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PCT/ US97/ 03050 5 RADI AL- FLOW FI LTER AND METHOD OF
MANUFACTURE Background of the

| nventi on: The intake of many subterranean fluid wells
(oil, gas, suMQ¥B2f8icr etc.) often 10 i ncludes a fil tRGVYSSTRY0en

out sand and like inpurities fromthe fluid before the fluid is

punped 50 the Surfmmi-lfmw mmnfmnlmgfm@nw MARURESTURE f 1 Ui d
entering the well, sand and other inpurities usually entrained in

the fluid may materlally reduce the effectlve life of the well 10

punp and/or other apparatus to nnect ed.
The input filter for a subterra\rll\gé{% WePﬁie I S fIP{é%ltjléﬁtly a radial-flow

filter. Generally, 15 this kind of filter is tubular in configuration

and enconpasses r, cti.on tubge that .plicity o
perforations to 3&1%1{“3?7 afanqn&(]ﬁuﬁﬁem"qan{} id H’ée”ﬁr(b’ﬂué?sl oﬁm@%n&?it‘ir e'f—;r)o?ﬁef’he
point. 19 incl@desad! Ait&rSicOstreeh bRt f dakd And iR¥SmPMRIEs FaH ithe flaid Bdtbé the FRidist he
tube. Wen the tube is a part of the production tubing for a

subt er r anearPupeddo the surfacg; i svmemtﬂf\ﬁéﬁea lsywt aromed Jor fluid entsring the well, smde
earth; punpi

reversed in 2{}8 dtﬁer"@g&hlmﬁ | cal e%ﬂgﬁ& atg]lf.'+ltr§'c‘(tfd?& @E ?t‘ﬁlt

may enter t hef thel belldﬁcpuidpoandtnntoﬁm dpparatus to whlch mneowglh ist l!BbEIEpEﬂf orati ons and
through an enconpas Into a cha er assa

filtered fluid. "Hhe mpug fflter oFa STrgeag e glfrtegl];e zfrrﬁ%@ lﬁ‘w g“?"acﬁegfmpY ‘ow

filter 1appl i@l Nifd offikd?! ie uumrl it cdnfiguration arfilddcempasaadprlotititidn Wathd thhtShas a
Johnston U.S. Patent No. 2,217,270, In that patent a netal nesh 2

filter is hempiipliity Msﬁeras?ﬂscio admit flpid radially wq)@e Rspdpceien Ftags!éusﬁem%em
be applied. dJh@mission, the IS Mok QWhy rH@\){ﬁg Qﬂél‘)ﬁwmltﬁe ABE rWHEr?ﬁlettlﬂJe ik Ltﬁh

out sand and other fine particles and hehce may be rather expensive
and di f fi cul of thepreduciioncubing farfa subterranean avells sher Guigeflaws epwardly. to thersureee of

the earth; pumping is usually required. Of course, the direction of flow may be reversed in

20 20 other applications. Thus, the fluid to be filtered may enter the tube and flow outwardly
through tube perforations and through an encompassing filter into a chamber or passage for
the filtered fluid. '

One of the better examples of a radial-flow filter applied to durable use in a
subterranean fluid well is Johnston U.S. Patent No. 2,217,270. In that patent a metal mesh

25 filter is helically wound onto a perforated pipe; plural layers of mesh may be applied. The
mesh should have quite small apertures to filter out sand and other fine particles and hence
may be rather expensive and difficult to manufacture if the filter is to be effective. Further,
the filter is usually rather short in axial length. Long filters of this kind have been difficult
to manufacture. Filters of this kind, when used commercially, frequently present substantial

30 problems both operationally and economically.

Another material that has been used in radial-flow filters. including input filters
employed in subterranean wells, is a compressed, felt-like filter wool. The wool may be made
of ordinary steel fibers, stainless steel fibers, other metal (e.g. brass) fibers, or even
non-metallic fibers. The best operational life is usually achieved with stainless steel. justifying

35 its relatively high price. With a metal wool filter material there is little difficulty in restricting

passage size. so that sand and like impurities cannot pass through the fiiter. and fluid flow
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the filter is usually rather short in axial length. Long filters of this

ki nd have been difficult to manufacture. Filters of this kind, when
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PCT/ US37/ 03050 is not cubWBPRY ¥PVeRtioRL) f1ow filters for wells
that require or needfilters over five feet (150 cm in length
continue to pr esent appreciable difficulties operationally, econonically,
and in lds an gbject of the invention, therefore, to provide a new and improved method of

Surmary of plaiBlutiRfa long radial-flow.filer, suitiblel 5r A2 8hSfiju Hier' RE o WiERkdAR,
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P respect to )ﬁ)ter ?

Another object of the invention is to provide a new and iinproved long radial-flow

filter of previously unknown construction that is simple, inexpensive and long-lived.

