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,

the presept cification describes principles for inproyi iLid ng
operatioh?mﬁﬁﬁﬁgﬁ%%nding the life of drillstring assen£?¥g§ 0362%%2nuating

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 damadé&lldiilling assenblies. See Jardine S., Malone, D., and
Sheppard, M, "Putting a danper on drilling s bad vibrations," THE O LFlI ELD
REVI EW Schl unber gMethodszngd dpparatgoler Apsauatiyg Riglsging Kibraids engi neeri ng has
been done over the years to better understand, nonitor, and control these
potentially damaging drillstring vibrations. See Rabia, H, "Qlwell
drilling engineering principles and practice,” G aham & Trotnan, 1985;

C ayer, F., VEHdi%er, J.K , and Lee, H Y., "The effect of surface and

downhol e boundary conditi ons on the vibration of q%illsﬁrin , " PROCEEDI NGS
65 ANNUAL TECH. OdRf01] speThegesientspesidiqaiongeperalyAaseriyggprthofsaier R W and

Wang, C., "An integrated nodel for drillstri ng\gd_%nam' cs, " Langjaigtéer
Uni versity, 200eranpyprseeiaigd wih gyillingheopeh pybsurfacgygrinaipns pMpre palighainy. o - 3. 3.

AR M R T T
using Tieid aPreEtgRGiTear TG v e 8 LR Eo R8T » SPEr | ADC
52835, 1999.

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., “Putting a damper on drilling’s bad vibrations,” THE OILFIELD

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, ] 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.,



[ 0003] Downhol e nonitoring and surface control techni ques have been proposed
to deal with sonme of the vibrations nentioned above. See Hal sey G W,
Kyllingstad, A, and Kylling, A, "Torque feedback used to cure slip-stick
motion," SPE200804Q9s 1988; Alley, S.D. and Sutherland, G&cBus200Thetse of

real -ti me downhol e shock neasurenents to i nprove BHA conponent
reliability,"” SPE 22537 1991; Aldred, WD., and Sheppard, MC.

"Drillstring vibrations: A new generation mechani sm and contr ol

strategies,"” SPE 24582 1992; Chen, D. CGK., Smth, M, and LaPierre, S.,
"Integrated drjlli dynam ¢ fe I s, th - - imze | oo
inreal tine," b@ﬁlﬂ%ﬂﬁéd %Sé%éy'%yl'—éﬁi\’/e é‘(rd\’ft%?'g %Ogg'%%ﬂ%gﬁ%mdg?ggw@h%{%i n-situ P

danpi ng of the,yj %e%&é,%ﬂgrgw%u(&a% J;;g:y%{t@ez%? Sher g}@ﬁﬁAD@@zéésmgtgb.ng the

extent of danuge cause tthe vi rons the drilTstring 15 subjected to.

[ 0004] Accordingly, magﬁsh%}gg@gg@gﬁgﬂg%m%hﬁ&e dafel Al penaues, al t hough

each has its limt y suggests use of an 1so i on sub,

whi ch 1 ncl udes_, Cylk indr.i ] bber nol ded
into the thr ea%géﬁg%deat\g??agl.w}[t%%ﬁereﬁg erl&%éledtn\?\glgfrll&?% %ggge??egy\lﬂisﬁjcﬁyghl menber s

is intended to he diiddil ir bk At ONS,, VGFL hstsss, the
tenperature-de%ggﬂgﬁ%”ﬁi%%géFF%ng?ﬂ?%%ggth?n%gfpar?g& make f? difficult

or i npossi bl e &% Q@i G alLARIE RESIRIARN . 26H08% Midof-8heMwMbl! 110G
conditions. In addition, the huge torque and axial |oads comon to drilling

oper ati ons MU}, 0&,dakaBRM:t b Ghb b1V BHORb pbRenf MBS damp N3 Rber i al , whi ch
is difficult. Cobern and Wassell propose a nodified sub in which a

magnet or heol oghgady, Wil Qldfshééﬁphﬂagm.ac.najrt'z@wngamrmkmeﬁawtgmr&mnponent s of the
drillstring assenbly is used as the danpi ng mechanism Cobern, ME., and

Wassel |, NE., ulnidibh Bgl Mhb613Lrh @5 STORPE 04580 Jo@NAh&ODE C.H., SSMst #Mand APS
TECHNOLOGY I NC. TECH. REPORT APS-DVMCS, 2004. The viscosity of the fluid

is regul ated byaPRrBYNGhA& el HENinE diramics RS relnt@ seanPorg |- hadare-dptifnier ent
drilling conditions. It is not clear, however, that this proposal wll be
effective. [000§] kheul pneseSHE/I/DECTIRBE Molweier)ishad béeak edattbat@vgr,com ng, or at
| east reducing the effects of, one or nore of the problens outlined above.
SUMVARY OF THEdahiN\VNT tHONitRi006) dihehqve @ gentr idipse bo Smitmgdddxessds at | east
sonme of the above-

damage caused by the vibralions the drillstring is subjected 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 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.



