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FOR BU LDI NG A TILTED ANTENNA Rel at ed Applications
This application clains priority to Provisional -US.
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2006 by inventors Mchael Bittar,
Beste, Vadim M nosyan, 5 and Mark Sitka. Background
The gat hering of downhol e information has been done
by the oil well industry for many years. Mbdern
petroleumdrilling and producti on operations demand a

wﬂmén%ﬁﬂw-ymmé HORR BUNLDINGAA T TED ANTENNA
condl t1 ons downhol e. Such i nfornmation

Related Aé‘#i%gﬁlgl y 10 i ncludes the location and orientation of
| bore and drilling asi e ﬁ fO“gg}gqugs
Thisrepplisation SR P RSV CORTPARS: AP

which wasi144 #Qz F% 10l Siftbrs MiicBiel Bt Raaridy BestesV adipriylitayan,
wasf_or on propert| es and conditions downhole is.
andMarkSﬁkﬁmnly referred to as "logging", and can be

Backgzomgprforrred during the drilling process itself. Various

'l‘hgnergagfhlégggf q%t Lol S e cl)r?rgangg rhas eerlu ot 3? ltﬁer Eﬁ? vlfe?lggx'dﬂﬂxy for
many years. Modern petroleam dnllmg and production operations demand a great quantity of
information relating to the parameters and conditions dqwnhole. Such information typically
includes the location and orientation of the wellbore and drilling assembly, earth formation
pr-operﬁes, and drilling environment parameters downhole. The collection of information
relating to formation properties and conditions downhole is commonly referred to as
“logging”, and can be performed during the drilling process itself.

Various measurement tools exist for use in wireline logging and logging while
drilling. One such tool is the resisiivity tool, which includes one or more antennas for
transmitting an electromagnetic signal into the formation and one or more antennas for
receiving a formation response. When operated at low ﬁ;cqueni:ies, the resistivity tool may be
calied an “induction” tool, and at high frequencies it may be called an electromagnetic wave
propagation tool. Though the physical phenomena that dominate the measurement may vary
with frequency, the operating principles for the tool are conmsistent. In some cases, the
amplimdé and/or the phase of the receive signals are compared to the amplitude and/or phase
of the transmit signals to measure the formation resistivity. In other cases, the amplitude
and/or phase of the receive signals are compared to each other to measure the formation
resistivity. '

In certain situations, such as when drilling through formations in which the formation
boundaries extend vertically, or whe.n drilting from an off-shore platform, it is desirable to
drill wells at an angle with respect to bed boundaries in the strata. This is often termed
"horizontal" drilling. When drilling horizontally, it is desirable to maintain the well bore in
the pay zone (the formation which contains hydrocarbons) as much as possible so as to
maximize the recovery. This can be difficult since formations may dip or divert. Thus, while
attempting to drill and maintain the well bore within a particular formation, the drill bit may
approach 4 bed boundary.



15drilling. One such tool is the resistivity tool,

whi ch includes one or nore antennas for transmtting

an el ectromagnetic signal into the formation and one

or nore antennas for receiving a formati on response.

When operated at |ow frequencies, the resistivity
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fOf;Hﬂ%& P:h 62 'ar\g'ﬁw aspeldt BF MR prERAL Trvehdith, WERE i Pfﬂ)@ided a

and/ or phase of the receive signals are conpared to _
megfmdhoobhibling o titedsantenns e 4 getnieablensagesing of i togl, c@BIPHsing:

certain.si.tuations, su e kel L r .. :
forie & PR bl e TG Y e WY @l forming
an \éBipticdlahteyina oithivhie elliptitdl irevgsst aodfomningf 4 pateor ef windows over

| at for it is desirahle to drill wells at an angle
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~of t gNadcBFARG witlRhisé@ntakpect bf theipigient\Vihstidh, thbdeng provided a

horizontally, it is desirable to naintain the wel Ip
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arola){(‘fi ft§ gi?(!ulﬂ?%% ce?3 tiflE %té‘#lﬁ Bﬁfﬁée@ lvﬁthﬁ?th@?aée?s; 34 a cover over the
o naxim ze € rec

covery. is'can be difficult since
- recksrtamingansmttamyofovipdoys diguet with Teudied whichen, athiewsirpthe rvgndows
to drill and jntain t |, bore within a
haﬁ%?sm%q“g?ﬂ%qﬁ%ﬂlﬁn? %‘e?th%ﬁfltefdl M5 may approach a
bed boundary.
Brief Description of the Drawings

In the ensuing detailed description, reference will be made to the accompanying

drawings in which:

Fig. 1 shows an illustrative logging while drilling environment;

Fig. 2 shows a schematic of an illustrative mulfi-tap antenna;

Fig. 3 shows a coordinate system for defining orientation of tilted antennas;

Fig. 4A shows a partially assembled resistivity tool having tilted antennas;

Fig. 4B shows a illustrative protective cover having an elliptiéal pattern of windows;

Figs. 4C-4D show different views of the protective cover in place on a resistivity tool;

Figs. SA-5E show an alternative construction for protecting tilted antennas; and

Fig. 6 is a flowchart of an illustrative tilted antenna manufacturing method.
‘While the disclosed inventions are susceptible to various modifications and alternative forms,
specific embodiments: thereof are shown by way of example in the drawings and will herein
be described in detail. It should be understood, however, that the drawings and detailed
description thereto are not- intended to limit the inventions to the particular form disclosed, but

on the contrary, the intention is to cover all modifications, equivalents and alternatives falling

within the spirit and scope of the appended claims.