15
Accordingly, in one embodimént the invention relates to the method of manufacturing a
radial-flow filter, suitable for use as an input filter for the production tubing of a subterranean
fluid well, which tubing has predetermined outer diameter. The method comprises the
following steps:

20 A. providing a preselected length L of a multiperforate pipe have an outer diameter

D1 corresponding to that of the production tubing for a subterranean fluid well;

B. mounting the length of multi-perforate pipe in a lathe with the length L of
multi-perforate pipe between the head-stock and the tail-stock of the lathe;

C. aligning a strip of filter wool with the length of the wool strip at an acute angle X

25 to the axis of the multi-perforate pipe;

D. affixing one end of the strip of filter wool to one end of the length of pipe;

E. actuating the lathe to rotate the pipe and simultaneously moving the strip of filter
wool along a path parallel to the pipe from the one end of the pipe length L to the other so
that the filter wool strip is wound in helical relation. on the pipe, from one end of the length

30 of pipe to the other, while maintaining the filter wool strip under tension; and
F. repeating step E to apply plural overlapping layers of filter wool to the exterior of

the length of pipe. with the strip forming alternate layers of filter wool angularly displaced

2
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respect to filter |ength. Anot her object of the invention is
to provide a new and inproved |ong radial-flow filter of previously
unknown construction that is sinple, inexpensive and |ong-1lived. 15
Accordingly, in one enbodinment the invention relates to the nethod of

manuf act ur i ngWP 972648 [ adial-flow filter, suitable for usd@FUSTHORHHut

filter for the production tubing of a subterranean flurd well,
whi ch t ubi ngydiaeadlf REGLRS 4H dRik SdR Zikanet er. The nethod conprises the
fall ow ng steps: 20 i A. providing a preselected |length L of, a
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mount i g ¢ ne TERapg bt e s PRIGREIGEN phiify WoVeriapping lavers of 2 siip F
mul ti - perf orra¢tal wiopk abetwosed helicallye avhdet tankionndrouhe theijextegsipnall e lehgth of

| at he;

.. C. alignj | p.of fil 1th the | h of
the woof st r'f“f}“ﬁ’[eﬂgﬁteac? eg aiaﬁ‘g“de;&i? értl"g'flgr lsihell éﬁ Feél\é@‘?i‘t \Méttfﬁﬁl?' ?ﬁr%‘grpcg%hrea? e

pi pe; outermost laydp.of alié insiahwoone end of the strip of filter wool to one
end of the |ength of pipe; E. actuating the lathe to rotate
t he pipe and sinultaneously noving the strip of filter wool along a
path parallel to the pipe fromthe one end of the pipe length L to the

ot her so that the filter wool strip is wound in helical relation on
t he pipe, fromone end of the |BuirftDesgdption offtheDgawing t he ot her, while

mai nt ailﬁi ng the filter wool strip under tension; and F.
repeating step E to apply plural overlapping |ayers of filter wool to the
exterior of Fig. ltihe sinplified) paktlydiagrammatib stdridnalt dlévatidro vigwngf aadoneéntiahsl

| ayers of filter wool ?pgularly di spl aced

2 suoterranean well;

Fig. 2 is a simplified, partly diagrammatic plan view of an intermediate stage in a
preferred embodiment of the manufacturing method of the present invention;
15 Fig. 3 is a simplified elevation view of the apparatus of Fig. 2 with a part of that
apparatus omitted for better illustration of the remainder;
Fig. 4 is a diagrammatic sectional elevation view taken 5 approximately along line 4-4
in Fig. 2: and
Fig. 5 is a sectional view of a radial-flow filter constructed in accordance with a

20 preferred embodiment of the invention.
Description of the Preferred Embodiments:

Fig. | affords a simplified partly diagrammatic sectional elevation view of a

25 conventional subterranean well 20. Well 20 may be an oil well, a gas well. a sulfur well, or
even a water well. through the well construction shown in Fig. 1 is more complex than most

water wells. Well 20 starts above the earth surface 21 and comprises a well bore extending

down through overburden formations 23 and a fluid deposit formation 24 into the
underburden formation 26. The well bore for well 20 may be lined with a tubular casing 31

30 that has a multiplicity of apertures or slots 32 in the pay zone or deposit 24. There may be
grout 34 around the exterior of casing 31. Casing 31 is usually a steel wbe. though parts of

the casing may be covered with electrical insulation or sections of the casing itself may be
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PCT/ US97/ 03050 fromeach other by an angle of about 2X

In an apparatus enbodi ment, the invention relates to a radial-flow fluid
filter rising a length L of nulti-perforate pipe. A plurality of
over | appi ngWF’a’S?@ of a strip of net al  wool are wo ROT/USG30H | v,
under tension, around the exterior of the |ength of mul ti-perforate
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out er nost | ayer t he
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subterr aneaﬁ&%; oy 3Rl 813 o po vat 8% Cing, logp IWl }“e © PRY, f9rjey deposit 24.

