TI TLE Met hods and Apparatus for Attenuating
Drillstring Vibrations FIELD [0001] The present
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apparatus associated with drilling through subsurface
formations. More particularly, the present
specification describes principles for inproving
drilling operations and extending the |ife of
driiﬁiﬁring assenblies by attenuating drillstring
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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., “Putting a damper on drilling’s bad vibrations,” THE OTLFIELD
REVIEW, Schlumberger, January 1994. Extensive study and engineering has been
done over the years to better understand, monitor, and control these potentially
damaging drillstring vibrations. See Rabia, H., “Oilwell 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, J.J., “Drillstring component mass imbalance: A major source of downhole

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



and Azar, JJ. , "Drillstring conponent mass i nbal ance:

A maj or source of downhol e vibrations," SPE DRILLING
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MT., and Lesso, WG Sr., "Quantifying bottomhol e
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Accordi ngly, sone have proposed in-situ danping
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Technol ogy suggests use of an isolation sub, which
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rubber nolded into the threaded cavity. The rubber
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danp the drilling induced vibrations. Neverthel ess,
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conditrons. In addition, the huge torque and
[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 rubber, 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 modified sub in
which a magnetorheological fluid filling a narrow gap between two components of the

drillstring assembly is used as the damping mechanism. Cobern, M.E., and Wassell,

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



axi al loads conmon to drilling operations nmust be
transmtted through the rubber danping material, which
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Specifically, the present disclosure describes many
nmet hods and apparatus for attenuating vibrations of a
drillstring assenbly while drilling. In one
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vibration attenuation modules may be inserted at locations where vibration energy is
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.

[0007] One embodiment provides an apparatus comprising an oilfield

drillstring vibration attenuation 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



packed particles in the cavity(ies). The vibration

energy is dissipated via friction and inelastic
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occur as a result of drillstring notion. [0007] One

enbodi nent provi des an apparatus conprising an

oilfield drillstring vibration attenuati on nodul e. The

oiIfieId driIIstring vi bration attenuation nodul e
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of the apparatus, the mandrel conprises a first pipe,
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concentric with the first pipe, such that the annul ar
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[0008] In one enbodi nent, the mandrel conprises a

st abpdsi zer ring configured for attachnent about a
drillstring. In one enbodi nent, the stabilizer ring is
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appiab@dch&d arblid aC@Whd YThe efapilik& eSg @y include a plurality of protruding
blades, and the blades may comprise the annular 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 embodiment provides an apparatus comprising 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



internal wall having features that enhance transfer of

vi bration energy fromthe internal wall to the
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features conprise a spiral. In another enbodi nent, the

internal wall features conprise a plurality of grooves

and protrusions that increase particle/wall

collisions. In one enbodi nent, the internal wall
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enbodi nent provides an oilfie apparatus conprising a
bottom hole assembly comprises concentric cylinders and an annular cavity, and

particles of solid material loosely packed in the annular cavity.

[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 comprises 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



drillstring. The drillstring conprises drill pipe and
a bottonhol e assenbly. The bottom hol e assenbly
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apparatus conprising an oilfield drillstring, the
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[0016] Fig. 1 is a front view of a drilling tool that may be used with at
least one vibration attenuation module according to one embodiment.

[0017] 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
attenuation 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.



[ 0015] The acconpanying drawings illustrate certain
enbodi nents and are a part of the specification.
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may be used with at | east one vibration attenuation
nodul e according to one enbodi nent. [0017] Fig. 2 is a
| ongi tudi nal cross-sectional view of one vibration
attenuation st age that may be used with the tool shown
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stage of Fig. 3A according to one embodi ment. [0020]
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di scl osed. Rather, the invention is to

DETAILED DESCRIPTION

[0023] [lustrative embodiments 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.

ka4 “

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

AN TY b1 20 Ce

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 included in at least one embodiment of

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



cover all nodifications, equivalents and alternatives

falling wwthin the scope of the invention as defined
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characteristics may be conbined in any suitable manner

I N ddepparatiDioe atesfihathic VEbtions dhedmBerig aSdemdlyudhitegltilland In

"“havi ng" shall have the sane neaning as the word

" C opieiegibB@ments 0GR ionVlareemé@lated BV ARIduYige 38@Ghde Vibfation

inless than all features of a single

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 particle-

wall collisions is referred to as particle damping.