As the rotating bit approaches the bed boundary, the
bed boundary wi |l be on one side of the bit axis,
i.e. in one azinmuthal range with respect to the bit
axis. Conventional resistivity tools are not
azinmuthal ly sensitive and hence they do not enable
efficient detection and avoi dance of approachi ng bed

boundari es. Summary of I|nvention I n accordance
lﬂxmmuuﬁ@diJmmﬂﬂJaxpect of the present invention, there
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a retrievabl e segnment orm ng
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diseulion A1 FLHoR kR, (ROLERE S incpuding” R TRERHRARC Srctoc it an open.
endeqofaduomdahmsoajagmmbmtﬂryethda tp mhagg “insbidingy hpiroos lhngted %0...”. Also,
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the weff tBAPICT Br RO fiofed I bt SAEEND, PR Mdipct cloorica
connamhcmul’hmhé arfisstalayicennouples 0¥ effcogd éevigt ghat cernestiommay e through
{
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direct %?yi’bﬂ%nnectllop %‘hﬁéﬂ' ift B8 BSWLE dreal Bt fiol £ SEPEVIRL HAP connection
erence w e hade to the accompanyi ng draw ngs
in which: Fig. 1 shows an illustrative | ogging while
drilling environnent; Fig. 2 shows a schematic of an
illustrative multi-tap antenna; Fig. 3 shows a
coordi nate system for defining orientation of tilted
antennas; Fig. 4A shows a partially assenbl ed
resistivity tool having tilted antennas; Fig. LIB
shows a illustrative protective cover having an
elliptical pattern of w ndows; Figs. 4C- 4D show
different views of the protective cover in place on a
resistivity tool; Figs. 5A-5E show an alternative
construction for protecting tilted antennas; and Fig.
6 is a flomhart of an illustrative tilled antenna
manuf act uri ng net hod.
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Wil e the disclosed inventions are susceptible to
various nodifications and alternative fornms, specific
enbodi ments thereof are shown by way of exanple in
ngs and will herein be described in il
‘Vé?&mﬁ be understood, however, that the 3?&&%%8?“51“
and detalled description thereto are not intended to
limt the inventions to the particular form
di scl osed, but on the contrary, the intention is to
cover all nodifications, equivalents and alternatives
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Is rotated and drilling agconpllshed by rotating the
drill string 8, by use of “a downhol e notor near the
drill bit, or by both nethods. Drilling fluid is
punped by rmud reCi rcul ati on equi pnent 16 through
supply pipe 18, through top drive 10, and down
through the drill string 8 at high pressures and
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25 hydrostatic pressure in the rock formations.
In wells enploying nud pul se tel enetry, downhol e
sensors 26 collect data regarding the formation
s and/or various drilling paranete
W(QE& ﬁgﬂﬁ’%ﬁesensors 26 are coupled to a nud pufpg'rm@u%wmsm‘;
teI enetry transmtter 28 that transmts the data to
the surface. Transmitter 28 nodul ates a resistance to
drilling fluid flowto generate pressure pul ses that
30 propagate at the speed of sound to the surface.
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Fig. 4Aillustrates tilted antennae 215 and support
bl ocks 220 di sposed within elliptical recesses 210 in
a segnent 200 of a downhole tool. Segment 200

a cylindrical body 205, two ellip
‘Uég@@é%§§§21o two tilted antennae 215, and ggg@kmmwnwwm

220. 30 Segnent 200 further conprises a coaxi al
recess 229 for a coaxial antenna protected beneath
crossw se netal bars 230. Electronics for

transn1tt|ng and receiving el ectromagnetic signals
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r AisFBIedWRHilin Wilkptickh e 210 and

Bty S b1 SR e 210
coupled fooplecﬁ‘h@cxi dwthmey emplpptthe AntyEes $8 deaosdfter Jreppopycrs The
antennae 915 W % gg_’m s tfired -at aﬂ%ﬂ@fe%ia}ﬁvé £ me%gl A0€ A tdyer of an

o one’inc ependi n on the wa hi ckness of b
clectricalbyinpieiaE R IoHoHPO OB VIR F- gpﬁae‘éf}“t'ﬁee’@‘é%fg‘é? ~PLEY nffyupoet may
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cylmdnczﬁylgdd?,d bbsal QK 28Rk Y Fofln@X beRdhagcdtctiadnaterial (e.g.,
ﬁbergiasﬁgomlg}%&glﬁfrggy %::ggllpgf t gt ur al &IT 3\% 3%&?%% teiic cally insulative

elliptical recesses be 25 forned bet ween rai sed guard
bands on the surface of bgdy 205. As shown in Fig.

