSI e T L 1
orotrus;ons ¢ naehigrans Bt hER é%}%ﬂﬁe SRl R Gineteels e fanc - the
(nternal wall n@ﬁ@£~.g?g,}g;qe§o§gg{pg§gg R LA tfléflggaglhened sur face.

I n one enbodi 60581 e cavity. In one

embod’ Tent, NG BRI aGli8 i are, soLig, FOMRA6 ol sl o%&ggmaﬁnc §Qpprise a

plurality of viP envati on n one € nent, each of the

plurality of vipkal]e0 ahlAHALLE mlefgbaf%d&%%@gmmwc,gaomt ed naxi mum

vi bration | ocations rl rin I'ment provides an
oilfield apparg us conprising a drillstring. The drillstring conprises
drill pipe and 2bot t omhol e assenbly. The bottom hol e assenbly conprises

concentric cylindelgy@pd oreerzﬂ%&xrm&a%m?areem AL L GhigopfingSol 1 d material

| oosely packed in t ar cavit nbodi nent provi des an
apparat us CorrpEdn%'glﬂgd 1 at%fclnflén‘? lalgmt a drillstring. In one embodiment, the stabilizer ring

is attached around a collar. The stabilizer ring may include a plurality of protruding
blades, and the blades may comprise the annuiar cavity (each packed with the
particles).

[0009] In one embodiment of the apparatus, the cavity comprises an
internal wall having features that enhance transfer of vibration energy from the
internal wall to the particles. In one embodiment, the internal wall features comprise
a spiral. In another embodiment, the internal wall features comprise a plurality of
grooves and protrusions that increase particle/wall collisions. In one embodiment,
the internal wall features comprise a roughened surface.

[0010] One embediment provides an apparatus comprisiné an oilfield
drillstring. The drillstring comprises at least one vibration attenuation module, and
the at least one vibration attenuation module comprises concentric pipes, a cavity
formed between the concentric pipes, and particles packed in the cavity. In one

embodiment, the cavity comprises internal wall features that enhance transfer of




drillstring, the drillstring conprising at |east one vibration attenuation
nodul e. The at | east one vibration attenuati on nodul e conprises a
stabilizer ring including a plurality of hollow bl ades arranged around a

col | ar, V\/rw(ﬁgﬂgghs&%ast one of the hollow bl ades is | 00%1%!1“)65?{%9}6%920"“ th

particles. e enbodi nent, each of the hollow bl ades is Toosely packed
wth particles. [0013] One aspect provides a nethod conprising attenuating
drilling induced vibrations in an oilfield drillstring. The attenuating
conprises inserting at | east one particl e-danpi ng-based vi bration
attenuation nodule at one or nore |ocations of the drillstring, and
absor bi ng vi brdbmémenesnépygyhadridlpripne thy pytclst Ingie embedhipeti teingtnebnuat i on
modul e. I n one aspect, the nethod further conprises strategically inserting
nul tipl e vi br avélbimateres ep gericoivaodiardso Brigky tRdciiprpsbiithgrto reduce
vibration. One aspect further conprises inserting multiple vibration
attenuati on nodEioas viIryieg cogiey em thediiepH grad o e patfien o wiss®odimsitat i onal
energy is expected to be maximal. [0014] Additional advantages and novel
features will Beinkstal pal feRiures COMEISESSRIRE P CBHEMWPRK Y iy sy be
| earned by those skilled in the art through reading these materials or
practicing t helSHreheqpriss? puiyoh@goYe AR} MO BRPERDREES PHICNVEE THE
DRAW NGS 0015] The, acconpanyi ng dravvi,ngs il L%St rate certain enbodi mrents and
are collisions. In one embodiment, the int&rnal wall features comprise a zig-zag patiern
and a roughened surface. In one embodiment, the particles are loosely packed in the
cavity. In one embodiment, the particles are solid. Some embodiments further
comprise a plurality of vibration attenuation modules. In one embodiment, each of
the plurality of vibration attenuation modules is placed at anticipated maximum
vibration locations of the drillstring.
{0011] One embodiment provides an oilfield apparatus comprising a
drillstring. The drillstring comprises drill pipe and a bottomhole assembly. The
bottom hole assembly comprises concentric cylinders and an annular cavity, and
particles of solid materiai loosely packed in the annular cavily.
[0012]  One embodiment provides an apparatus comprising an oilfield
drillstring, the drillstring comprising at least one vibration attenuation module. The at
least one vibration attenuation module comptrises a stabilizer ring including a plurality
of hollow blades arranged around a collar, where at least one of the hollow blades is
loosely packed with particles. In one embodiment, each of the hollow blades is
loosely packed with particles.
[0013] One aspect provides a method comprising attenuating drilling
induced vibrations in an oilfield drillstring. The attenuating comprises inserting at

least one particle-damping-based vibration attenuation module at one or more

locations of the drillstring, and absorbing vibrational energy with the at least one