di scl osed enbodi nent. Thus, the clains follow ng the

Detai |l ed Description are hereby expressly incorporated
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standing on its own as a separate enbodi nent of this

i nvention. [0026] The present disclosure contenpl ates,

anong ot her things, nethods and apparatus for
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However, any other particle size nmay al so be used.
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inelastic particle-particle and particl e-wall

col 6,643,221 swhiblats herby incarpoatedes us ¢ntiadty ty ihliid rsferdnng Proposed
notion. Dissipation of vibration energy by friction
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collisions is referred to as particle danping.[0027]
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Patintehdbd 8 adiaat8 ﬂgvetrﬁ)ademﬁhlﬂﬂr 1ﬂﬂ)@ss‘iﬂ]é fold tHeSproposed damping to
incorporated in its entirety by this reference. The
cavipd u&Ssdiie general ly | oosely
[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.
[0030] 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

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



packed with granular materials (sand, netallic powder,

etc.) that absorb kinetic energy by particle -particle
w@e@sodds cl e-wal | col lisions. [0028] There haBChES00H077220

| east one application of particle danping applied to

the attenuation of acoustic vibrations in |ogging

tools. See U S. Patent No. 6,643,221, which is hereby

[ ncorporated inits enti rety by this reference

OEO%Effet e BRI dnSql et ent&sgflﬁ%‘i”& iy e
anpPl a'tlﬁraeff {EIREENS  WeBushank ﬁ%ﬁrgﬁﬂ% ok P i B may

t he ustic vibrations the dev wa nt ended

att'8 H MK W@tou‘réﬁéto dt“VEIF“FCHOP?lﬂ*’c rBerlF ]5118 ian@u%t%H? © bvk
proposed danpi to be successful. [0029] However, the

i nVHEiIBE %1%“75‘%%‘6"8“@ igetionaltdriffpng IAicFﬁj‘d‘Inﬁ Wéﬁll\ﬁskﬁl?%b%fh@mm
are typically much |l ower in frequency (usually bel ow
100vippYion Higguagign obthp Antlringd§anayhsiesreqitdy effectiye whep the entire
drlllst.rln i npacting a borehol e wall for which
pardrilisiriag dg@rﬁillﬁqotﬁfﬁwﬁboww nesg ifqréldnu@{ PY8OYr vsEbla @ent

now to the drawi ngs, and, in particular, Fig. 1,

dr i hduging.i %nqwngn@mw noAgnsbdel amsmﬁogm@ @mmnnh@hhough
of FIG 1, the drillstring 100 includes a bottonhol e

as stétrblih}ciﬂ@ziemedjhftrbih prepgudlydpplitableto titenmitolgdow frequency
assenbly 102 may include a connector 106 to the

dr i Vibrpiiges id Qullsangs ehac mekckmerahrements shitblyllidd8. Downhol e

of the check val ve assenbly 108 may be a pressure

di sconnd@31110.Aslhertibaediibiold, gtilling gpektdnk svith aabibtengfuch as
directional drilling, the drillstring wll include an

or i & tifilikgririg0l@0 sAdvidn IWTHI€ N deferkid Gdvy Bybraivas difat @dwbe i 1ife of the
skill in the art having thebenefit of this disclosure.

I N &0N®; ©©8lS eTherébR, Gitdnidihent dhsivhimBig 1DProkdtedneppaads

causes
comprising an oilfield drillstring vibration attenuation module 120. One or more of
the oilfield drillstring vibration attenuation modules 120 may be inserted into the
drillstring 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 allows 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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rotation of a drill bit 115 to facilitate borehol e

drilling. However, sone systens may include a nud
WOrpi08/036498l to drive and rotate a drill bit 115PERTS2n7/077220

adj ust abl e bent housing 116 facilitates directiona

drilling. According to principles described herein,

vi bration attenuation of the drillstring 100 may be
especially effective when the entire driIIstring 110

o) S bl ol S st s e Bfine

i ncl ude acoustic |oggi ng equi pnent, although the
prlﬂ%VﬁP@% descrlbed hereln are equally applicable to

att enuat low fre , vihrations in drillstrings

t hat rrall@‘%ré asyp pf < Fig- 21 ‘i?1 FRgn rf:b]c%f})mﬂgses Hrst and
ment i oned above drllllqg feratlons Wit

dri ﬁleF‘§’ldrei“11ﬁgl3§ugﬁ‘ thy ageaetgraply; Qyt F‘PW&C‘?LSW% Hléf\‘?xi“fleflnﬂp-ff fgijrSt and