4A, antennae 215 are disposed within elliptical
recesses 210 and
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coupled to el ectronics that may enpl oy the antennas
as transmtters or receivers. The antennae 215 are in
a plane that is tilted at an angle relative to the

A layer of an electrically insul
waQ@%?@é'é(not shown), e.g., Randallite, %%&H%ﬂMWM5”4

fi bergl ass-epoxy, or rubber, nmay 30 be placed between
antenna 215 and elliptical recess 210. Antenna 215
may be sealed or potted, i.e., entirely enclosed by
the insulating material. In some other embodinents,

material. I\P%/r%%%}géél {tgsdé] Jefihbid BEn b Safbf ﬁﬁ%g'ﬂ&ﬁb’éeﬁtaﬁ%nﬁie 215 and

of on-conductive material (e.g.,
elliptical ré¢ebms @ll8ss), ant ennae 215 may be directly nounted

. . i

Tl R i s e R PRl e s 110 Bt babh e OF antemnac 215
relative tq the ongitafionlaptie efocylindricdi body g8p WY IpaCAHGeHERdNdR Fome
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plurality @d@ﬂﬁeram anglvs. Abtegneeifmay bs adiacent; ofber ptqngae on segment 200,

perhaps at dg%ﬂgéﬁggg tina| co—%ﬁ Wwith (¥ |th61§1 A 18Rk Q8N shelR: if8Ng. Y, W pGrality
in so 5 enbodi nents, the gle may be 45
of antennaﬁé@wé@sdlsn%e‘bmlﬂ @ﬁ’b@ﬂ?‘?ﬁ?ﬂ% recgﬁp%ﬂﬁge 215 may be at

ALRRhAY Solhnin Hig UL fapsitts Doake %lso%ﬁp@@étﬁﬁlt&h&lli‘mabﬁcesses
adj acent ot her antennae on se ment 2Q0, . per $ b
210. The suppereaFgy seve sEnpLY s stiyeraral i f&‘ﬂéﬂ%’aﬁ) “2&? %“alh stween
the antenrﬁ%dstﬁé’ %hdu@tﬁ:é fhol Hédy. In Bérdé dhabbiin®nisd hbﬁ'&ﬁb&Smﬁaypﬁlﬂs may
sed within each of elliptical, reces

0

also pmwria ﬁ{éﬁ@wa%wcwws Hegveen Ahe §%F5?Rf’r fad Ilsrigy é’“ﬁf‘%’ shd in some
farther erﬁﬂo%lﬁﬂéﬁﬂ My iclose thd &Eétﬁﬁha élﬁﬁ?ﬁﬁel?le]ﬁpﬂd:& may Gurther serve to

upports nmay _serve si as structur art.
anchor the,epE A 4o POPRPG UL R 1P PHUSSh TEERREE Bl gPighediston the
antenna ctS%ﬂQ]%ng% §ed 1&&%311&%13013& s&jlﬂjitﬁfil tﬁﬁﬁﬁeﬂveshﬁhl}dstede,sxgned to
_the_supports r e electrical..conn
substantiog; WL G BB LR DA-Ee0) 2F P AR AL BT ety S theo
perhaps aSREBN{ mﬂem%&ﬂbﬁciumtsmorm?y Qﬁqu ﬁsm éﬁbeapf.:lheﬂtcm(ﬁm the next.
C|rCU|try orts ur.t ve, 1.0 anchor

Supports fagY B (ATE BPEOPIERF (O iOMTEPFIYe RRITRIE> g F (fnbination
thereof. Prevent slippage that m ght distort the

Fig. 4B illustrates a protective cover in accordance with some embodiments of the