descri bed needs and others. Specifically, the present disclosure describes
many met hods and apparatus for attenuating vibrations of a drillstring
assenbly while drilling. In one enbodi nent, vibrations are attenuated by

i ntroducip nore vibration attenuati on nodul es Lat e
assenbly é@&ﬁgﬁb? For exanpl e, vibration attenuation%kg u?@?gﬁgé be
inserted at | ocations where vibration energy is expected to be maximal. In
one enbodi ment, the vibration attenuation nodul es include one or nore
cavities | oosely packed with particles of solid material such as sand or
metal | i c powder, which may be of high density, such as tungsten or simlar
heavy netal pdweieREPGRT Pdﬁ%”é%d?@?énff?e vipgosieagfithefujghisregulifed by dughened
and/ or include geonetric features that enhance vibration energ¥ transfer to
the | oosel y pawkestic piguitite fuag thedampiag eader diffeieaidyillingieandjiiqns altisgit ener gy i s

di ssipated via friction and inelastic particle-particle and particle-wal l
col | i si ons t halearphevgverathaigthis proppsal wil beeffestiver i ng noti on. [ 0007] One

enbodi nent provi des an apparatus conprising an oilfield drillstring

vi bration att enuatif8%]nodihie@resa épeﬁifllcftloéllﬁj‘gffﬁeﬂ [OsPETCAYINGT BrAEE DN
attenuation nodul e conprises a nmandrel. The mandre|l conprises an outer
surface and affdpeipeihe stiecrsd eonephwoteph B Peblens CBtliget 99V hg a passageway

t hrough the mandrel, an annular cavity between the inner and outer
surfaces, and particles packed in the annular cavity. In one enbodi nent,
the mandrel conprises first and second threaded ends configured for

i nsertion bet weMMARY LUeHE N YENTes. I n one enbodi ment, the mandrel
conprises a first pipe, and a second pipe threadedly attached to and

di sposed at | east @gﬁﬂiafﬁVPﬁﬁgFﬂﬁaﬁﬁﬁVﬁ@“?*?@ﬁ“ﬁ?ﬁé@oﬁhﬁagﬁﬁUIar cavity
may be di sposed between the first and second pi.pes. |In ape enbodi nent of
t he apparatus?“?%%ﬁﬁﬁﬁﬁﬁg1m@%ﬁﬁipggggg’ﬁ??@?mB@%%¥u§ﬁ%“3&§é%%ﬁd pi pe

threadedly attached to and concentric with the first pi h that the
annul ar cévit9W&@$HW§ﬁ@?&ﬁ“ﬁ@ﬁ%@%ﬁ“ﬁh@M$P?¥P?%ﬁﬁmﬁgl8%ﬁ%§96§§§ [0008] I n one
enbodi nent, the nmandrel conprises a stabilizer rin nt i ed for
attachnent ab %WH%WQF?TF%?$$H%EVﬁﬁ&gﬁ%m%%t%gﬁﬁ%%%Tg?ﬁgﬁé?gﬁﬁF?%%r ring is
attached around a collar. The stabilizer rin Jnclud lurality of
prot r udi ng bI5%3@?n§ﬁﬂu¥wgnﬁﬁgﬁﬁgaﬂﬁo1@%%%%?%gﬂ?agbgh£§1§?%’QVity (egch

ked with th ticl . 0091 I.n. . I f. atus, th
packed W 1§ga%§%at#e§{u§$)n goht\%gﬁ Iply s 193%3&?%?(?091!1&3 %ﬁl% vitkd¥n ghpar;at us e

cavity conpri$ havi ng atures that enhancetransfer of

vi bration ente% ct];: t%rget ha?unllam 1%][099 %ml%%lirlleng,(?het Qﬁ‘at@&rattéeﬁagfn m«{;cﬂﬂe@ ne

enbodi nment , internal "wa eatures conprise a spiral. I'n another

embodi ment , - LR L OLEIDBlor'Bldie] BALHIES A YR ARIB ool Ahlid G T 0OVES and

protrusions tHﬁP’lncrease partic Isions. |In one enbodi nent, the
nternal vall J@8 e BOURE! Affcrnd, WARRRAeAHS [ BGxs lBRLPL R MDOdT Mrent
provi des an appara&us conprising an oilftrel

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




drillstring. The drillstring conprises at |east one vibration attenuation
nodul e, and the at |east one vibration attenuati on nodul e conpri ses
concentric pipes, a cavity fornmed between the concentric pipes, and
particl es vagek8@sdssy t he cavity. In one enbodi ment, the pggxishah768RRy | Ses
internal wall features that enhance transfer of vibration energy fromthe
drillstring to the particles. In one enbodinent, the internal wall features
are geonetrically shaped to facilitate transfer of axial, lateral, and
torsional vibration energy fromthe internal wall to the particles I n one
enbodi nent, the internal, wall features co e a spiral. In on

enbodi ment , thcévﬁtyn'feé‘?“??althe\)\ﬁ}ef arfdeoéffeﬂf‘"éécei‘?o rpﬁlé‘éle%rpaﬁ?ﬁﬁlr“é ihe apnuk gr ooves and
protrusrons t hat creas arti di ment, the
internal wal |l F&&t 3?8%6 %’g‘wgﬁ% W% cha?alpﬁ?ff?‘ s? d&ﬁ?ngﬁ?%ﬁﬂgﬁ%d sur f ace.