1 generate heavy vibrations that reduce the |ife of

t heseendendnp2y b‘\c/ﬂ alowthroyibmpgpreattegption megdie et o erdwgred:n
Fig. 2 provides an apParatus conprising an oilfield

dr i hetvegenjadigeapt sngarents At dnlinapeuldti(g. hrolRiveentompoaes of the
nore of the oilfield drillstring vibration attenuation
o dheltiemhalp @ssemPlyb o2 i(Fig el t kegvdentagegrpdnt df drillpgreraing ghe bg@omhole
(Fig. 1). The oilfield drillstring vibration

at t assruetly, onbetweknl ahel 20mpowptsi ses a nandrel 122, The
mandrel 122 conprises an outer surface 124 and an

i nner suUf@dte 1coudihtbe mndrel RAmiaycempaG dedglagisceain one
passageway 128 through the mandrel 122 that all ows

dr i dohbiod gnemiti dheanghded] h22 cdrhpriseksa fiot @patAshaciat econd pipe 138

t her et hr ough between segnents of drill pi pe and/or

ot hiareaddiyl dtathed ngarialigpostenit fast Adrtiaynkide oy fitsy pip3036. SThe
formed between the inner and outer surfaces 124, 126,

anchnpalat ¢a9 1t $3RNeY RAdikRekd bt dea tRITitt aad s@awd pipesli38; 138N In
one enbodi nent, the particles are | oosely packed in

t hemhasfibddhert @Ndv&mnr%) 21 tBe FiR€ bipk 1138 B a\ehPidchIPipe, and the
attenuation. Volunme of the annul ar cavity
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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130 may be maxi m zed in sonme aspects to increase the
anount of energy that can be absorbed. Maxim zing the

woodoass40 t he annul ar cavity 130 may PCT/US2007/077220
requi reconsi derati on of mechanical and nud fl ow
constraints inherent to the drilling operations.

[0032] In the enbodi nent of Fig. 2, the mandrel 122
conpr i ses first and second ends 132, 134 that are

prefe t not ne eaded. T e st
DSl fios Ak I8R5 R RS IR g M R ror e
attenuatl 0 rmdu be.i nserted: bet .

2 QLB T fhegfat Qi) oy Cpiat
conp onen};s of . the bottonmhol e gssenbly 102 (Fig. 1),

bet WAL tsihisnmagmugy e EalipOEHEE he bot t omhol e
assenbly, aor between other conponents. [0033] Although
the mandf®Pl12 290%?“@6%@@ énclude Wi@ Premﬁ‘ieéf E%athnﬁ‘tt%rﬂ’étlon
enbodi nent, the mandrel 122 conprises a first pipe
1360y 130 sRacerhdlons tb%dlllésglrtghwe abied))y Same a@h%mﬁﬁs aﬁa

di sposed at |east partially inside of the first pi
136inclyirethega fruten viberipn aifenugdipnragdulss. b sesdbddinen of the
the first and second pipes 136, 138. In the enbodi nent
shovibraiien fieguatipn moHeles 1305 p\@q‘:qﬂ@t agGEipated magyrhyodibragian

pi pe, and the second pipe 138 is also cylindrical and

t hrleentiend of txt drdbstving 100 (Hignd Elarse ehondingryvpkilhih thehpat avingtthe
pi pe 136. [0034] According to sone aspects, the
annhehnefit of ehrs diycldsBf witl mprogsiestham predpénriall nwalelinglsh@lytandior
i ncl udes features that enhance the transfer of

Vi baxatiiroeradtioa nell gigldf thoikdincativhe ofahximvamlvitkdint o t he
particles. In sone enbodinents, the internal wall

f eat ur e§0@86¢ gdoord ¢misairhant, Shapedirdla2? ad@ipristad @abilizer ring
transfer of axial, lateral, and torsional vibration

enerywyshdwOm Hike 3 ArBBe rmalstabailzér rikdQ 50 of Fiae 3pash ina} BSconfigured

For exanple, the internal
for attachment about the drillstring 100 (Fig. 1). In one embodiment, the stabilizer
ring 150 is attached around a collar of the drillstring 100 (Fig. 1), but other locations
may also be used. The stabilizer ring 150 may include a plurality of radially
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.