di agr anmatlt wupbamamﬁmmﬁaalhmnsioaﬁ ifBEilgaI end iR BRs| 5 Fhave been diRtbREEIN! Rthe
enbodi nent, of thf manuf act ur i ng met hod of the present invention; 15
Fig. 3 is BSacehiqriconyensnes, i MlBsiralioay of the apparatus of Fig. 2 with a

part of that gpjiq fr&PWlaidjﬁ Pikgeli Qpwardly REbLET tHe! & L;gﬁf gﬁ‘ﬁ'n(}ﬂ £broliliGion |

remai nder ; ] .4|sad|aramm|cs nal el evVation view
t aken 5 appbingidfeneld pump drKgand ows throggh a ﬂmd provuption om;let @0d Outlet 40 extends

mccor danc gBgk 2 8 head 4 el ok Buretimeqieh Ens TP BR

s gme Hamcu'iarly the
Desclrl ]E)t i épmnmfroahu(;ﬂateémaedoﬁmmd: Wellllhlead 12 to pump 38 Fl g | affords a
sinmplified par i agra | c .sectional elevation vjew Q

convéft i onal bﬁigé %émm 12 efe\/@lalm‘ﬂ@‘l’ﬁﬁ‘}'aﬁele&ﬁh@ﬁuw 46 that gaeallye| |,

a sul fur viBderforddéd section of tuﬁi'iF R6.2T Mﬂﬁﬂeeﬁfﬁl 46 is160aRd0kHR BuiddpoGPDE ik Hiet | ON
shown in Fig. 1 is nore conplex than nost

same part of well 20 as casing perforations 32. Tubing section 46 and its perforations 50 are

.,-u

D

.l(D

within a radial-flow filter 48 that may have the construction shown in the aforementioned
U.S. i Patemt, Johnston No. 2,217,370.

15 In operation of well 20, fluid from deposit 24 passes through grout 34 and through
perforations 32 into the interior of casing 31, as indicated by arrows A. The fluid than passes
through fiiter 48, which stops sand and other impurities ) entrained in the fluid. The filtered
fluid enters the interior of Section 46 of production tubing 36 through the perforations 50 in
this part of the production tubing. From tubing section 46 the fluid is pumped upwardly to

20 the level of surface 21 through the interior of production tubing 36. by pump 38, and flows
out i through outlet 40, as indicated by arrows B and C. As long as filter 48 has a relatively
short axial length L. the filter functions well and can be manufactured by conventional means
both expeditiously and economically. But if the length L required for filter 48 exceeds about
five feet (150 cm), appreciable problems arise, as discussed above. The object of the present

25 invention i is to resolve those problems.

Figs 2 and 3 afford simplified, schematic illustrations of an apparatus for manufacture
of a long, radial-flow filter, suitable for use in the intake of the production tubing of a
subterranean fluid well. pursuant to the present invention. The apparatus of Figs. 2 and 3
comprises an engine lathe 120 including a head stock 122 spaced from a tail-stock 124 at

30 opposite ends of a bed 126, Fig. 2. Lathe bed 126 may include sections 126A and 126B; see
Fig. 3. The tail-stock 124 of lathe 120 may be mounted on a carriage 128 in turn supported
by wheels 130 engaging a guide rail 132.
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water wells. Well 20 starts above the earth surface 21 and conprises a well
bore extending down t hrough overburden formations 23 and a fluid
deposit formation 24 into the under burden formation 26. The wel |
bore for well 20 may be lined with a tubular casing 31 30 that has a
multiplicity WO ures or slots 32 in the pay zone or deBGEUSIIMASOTher e
may be grout 34 around the exterior of casing 31. Casing 31 is

usually a steel iiibgpatRQUARHARYIIA FH. 2 fanher incibd8 %8 bdTHof iR $ufde RS afld
with electrical insu atlon or sections of the casing itself may b

3 134 that are\p@radig) @28y gpaced from guide rail 132. There are also two camages 135 and
PCT/ US97/ 03&38 tha&ngu% algag, %cfj Ge 9 1d§J] b raﬁg ll?':t %'Ilcrrg:s;%%m];e{l\p %anrlzgg'e ']{38 rsgp%%rts

pl-asti c' i enou
be perforat eckupplyabll Q88 fot ulsd’lpaCZSBGSﬁ]ter \eqmnhauﬁsadesBerddnnmasthmgh&tmam ﬂ’hy be