invention. A pattern of windows 310 are formed in the cover, arranged so as to be aligned
with the tilted antennas 215. In some embodiments, the windows are substantially rectangular,
with the edges nearest the antenna oriented generally perpendicular to the tilted antenna:
When measured perpendicularly to the plane of the antenna, the window dimension should be
at least one centimeter and is preferably no more than 10 or 12 centimeters. Mounting holes
315 may also be provided as a means to secure the cover to the tool segment 200. Cover 300
provides protection for at least a portion of segment 200 by acting as a rigid shell or sleeve.
Tubular body 305 may be formed of conductive or non-conductive material, or a
combination thereof, In some embodiments, tubular body 305 is formed of non-magnetic
steel. Tubular body 305 may be hard faced with, for example, fungsten carbide. Tubular body
305 has open ends so that it can be slipped on and off cylindrical body 205 while allowing
segment 200 to be attached to a drill string af either end. The shape, thickness, diameter, and
length of tubular body 305 may vary from one application to the next. Tubular body 305 may
be tapered, as may be cylindrical body 205. In some embodiments, the inner diameter of
6
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15 antenna configuration. In some inplenentations,
the supports thensel ves may be designed to
substantially fill the gap, obviating the need for
tional filler material other than perhaps a
‘”@2@?@%&1 The nunber of supports 220 may varfCF?%ﬁpaﬁgﬁm
application to the next. Supports nmay be fornmed of
conductive or non-conductive nmaterial (s), or a
conmbi nation thereof. 20Fig. 48 illustrates a
protective cover in accordance with sone enbodi nents
tubular bo@ 3 i:l £ thd W81 498 ofitel g;atxﬁe%} e M&%ﬁ‘@ocﬁlﬁﬁ‘i‘ﬁbﬁl&r IS@ 305
e cover, arranged so as to be allgned with th
is preferabl}r Yohg dncughde pentect b eiqoﬁrowweoremw ugling %%ew%b%s
. OnBdE 1-381%3% ARALbE Mﬁ%@@wlaﬂ ’forﬂetdhmt Bvee G@8S ERGR Qﬁérn of

antehna orl ent ed general rE endicular to

windows 310 isedbsignedh e Aigasd NHHS aot ffed, P&raﬂ;seﬂfl%e 23, Bach
window xspérﬁﬁgecpwbh% RBL A& ad B&péﬂdikﬂﬂ%’ 10 tHe PR ra;fsh&uhadzhsaas the

| east one centineter and is preferabl . or th
cover’s sutfaemwilb pemit JTheepnmbst of rEindRIss MAYNRTH 5199 o3 BP fon to the

i sP SPAAIE darB ohelRARGCHAsRBCAE Sachh@iddOWEr ach set of
IEXtﬁan%ﬁltd&Ppég #%%t 208 cC‘over BOOﬁfrOVIdeS protection th
windows gy vaty ﬁreavspna applieation 187the gtk mrusial iptegrity mpy itpact the

dimensionk s?h&naé Rah bt cBArBS¥8stics. In some%éhﬁﬁerﬁ@ @ch3RndoRYwilein the

of conductive or non-conductive_ mater I”(?r a
pattern of m“ﬁétlp@ﬁs ey demt dimgnsieffe TSR HICE ows in the

pattern of %q"]\(m% @»51 0lafe écgﬁxﬂ?] dpaed DI SREH Rirneng3RindbRe 310 ilﬂab bk dEveled.

ard faced th, fqr exa
MP\!F%@& %‘He% éﬁ%l‘&@’ beurtadato Bidth CXs 34t og%ﬁ“eé‘ﬁ&gosés such,
matching h&ﬁ maly Hedforhed 'sé&@éilt @00 gAst btvmy.ySdréiel be aihebhﬁbtvn means

5 while allown nment 200 e.attached.to
(ot showg oy Do iR AR CEPETAD 1B LB 2001 AL oo BoW g dn dditon o

a pressurdl| FRANRERY or oitfdr |sepgichental ol bMEofﬁiﬁﬂﬁany place over

fromone application to the next. Tubul ar body 305
segment 208y phe tapered, as niay be cylindrical body 205. In

Fi ONEshmR @kt ﬁi&)tﬁcﬁxve tebeeri3n0 et phicaorttest sefmént 2R For explanatory

2008/ 008346PCT/ US2007/ 015744t ubul body. 305 i.s_ the
purposcs, Siingotss RSSCUERP B ArEPRIorO BOFTRUIR B BRYAITEHOS of the
rclanonshiﬁubétbv%n a0 ynB0bad 31Pal ahablidéwnglenthe h1deov1pwob‘é covered

| ect t
sgmen 48 bogpS5 - BUSROGRR B b A0 PR LR SRIEE TR amtennas
215 undeieiBé paQiins EAohndueis 2100 Whenprogonis nBid!, ivendess @H.‘eeketemgned

e aligned with an enna.i.dent i t .
svove s SaBA T o oy 2L S0 LB LY p AR R0, s 4
further 1Ilﬁ§fa|ﬁ£nﬁhtcm| sind embhdimehsnatomaa 2l 8 e algriedadS tégeees from the

; ver ﬁ surface will permt. The nunber of w ndows
axm"sqﬂﬁvleg y fromone application to the next. The
Figli 4T 3RowN 8, batpac viey, ofitic proteetiva heires 306 i pidogprofool segment

ach w.ndo f

200. Theeo %: m. Vi \Qr W {Q,c!;ve?%f IQ réﬁ%ntq@t{)\r’\%lgl?tgéﬁ% @%déﬁﬁ'fﬁ(al i dH&8liptical

I on integrity may
recesses 21 ﬂjpmtd%nn’ah 215l andnsindows 3P avengyd pemengdicplar 1o antennae 215 around

char act In some enbodi nents, each w ndow
‘hemﬂmngﬁﬂyeoﬁ%gﬁ%% pattern of wi ndows 310 has equi val ent