I n one enbodi ne cl.es. ar S acked vity. In one
enbodi nment tﬁ3nﬁ%¥?ﬂ§r§§mﬁre “wzn%ﬁmgﬁ%nﬁgﬁ%gdﬁﬁgﬁfmﬂr tﬁﬁ conprise a

plurality of vi %nrdlaéil 30 nas‘t t at I ek dqosgc%lng’glpe 1hr1]ea Sﬂgl%gac;%ﬂtdis gs%((i:h of the

plurality of vi af¥%nu Eon 1o ated maxi num

vibration | OCaatt e%%a&%ﬁhﬂﬁdedéf'tﬂéf% ol 9Th£ Qn%ﬂalﬁ@ﬁ%fr?ﬁ’? 0 bR des an

oilfield apparatus co strin ng conpri ses

dri || pipe: andyaqholkorel 8,838 'arrboarrl@m%@rh% BB ly conprises
s Faatd

concentric cylinders an annular cavity, partic solid materi al

| oosely pac kedco}n?n&e@% ity gﬂﬂ{: ahd ?Qéébﬁcy pi JQ@J{?&EQ&%&C@)E@B@therﬂ{&%@es an

appar atus conpri sing an fie

| east one vi brgt 5 Qyal LRAUAL e BndiRE By is U@ oRH bbRS hORG: MliREBR ON

attenuati on nodul e conprises a stabilizer ring including a plurality of
hol | ow bl ades gi&anged around a collar, where at |east one of the hollow
bl ades is | oosely packed with particles I n one enbodi nent, each of the

hol | ow bl ades is | gpg] ¥ ﬁp&llé%abwlﬁl&tnﬁé&h&ke@%@m@f;@sl@;t@n&eﬁmect provides a
met hod conprising attenuating drilling induced vibrations inan oilfield

drillstring. Tda)ﬁﬁ%&édefey@rabmn@mwa & RIStrih§ SBlohé BBbAImdnE AfktstaBMGer ring
particl e-danpi ng-based vibration attenuation nodule at one or nore

| ocations of tiRguadkddlakiha b BQlar. 2N sABIQERING hay i1Ab h PRANIITISFEMdWEt h the at
| east one

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

d dr|I string, the drillstring conprising at



vibration attenuation nmodule. In one aspect, the nethod further conprises
strategically inserting multiple vibration attenuation nodul es along the
dr : I S][ ri ngbt 0 reduce vibration. One aspect further conprises inserting
mul tiple vibration attenuati on nodules along the drill j cations
wher e vi bVQEHEPEner gy is expected to be maximal. | Ogﬁ)]ug%g?ﬁ%%al
advant ages and novel features will be set forth in the description which
follows or may be |earned by those skilled in the art through reading these
materials or practicing the principles described herein. BRI EF DESCRI PTI ON
OF THE DRAW NG5S [0015] The acconmpanying drawings illustrate certain
enbodi ment s anitragipeemrgyaram te dtiheringe diefatiales- ol ong oG Eg thefinP@aly £ ront
view of a drilling tool that may be used with at |east one vibration
att enuat i on nedilfenascoratpmgricdlychwed piadiife wensfgrodagyppgal.and s g
| ongi tudi nal cross-sectional view of one vibration attenuation stage that
may be used widrtomhebuter enstegiteni the jegal wall Brthoraiss) I@ESPEPHEto one
enbodi nent .
the internal wall features comprise a spiral. In one 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 zig-zag pattern
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 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



[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
ot hers) according to another enbodinment. [0019]Fig. 3B is top

Cr 0ss- sectyy@h@ko¥dsyv Oof the vibration attenuation stage@iuszh@nr3s
according to one enbodinent. [0020]Fig. 4 is a cross-sectional view of one

vi bration attenuation stage that may be used with a drilling tool according
to anot her enbodi nent. WD 2008/ 036498PCT/ US2007/ 077220 [0021]Fig. 5is a
front view, partly in section, show ng tvvo of the vibration attenuation

f Fi LN n rilli
stages o 9. v1brat1on a?ter?'u%gonomogﬂed In one as ect, %e method further comprises

strategically inserting multiple 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 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.



[ 0022] Thr oughout the draw ngs, identical reference characters and
descriptions indicate simlar, but not necessarily identical elenents.
While the invention is susceptible to various nodifications and alternative
forms, specific enbodi ments have been shown by way of i he

dr awi ngs YRFUWPH*Be described in detail herein. Homevgré?}ﬁlg%()%g ’36% be
understood that the invention is not intended to be limted to the
particular forns disclosed. Rather, the invention is to cover all

nodi fications, equivalents and alternatives falling within the scope of the
invention as defined by the appended cl ai ns. DETAI LED DESCRI PTI ON