T
Fig. .1, and réiarivel @Sthe 8xi9 140 8F RttReEID. ¢h§Eﬁm@dnmoﬁmb%u?podsrmlﬂa PRSsdrer
convenience in illustration. Fluid fromwe

d
Cwnr Al vt hicoleser d bhayapas Pian £od 145tthet grrisaagrasoure plate 146 tha ifureralsasped
38. I t
'I[D E?gugh aan%ﬁﬂhggﬂrwgﬂgfﬁ | nc%ug‘{es(s)ﬂ?)ﬁ% ggbev?&éé itﬁgs%gecia‘lc%'itas né054ofl ﬁ{éh(gﬂ\%zl |,

parti cul ar | wtochearriage alongpmhtﬁ?r od 44 that extends down fromwell head 42 to
punp 38. 10

mul ti-pBrforate FBREEHSEP ‘PS‘Eﬁ ﬁ@% ?ﬂﬁt’n‘fegt'g’bd? cg,provrd% a presgleﬁgpflg}gg} Lot
section of taubulﬂgerﬁﬁate D, Rdtiche Séri@hs4ie éentrhiofpp el fob theallial-flow dilée RS Figs 24,

in the ame part of well 20 as, casing perforations_ 32. Tubing
section 46 én%ndi %as“‘E)éﬁ“flﬁl?“'&f"F%%é’%?o‘%ﬂ%mtemedlate weatian 5% hayingap ngsmLf pf fer

48 that may l&?éé? p‘p@el 56 QA & %Eéé&ﬁelﬁi}%em & e ﬁlfoﬂﬁﬁﬁﬁ Qﬁﬂlﬂ@?{q a subterranean
well. Length L usually exceeds five feet (150 cm); to realize the fullest advantages of the
15 invention. it should be employed when the required filter length L is ten feet (300 cm) or
more. At the outset, pipe 150 is mounted in lathe 120 with the perforated section 152 of the

pipe positioned between head stock 122 and tail stock 124, as shown in Figs 2 and 3.
At this point, before going further, it is usually desirable to mount a single-layer metal
mesh foundation member 154, not shown in Figs 2 and 3 but shown in Fig. 4, on the section
20 152 of pipe 150 between the head stock and tail stock of lathe 120. Alternatively, the metal
mesh foundation 154 may be mounted on section 152 of pipe 150 before the pipe is mounted

in lathe 120. Mesh 154 is not shown in Fig. 2 or Fig 3.

The next step in the inventive method is to align the filter wool strip 139 at an acute
angle X to the pipe axis 142. The end of the filter wool strip (usually metal wool) is then
25 affixed to one end of the length 152 of pipe 150. In Fig. 2, this has been done by mounting
the wool strip storage roll 138 on carriage 136 with its axis 140 at the desired angle to
position strip 139 to intersect the pipe axis 142 at the acute angle X. Lathe 120 is now
actuated to rotate pipe 150 as indicated by arrow D. Figs 2-4. Rotation of pipe 150 pulls the
filter wool strip 139 from its storage roll 138 in the direction of arrow E. Figs. 2 and 4. Strip
. 30 139 is maintained under tension while being wrapped helically around pipe section 152; an
intermediate point in the wrapping of a first layer of the filter wool strip onto the pipe is

illustrated in Fig. 2. Throughout the wrapping operation cvlinder 144 and piston 145 urge
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US 1 Patent, Johnston No. 2,217,370. 15 In operation of well 20,
fluid fromdeposit 24 passes through grout 34 and through

perforations 32 into the interior of casing 31, as indicated by arrows A
The fluid than passes through filter 48, which stops sand and ot her
i mpurities )WeAt2848ned in the fluid. The filtered PCTIUSH7030SREr S t he
I nterior of Section 46 of production tubing 36 through the perforations 50

N i he. i . - . i.0qQ. ' t he
i d s pnadeRatin e A0S he SHEoR e aHo P (rikt, Pl U RE hlafifdfc

i nterior oftf tonsietuint stim |3 badchty Bsure Hiymmacking 8f layad dfltenstrip around thepipei

t hrough out | et s indicated b rrows B.and C. . lo as filter .48 has
a-relatively At ‘?aysef_lSﬁhe gﬁ‘F%i}“ L3R 5 Wound;oniq ¢ tpgfbﬂﬁr’}gsteflb%i%ﬁp’%end
can be manlfi0ahiougiwsit iy leghvie Thircughbut Mg Beration. strip 139 shoudd BE Hainkamtal vhdand

econoni cal | y.. But ifééhe | ength L required for filter 48 exceeds about

five Peet teasion-digte 140 andits aparating meghapismlAddds may be sufficient donihis rurposee

obj ect of RKdievir %5:?1@?1;’:)%5?_ the rSRARAL dQhe (vpi)iss_upﬁlarrﬁﬁql.w ®r biReS feds DL mﬁdnfs  or

Figs 2 and 3 afford si i fied, schematic i strations of an apparat
manuf act ur@aintenance of ggnsign|oorstyip F3%dnay bé hepessaryl Throughsait thewindingrof aidayers t he

I nt ake of i ' f . subt.erranea | ui d.wel |

pur suant . 19F ik 0B i chlb e Bindi o8, o camiages a4 bR alpnig g Perate
conpri ses tanhepipe (see aadbws FAA0 G indligdi)sg tiat heaidorni hellcall wihdiipas effedtéd Mhat
tail-stock 124 at 30 . _op&&z{tg@aq?g of a,bed 126, Fig. 2, Lathe bed 126
may ¥l udis WREPHPRssOf sYisls raifiql 33 And 134 apd their engagement with camiagesy] 35 apddsR, 124
of lathe 1gGRVelpe nounted on a carriage 128 in turn supported by

wheel s 130 enga\gi ng a guide rail 132. ) .
4 hen g\cpmples Agstdayer of the filter wool strip 139 has been wound tightly onto