Indfigee A€iand 9D, batchond0emisoeli seement 200mse shaviovishermetippdly scaled
cavity bex?e%{ht &l h%t \éﬁ ig@ 8%&@03%@:&'&%@11&&1%@ hf gecei-'s_flﬁf‘g SO88$ via the
orm ng W

e bevel ed Mount I’ ng
conequﬁmg@sﬁﬁm52h&y be used to affix cover 300 to segnent

Tty 120D 30 Y1080 SRR drda i G and

crews or ot her known neans not
sealed tﬂsmgm)t pmgztras@nus%@nalwq Spid wed ofhes gpaterdals §§‘ﬁ%‘ﬂ? ghods may

Such neans nmay be in addition to
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15 a pressure fit, weld or other supplenental nethod
of retaining cover 300 in place over segnent 200.
Fig. 4C shows the protective cover 300 in place on
‘Végﬁkmaﬁ a; 200. For expl anatory pyrposes,PEEﬁmﬁﬁ%%&ﬁm
as a transparent material to en
visualization of the relationship between the
antennas 215 and the w ndows 310. The side view of
covered 20 segnent 400 conprises cover 300 mated to
segnment 200. Elliptical recesses 210 and antennae 215
inchide thHéEjSéCfl:hﬁecf ReURRHRIRAS;, 525‘3 :wzn fewevarlthe JMBRAT BreGREHIY oes not

w ndows 310 are al %ned above and

substantial dperads tha phility phwinsossid 8 tonass sdietpadsticcted energy.
Fl% | SAGHIEGES A6 81:na 8 PO OB Plic Q&essl:doﬂﬁglﬁgtltﬁm ISeB@Ent 500 comprlses

[ustrates that in some enbodi nents antennae_ 21

cylindricah bpdn S854ellipten! cegess r I mRtenan § 5, AndsgRides 3% Tshe primary

dlfference%'iﬁb&n ség}néx'&%@ 2Bd ReETORP 3008¥MHe SrésB&eﬂif@h&ﬂHérﬁ 825 thlders
In plrace on tool segrrent 200. The bottom vi ew of

525 SHPPOGWW@EY%W yer 39Q-ustrat es- an additional view

Fl%fSBeh nmitb§§lpaftﬁ@ SRR Of 2d Qiterdfthenideer Riving @pekth v @Bdows

arrange er endlcular to ant enna around t he
that aligas e GLENSEL SToTo ST S5RGomPRSes Band 537 hapligumngens S60.

Cover ssﬁﬁ%uﬂ&neh%ﬁdﬁeﬁmé&%m ahd ﬁérhﬁ;ﬁgm&ﬂbnﬂﬂﬂaﬂ sﬁlpﬁhﬁsv\(hot ghown).

A I I I YOI S N T

in this casel ﬂﬁ&hﬁ 3158 Thé el € aeand ifogn adree 536G ad the dimensionsitfocover
vol unme_ of recesses 210. a@d the.w

n?@wseﬁ(? 10,a0d uolt rﬁ?éntioned
550 and wipdoyws\a0 12y Y4TY [HEoAn ORI gﬂngzgatechtﬁ RARE 2pBITE A ™07
with regaﬂf todédvbi Bﬂ@ ahd wisddnd3 Do fIﬁkevﬂi& avinddws S50 tmbbther area may be

sealed 10 FRYEE, PRSP BT R 4010 B30 EEr BRRY 7Y gnaBrHoE Cover
550 may bbexffigal ﬂﬂéegﬁfeﬁf soalbyy a@OEﬁommeﬂwklﬁi) a:lftat&bhmertte glgacmrews

comresopS SR ol 3 PS5 e b8 B3 o e

tocoversabtoeé}itaﬂdetsasﬁ l'iptical recess configuration Segment

Ingggﬂt%o %%%% gc%é’!xené,dtée g ouI 2 sé %%55 g #:Llrp 313&'@43 rl:)gbgleéa%s 230
intersperseld hﬁmrmmﬂmﬂgemmaal megmntﬁgumyaéﬁ@ tba;ghewn 15@"@3 |4s"l tThe gaps

between g{?ﬂﬁiﬁerg ?%OOfsar%Q QK?D.&OV?E-Z %% dgpfgﬂl tgls rﬁ'lt%glg é)u g‘gﬁ;nrnt %I‘ receive

cover t an co

electromajghdticstigreet e sFoa nﬂradtammnnas, dire pfetal harg|roasy bfashaped topeyvide edges
runnin cr%v‘il‘n:;?math? of wi ndows that aligns with the