[0023] 1| | ustrati vel082odi Fimitisa et viespewtls ingectifeshPwifg e ffar e descri bed
below. It will of course be appreciated that in the devel opnment of any such
actual enbodi mibrtion atemeation stagasef Bigehinatdcean 8 pekting el deci si ons nust be made
to achi eve the devel opers' specific goals, such as conpliance wth
systemrel at ed and082i neBwoughow thediravpgst identistidefeiepge chifpees ¢k v f r om one

i mpl ementation to another. Moreover, it will be appreciated that such a
devel opment  efi¢soriptions Hicatp singlerpitat zasefsarilyiderisAiianly; YBUEe Rfoul d

neverthel ess be a routine undertaking for those of ordinary gkill in the
art havi ng t héavpisisefy useptiihioyageus Arogeigpigns Eﬁb@fﬁﬁnﬁé‘feefi”érﬁc%’e?ﬁ? oughout the
specification to "one enbodi nent," "an enbodinent," "so egbodi ments, "
"one aspect, " embatlimenyehayve beeg shovgdiyavay b exmple lﬁé@r‘ljé'a"flﬂﬁtaggwﬂ 8% i cul ar
feature, structure, nethod, or characteristic described in connection with
t he enbodi mengesgibed i@t hegein. Faowryek itishpulg be vadastoHBatdbi B HEHE °¥f ¢ he
present invention. Thus, the appearance of the phrases "in .one enbodinment"”
or intended to be limited to the particular forms disclosed.” Rather, the invention 1s to

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

invention as defined by the appended claims.

DETAILED DESCRIPTION

[0023] Mlustrative 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.

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



"in an enbodi nent"” or "in sonme enbodi nents" (or "aspects") in various

pl aces throughout the specification are not necessarily all referring to

t he sane enbodi nent. Furthernore, the particular features, structures,

met hods, QyoShabaGheri stics may be conbined in any sui thR4E0N8s, | N one
or nore enbodi nents. The words "including" and "having" shall have the sanme
nmeani ng as the word "conprising." [ 0025] Mor eover, inventive aspects
lie in less than all features of a single disclosed enbodi nent. Thus, the
clainms following the Detail ed Description are hereby expressly incorporated
into this Detajled qgécri tign, with each glaimstgnding on its own as a
separate enbodihEhTIBAIRR; OF [ RFURT PRIPLNGHE2 67 THEOPY LA PEESosur e

t | at , h thi) , t hods. f t ti
PR R U e T R R e R S R A A
i brati t d i nt roduci ng one pr, nor i bration,attenuati on
Foures nt ancR B e pud i Geh SR e Plas R e MR R o M1

attenuati on nodul es may Qﬁmhﬂserted at Iocatl%gaﬁ$@§rf%x%§5atlon energy is

combitied S manger in one or moie e .
expected to be high' Or haXiral > 1h 'soive” Erbodine g Vibration

tt ti S |, . LEd . ked, wi th
o tenuat | on_ ok b 61 400 015 PFs PSSRV 53, LSRRI XoBpkse W LD
some enbodi ments. - 5Pl b RALH6L A% RbedBLA 1A nhOTRLLGE & Migh densi ty
material, such as tungsten or a simlar heavy netal powder. In Sone

enbodi ments, _LAGIRA! LhlieRaARugANIAL Kb ONRM (RN eelicAnd compri se

;
di aneters rangi ng between a few m crons and ew m ers. However, any

ot her particl %e%b?@xﬁ@s)ﬁy%c%ﬂ)o Rd4a6this étheaye%ﬁPf?&l,el(vgﬂeic ICQICH?) %rﬂi%ged via

friction and inelastic particle-particle an article-wa I sions that

occur as a resylils Qf adk bdph Skl BOaiFRhd P s ik¥edgdPat i on of vibration energy by
friction and inelastic particle-particle and particle-wall collisions is

referred to as parijbf denPiBGn: didBsad PG ARPARBRN: YRRPRAINE0 (fdRls
[ 0027] General | y speaking, particle danping refers to struc#ural danpi ng and

invol ves the %ﬁ@aﬂ%n&ﬁﬁ%ﬂﬁ&ﬁmﬁﬁ%%@ﬁﬁ&@%fQ&HE&&g@émﬁ@ %mﬁémhhﬁ%thrating
structure, which 1s described, for exanple, in US. Pat. No. 5,365,842 to
Panossi an and e efibbBments, 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 particle-

wall collisions is referred to as particle damping.



incorporated inits entirety by this reference. The cavities are generally
| oosely packed with granular materials (sand, netallic powder, etc.) that
absorb kinetic energy by particle-particle and particle-wall collisions.

[ 0028] There has been at | east one application of parti i appl i ed
to the atwgrﬁff?ﬁ/?:‘g‘wgof acoustic vibrations in |ogging t%g?@?@z/gﬂ%z.os. Pat ent

No. 6,643,221, which is hereby incorporated in its entirety by this

ref erence. Proposed patterns of small holes and grooves machi ned on collars
are filled with heavy particles. However, the high frequency (typically
above 3kHz) and small anplitude (typically | ess than one m cron) nature of
the acoustic vibraldHs tGenerdy sreeking Saitinke drpdride & raPbyiidtdapaye made it
difficult or inpossible for the proposed danping to be successful.