[0037] Although the vibration attenuation module 120 comprising the

stabilizer ring 150 shown in Figs. 3A-3B may be attached around the drillstring 100

12



wal | features may conprise a spiral. In another

enbodi nent, the internal wall features conprise a
w@hkasabd4dy of grooves 142 and protrusions 144 PEEUS2007/077220

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 enbodi nent,

the internal mall 140 conprises a roughened surface

le interacti

th t t

or o aison% %ﬁ%vgv%th&égﬁné@f RGPS WA PP ATP2RLg frodules. For
f eat t hat, al f th t tradeoff
bR %}ﬂ? QS N A A N

(axial, |ateral or si.onal chi ev Xi mym over a
por et R SO (53551 S BB SO HGHIE of FEi nd TETgs Subilizer
nore vibration attenuati on npdul es 120 spaced alon%

t he2X4rmay| @er??gﬁri@@d (S‘F-"ioﬁd efﬂs 235346 thahdys arqﬁeém% bi‘ﬁa

include three to ten vibration attenuation nDduIes I n

onecerpBty-ritded e Abnfitst andisecopd Hrreadpd pnds 28 e Fdd pllnthe vibration
nmodul es 120 is placed at anticipated maxi num vi brati on

| ocatenestisn aodelp d2Qioitelirsertedi §etpoen drcgnt sqgmenprislglipipe 104
ordinary skill in the art having the benefit of this

di s@&lodlubetwagt ¢ontpesarndiie bditemhalepssemplyal®2drig| 1), between a
nodel i ng study and/ or experinentation will yield the

| i keekpentof dtillmpesandfthentmxtiombote wisbmalyi arbet}e@036Er ¢amponents.
enbodi nent, the mandrel 122 conprises a stabilizer

ring 1500638bwn Like the grbiliZAi8B150T(egss 3 AB3B).itzeeinsartablg sthbilizer
of Figs. 3A-3B may be configured for attachnent about

t he2s@rmdylisdladerngpld@lity (OFtagiall protiuding hiadeyfo dkamepié fout bgmally
stabilizer ring 150 is attached around a collar of the
dr i dphstdmoney bRGes(2BL ghowln) in Figst 4-61 Hetvel @ Cal inomBertd ladéssDay
be used. The stabilizer ring 150 may include a

pl wsealséd. yTHefinteaéh oftkHeybl 4602 IUdiipg sddltat@sulaf @Fite X30THaeh of the
the four equally spaced hol |l ow bl ades 152 shown in

Fi gnuidAeadBies MUY, 4-3MyayHdNBRELy Phcill aGk@SheBhe Paiticles

used. The interior of the bl ades
described above with reference to Fig. 2. Although two vibration 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] Each 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

13



152 conprises the annular cavity 130, although the
annul ar cavities 130 of Figs. 3A- 3B are discontinuous
w@poosisdses enti al |l y. Each of the annul ar cavit i BGSI/USBOT77220

Figs. 3A- 3B may be | oosely packed with the sane
particles descri bed above with reference to Fig. 2.
Particle danping at drillstring stabilizers (such as
stabilizer rings 150) nay significantly increase the

ife of the Llstri absor mu
of | TRE g Eieddh 3 i B ﬁscrlﬁai%@aéﬁyo r%fﬂm%% fiftpneiihe
the rt|cI Q037] Al thou e vi . .
at t‘gﬁﬁg’ﬂ‘v’ d s Yﬂ%@ﬂ&%&ﬁ?ﬁg i e ok B viation igsion
wn i n Fi 3A- be attached around t

d ri lvl? % i ﬂ@nae@?% g me 0%.&}1 ESOPIPHET S%ts%léaﬂycﬂl%&rng ‘ultiple
enbaodi nents may npri se separate nodul
exa¥ppeon ﬁiﬁeﬁuatlﬂn MOFW}%% lopeabe grilstee F‘?Slﬁcea‘ih%ué‘i*ﬁj‘é‘fiil?ﬁ’ﬂ
nodul e 120 conprising an insertable stabilizer 250.
Si nyibrafion. PrerePeshiyFasTROMPTiEP IPping multipleavipiadert tigppasion
stabilizer 250 may conprise first and second ends 232,
234medydgs ajome therdafllsiriap pilocabigns vildre RibtaEigRM £nqrgy is expected to be
threaded. The first and second threaded ends 232, 234
al |lawget drenaxithdlat i on att enuati on nodule 120 to be