a part of the specification. [0016]Fig. 1 is a front view of a drilling
tool that may be used with at |east one vibration attenuation nodul e
according to one enbodinent. [0017]Fig. 2 is a longitudinal cross-sectional

vi ew of Ogﬁoﬁmﬁk?&bQH attenuation stage that may be usggbiilohgad 00
shown in Fig. 1 (or others) according to one enbodinent. [0018]Fig. 3Ais a

| ongi tudi nal cross-sectional view of one vibration attenuation stage that
may be used with the tool shown in Fig. 1 (or others) according to another
enbodi ment. [0019]Fig. 3B is top cross-sectional view of the vibration

attenuati on sta e of Fig. 3A accaording to one n?o I ment .
ibration attenuanon module. In one aspect, the method further comprises

strategically inserting nultiple vibration attenuation modules along the drillstring to
reduce vibration. One aspect further comprises inserting multiple vibration
attenuation modules along the drillstring at locations where vibrational energy is
expected to be maximal.

[0014] Additional advantages and novel features will be set forth in the
description which follows or may be learned by those skilled in the art through

reading these materials or practicing the principles described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings illustrate certain embodiments and are
a part of the specification.

[0016] Fig. 1 is a front view of a drilling too! that may be used with at
least one vibration attenuation module according to one embodiment.

[6017] Fig. 2 is a longitudinal cross-sectional view of one vibration
attenuation stage that may be used with the tool shown in Fig. 1 (or others) according
to one embodiment.

[0018] Fig. 3A is a longitudinal cross-sectional view of one vibration
attenvation stage that may be used with the tool shown in Fig. 1 (or others} according
to another embodiment.

[0019] Fig. 3B is top cross-sectional view of the vibration attenuation
stage of Fig. 3A according to one embodiment.

[0020] Fig. 4 is a cross-sectional view of one vibration attenuation stage

that may be used with a drilling tool according to another embodiment.




[0020]Fig. 4 is a cross-sectional view of one vibration attenuation stage

that nmay be used with a drilling tool according to another enbodinent. WO

20081036498PCT/ US2007/ 077220 [0021]Fig. 5 is a front view, partly In

secti on, %mg | of the vibration attenuation stages Rk,fhgnf i N place
I

t
! i} . .
on a dr|II|né%@%%ﬁ%fOOZZ]Throughout the draw ngs, identical reference
characters and descriptions indicate simlar, but not necessarily identical
el enments. Wiile the invention is susceptible to various nodifications and
alternative forms, specific enbodinents have been shown by way of exanple
in the drawings and will be described in detail herein. However, it should
be understood that [R0R8 i ntignt iseAonisvisroraitiiierieéd evime Ve pithed to the
particular forns disclosed. Rather, the invention is to cover al
modi f i cat i ons, Vilglianvgrate siger Al iarliese8 *HEIPE ' wi t hi n the scope of the
i nvention as defined Qy t he appended cl ai ns. DETAI LED DESCRI PTI ON
[0022 Throughout the drawings, tdentical reference characters and

descriptions indicate similar, but not necessarily identical elements. While the

invention is susceptible to various modifications and alternative forms, specific

embodiments have been shown by way of example in the drawings and will be

described in detail herein. However, it should be understood that the invention is not

intended to be limited to the particular forms disclosed. Rather, the invention is to

cover all modifications, equivalents and alternatives falling within the scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION

[0023] [ustrative embodimenis and aspects of the invention are described
below. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and business-
related constraints, that will vary from one implementation to another. Moreover, it
will be appreciated that such a development effort might be complex and time-
consuming, but would nevertheless be a routine undertaking for those of ordinary skill
in the art having the benefit of this disclosure.

[0024] Reference throughout the specification to “one embodiment,” “an

R bt 11 k-]

embodiment,” “some embodiments,” “one aspect,” “an aspect,” or “some aspects”
means that a particular feature, structure, method, or characteristic described in
connection with the embodiment or aspect is incladed in at least one embodiment of

the present invention. Thus, the appearance of the phrases “in one embodiment” or



[0023] Il lustrative enbodi nents and aspects of the invention are described
below It will of course be appreciated that in the devel opnent of any such
actual enbodi ment, nunerous inplenmentation-specific decisions nust be nmade

to achlevgN§Q§mg§3§Lopers' specific goals, such as conpldranre® L
an

systemrel a usi ness-rel ated constraints, that will vary from one
i npl ementation to another. Moreover, it will be appreciated that such a
devel opnent effort m ght be conplex and time-consum ng, but would
nevert hel ess be a routine undertaking for those of ordinary skill in the
art having the benefit of this disclosure. h?@24%R ef erence hroughout t he
speci fi cation ﬁ%anﬁﬁﬁméﬁﬁden@ﬁ?m@mﬁgﬂ“QWB W@ﬁcm"ngﬁﬁﬁmg 3di ment s, "