[ 0029] However and ineolvasvienise phpagickcited cadosuraes pitY 9f hengPrrtigiEwd ¢ br at i ons
are typically much lower in frequenc ﬁ)usuall bel ow 100 Hz), and can

exhi bi t | ar ge vaighlis desatided, fer egample, i FiS- Patt No-RgfoP spacthangysian psrdidl i@ wal 1) ,
for which particle danping may be well suited. [0030] Turning now to the
drawi ngs, andincpiosteein gAntirety i this referengeq Thg gayities #g santelly £98HbHwn.  Accor di ng
to the enbodinent of FIG 1, the drillstring 100 includes a bottomhole
assenmbly 102 ardedivith pranpe marialstrad.gertalbhrasider 8@§§Wb‘|“ﬂ?°‘§é§?e%ﬁf‘e}gﬁcl ude a
connector 106 to the drillpipe 104 and a check val ve assenbly 108. Downhol e
of the check bupwiclegaeppryd proE ey gdlisiPndr essure di sconnect 110. If the

drillstring 100 is capable of directjonal drilling, t,hle dril | Stli.i g wll
i ncl ude an ori ent i 8828 ool ThetehagpFeR At least W&Rﬁhcﬁg}orb‘%@aWF °SPaPRZRP lgcgi Il in

the art having the .
?0 the attenuation of acoustic vibrations in logging tools. See U.S. Patent No.

6,643,221, which is hereby incorporated in its entirety by this reference. Proposed
patterns of small holes and grooves machined on collars are filled with heavy
particles. However, the high 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.

[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



benefit of this disclosure. In sonme cases, the entire drillstring 100
rotates and causes rotation of a drill bit 115 to facilitate borehol e
drilling. However, sone systens may include a nmud notor 114 to drive and
rotate a qwég&m@&g%;15 and an adj ustabl e bent housing e, dsd3ghbihal €s
directional drilling. According to principles described herein, vibration
attenuation of the drillstring 100 may be especially effective when the
entire drillstring 110 fully rotates wi thout any need for a nmud notor or
adj ust abl e bent housing. Sone enbodi nents may not include acoustic |ogging

equi pnent, although |nC| | es descr.i bed ein uaI a i cabl e
o et f noPereflor aguRlkde, Pishae FERe i fiide ?’111 it ) SR s

ts whil 003 b d II ti
e AT et P S RPN RRLANERS y é@%@ﬁgi o
h br at h tod d d t f :
St a3 el SR BPGaF °
drills tring vi tten re.of the oilfield

b
drillstring vi Ib }lr {al'%t %1%%5% et ecl!wnal g %Ciojgm%é) )})n.[r)xmplegrgesm%bea herexf1b t he

enuat 1 on ﬂD e-irnser

drillstring 1 V1br£1t10n ttenu)aﬁon QZIT Jf@fitlrﬁgrﬂ%qné lbgregecirec@% éﬂe? h%[?th% Bt?rnuatl on

nodul e 120 conprises a mandr nprises an Sut e

surface 124 an&%{l]%mn% rl-'ﬂ)efruhe tate 1th?51?t%53é;[{%§ f#rqqlﬁrd n%o%r d)l? ﬁ? Ts%a%?e b%gtf Ines a

passageway 128 mandr e nmud and ot her

fluids to commglﬁgts%n;e@ﬁ{bgmr Qual, hStgeD a&%gmqg%g‘g%gmgmt pigsand or

other drillstri onponent' s n annul ar cavity or ne meen t he

i nner and out &g, Qb hexje?:ﬁare @chll}p fidaB1 e‘%éatﬁﬁﬁuﬂ?y pack&(ﬁ;he annul ar

cavity 130. In o &hbo di ment rt| es are | oose in the
annul ar cavi tyVlﬂlééPontsﬂlJrﬂl@ﬂnhlgsttﬁét%alé& R%@sbfc%m@%ﬁ@d%ﬁﬂdgon Vol ume of the

annul ar caV|ty 13 be nmaxim zed in sone aspects to i ncrease the anount

of energy that Can mnabsgg%guonb@a@om %hﬂﬁgw@mm& Wilka aﬁns&n@ s@Anul ar cavity
130 may require conS|derat|on of mechani cal and d flow constraints

i nherent to thge giisklnbNB0 QBGH AL FiQNSeent:ARBEdVY le‘iﬁ%nsetﬁa(?tgiuf:@tﬂ& 1iRfof fHeg. 2, the
mandrel 122 conprises first and second ends 132, 134 that are preferably

but not necess@iidghtoold. NRRARE ond &iBoddidient stRRH lmg%iommn A%&auém al l ow the
vi bration attenuation nodule 120 to be inserted: between adjacent segnents

of drillpipe 1Qhpfifth@an dikieldetiveRNvicQIROMAEALEPHodure12000hoBNabE oassenbl y
102 (Fig. 1), between a segment of drillpipe and the bottomhole assenbly,

or between ot hgg oiRIMRNEIRHS vibla0OS3leMidibR hghuiéshieo mnes Bkerdd hitdMy conprise a
single piece, in one enbodi nent, the mandrel 122 conprises a first pipe

136, and a secdingripg pe F381)t he adead yrilgtingeivedioh areatdiodnppasezh at | east
partially inside of the first pipe 136. The annular cavity 130 may be
di sposed bet weemptife ahiahit] @20d TEE k] PRP@BpliSd an &d&:. sutfiret DLaRidp0di ment
shown in Fig. 2, the first pipe 136 is a cylindrical pipe, and the second
pi pe 138 is aliamereyficeItla Gatk inecuifiveaadledinys apdsagdes 12®thiaigh tleoncentri c
with) the first pipe 136.