PCT/ US97/ Og@ % length L of the perforated pipe section 152, the direction of movement of carriages
135 and 136, which has been from left to right as seen in Fig. 2, is reversed. As a result, a
15 second layer of filter wool is tightly, helically w‘ound onto the perforated pipe. When the
second layer is complete, the direction of movement of the carriages 135 and 136 is again
reversed and a third layer is started. The alternate, back-and-forth carriage movements are
repeated. with pipe 150 rotating continuously in lathe 120, until the desired number of helical
layers of filter wool are superimposed upon each other around pipe 150, and specifically the
20 perforate section 152 of that tubing. The number of layers used is a matter of meeting the
filter requirements for a given application; preferably, there should be at least five layers and

often as many as fifteen layers or more.
In some applications, especially in some subterranean fluid wells. such as "horizontal”
oil wells, lengthy filters may be required, up to lengths of several hundred meters or more.
25 It is usually impractical to make a filter having a length L substantially longer than ten meters
{1000 cm). In application of this sort, the movable nature of tail-stock 124 comes into use;
the tail-stock is moved to the right along guide rail 132, as seen in Figs. 2 and 3. to bring a
further perforate section of tubing 150 into position between the tail-stock and the headstock
of lathe 120. With this modification of the position of tail-stock 124, the process described
30 above can be repeated to form a second filter axially displaced from the prior filter along pipe
150. Some form of sealing ring (not shown) should usually be mounted between adjacent

tilters.
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The apparatus illustrated in Fig. 2 further includes two additional guide
rails 133 and 134 that are parallel to but spaced from guide rail
132. There are also two carriages 135 and 136 that nove al ong and
are guided by rails 133 and 134, respectively. Carriage 136 supports

a supply roll WO %I33648 strip 139 of filter wool that is desc‘?‘r"ﬁ&?’

fully hereinafter. The 5 axis 140 of roll 138 is aligned, on carriage

136. so that strifigl89siaSloabinilinahGeitnaNgle® K a radial-flével filter VBIOL conkipetaiX irb
142 of lathe 120, The_ carriage. 135 on rail 133 supports a fluj da#[,essure
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i's further desghi DS having an RRSR! diahd& conE%nﬁin%Ro OE fFRSerforaté BipEB$0D8ipe 250

prow ded to asSure accurate positioni n%] stock carriage al ong
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production tubing Thess is;a & aér"F‘ o4 around theygxterior) Qi e o ln-lggﬂg]a}eyp@gc?é

five feet (1lgRogghbur th®lenglll &@vﬁ:ﬂ?&fe%ﬁﬁﬁo&%'ﬁpﬁ%%@tﬁﬂaﬁw fr%ﬁl the mesh 254

invention, it should be enployed when the required filter l'ength L is ten
feet (300 cnjhesy are a pluralivynfdayers 236ef wenldike filtgr fbers Sipppsed in grertapping relatiore

120 with,the @@chx ta?(rj“ l@czgﬁg.ﬁbzﬂg?éﬁas SHI}f‘om astr14_3i %fgxb«gtﬂ éﬁ%&éhéu‘%ﬂ?ﬂneﬁ?%@?

head stock 1 st oc own I'n
At this poi ntw,ouhxlahdmallgoumtgr ftenstohe axound thes perforated \pigke252 abthe mannep dedcribed

si ngl e-1 ayer ta mesh foun n menber 154 shown in S 2
o0 s but Snaver Aniep davess 35 shpnd 13k Sy more s it i Vot s b i
t he head st Odkpeﬁdﬂgtoﬁit!l\e aﬁipﬂé‘d(xoﬁfm hnhichefilfe? Q40 A ised.Rtel wisdl] Yaveishﬂteﬁﬁhﬁdand and

nmesh foundatign 154 ma unted qQn section 152 of pipe 150 ore e _
pi pe i s noun® impurities’ frﬁm| m i assing mipydctesiar L b e o it IWO\%P*P? %‘P ig