'one aspect," "an aspect, or. "sone as cul ar

reaturs, st uctGrED B¢ tsgithion anapuer By 1L TRa0RS DRt PEEER Yo w tn
t he t i d i f th
presgntolhcgztﬁg&mgﬁﬁﬁ wf%ﬁ%”@ﬁﬁﬁ%?hﬁ%@“ﬁ? Tﬁ@x%hfaé aam?%wgﬁé%eﬁboglﬁent

or "in an enbodi ne ne e ts") in various
pl aces throughﬁﬁﬂmFﬁél%Bé%%?@é%??%ﬁ“%?ﬁ”“m{”ﬁ%€%355?|Tmzé? referring to

the same embodi, gjuc{négr”lﬁg Lla%rnrms ﬁ%lé&%ﬁ\@%%llé 1(1}8&“}1 n%ras h%%;(llfl({‘ c%;l'ngﬁt ctures,

nmet hods, or chdf*% |cs conbi ne Aner in one

or nore embodi ment 300.2?@ Orléjosvel" an@nﬂ%QLsF%césﬂ%Q%{) ptﬁé(d A5 aL§1jé'@<l)fla shg}ée the same

neani ng as t he wor over, 1 nventi aspects

o oot Bdd e@%mvﬁn STh%e o il oﬁogfngﬁLere%c‘FBPéBﬁ%dB%’Mc Thus, the

clains follown 'scription ar expressly |ncorporated

into this Det afli%%g,t Q@ggpigéoap%ﬂdte Mmeﬁ%bg é:izTﬁﬁs@oﬂh@ahgmumnw as a

separate enbod I'nvention present di sclosure

cont enpl at es, SN0 ats Q%épaf'alﬂ:' Jﬁ%%dm%ﬁttd? ‘aﬁiﬁnventzon.

[0026] The present disclosure contemplates, among other things, methods
and apparatus for attenuating vibrations of a drillstring assembly while drilling. In
some embodiments, vibrations are attenuated by introducing one or more vibration
attenuation modules at appropriate assembly locations. For example, vibration
attenuation modules may be inserted at locations where vibration energy is expected
to be high or maximal. In some embodiments, the vibration attenuation modules
include one or more cavities loosely packed with particles material that may be solid,
such as sand or metallic powder. In some embodiments, the solid particles of material
comprise a high density material, such as tungsten or a similar heavy metal powder.
In some embodiments, the particles are generally round (spherical) and comprise
diameters ranging between a few microns and a few millimeters. However, any other
particle size may also be used. Vibration energy is dissipated via friction and inelastic
particle-particle and particle-wall collisions that occur as a result of drillstring motion,
Dissipation of vibration energy by friction and inelastic particle-particle and pasticle-

wall collisions is referred to as particle damping.




and apparatus for attenuating vibrations of a drillstring assenbly while
drilling. I'n sone enbodi nents, vibrations are attenuated by introducing one
or nore vibration attenuation nodul es at appropriate assenbly | ocations.

For exanp i ion attenuation nodul es may be inser tions
wher e vib&ﬁ?%%ﬁagﬁgrgy is expected to be high or naxingF?HP%%g@ﬁ%%

enbodi nents, the vibration attenuati on nodul es include one or nore cavities
| oosely packed with particles material that nay be solid, such as sand or
nmetallic powder. In sone enbodi nents, the solid particles of materi al
conprise a high density material, such as tungsten or a sin|ar heavy netal
powder. | n sonme enb¥aihentenerallyepqalingireltisls dapping ifay QIsiryctpaiiarogpheri cal )
and conprise dianeters rangi ng between a few mcrons and a few mllineters.
However, any obhé&roleythe efesf giryde-fsd carlenrasas prRedd hovii BptdeistrrtEher gy i s

di ssipated via friction and inelastic particle-particle and particle-wall
col i si ons t hathigde descuked oy example, BU- PRt NetHi0RG atothapersiaprssiictis on of

vi bration energy by friction and inelastic partjcle-particle and

particl e-wal | BrRgaspgs P@I“f%?)éﬁhk*éﬁe%“aéhg%?r"ttieéf“'ég Y iysely wo

2008/ 036498PCPUS2007/ 077220 [OOZKJGBneraLI speaking, particle clanping
refers to strd@@ﬁpéﬂmééﬁﬁ?hﬂmﬁﬁﬁiSﬂ@dPV@EC%ﬁgﬁhggjggiﬁgP KU T e d

encl osures as part of the vibratin stfucpure, whi ch i s described, for
exanpl e, in U pasgie-paNgle agd pyrclawdll ¢ligiifossi an and which is incorporated

LS CRULeLY b ke st entes The SRl Sh SR NGl locecly
S e by RS G sl and parisievellc sl ons.
(2 {he 2Lt snuat) ons 1 GSUBLLS WL RLALLONG, LA B g opLopnist U o Faten
oo onee, P AR BALARIRS 0L STB DL T BROPNEBRS rod on ot <

above 3khz) anp%rtisc[g?;l.l 1‘10\%50231", Itl%elllagg% frequency (typically above 3kHz) and small amplitude

(typically less than one micron) nature of the acoustic vibrations the device was
intended to attenuate have made it difficult or impossible for the proposed damping to
be successful.