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

10



[ 0034] According to sone aspects, the annular cavity 130 conprises an
internal wall 140 that includes features that enhance the transfer of

vi brational energy fromthe internal wall 140 to the particles. In sone
enbodi nment s e internal wall features are geonetrica

facilitat gq%"é\’ﬂ?f@? of axial, lateral, and torsional v#%?gjt%?@ﬁﬁgﬁéofgy from
the internal wall 140 to the particles. For exanple, the internal wall
features may conprise a spiral. In another enbodi nent, 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 i monshieragpi efahechinical pdagnddiemt consiraitiowpbersny tophexiiling | n one

enbodi ment, the internal wall 140 conprises a roughened surface that al so
facilitates wabdratpasticle interactions. Pre- nodeling may allow designing
the internal wall features in a way that allows faor the best tradeoff

bet ween danpi ng i (003 di Initlerestodiient A FioRdhe maed 1gasquprises fiytapgy) |

torsional) to achi eve maxi mum overal |l performance, %%Og%gfrgn?_enbodi ment s

i ncl ude two orearpd endyil B 434 Baf 2 Rrelisizhli B nprdaeRswElys Bgpa 855F YKy t he
drillstring 100 (Fig. %&)9 Some enbodi ment s rrﬁ% inqlgzge hree to ten
vibration att &aed ¢9p Lodd dlow theviBRECTRHEBHTARRPIUIE HOHO 88 PHE Vi br at i on
attenuation nodules 120 is placed at antici pated maxi num vi bration

| ocat i ons of tbwé;ve%mduacgrttﬁfi&mjntf@édfelmwg?loifflg-ﬁﬁaﬁe”esfr CHPRPHLTY Wi 11 in the
art having the benefit of this disclosure wll rfecﬁglni z%ﬁltéq?at a, pre-plan
drill model i n§otamile sarabbr L02xHer rishtesh A sreeni ¢F WHRPHATeHR Olttﬁlélfl@el ocati ons
of maxi mum vi bration. [0036]]n one enbodi nent, the mandrel 122 conprises a
stabilizer ri AtenBly AREWEEN YhECHEPOSAS3IB. The stabilizer ring 150 of Figs.

3A-3B may be configured for attachnent out the. drillstring 100 (Fig. 1).
I n one embodi nent ,539#& st%lﬂlofl?kk‘g? H}af“ﬂﬁl 1?26“&%013?’({885ﬁlélaleglre(%?]ndong col lar of

the drillstri 100 (Fjg. 1), t oth ti | d. Th
Stabi |1 zer i AQPASO T PRERIAE OB O A Ty ot P aat AFiS SRt Eidi ng bl ades.
e e R L e
However, any a s ed" e hter i or t he ades 152
[ th | ar ity 130 |.t h . j A 30 of

Fios. 3A 38 arevar sooneTnaee el Rty R A B AR

iti 130 of Figs. 3A:-3B . I I TS - ticl
Gescri bed abott TPRMFEFRREnEa e & ot BREGh KR Bt e b PFT S Cr g

stabilizers (such, as abj.Li i ianifi i ease the
life of the dfiTT&RPs %811660 ‘%YE?‘B{“‘Q&S%B%‘?% Lor ?Cﬁégdq%%ﬁggr?%{“ﬁ%wgﬁ%ck and

vi bration i ndld%%plr%ti%}é)qué‘l ling with the particles. [0037] Al though the

vi bration attenua n frodul e 120 conprising the stabilizer ring 150 shown

in Figs. 3A-3B ma‘y[09§4] at tAac(c::Ql%glgatg %‘h%jasf)&%, fﬂé 'arllrluﬁirl Edvﬂg 1§(9&>mprises 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-

11




(Fig. 1) as described above, other enbodi nents may conpri se 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 insghpbaRbsssst abilizer 250 may conprise first ang ga&OM&0eNES 232,
234 that are preferably, but not necessarily, threaded. The first 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 segment of

drill pi pe and the_ bottonhol e asse tmeen ot he ents.