& CErY Ica recess Cover 550 conprises band 555
Fipa¥® nkg,pwu neidayics6of theowkyle 56¢:riS§0 up fig: t5&sheyvs 2 front view of

the Who]e &erél' gﬁ% \‘?[n]%ztgxgxaﬁﬂ& B&%@d&\}:\s 'fﬁf@ieley oﬁ&&l%@ RBLh&H into a

not s 10 w ndows 560 are
(tilted) cy;hné:ﬁ@l slisipg. Aftert bas panHitinddn Hes 15eas8li acwtld can be mgde along seam

575 to seaﬂg ?&@&vﬁ% ?1 nélgbé Tafhs B65 %ﬁaﬁggﬁo%éd tol e vERBhtish Of the cover,

cover 550 and the di nensions of cover
and notchss@?&way W poovde S ditrEgundacpess COYArS FeCUrE hersTATtqr G tool

elements. !0tk MBat NG ¥Ido@S sHRpRY IRk ikt BB R0 Gn Whide &8¢ ds ifliicated by
cover 300 and wi ndows 310. Likew se, wi ndows 560 and

window 3§0her area may be seal ed to prevent penetration of
Fig! 51% Lﬁcﬂﬂs tht Hb¥br 336 iR HRREL oHBLAFHaAY aB¥mB IKRENE tool to illustrate

Cover
the rela’uunshlp between the antenna 515 and the windows. Within a machined recess 584 are

an electronics cavity 584 and various threaded holes for securing the electronics and a hatch.
A matching recess 586 with additional threaded holes allows the hatch to be secured (beneath

cover 550) across the width of the antenna recess, providing a wireway between the antenna
8
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15 550 may be affixed to segnent 500 by any known.
met hod(s) of attachnent, e.g., screws, conpression,
cl anp(s). Cover 550 nmamy conprise one or nore pieces.

may be affixed to cover 550 or sho

W@%@%gﬁgﬁ In an alternative enbodi nent, %CQE{S%WMSM‘

shoul ders 525 may support discrete netal bars 230
interspersed with insulating material in a
configuration |ike that shown in Fig. 4A The gaps 20
between the bars 230 serve as windows to permt the

and the elééﬁo%ﬁﬁ%%‘ a&irkA. a.zﬁ%ﬂécthcg thd £RGInY il lnSEhd CIBMUNAL thé elliptical recess

gnals. For tilted antennas,  the rret al bars may be
and the ccs*waweﬁw ‘wﬂld%ﬂ filedowie sopa ilagng Fsdiat {RSRROfid Protect the
antenna. ant enna. Fi g 5C shows a side view of the

whol e cover 550, and Fig. 5D shows front view of _.the

Whilpmet Hlygiapted sFindews %o also dsformsA O PR o $S8HRERS i1t tm the

walis of 8886tm&ft valig, eﬂt{lasaiﬁg papiiyTBfl chttt® @roligh (Edrh e puter surface to the
cylindrical After it has been fitted in

inner borg.o¥pidls may {e ICEFAEADEW R ALIAGTS TR 7RRFRES fhesor more

antennae.! ReakeM Bsulatbrd [c3GR. bd AiafedS oy vbids b Opettedt édntact with the
prevent rotatjon of the cayer, and notches 570 nat\{hzegwﬁh

segment, ﬁSBWI&:'e’é] it gonduetive: g AOVes P windgys LY LPRY Phtde ¢

such an eABHEINRLEef B¢ ivkhEedn.t 0ol el enents. Note that w ndow

.Shapes need not, be_uni f{ or _size a
b GRFEtT o UG BRSO S8R 674 TPVl aqement of a
downholeS&Qﬁ iif Jekaandn wathpadhé anlbodbsasrbl alle |ioggiting. t[’ecﬂmdjl& 600

ustrate.,the el ati onshi bet e. anten 515.,.
comprises, {i¥ TG 2y MR FHPPTh OF TRECRAGH 1 BWELE SSCapE Wi te
elliptical edces| 6OD\ mvidﬁgg 5&ﬂotartdrevcmvéxoﬁs thd patached @il Ehe fﬁm‘cgomg

th { d t tc
oGRS e, BhRRE B A e I R oo o
produce shiahetionhbrebietiwgciopkd (beneat h cover 550) across the

wi dt h of .t he ,antenna Jec [ .
ot aR b R R R B RS B e, B YR Eboipents
forming @anelliptiesl epanttet amacssgméntdés ptlsd embndlpmatst itcepnaphrses forming an
elliptical 1‘3nlf:rc]:tasesrh1 gween ralsec? Bn éﬁ of a m:m Q.ﬁ%lglolf 'ﬂ%hélﬁgtllcai FeE S elative