[0029] However, the inventors discovered that drilling induced vibrations
are typically much lower in frequency (usually below 100 Hz), and can exhibit large
amplitudes (e.g., a drillstring impacting a borehole wall), for which particle damping
may be well suited,

[0630] Turning now to the drawings, and, in particular, Fig. 1, a drillstring
100 is shown. According to the embodiment of FIG. 1, the drillstring 100 includes a
bottomhole assembly 102 and drillpipe 104. The bottomhole assembly 102 may
include a connector 106 to the drillpipe 104 and a check valve assembly 108.
Downhole of the check valve assembly 108 may be a pressure disconnect 110. If the
drillstring 100 is capable of directional drilling, the drillstring will include an

arienting tool 112 which is known by one of ordinary skill in the art having the



(typically less than one micron) nature of the acoustic vibrations the
device was intended to attenuate have nmade it difficult or inpossible for
t he proposed danping to be successful. [0029] However, the inventors

discovereqybgﬁgmﬂﬁ&jling i nduced vi brations are typi calploy/ususbotoyer in
frequency (usual bel ow 100 Hz), and can exhibit |large anplitudes (e.g., a
drillstring inpacting a borehole wall), for which particle danping nay be
wel | suited. [0030] Turning now to the drawi ngs, and, in particular, Fig. 1,
adrillstring 100 is shown. According to the enbodiment of FIG 1, the

drillstring 100 i bot{ omhol e assenbl y ..102 drill e 104 The
bot t 0i nhol e as%&ff %Tﬁgmﬁﬁ < BEPUAEH > %ﬁﬂ@%@gﬁgfﬁgﬂeug%ﬁ d?ﬁﬁ?plpe 104
and a check val ve ass heck val ve assel ly 108

nmay be a pressﬁﬁ@mﬂﬁ§‘gﬁﬁéeﬁngﬁgP?Ft?ﬁgﬂaduﬁ?%ﬁiwmvmlﬁﬁwsgqca abl e of
et o oD 08igf [t SRt L DSl HIGnR0, RELERELOR, | 00 112
| e

which is knomnmﬂﬁd art benefit of

this discl
causes ot at offFE ATGR IFRY f‘f‘:&i"é?%lﬁ“iﬁaé? b %fnkﬁﬁoﬁ&g ?‘?’“"S e
However, SOMe SystenB.. duaYo orﬁ quf st mlw&r"li&%ﬁw QreideeheR la{{i, eﬁ&%at © a

drill bit 115 and an a ousi’n acllitates directi ona

drilling. Accog 1%5[1‘91%880 qugpcbétal vﬁ?hogteaﬁf; Féeg(? ﬁhl?lquh&m FLBLahoRat t enuati on

of the drillstr especial [y effective when the entire

drillstring 11 oufgllﬂ 1 %ok ctn il ni)ﬁg%t 1ﬁcr%e'3.&§1gicf19£g1r?g ST 1R Ao

adj ust abl e ben hotisi ng. one e I ments may not include acoustic |ogging

equi prent, al thﬁggﬁ &%e&mb&ﬁ{emaeQ@aﬁﬂﬁﬁ@abw RN AnE 1RORbN appl i cabl e

to attenuating requency vibrations in drillstrings that ma
measur ement s V‘Qb#aﬁorgrﬁ lhllilsf}glgs that make measurements while drilling.

[0031] As mentioned above, drilling operations with a drillstring such as
the drillstring 100 shown in Fig. | generate heavy vibrations that reduce the life of the
drilling tools. Therefore, one embodiment shown in Fig. 2 provides an apparatus
comprising an oilfield drillstiing vibration attenuation module 120. One or more of
the oilfield drillstring vibration attenuation modules 120 may be inserted into the
drilistring 100 (Fig. 1). The oilfield drillstring vibration attenuation module 120
comprises a mandrel 122, The mandrel 122 comprises an outer surface 124 and an
inner surface 126. The inner surface 126 defines a passageway 128 through the
mandrel 122 that alfows drilling mud and other fluids to communicate therethrough
between segments of drillpipe and/or other drillstring components. An annular cavity
130 is formed between the inner and outer surfaces 124, 126, and particles are packed
in the annular cavity 130. In one embodiment, the particles are loosely packed in the
annular cavity 130 to facilitate vibration attenuation. Volume of the annular cavity
130 may be maximized in some aspects to increase the amount of energy that can be

absorbed. Maximizing the volume of the annular cavity 130 may require
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[ 0031] As nentioned above, drilling operations with a drillstring such as
the drillstring 100 shown in Fig. 1 generate heavy vibrations that reduce
the life of the drilling tools. Therefore, one enbodi mrent shown in Fig. 2
provi des an ratus conprising an oilfield drillstri i i
attenuati?ﬁ)%ﬁgﬁwg%lzo. One or nore of the oilfield dr??rgﬁgﬁﬁghgﬁbration
attenuation nodules 120 may be inserted into the drillstring 100 (Fig. 1).
The oilfield drillstring vibration attenuation nodule 120 conprises a
mandrel 122. The mandrel 122 conprises an outer surface 124 and an i nner
surface 126. The inner surface 126 defines a passageway 128 through the
mandrel 122 t kratsidddtionst wedhpi¢ah gndyed avdccostets heggrg & thod@Biuni cat e