i nserted: between adjacent segnents of drill pi pe 104
(Fig. 1)0049&t weldn peoepundastription hahiweh ptesamddaingy to illustrate and
assenbly 102 (Fig. 1), between a segnent of drill pipe
anddesdribe et tinpialigesadsie my iytended tdbdt ewbewstio¢ breo limit the invention
conponents. [0038] Like the stabilizer ring 150 (Figs.
3A-8Bhy piebiee fons distlaldde Mdngmiddifratior? 20d naiatibmcireipl@siéle in light
plurality of radially protrudi ng bl ades, for exanple
f oudst tepbald ypachipgced hol | ow bl ades 252 shown in Figs.
4-5. However, any nunber of blades may be used. The

i nteri omoesi] t herhbleaBed meh2 skt SIE% rib&Ewé 8 Bhtsai and described
cavity 130. Each of the annular cavities 130 of Figs.

4- SinBRder REvekiQRBRInthPRGHeales W tHR 1At SPdHR iR PFdcti€dl @plication.

descri bed above with reference to Fig. 2. Al though two

Vi bitgrQRdial HeBHAtInGNint@EA BSnable others skilled in the art to best utilize
the principles taught in various embodiments and with various modifications 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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120 are illustrated in Fig. 5, any nunber of
attenuation nodul es 120 conprising the insertable

WG @BBd4g®er s 250 may be inserted into the drilPGI/UEI997/077220
100. As nentioned above, particle danping at
drillstring stabilizers (such as insertable
stabilizers 250) may significantly increase the life
of the drillstring 100 by absorbing nuch of the shock
and vi bration induced by drilling with the particles.
[ 0039] Each apparatus shown and descri bed above may be
Uﬁg§%$$é£¥gzéﬁﬁé#£istring and is not limted to the
e ‘n Figs. 1 and 5. Moreover, the
present specification contenplates any drillstring
particle danping and is not limted to the specific
enbodi nents shown in Figs. 1-5. One aspect
cont enpllat A% 2RPARASHSHERINREGHST i si ng attenuating drilling
i nduced vibrations in an oilfield drillstring. The
at t enuat P QY116 ApHitdrsvibiaden dtiepgntiep njodalst thy ﬁlét%eld drillstring
particl e-danpi ng- based vi brationattenuation nodul e
( sudbratien atigpesion axwdvle SeiEPEieye) at one or nore
| ocations of the drillstring, and absorbing
vi brati onal enendyl, Wietrkangitebccaepriseigst one vi bration
attenuation nodule. In one aspect, the nmethod further
conpri ses str at egircaitdrpuifars end imignensiitficel e vi brati on
attenuation nodules along the drillstring to reduce
drilling-induced the bmat sudiace dafieing spechgeimay threwgh the mandrel;
conprises inserting nultiple vibration attenuation
nodul es al ong t heardminblhstavitnbetaten the aheramd owkhesuefaces;
vi brational energy is expected to be |arger or
maxi mal . [ 0040] Thetiqesgaektdigthdasanirphvion has been
presented only to illustrate and descri be certain
principles. It is not intended to be exhaustive or to
limt the invention to any precise formdiscl osed.
Many nodi f Ag aigafits B8HdiM@Ed AdinONShakeR ROSBHdIRomPrises first
i ght of the above teachi ng.

and second threaded ends configured for insertion between adjacent drill pipes.

3. An apparatus according to claim 1, wherein the mandrel comprises:

a first pipe;

a second pipe threadedly attached to and disposed at least partially inside of
the first pipe;

wherein the annular cavity is disposed between the first and second pipes.
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[0041] The enbodi ments shown and descri bed were chosen

and described in order to best explain the principles
wW@Rooshss4pventi on and its practical applicati oPCT/Uk07/077220

precedi ng description is intended to enable others

skilled in the art to best utilize the principles

taught in various enbodi nents and with vari ous

nodi fications as are suited to the particul ar use

contenplated. It is intended.that the scope of this .
i sct ond bt NGE il MO AT HE PR Ts
CLAI MED %S: 1. An apparatus, conprising; an oilfield