10058] L ket neMaELE P queﬂemags@b g S oS T O esGHOPIBr B o i 11 zer
250 may include a of radi a rotrudin de exanple four
equal | y spacegjeﬁté B%C‘L#tl? a“é%‘ﬁg @ﬁ%ev\‘)r\%?l%‘ %b On%fg‘:?gesg%’ﬂ\gvlétf’ ‘any number of
bl ades may be u erior o %Img ades 252 conprises the annul ar

cavity 130. Eagﬁm%?)Pﬁgngﬁﬁﬁvgpn%3V? “Cof Flgs 4-5 may be | oosely
packed with the sa cles d scri ove wWith fer e Lo Fig. 2.
A Chough tvio- vi br atBRT at POt PRt w8 P0G e Moo Eh RSt P Fog %5,

any nunber - of %&#‘Feg‘f Q&d%‘ﬁ h%% i‘l% %1%?%' S1' ”90&1@5?60'21&? agse“ab' lizers

250 may be inser the i‘oned particle

danping at drijlstr thl@gtos[%]r?\;?‘)ljallfl&leali ?nu(aﬁ(l}{lc g o%%s Sk fef%% m%{t/ de% rs 250) may

significantly increase t strlng sor |ng much of

the shock and \B{Ber'ioglta J%aél&b%go%%gl?yo er}%aatéd' A G ét@d h@ﬁmﬂﬂxf\% flgas. [0039] Each

apparatus shown an escri ove be us any rlllstrlng and is

not limted tolo@alﬂgnsm%hﬂﬁﬂﬂ%ﬁ@)l%ﬁ‘énl)' 'Théib%ord&a@@ﬂlﬁnthé@ﬁ ﬁ%\{{f‘gr the L he
present specification contenplates any drillstring particle danping and is

not limted to,hig o§1fﬂ%%sfclo§u1§ WBPIQ&JH%QE §1a§mw1ah Hnllﬂng&ahng- stﬁdy MRy aspect
contenpl ates a method conprising attenuating drilling induced vibrations in

an oilfield driblsidntadsn wﬁmemﬂe%a?ﬁdcﬁtgmg@frmmrﬁﬁﬁ vibRgight i ng at least one
parti cl e-danpi ng- based vi bration tenuati on nodul e (such as those

descri bed above) af[OO@@]E Ofn dRREeRbbRGAI! RS afel UM Apribds Ststabiliger @R absor bi ng
vi brational energy with the at | east one vibration attenuation nodule. In

one aspect, thgorRvad Fidrides. eRRibiSesinstisabeghcal 3y hAIRLbAMgreauUl tiple
vi bration attenuation nodules along the drillstring to reduce

drilling-i nducggaudtiieat i0: théMaIsasPe0d (Fidi1 f. N8 bnLOHRBInRAS the RGBilikdNg Mul ti pl e
vi bration attenuation nodules along the drillstring at |ocations where

vi brational en@fgyo issterpesbed dolhef tagadtigy 1008KE. B but B&48hdse precedi ng
description has been presented only to illustrate and describe certain
principles. |tmiyaladt usddt dnel@sbiliRr gy B0 Mmawy Siclude aplurdliey dficadidllyt he i nventi on
to any precise formdisclosed. Many nodifications and variations are
possi bl e in | imbtudod blddes, edd @xenpletBe fiungpually 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



[0041] The enbodi ments shown and described were chosen and described in
order to best explain the principles of the invention and its practical
The preceding description is intended to enable others skilled

est utilize the principles taught in vaB#QH@ﬂﬁWpﬁg%nents and
ul"ar

appl i cation.
in the art to

with vari %9’

cont enpl at ed.

W@HFP?cations as are suited to the partic
Is intended that the scope of this disclosure be defined

It

use

by the following claims. WHAT IS CLAIMED I S: 1. An apparatus,

conpri si ng;

an oilfield drillstring vibration attenuati on nodul e,

the oilfield drillstring vibration attenuation nodul e conprising: a

mandrel , the @Figd) el desaibpd itovagthearmndirntsypayfcamerisriePasic AT garr face; the
i nner surface defining a passageway through the nmandrel,

example, Fig. 4 illustrates a vibration attenuating module 120 comprising an

insertable stabilizer 250. Similar to the embodiment of Fig. 2, the insertable stabilizer

250 may comprise first and second ends 232, 234 that are preferably, but not

necessarily, threaded. The first and second threaded ends 232, 234 allow the vibration

attenuation module 120 to be inserted: between adjacent segments of drillpipe 104

(Fig. 1), between components of the bottomhole assembly 102 (Fig. 1), between a

segment of drillpipe and the bottomhole assembly, or between other components.

[0038] Like the stabilizer ring 150 (Figs. 3A-3B), the insertable stabilizer

250 may include a plurality of radially protruding blades, for example four equally

spaced hollow blades 252 shown in Figs. 4-5. However, any number of blades may

be used. The interior of the blades 252 comprises the annular cavity 130. Each of the

annular cavities 130 of Figs. 4-5 may be loosely packed with the same particles

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




a cavity between the inner and outer surfaces; particles packed in the
cavity and wherein the cavity conprises internal
surface area enhancing geonetric wall features that enhance transfer of

vi br ati on vemesogysdissom the drillstring to the particl es.pcTus2007077220 AN
apparatus according to claim1, wherein the mandrel conprises first and

second t hreaded ends configured for insertion between adjacent drill pipes.
3. An apparatus according to claim1, wherein the mandrel conprises: a
first pipe; a second pipe threadedly attached to and di sposed at