t her et hrough bet ween segnents of drillpipe and/or other drillstring
conponent s. Arppamnersar cavity 130 is forned between the inner and outer
surfaces 124, 126, and particles are packed in the annular cavity 130. In
one enbodi nent, th&082kti bl theenlodinegbfdiiy 2phe Rerfrs A3 %]Pélﬁf‘rﬁﬂf%ha“qv:avi ty 130
to facilitate vibration attenuation. Volune of the annular_ cavity 130 nmay

be maxini zed ivcosdardsddpddt hat e praicrbls B OB DERdehdbgit #dt can be

absorbed. Maxim zing the volume of the annul ar caviéy 130,na%_require
consi der at i on forfeedsdAzdaf AdmahpigrH PLUCREIER PATHE S0 RRRINEHEM 0 t he
drilling operations. [0032]1n the enbodi nent o 2, the mandrel 122

, f Fig. 2,
conpri ses firstelvssdadigeneeamior :ahpie 94 (gl by prarrorahi f Put not
necessarily, threaded. The first and second ends 1@2, 134 al | ow the
vibration att dwiarhdnesspely 0258 Dobeecsr Aseaieato! BapRedl | %?0&8%? ®segnents
of drill pipe 104 %gjg. 1), between conponents of the bottonhole assenbly
102 (Fig. 1), BECROeR ey ABRtcc8POU ™ | pi pe and the bottonhol e assenbly,

or between other co nents. [0033] Alt h the mandrel 122 may conprise a
single piece, in oﬁggghboéiﬁﬁ%P8m9%@mﬁgﬁggﬁwCTﬁ@“%%ﬁB?%ggﬁagl?%rst pi pe
136, and a second pipe 138 threadedly attached .o and di spos at | east
partially i e awegpbhasiinnde G 5E ket BT uR TeEhE0E8 Ty Do

di sposed bet ween first and seco i.pes. 136, .138 1r 2nhodi ment
shown in Fig. l,eaciﬁﬂs( aftpqhgé topfinggm%%ﬂﬁéeg% p%‘?fﬁa%ynkggrl?ec%ﬁwpﬂh%@?prég%gl”B Ye second

pi pe 138 is also cylindrical .and th dedl.y .att to ( entric
With) the firstpisavinab iy o8 dinged et eé"‘%é%@%‘%ﬁé’@%%%?%?gﬁnul ar

cavity 130 CONPL L SSRGS A e shown in Fig. 2, the first pipe 136 is a cylindrical pipe, and the

second pipe 138 is also cylindrical and threadedly attached to (and concentric with)
the first pipe 136.

[0034] According to some aspects, the annular cavity 130 comprises an
internal wall 140 that includes features that enhance the transfer of vibrational energy
from the internal wall 140 to the particles. In some embodiments, the internal wall
features are geometrically shaped to facilitate transfer of axial, lateral, and torsional
vibration energy from the internal wall 140 to the particles. For example, the internal
wall features may comprise a spiral. In another embodiment, the internal wall
features comprise a plurality of grooves 142 and protrusions 144 that increase
particle/wall collisions. The grooves 142 and protrusions 144 may be arranged in the
spiral or zig-zag pattern shown in FIG. 2. In one embodiment, the internal wall 140

comprises a roughened surface that also facilitates wall/particle interactions. Pre-
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internal wall 140 that includes features that enhance the transfer of

vi brational energy fromthe internal wall 140 to the particles. In sone
enbodi ments, the internal wall features are geonetrically shaped to
facilitategyhrh, raﬂﬁkg&;of axial, lateral, and torsional vidghaishe@Reengar gy from
t he interna 140 to the partlcles For exanple, the internal wall
features may conprise a spiral. In another enbodinent, the internal wall
features conprise a plurality of grooves 142 and protrusions 144 that
increase particle/wall collisions. The grooves 142 and protrusions 144 may

be arranged in the spiral or zi %a atteé? shown in 5 2.f[T one

enbodi ment, t h@ofehpe pay pliqiagepieni %“EgW%P¥§@ ‘ﬁwﬁﬁdbﬁgﬁ%tal PYHCE" fhat al so
facilitates wal | /particle interaction Pre- ow desi gni ng
t he internal mﬁFi“*@%fﬂ?@?mdﬂ“@“%éyh?%g?e%Wﬁﬁﬁ§“$8Pd?%ggﬂ é?mkradeoff