drill sty RA%ration attenuation nodule, the oilfield

drillstring vibration attenuation nodule ¢ rising: a
mandr el 2 SEF@d pisdretdedly ﬁB?‘ihg‘? {9fnd goncaRFie v “ggi%f félfété”fgeh d
an i nner surface; the inner surface defining a .
passagewdifreihihe aprlar saviydhdisrased bagwegsihg tipt aadyeqopd pipes.
between the inner and outer surfaces; particles packed
in the annular cavity. 2. An apparatus according to
claim1l, wherein the mandrel conprises first and
second thrAnagRardsdscadng ogudiadl. fFdereinibemaidsel compiies An
adj acent drill pipes. 3. An apparatus according to
cl aibsprtable whkitigdryonfippradedptinedulay pinseew ¢n a drilfsinngt  pi pe;
a second pipe threadedly attached to and di sposed at
| east partially inside of the first pipe; wherein the
annul ar cavity is disposed between the first and
second @ pAsapbarafrs aappdingtoudaimcts ehelieimghd msartablestabilizer
wherein the mandrel conprises:

comprises a plurality of protruding blades, wherein the blades comprise the annular

cavity and each is packed with the particles.

7. An apparatus according to claim 1, wherein the mandrel comprises a

stabilizer ring configured for attachment about a drillstring.

8. An apparatus according to claim 7, wherein the stabilizer ring is attached

around a collar.

9. An apparatus according to claim 7, wherein the stabilizer ring comprises a
plurality of protruding blades, wherein the blades comprise the annular cavity and

each is packed with the particles.

10. An apparatus according to claim 1, wherein the cavity comprises an
internal wall having features that enhance transfer of vibration energy from the

internal wall to the particles.
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a first pipe; a second pipe threadedly attached to and
concentric with the first pipe; wherein the annul ar

W@ 20080%649% di sposed between the first and secoPd/pses077220
5. An apparatus according to claim1, wherein the
mandrel conprises an insertable stabilizer configured
for nodul ar placenent in a drillstring. 6. An
apparatus according to claim5, wherein the insertable
stabilizer conprises a plurality of protruding bl ades,
wherein the bl ades conprise the annul ar cavity and

ecor i . EBSEP NIRRTt M A/ B R F LB

stabilizer ring configured for attachnent about a

dr i JoP®Fiss HPirAB” An apparatus according to claim 7,
wherein the stabilizer ring is attached around a
collar. 9. An apparatus according to claim?7, wherein
the stabilizer ring conprises a plurality of

pr ot r udilRgABHPRRIEEUS ageradiag fp e 19} whersindhsnipierngbwilhatures
annul ar cavity and each is packed with the particles.
10. comprisppplpeitysof geaopesnd grateysionsthpy increagp pre¢ly/ waH gollisions.
cavity conprises an internal wall having features that
enhance transfer of vibration energy fromthe interna
wall to the particles.11l. An apparatus according to

cl ai m 103 hepreratustaheoriling erdlain Mawherfigghaunematonprengess
a spiral. 12. An apparatus according to claim 10,
wherogipnis¢ heuplned niafaceval | f eat ures conpri se a
plurality of grooves and protrusions that increase
particle/wall collisions.

14. An apparatus, comprising;
an oilfield drillstring, the drillstring comprising:
at least one vibration attenuation module, the at least one vibration
attenuation module comprising:
concentric pipes;
a cavity formed between the concentric pipes;

particles packed in the cavity.

15. An apparatus according to claim 14, wherein the cavity comprises internal
wall features that enhance transfer of vibration energy from the drillstring to the

particles.

16. An apparatus according to claim 15, wherein the internal wall features are
geometrically shaped to facilitate transfer of axial, lateral, and torsional vibration

energy from the internal wall to the particles.
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13. An apparatus according to claim10, wherein the
internal wall features conprise a roughened surface.

W@ 200808040 par at us, conprising; an oilfield driPCBHUSI0T)77220

the drillstring conprising: at |east one vibration
attenuation nodule, the at |east one vibration
attenuati on nodul e conprising: concentric pipes; a
cavity fornmed between the concentric pipes; particles
packed in the cavity. 15. An apparatus according to
claim 14, wherein the cavity conprises internal wal
features ggat enhance %ransfer]gf vi brati.on ener gy
from the o MREAYSRGCTY e HeslPay s whaein hgntegl wallfeatures
apparatus according to claim15, wherein the interna
wal OPESt 43R¥el ar e geonetrical Iy shaped to facilitate
transfer of axial, lateral, and torsional vibration
energy fromthe internal wall to the particles.17. An
apparatus according to claim15, wherein the interna
wal | f edBupRarraBsrreadiae Qnlgiay 15, whereingheipiseahyafsfeatures
according to claim15, wherein the internal wall
f eagompEise EplMifysd ggoopesandIpratipsions Gatgasrease apticle/wall collisions.
protrusions that increase particle/wall collisions.
19. An apparatus according to claim15, wherein the
internal wall features conprise a roughened surface.
20. An dfpan appasitwacondingty domclSawherdis thaihernal wali features
internal wall features

comprise a roughened surface.