| east parti al l e}(tei urz}lﬁci)rg 1%081](16 ¢S]1IP % afs %hroget deg)cir%g(i %‘é@e raF cimre]z ot Ql%re g‘c\éii(t)rél.olf ﬁle di s posed
between the fiTst and SEco pi pes. . An pparafus according'to claiml

ther et e TR Ehe SATRLRGR. b O 8 RE08, R GRS
G sposed. be e b R0 AERAIBL M5B sy o REPE"
stabilizer co r@ﬂ&r%n%ﬁer{ugﬁomgﬂhe@l rélogé fe gmringi t& re@u&rojrillllngiﬁ(ju@&l'
vibration. One aspect further comprises inserting multiple vibration attenuation
modules along the drillstring at locations where vibrational energy is expected fo 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 limit 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 modifications as are

suited to the particular use contemplated. It is intended that the scope of this

disclosure be defined by the following claims.

14



6. An apparatus according to claim5, wherein the insertable stabilizer
conprises a plurality of protruding bl ades, wherein the bl ades conprise the
cavity and each is packed with the particles. 7. An apparatus
according to claim1, wherein the mandrel conprises a stabilizer ring
configured for attachnent about a drillstring. 8. An apparat us
according to claim7, wherein the stabilizer ring is attached around a

col | ar. 9. An apparatus according to claim?7, wherein the
stabilizer ring conprises lurality of protruding bl ades, wherein the

bl ades conpri s HﬁﬁggéQV$Q@5 ﬁ% each is packed with the particles.

10. An apparatus according to claiml1l, wherein the cavity conprises an
internal wall havingl-f&htPPEYStREPIER%ance transfer of vibration energy
fromthe internal wall to the particl.es. , 11. An, apparatus
according to clai m 13, oikglddeilsringebiaterstisaratigamediledbe il onpri se a
spiral. 12, An apparatus according to claim 10, wherein the
internal wal | ddaring sdratigppiqnyaion Nadule SPRPYSIHE  gr ooves and protrusi ons t hat
i ncrease particle/wall collisions. 13. An apparatus according to
cl ai m 10, wherein the intetrRadededhs mprdiel spBRIIY™Epri se a roughened surface.

14. A oilfield apparatus, conprising: _
an oufer surface and an inner surface;

the inner surface defining a passageway through

the mandrel;

a cavity between the inner and outer surfaces;

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 1, wherein the mandrel comprises

first 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 cavity is disposed between the first and second pipes.
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adrillstring, the drillstring conprising: drill pipe; a bottomnhole
assenbly, the bottonhol e assenbly conprising: concentric cylinders and a
cavity; particles of solid nmaterial |oosely 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. 15. A nethod, conprising: attenuati ng
drilling induced vibrations in an oilfield drillstring, the attenuating

conpri sing: 4. IAn ag?argtl?ssa%&%ridﬂgt alln%a%ergﬁqhevﬂd d?etll: rREL enuat ion
nore | oC

nodul e at one or m Ions o rlllstrlng, e at east one
vibration attenuation fﬁﬁgﬁJe conprising a cavity mnth internal surface area
enhanci ng geonetric wa eatures that enhance transfer of vibration energy

fromthe drillstring atsé’cohll‘ﬁpo a{réadgd‘lly &aBhed to and concentric with the first pipe;

wherein the cavity is disposed between the first and second pipes.

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

an insertable stabilizer configured for modular placement in a drillstring.

6. An apparatus according to claim 5, wherein the insertable stabilizer
comprises a plurality of protruding blades, wherein the blades comprise the

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

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.

11. An apparatus according to claim 10, wherein the internal wall

features comprise a spiral.

16



absorbing vibrational energy with the at |east one vibration attenuation

nodul e. - 16. A nethod according to claim15, further conprising
strategically inserting multiple vibration attenuation nodules along the
drillstring to reduce vibration. 17. A nmethod according to claim

15, further conprising inserting nultiple vibration attenuation nodul es
along the drillstring at |ocations where vibrational energy is expected to
be maxi mal .

12. An apparatus according to claim 10, wherein the internal wall
features comprise a plurality of grooves and protrusions that increase

particle/wall collisions.

13. An apparatus according to claim 10, wherein the internal wall

features comprise a roughened surface.

14. A oilfield apparatus, comprising:
a drillstring, the drillstring comprising:
drill pipe;
a bottomhole assembly, the bottomhole assembly comprising:
concentric cylinders and a cavity;

particles of solid material loosely 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.

15. A method, comprising:
attenuating drilling induced vibrations in an oilfield drillstring, the
attenuating comprising:
inserting at least one vibration attenuation module at one or
more locations of the drillstring, the at least one vibration attenuation module
comprising a cavity with internal surface area enhancing geometric wall features

that enhance transfer of vibration energy from the drillstring to the particulars;

17



absorbing vibrational energy with the at least one vibration

attenuation module.

16. A method according to claim 15, further comprising strategically
inserting multiple vibration attenuation modules along the drillstring to reduce

vibration.

17. A method according to claim 15, further comprising inserting
multiple vibration attenuation modules along the drillstring at locations where

vibrational energy is expected to be maximal.
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