bet ween danpi n i fferent V|br nodes (axial, |ateral

torsional) to %@HW@ 5’ YGHIIBYR P A %@??%pﬁ%nce [ 0035] Some enbodi nent s

i ncl ude two or Era ion aftenua 0 s ed al ong the
drill st ring 100 (Fﬁadls's ) %‘8?@“’% e srrgc %deq\go Of 1|non18|vﬁ> et;oFﬁreéuemt o8 an

v brati on ot opuch| o, TR0 g, S0P gﬁégom%%@od%ewgr bration

attenuati on mott VI br

| ocati O.n s of thelgﬁf[e '.nl'elfz%(;[ l;illl \r}xgzag‘o%atgen agbn 312)(31)1 F)nsc%e% 11b9<{11%l‘,lna[{§|1 éflﬂlel | in the

art having the' i'sclosur pre-pl an

drill modeling, st Pdr}/at%fx]lglé)@%]nﬁa(ﬁ rlb%%ﬂ%{ij{’ﬂgm}%da{eﬂx a8ty ?1 i kel y | Oca“ ons

of maxi mum vi bration onée e e man 2 COI'TpI’I Ses a

stabilizer ring, %%95&”9 ﬂﬁ“mg%gﬁﬁﬁbnt i egpgdﬁ; di ﬁkdﬁ%@g“%ﬁg of Figs.

3A-3B may be con |gure or a out t rillstring I (Fig. 1).
I'n one enbodi gg&%%t otflz‘lﬁ (ﬁg ?qQ v&lﬂecéﬁt L&g ti'?ﬁ?g’ple?hﬂtdhﬂgﬁggin rsﬁﬁ%g)d@orcm lar of

the drillstri but | ocati ons may al'so be used. The

stabilizer rin el el Yo eMid s ¥r Bliximadivaldipa Pr ot rudi ng bl ades,
for exanple thgq%éﬁ?&géﬁgmfg‘spgﬁédyho i&w bl éﬁés iSéts%omn in Figs. 3A-BB

However, any nunmberygfs bl agdss ermﬁﬁdl%ntuﬁggnnd[QQZQ @(Elﬁgﬁfs&ra hilt-heikl ades 152
conprises the annular caV|ty 130, t hough the annul ar cavities 130 of

Figs. 3A-3B ar @5&[}@\99&@1@”@;&'%1&30Tf}@%il@zreﬁm% &b loyri g EagBrohiad iRQommar
cavities 130 of Figs A oose pacﬁe d with the same particles

described abovg, mztchnérﬁa&fuen@anmswzgl 190 (Bg. 1Eafnto|n@_£1ﬂbcﬁﬂfﬁhl,rlga sabitidéd | | string
stabilizers (such as stabilizer rings may significantly increase the

life of the drihd sdorid NGcALQrdfd Qcoull)ofb% @m&ﬂﬁ%lmr oho@bibhecssback and
vibration induced by drilling with the particle F3037]Although t he

vibration att eﬂlld%h}k@lﬁb R ute sh2iQlze6 0P Y S05h a0 ndifte aphailicy bzedialgy 150 shown in
Figs. 3A-3B nay be attached around the drillstring 100

protruding blades, for example the four equally spaced hollow blades 152 shown in

Figs. 3A-3B. However, any number of blades may be used. The interior of the blades

152 comprises the annular cavity 130, although the annular cavities 130 of Figs. 3A-

3B are discontinuous circumferentially. Each of the annular cavities 130 of Figs. 3A-

3B may be loosely packed with the same particles described above with reference to

Fig. 2. Particle damping at drillstring stabilizers (such as stabilizer rings 150) may

significantly increase the life of the drillstring 100 (Fig. 1) by absorbing much of the

shock and vibration induced by drilling with the particles.

[06037] Although the vibration attenuation module 120 comprising the

stabilizer ring 150 shown in Figs. 3A-3B may be attached around the drillstring 100
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(Fig. 1) as described above, other enbodi nentsmay conprise separate
nodul es. For exanple, Fig. 4 illustrates a vibration attenuating nodul e 120
conprising an insertable stabilizer 250. Simlar to the enbodi nent of Fig.

2, the inyg&@?)g#%é%t abilizer 250 may conprise first an@cﬁ@&p%%?g)s 232,

234 t hat rably, but not necessarily, threaded. irst and
second threaded ends 232, 234 allow the vibration attenuation nodule 120 to
be inserted: between adjacent segnents of drillpipe 104 (Fig. 1), between
conponents of the bottonhole assenbly 102 (Fig. 1), between a segnent of
drillpipe and the bottonhol e assenbly, or between other conponents.

[ 0038] Li ke t helFigt Blsis Misgabedabeng, ABQ e(“?;?cb@f?ﬂt\‘SIAaSG(B)H,P“’EE’rféP?ﬂ'ﬁ%é@@‘éﬁ"l- éost abi | i zer
250 may include a plurality of radially protruding bl ades, for exanple four
equal | y spacedcxhople.die.Blikusbaepnabg e nting yelvlyls copgifingegd  any nunmber of
bl ades may be used. The interior of the blades 252 conprises the annul ar
cavity 130. Edetrigfle sippilizgnai fimikaia th @abodiarngst Hig. gsthe Msstaiggtabjiizar gosel vy
packed with the sane particles described above with reference to Fig. 2.