3. 15 tubular $hé) P60¢ hawhe R 1ngth D &nd Q‘ﬁgﬁﬁgﬁiﬂéﬁ&r@{aki%réss oft o8 b %Nk Iii@ht_lly

filter wool strip 139 at an acute pi pe axis 142
end of the fioverdhe garemmost faygr inftitesn|wapl 366.2A comdb4 may beipsgyider! at the end‘q’fmneto

one end of t . ' In Fi 2, this has been done b
ing Q&:tll.n? Rgﬁ ?\B%tfiﬁes Eﬂr&l (gitlgg 11@0250 9. y

mountin ageroll 138 on carriage 136 wth its
axi s 140 at the dOpéraiah afhfiiter 249, Fig. 5, is paitsi simple. Fuid pritGsand wriathez restrained he

pi pe axis 142 at.the cute an 120. i,.S n uat ed to
rotate pipe FBOIES enters. ?eéwregyf%r ‘rno?lh Ehf‘ﬁ ?jsmgmﬁte‘?ggt %qugnwg%?%‘gg Pages
pul I s the throughf the fnﬁ[an)Eyers 256 of fllRRP wiool IIBalving ¢ @maped saild and dthet impukicies
di rection of %5 S i and 4. Strip 139 is mai ntai ned under
t ensi on whi | &R \rITyB‘evﬁ“&Efge@" éP‘ief%fp? ﬁe'%iﬁabl?ﬂﬂ' Aiepdn Ripe 2p Hrqugh itsgpertures 255
i nter medi at e ap@hws bit dfik ﬁlfe?pfﬂ'lﬁkﬂcﬁéd By drkdwaiN/ @Y @Jurééf hﬁ?sui'é Jlxﬁ@fenﬁé]c&ross
strip onto the pipe is lustrated 1 n Fig. roughout the

wr appi ng opeihetnlyal layars pifilter 24& lsamesm farsustaiped, rcg@tlnuous flow. but that is necessary
for virtually any filter. Moreover, the flow is reversible, with the same filter effect.

25 The mesh 254 between pipe 252 and the plural layers 256 of filter wool serves a
definite purpose in filter 240. If there is no mesh 254, the fluid may tend, over time, to
develop relatively larger passages between at least some of the outer apertures 262. in shell
260. and the inner apertures 255, in pipe 252. That passage enlargement may reduce the
effectiveness of filter 240. with the result that less sand and other impurities are filtered out

30 of the fluid traversing the filter.

In all embodiments of the invention. stainless steel wool is preferred. The wool strip

may have dimensions to suite a given application; typically. in oil wells. the metal wool strip

SUBSTITUTE SHEET (RULE 26)
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PCT/ US97/ 03050 pl ate 146 toward the pipe in the direction of arrow
H (Figs. 2 and 4) to aid the maintenance of tension in strip 139 and
to assure firmpacking of |layers of the strip around the pipe.

A first Iay@Y 5P P326¢%e filter-wool strip is.wound onto the p@gﬂﬁﬁﬁmﬁﬁpsection
152 of pipe 150 throughout its length L. Throughout this operation.

strip 139 ishowed fioem rftbierst lavingchrum@edge thickness oN83 aticromd aideanldM@ragn derighls of
operating chanisn11 4 be suffi

. f hi
owever | SR GTeR TR BIFGYaRIBTP BOneh BuRgshesR 6Ty iR o aggd 125 ineh

means for @Sﬁéﬂii difitk. but those Hﬁa‘xéﬁ%i%ﬂ@ﬁk‘é%uﬂ@cttt@&ﬁisﬁﬁuﬁ Waﬁitfdnp '\]c%%m’f@lydxﬂﬁeter
necessary. Throughout the w ndi ng of yers he wool strip

onto the piope swsage noleofdhe wpelgher serip ngmd béeqﬁr&édnmrbr«r@epdtemllpaﬁw | el
to the pipe (see arrows F and Gin Fig. 2) so that a uniform helical
winding is effected. That 10 is the purpose of guide rails 133 and 134
and their engagenent with carriages 135 and 136, respectively.

When a conplete first layer of the filter wool strip 139 has been wound
tightly onto the full length L of the perforated pipe section 152,
the direction of novenent of carriages 135 and 136, which has been
fromleft toright as seen in Fig. 2, is reversed. As a result, a 15
second |l ayer of filter wool is tightly, helically wound onto the perforated
pi pe. \Wen the second | ayer is conplete, the direction of novenent
of the carriages 135 and 136 is again reversed and a third layer is
started. The alternate, back-and-forth carriage novenents are

repeated, with pipe 150 rotating continuously in |athe 120, until the

desi red nunber of helical | ayers of filter wool are superinposed
upon each other around pipe 150. and specifically the

8
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20 : perforate section 152 of that tubing. The nunber of layers used is a

-matter of neeting the filter requirenents for a given application;
preferably, there should be at |east five |ayers and . often as many
as fifteen | ayers _or nore. In sone applicatlons S ally
in some subt &YFEME® f1uid wells, such as "horizontal " ’Us§ 'ﬁml l's,

|l engthy filters may be required, up to | engths of several hundred neters or
nore. 25 [ CLAIM:usually inpractical to nmake a filter having a length L
substantially | onger than ten nmeters - (1000 cm. In application of
this sort, the novable nature of tail-stock 124 cones into use; t he

tail-stock is myved trge H&ﬂloﬂldﬂﬂianafa&[lﬂng]ulrﬁlﬁal!f&i\ﬁ tilter ,suﬁéblésﬁﬁ'mse as &1 put 2
and 3. to brin furthe rforat sect orL(i:c Lu |n9 |nt.od
posi tion betlkmsgﬁr the grodyctiondybipg o Fﬁéﬂ%@z’& 1 yell which tubing Gp ?a'ie EerpRs
Wth this TRdlr BEALEL T oRprikE tROBIIONER st a1 | -stock 124, the process