COVEr W
to the axis nHthk atgmment mmﬁomwpbcdﬁoarw theme éts privdously disclosed,

the shape?cx%?%’]xgg]sygﬂslo% e(}&g élie%tycﬁi e%Es%qma)y\Qrﬁg @Q%é itﬁ’%l?ﬁe@%ﬁon to the

next. the segnent body, passing partly or entirely through

P%éiagré N gU%g{e%% L&ggjsaggn;eh%negg%w Olst0, VRhiSisd®Yin some

eat e passage of
embodiments, eeatingr en gHinsisnlaenterme bavieg myuldpie d@‘%nss()fé viiredcopained in a

planar colll ﬁcrugﬁ'l# SLAY MA@ SihE Qofd rl:%\ﬂﬁﬂ% t& BAsahd alVchil bUE the segment
assumng I't 1s conductive. A cover with
body to tbsr rm%s rovhApiRg anthsunRoTtigcthe CPT houdngwvithiosthe Heagss coupling the

antenna fTBRALIEERINIQ] ;hmng W& NidRBnicd OR1 8 hefinbtidati§t §Rl@S cabity, and
technique fof building a tilted antenna on” a

surroundipg thy anjisp ovitheire apatenal Jo support and protect the antenna.

Providing a protective cover for the tilted antenna 615 includes creating a cover

1=

having 2 window pattern that aligns with the elliptical recess and the tilted antenna, and fixing
the cover in place over the elliptical recess. The cover should comprise a rigid, wear-resistant
material such as steel. The pattern of windows is designed to permit the antenna to function
with relatively little loss. The windows perform this operation by preventing current flow
through the cover in the plane of the antenna, e.g., by providing window edges that mn

perpendicular to the plane of the antenna.
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downhol e tool in accordance with sone enbodi nents of
the invention. Technique 600 conprises, formng an
elliptical recess on the segment, 605, placing an
wohjosHR3M thin the elliptical recess, 610, 3p¢ysr07/015744
providing a protective cover for the antenna %?%
The foregoing technique specifies actions that may be
i nterspersed and foll owed by additional actions to
15produce a functional resistivity tool.
Forming an elliptical recess on the segnent 605,
Incmhqn reidbediments, btovk 6o mmtrése ibxmin'g wgndowsein the ségpeent and
creating vmg‘snge%w In wmé&ggmﬂt ]IL % fotnned w1 én the
I'ses formng An e rcar reces ef ween ra
segment dsaupﬁgsedno a Qs»eqsréﬂmﬁ ma}?haezan ghith &F5. Heovengr, a@vmhavmg windows
may sill KR53 EFLAIN B LG oP¥lede fla khie searent my vary

m one app | Catlo o the next As previously
It & ;sechthetithe2deavh 8 08 frad dndividuali aniemsip GA¥EIOTSOcrpipagiments enable
the loggirf3) whill &g 16153 BafBY HRe SiAMOBEw P B BiRad B less
than the vetticabdimgasion efdes!@YO0r ecvmpri ses, in sone.
) |
PR FRELS i3 1 100 BB, e SHREI0P B or
embodiméngs sth«vﬂg skgi;:dt inythel pgtwilk anprecidte nugeroup Mlﬁ@ttpes prgls yariations

" therefrom. ﬂqﬁ ﬂﬁétﬁﬁﬁ ag\fﬁé ﬁd&!e&gﬂyco%ér Qpﬂ)éhtlﬂocilﬁ@at{ EQ E&?vanauons
aping and su

orting the coll housing wt
as fall wxﬁletfés &rue gpigip padhgropp ot ﬁxmmt ipyentigas.e| ect r oni cs,

.placing the electronics in a hernetically sealed
cavity, and surrounding the antenna with filler
material to support and protect the antenna.

Providing a protective cover for the tilted antenna
615 includes creating a cover having a w ndow pattern
that aligns with the elliptical recess and the tilted
antenna, and fixing 30 the cover in place over the
elliptical recess. The cover should conprise a rigid,
wear -resi stant material such as steel The pattern of
wi ndows is designed to permt the antenna to function
with relatively little loss. The wi ndows performthis
operation by preventing current flow through the
cover in the plane of the antenna, e.g., by providing
wi ndow edges that run perpendicular to the plane of
the antenna. WD 2008/ 008346PCT/ US2007/ 015744

I n other enbodi ments, block 615 may conprise form ng
w ndows in the segnent and creating voi ds between

wi ndows. | n enbodi ments where wi ndows are forned
within the segnment as opposed to a cover, 615 may
nmerge with 605. However, a cover having w ndows nay
still be utilized to absorb the ngjority of wear and
tear. 5It is noted that the sleeve 300 and i ndivi dua
ant enna cover 550 enbodi nents enabl e the | oggi ng

while drilling tool to have a spacing distance
between two tilted antennas of |ess than the vertica
di mensi on of the sl eeve or cover. Wil e the

present invention has been described with respect to
a limted nunber of enbodinments, those skilled in the
art will appreciate nunerous nodifications and

vari ations

10



to therefrom It is intended that the appended cl ai ns
cover all such nodifications and variations as fal
within the true spirit and scope of the present
inventions. Clainms WHAT IS CLAIMED IS: 1. A nethod
of building a tilted antenna on a retrievabl e segnent
of a tool, conprising: formng an elliptical recess
ext endi ng around the circunference of the segnent;
formng an elliptical antenna within the elliptica
recess; and formng a pattern of w ndows over and
Claimper pendi cul ar to the axis of the elliptical antenna.