Al t hough two V3B icomprie fissh pckseenid e g 2421 9t 5 eteraPlyshytatted in Fig. 5,
any nunber of attenuation nodules 120 conprisin e ihsertable stabilizers
250 may be i nSFEEEY Hrgdehethg iy F@W"ﬁ‘@%@@‘?d ‘3&85 %@n%é“dﬁ'@ﬁ BeydvEoMparticl e
danping at drillstring stabilizers (such as insertable ilizers 250) may
significantly qttﬁ@#lé%lé@({wlfel-Qpit%e18?61“F<F$i ST HEF ﬁfg%mffb‘éo{saé}’ﬁgﬁ)§d§‘gi ng nuch of
the shock and yj bration induced _b%;[ drill |g]g W t%t[&ﬁ lE,loart'hcl es. [0039] Each
appar at us showfiiaRdPUELEEPBRAICEH 818 R BT dSeP M ATy 8 PFist ring and i s
not limted to the eﬂg)‘ﬁdi ment [ghovvn in Fi Els. }) and 5 Moreover, the
present speci &4 SHILBREARPIS %t?mé{‘ﬂ{? P s PPNGCpaPY C R § i ng and i s
not limted to the cific enbodi nments wn jn. Eigs. 1- One. aspect
contenpl ates a net Iﬁ@gg orrbﬁﬁeg]er?tj‘g%‘f‘éﬁﬁﬁqﬁﬁfsdﬁ"?lﬁ’ &'ﬁ ”?”Ff&%@éﬁﬂ@iz%r ations in
an oilfield drjlJlstring. The. attenuatin 0 i,ses inserting at, | east one
parti cl e- danpi g B3 L% \%‘Buézihl{yo?f‘adizﬁ]tyé”n%%@ingﬁ{a% ul eemtng%’g mg%uaﬁiﬁose

descri bed above ne_.or e locgtions of the drill.string. and absorbing
vi brati onal ensg%’c ?EI%?%@I%%%E%SP%%E@ ' Shlgg'\/?{B\F\]a‘ﬁtell’gny Iz]iutntlbég'%]%ijzﬁkl%g?f%zr?gdul e. In

O e Peot 1 O AR€ ki Q0 SMRbLPERhoRld HeBh AR chhy BESE LI aEM! L1 PL e

. . LOF
vi bration attenuation hodul es a

dri11ing- 1 nduceg, i BUAL! 08 o (08 13BEGHe 10ALL DRJeE OPAL S77 daflpgst i ng mul tiple

vi bration attenuati on nodul es“al ong string at cations where

vibrational enoee'écg%e(ii i?oo@é(gﬁlﬁe@e%ntcgto%g. |2.a5\9t%ug9 rtwé*?ﬁ&iaﬁ@;l attenuation modules

120 are illustrated in Fig. 5, any number of attenuation modules 120 comprising the
insertable stabilizers 250 may be inserted into the drillstring 100, As mentioned
above, particle damping at drillstring stabilizers (such as insertable stabilizers 250)
may significantly increase the life of the drillstring 100 by absorbing much of the
shock and vibration induced by drilling with the particles.

[0039] Bach apparatus shown and described above may be used with any
drillstring and is not limited to the embodiments shown in Figs. 1 and 5. Moreover,
the present specification contemplates any drillstring particle damping and is not
limited to the specific embodiments shown in Figs. 1-5. One aspect contemplates a
method comprising attenuating drilling induced vibrations in an oilfield drillstring.

The attenuating comprises inserting at least one particle-damping-based vibration
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[ 0040] The precedi ng description has been presented only to illustrate and
describe certain principles. It is not intended to be exhaustive or to
limt the invention to any precise formdisclosed. Many nodifications and

vari ationsyghtsR9ssd ble in light of the above teachi ng.pdrid@dddringa0

enbodi nent's

explain the principles of the invention and its practical

shown and descri bed were chosen and described in order to best
application. The

precedi ng description is intended to enable others skilled in the art to

best utilize the principles taught

modi fications as are suited to the particuylar use cont l.ated. It
i ntended that tsauaieppedys peyas s S%@ﬁ&éx%@aﬂ@?ﬁh@ﬁ“ﬁggﬁﬂﬁcggF
claims. WHAT IS CLCAIMED IS, | 1. An apparatus, .co ;
oi I field drill$fhrmg, s AR HRHHPHG TEREFT s ﬁgl?a“ onevibraon attenuation
?nr; 3 u ?/ ; b:: g:‘r;) ? :1 S gihéu {Q ulgtolng ar]qpf:rg?,ctilyel ;géthotdr}grﬁhae%‘ coln(lap?'i%és sg’z?tggic\:/ehl? rm%&%iﬁ’g” 111%1%}% nhuation

rising;
vibration attenuation modules along the drillstring to reduce drilling-induced
vibration. One aspect further comprises inserting multiple vibration attenuation
modules along the drillstring at locations where vibrational energy is expected to be
larger or maximal.