descri bed ove C be repeated to forma second fllter axially
di spl aced from the pri.or providing apresstecioi jength L of a multperfoguenpifedrane arf outer

sealing ri ng ( no(}lamgermﬁl cgrr}gs%b{%l usyosjflgy %tb the rrPod?xctxon ngm\'\ef%r a%gﬁt%%n fluid

filters.
PCT/ US97/ 03050 well; Fig. 51is a longitudinal secti onal vi ew of a

radial-flow filter 240 constfyuc i ccordance

invention. It includds a ©EENg %fe“ﬁ‘?ﬂ ?fm‘f}Brﬂe%P?feepWFﬂ’é“gﬁ el\"éﬁ;‘l ‘H@ lepgth
llength 4 and haVL Iagnﬁm.ﬁa?oﬂzelq;xp@ BeRA thE BEISHRIO RS e thitiRR dtTREEHer at e
pi pe 250; pipe 2 be thefproductlon tubing of a fluid vel | . A

weld 251 is shovvn as G-oi naln@mghfesms of filtemyyqol ﬁ@ﬁﬁﬂ)?é@f@ﬂppbﬁ\ewwleﬁm at an

| nperforate tubi, FZ%gleeﬁg%E;Q S0 5Re mﬁ'p&h’?ﬁer?&e& effectively,

a continuation o s a tubul ar mesh 254
around the exterior d@. theffixingtdinemed fob thet stripppH Glt&5Reol to one end of the length of

pipe;

15 E. actuating the lathe to rotate the pipe and simultaneously moving the strip

of filter wool along a path parallel to the pipe from the one end of the pipe length L

to the other so that the filter wool strip is wound in helical relation on the pipe, from .

one end of the length of pipe to the other, while maintaining the filter wool strip under

tension; and

20 F. repeating step E to apply plural overlapping layers of filter wool to the
exterior of the length of pipe, with the strip forming alternate layers of filter wool
angularly displaced from each other by an angle of 2X.

2. The method of manufacturing a radial-flow filter according to Claim 1, in
which. in step C. the strip of filter wool is a continuous felt-like strip of tough,

25 randomlv-aligned fibers, the strip having a uniform thickness and a uniform width.

3. The method of manufacturing a radial-flow filter, according to Claim 2, in
which. in step C. the wool strip is metal wool in a roll having a predetermined axis and the
axis of the roll is aligned at the acute angle X to the multi-perforate pipe.

4. The method of manufacturing a radial-flow filter, according to Claim 2. in

30 which the length L of the multiperforate pipe. step A. is at least five feet (152 cm).
3. The method of manufacturing a radial-tlow filter. according to Claim 3, in

which the length L of the multiperforate pipe. step A. is at least ten feet (304 cm).

9
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t hroughout the length L in which the perforations 255 appear. Qutwardly
fromthe nesh 254 there are a plurality of |ayers 256 of wool-Iike
filter fibers disposed in overlapping relation 10 to each other. Layers
256 are each forned froma strip of wool fibers. usually nmetal fibers,
wound hel i c¥A%B2hder tension, around the perforated pi p@CIBIEIAMNe

manner descri bed above. Three |ayers are shown in Fig. 5; many nore
layers of filtel WoThe MRtholdeoiufi@thiacturing a ral@NIRY R0 Acéd?@n@RP!d1siAE 2.0m 1 N
which filter 240 is used, The wool |ayers filter out sand and ot her

i npur i ti esMER ther puisrmost, leyeref Y"H?‘ofOFHEd ih8epi B haos givea oufer tchqmemp%uand
t hrough pigg, p?l?iﬂ tlﬁ: i}cﬁ’lowm dgarganstgéell 260, having a length L and a

mal tiplicity of apertures or ots fits tightly over the
outernost |ayer in Filtenowntiof ap8ati-périarate shéllaromyd the optemmastiaperaf wobk tend  of

perafion of 1 iRk BREF el S bialery, BT i one ctamass B2 6F 91 s

entrai ned outerrhdsp Udyiet mésvoehters apertures 262 in shell 260 as indicated
by arrows M The fl |d passes. 20  through the nultiple | ayers 256 of
filter wool, Idavinghs Rsthodtslanpitactunng a mdiaitiont ﬁitPFpti‘F‘F‘trﬁhéé to Claim 2, in
behind. T ls t

t hrough i P’ ghlgﬁ"peutrl t@%ﬁ@‘ melﬂuﬁxb‘ép&ﬁeﬁethﬁgs ﬁ egvl\gﬂoﬁmppf&aﬂétq%s‘ {Eg?dyggss&?ﬁeéa cated
by arrows weol@fe epplied ¢o the gxtesios of thediefgte o€ pipeal acr oss t he plural