_ d of claim1, wherein the elliptica
“Hhxfg%égguggbggrned at an angl e neasuring 45 degrees
1. A thdtRd il & t0bd hinReanEetrievable sekARknBLNO6, Bmprisiddn
1, wherein the pattern of windows is forned on a

formipgan ePipsral irensastexisnd ingground dhg cirgupdirencs of gre segaent;
- ofip: ' . pherein the
ﬁﬂﬁﬁ%ﬁﬁ%ﬁ?&%@aﬁ%ﬁgffﬁmggggﬂﬁ&gﬁggﬁé&e equal di nensi ons.
forrbing Ripeitera ol adhndofvs olver amd berpahdicdamrto shepdxiw @llthe gllipfical antenna.
ant enna rre di sposed. withi.n the el.liptigal recess. .

2. ThegoR rsfiGal P F, i 2IURIARrBFSSS (1 ETied i AR et casuring 43
degreeS BRI ths 85 of thakégding el ectromagnetic antenna. 7. A

~logging while drilling tool conprising: a cylindrical
3. Thfbr@a&oﬁ alelan &, whereia dhe pagtegsofaxindei WJORIE R FQver positioned over

mlamF%%ﬁH&IgﬁﬁQ&%méhﬁi'teq antenna di sposed within the
recess; and
4. The method of claim 1, wherein the windows are equally spaced and have equal dimensions.
5. The method of claim 1, wherein a plurality of antennae are disposed within the elliptical
recess.
6. The method of claim 1, wherein the antenna comprises a variable electromagnetic antenna.
7. A logging while drilling tool comprising: '

a cylindrical body having a tilted recess extending around its circumference;

a tilted antenna disposed within the recess; and

a cover over the recess having a pattern of windows aligned with the tilted antenna,

wherein the windows have edges perpendicular to the plane of the tilted antenna.
8. The tool of claim 7, wherein the segment comprises a plurality of tilted recesses having at
least one antenna disposed in each tilted recess.
9. The tool of claim 8, wherein at least two tilted recesses are formed at different angles relative
to the axis of the retrievable segment.
10. The tool of claim 7, wherein the windows are equally spaced and have equal dimensions.
11. The tool of claim 7, wherein the tilted recess comprises shoulders for supporting a cover.
12. The tool of claim 7, wherein at least one support is positioned between the recess and cover.
13. The tool of claim 12, wherein the at least one support comprises a structural, insulative,
antenna guide, spacer, volume filler, connector, or electronic component.

14. The tool of claim 7, wherein the windows vary in size and shape.

11



a cover over the recess having a pattern of w ndows
aligned with the tilted antenna, wherein the w ndows
have edges perpendicular to the plane of the tilted
antenna. 8. The tool of claim?7, wherein the segnent
conprises a plurality of tilted recesses having at
| east one antenna disposed in each tilted recess. 9.
The tool of claim@8, wherein at least two tilted
recesses are forned at different angles relative to
the axis of the retrievable segnent. 10. The tool of
15. Tied method of Wik ¢ whérbia (d nitolsis daes @dmﬁnbly)n spp@eﬁ:ﬁmﬂﬂrdo a plane of
have egual di nensions. 11. The to of clajm7

the antgpngy aidhWhereinithat dispensoads 80 PGS “E‘i% GPineterpo
16. TM%BH loPGlafin QOWREreinlBe sddhfork @8hpQdes GlliMrical WS 1Rivihg an outer
|'east one support IS positioned between the recess
surfacfa mid wboein saidhgindTweare derimedfin ieeiupar sorfacgieépasd pylindacal body.
| ea n 0 |
17. The RSSO IFHER b RY bRl B FHERHIE protc RN B or more
metal RIre&t h@0ssahe ellipiad ricess Hat cdinaint delanehoc| ai m 7,

wherei n t he ndows, var n Size a h he
18. Thedpelsd clpm &y ‘\3{1‘%?111 Saiga e (S pYi le‘aﬂs@ Cﬁﬁwnémesses
19. TH tBRNF R PerRERRIsaHl Blerli9 sidedlod@nofiltdd Mtk enas,
and wherein that di mension is no nore than about ten
centlneters 16. The nethod of claim 1, wherein the
segnent conprises a cylindrical body having an outer
surface, and wherein said windows-are forned in the
outer surface of said cylindrical body. 17. The
net hod of claim1l, wherein said antenna is at | east
partly protected beneath one or nore netal bars set
across the elliptical recess that contains the
antenna. 18. The tool of claim?7, wherein said cover
fits over multiple tilted antenna recesses. 19. The
tool of claim?7, wherein said cover is sized to fit
one tilted antenna recess.
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