[0040] The preceding description has been presented only to illustrate and
describe certain principles. It is not intended to be exhaustive or to lintit the invention
to any precise form disclosed. Many modifications and variations are possible in light
of the above teaching.

[0041] The embodiments shown and described were chosen and described
in order to best explain the principles of the invention and its practical application.
The preceding description is intended to enable others skilled in the art to best utilize
the principles taught in various embodiments and with various medifications as are
suited to the particular use contemplated. it is intended that the scope of this

disclosure be defined by the following claims.
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concentric pipes; a cavity forned between the concentric pipes; particles
packed in the cavity; and wherein the cavity conprises
internal surface area enhancing geonetric wall features that enhance
transfer of vibration energy fromthe drillstring to the particles.

2. An apparatus according to claiml, wherein the internal surface area
enhanci ng geonetric wall features are geonetrically shaped to facilitate
transfer of axial, lateral, and torsional vibration energy fromthe
internal wall to the particles. 3. An apparatus according to claim
1, wherein the“ﬁﬁ%@?%§¥Agﬁﬁ@é%e area enhancing geonetric wall features
conprise a spiral. 4. An apparatus according to claiml, wherein
the internal surfacelahearigsnmediyisgéonetric wall features conprise a
plurality of grooves and !protrusions that increase particle/wall

col I'i si ons. aisoil{iid GplsainatthsdrdbEBEEPHY ¥ cl ai m 1, wherein the
internal wall surface enhancing geonetric wall features conprise a
roughened surf ace. at legl ongryitapppardenyaticicestol: Hg atlesePi m 1, wherein

the internal surface area enhancing geonetric wall features conprise a
zi g- zag pat t er ribgatian aftenaaigharmvdale SHPPraee:

conceniric pipes;
a cavity formed between the concentric pipes;

particles packed in the cavity; and

wherein the cavity comprises internal surface area enhancing
geometric wall features that enhance transfer of vibration energy from the

drillstring to the particles.

2. An apparatus according to claim I, wherein the internal surface area
enhancing geometric wall features are geometrically shaped fo facilitate transfer
of axial, lateral, and torsional vibration energy from the internal wall to the

pariicles.

3. An apparatus according to claim 1, wherein the internal surface area

enhancing geometric wall features comprise a spiral.

4. An apparatus according to claim 1, wherein the internal susface area
enhancing geometric wall features comprise a plurality of grooves and

protrusions that increase particle/wall collisions.

5. An apparatus according to claim 1, wherein the internal wall

surface enhancing geometric wall features comprise a roughened surface.



7. An apparatus according to claiml, wherein the particles are |oosely
packed in the cavity. 8. An apparatus according to claim1l
wherein the particles are solid. 9. An apparatus according to
claim1l, further conprising a plurality of vibration attenuation nodul es.
10. An apparatus according to claim1, further conprising a plurality of
vi bration attenuation nodul es, each of the plurality of vibration
attenuati on nodul es placed at antici pated maxi mum vi bration | ocati ons of

the drillstring. 11. a. A/‘ﬂ} %B&%(u%éé%rduﬁg%@l%fuﬂ Q\gmlleﬁﬂhé)fn e]; a‘FLﬂ%QJA]LJ string,

the drillstring conmprisin one vi bration

attenuation mody| mr%ggmlﬁm4$ﬁ§ﬁd Q?cygggéél F&@ﬂH@E gﬁﬁnagglades

conprising: a sta ring 1 ncludin
arranged around, g. collar; at |east one of the hoIIOM/bIades conprising a

7. An apparatus according to claim i, wherein the particles are loosely

packed in the cavity.

8. An apparatus according to claim 1, wherein the particles are solid.
9. An apparatus according to claim 1, further comprising a plurality of

vibration attenuation modules.

10. An apparatus according to claim 1, further comprising a plurality
of vibration attenuation modules, each of the plurality of vibration attenuation

modules placed at anticipated maximum vibration locations of the drillstring.

11. An apparatus, comprising;
an oilfield drillstring, the drillstring comprising:
at least one vibration aitenuation module, the at least one
vibration attenuation module comprising:
a stabilizer ring including a plurality of hollow
blades arranged around a collar;
at least one of the hollow blades comprising a

cavity loosely packed with particles; and

wherein the cavity comprises internal surface area
enhancing geometric wall features that enhance transfer of vibration energy from

the drillstring to the particles.
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cavity | oosely packed wth particles; and wherein
the cavity conprises internal surface area enhancing geonetric wall
features that enhance transfer of vibration energy fromthe drillstring to
the particles. 12. An apparatus according to claim 11l wherein each

of the hollow blades is |oosely packed with particles.

12, An apparatus according to claim 11 wherein each of the hollow

blades is loosely packed with particles.
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