20. An apparatus according to claim 15, wherein the internal wall features

comprise a zig-zag pattern and a roughened surface.

21. An apparatus according to claim 14, wherein the particles are loosely

packed in the cavity.
22. An apparatus according to claim 14, wherein the particles are solid.

23. An apparatus according to claim 14, further comprising a plurality of

vibration attenuation modules.
24. An apparatus according to claim 14, 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.
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conprise a zig-zag pattern and a roughened surface.

21. An apparatus according to claim 14, wherein the
wW@200Bi03d4e8 are | oosely packed in the cavity. Z2BCT/B82007/077220
apparatus according to claim 14, wherein the particles
are solid. 23. An apparatus according to claim 14,

further conprising a plurality of vibration
attenuation nodules. 24. An apparatus according to

claim 1é %u%ggr of ri sipgfg a plurality of vibration
at t enuat’ uF@?’ 2B ®he plurality of
vi bration, attenuat nodul es Iaced at antici pated
nHX|nunﬁ§W®F§P$6 %ggg?gﬁﬂgm?ﬁ'%he drillstring.25. A
oilfield app ratus conprising: a drillstring, the
drillstring WFSlng drill pipe; a bottonhole
assenbl vy, the bott omhol e assenbly conpri si ng
concentric 09IWﬁ&@F@”ﬁﬁ@ﬁ&hﬂ&ﬂﬁﬂPQP“EéVF@PWCB%@?WE$es
of solid material |oosely packed in the annul ar
cavity. 26. fencappardindes a’é‘b‘i’Pp%nF%]lahﬁ“’l%n oi | field
drillstring, the drillstring conprising: at |east one
vibration attenuabarétesrasaelidmaterd lagsely packed trfbe annular cavity.
vi bration attenuati on nodul e conprising: a stabilizer
ring including a plurality of hollow bl ades arranged
around a collar; wherein at |east one of the holl ow
bl ades i26. Aveprelayuspekeding t h
an oilfield drillstring, the drillstring comprising:
at least one vibration attenuation module, the at least one vibration
attenuation module comprising:
a stabilizer ring including a plurality of hollow blades arranged
around a collar;

wherein at least one of the hollow blades is loosely packed with

particles.

27. An apparatus according to claim 26 wherein each of the hollow blades

is loosely packed with particles.

28. A method, comprising:
attenuating drilling induced vibrations in an oilfield drillstring, the attenuating
comprising:
inserting at least one particle-damping-based vibration attenuation

module at one or more locations of the drillstring;
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particles. 27. An apparatus according to claim 26
wherein each of the holl ow bl ades is | oosely packed

wanaokopass i cl es. 28. A nethod, conprising: attRE/ESI0NY077220

drilling induced vibrations in an oilfield
drillstring, the attenuating conprising: inserting at

| east one particl e-danpi ng-based vi bration attenuation
nodul e at one or nore |ocations of the drillstring;

absor bi ng vi bration ene Wi t. he .at | east one .
vi bration at f &Rt %aﬂ%ﬁ[:%.rgyé‘é‘ﬁl tj&e Ffé?%%nea@bc%t}oé‘i Ahignuation
to claim 28, further conprising strategically

i ns8¥4%g nultiple vibration attenuation nodul es al ong
the drillstring to reduce vibration. 30. A nethod
according to claim 28, further conprising inserting

mul tiple vibration attenuation nodul es along the . .
drill st r2|9n@ method gecardiph© qhier28. VrtherapmpHzine ﬁ‘éerg&ﬁﬂi’ wiserting

expected to be maxi mal . o o
multiple vibration attenuation modules along the drillstring to reduce vibration.

30. A method according to claim 28, further comprising inserting multiple

vibration attenuation modules along the drillstring at locations where vibrational

energy is expected to be maximal.
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