layerg of filtgr 24?h# ?ne%%eﬁ ufa%mﬁ#’sq[ ?%(ﬂﬁﬁ%wcgﬂg %9?@ fo&)ﬁb t that

i's nécessary or Vir y any

rever si bl ecomprising tthe foliaming addlthmabﬁtéps:t 25 The mesh 254
bet ween pi pe 252 ang the plural ers, 256 of filter wool, .serves
definite purpose in°fil (¥VaEmgt hFP}ﬁeﬁ‘é’ra yt@?@ﬁlﬁ‘ﬁ e2‘81P°S’{'WéaF?°8P‘SI"1‘P§§‘

tend, over timg, off ulti-perforate ?ﬁ)é%eﬁ?eeh%@hééﬂ%&’k hed ﬁﬁito&aﬁstﬁg%‘ih@%&’een at
| east some of the outer apertures 262. in shel . and the inner

apertures 255, in pHpe Zspeatiyp siepg el eand Eefor ﬂwgemﬂeneﬂwtmn}e@pplu@lml
ef f egli veness %t’e'f*{l’gﬁng dla%}p"g@k&h %Ft{ﬁgg#%rlgpﬁgnbpss sand and ot her

impurities are fi out urd traversing the filter.
In all enbodi ménts &fradiakflowfbrid ifiter fostacsubtegeseantfbid well compssipg:ef er r ed. The

(o0 TP o eGSR bl 2 o ven evplication
7 a plurality of overlapping layers of a strip of metal wool wound helically, under
tension. around the exterior of the length of multi-perforate pipe: and
20 a multi-perforate tubular shell of length L fitting tightly around the outermost
layer of the metal wool.
10. A radial-flow fluid filter according to Claim 9, and further comprising:
A tubular metal mesh encompassing the exterior of the pipe. between the pipe
and at least some of the layers of metal wool.
25 11. A radial-flow fluid filter according to Claim 9, and further comprising:
a tubular metal mesh encompassing the exterior of the pipe between the pipe
and the innermost layer of metal wool.
12. A radial-flow fluid filter according to Claim 9, in which the metal of the metal

wool is stajnless steel.

30 13. A radial-flow fluid filter according to Claim 11. in which the metal of the
tubular metal mesh is stainless steel.
14. A radial-flow fluid filter according to Claim 11. in which the tubular mesh is
10
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PCT/ US97/ 03050 is formed fromfibers having an average thickness of
85 microns and an average | ength of about one neter. The filter wool
strip is often four inches (10 cn) w de and about 0.125 inch 0.3
cm) thick, bUYOPH® di nensions are subject-to substanti al VQF’P%VM. A
common di anet er for a storage roll of the wool fiber strip is about
1.5 feet (0aSvowehemcshoheniniebesweel| is full. 5
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CLAI M
manufacturing a radial-flow filter,

filter for th%hgroduction t
has a predet@Y THEH8 5

di anet er.

1.

The net hod of
suitable for use as an input
ubi ng of a subterranean fluid well,
conprising the f
providing a preselected length L of a nulti-perforate pi pe have an
di anet er

whi ch t ubi ng
RSt eps:

D1 corresponding to that of the production

tubing for a subterranean fluid
B. nmounting the length of nulti-perfor

| ength 10

the tail stock of the | athe;

wel | ;
e pipe in alathe with the

C.

L of nulti-perforda Ebipe bet ween the headstock and

aligning a strip of

The met hod of manufacturing a radial-fl

filter wool with the length of the wool strip at an acute

angle X to the axis of the nulti-perforate Rpilpe; D.

affixing one end of the strip of filter 0 one e |l ength of

pi pe; 15 E. actuating | at he tojrotjate the pipe and

si mul t aneously noving the strip || of¥filte | along a path

parallel to the pipe fromthe one end ofth J | pg™length L

to the other so that the filter wool gr’"p | und in helijcal relation on

the pipe, from one end+qf gth of pipg to the other,

while maintaining the filter wool strip € tensi on; and
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V\:hiéh, in step C, the strip of filter wool is a continuous felt-like strip

of tough, 25 random y-aligned fibers, the strip having a uniform

t hi ckness and a uni form wi dt h. 3. The met hod of
manufacturing a radial-flow filter, according to Cdaim2, in whi ch,
in step C. tHEOXHB4&trip is netal wool in.a roll having a PFEHEVEMNW ned
axis and the axis of the roll is aligned at the acute angle X to
the nulti-perforate pipe. 4, The net hod of manufacturing
a.radial-flow filter, according to Claim2, in 30 which the length L of
the nultiperforate pipe, step A is at least five feet (152 cnm).

5. The nmet hod of manufacturing a radi qm'j/B ow filter, according to Claim
3i in which the length L of the |tiperforate pipe. step A is at
| east ten feet (304 cn).

9 WD 97/ 32648

PCT/ US97/ 03050 6. The mefhdd of manufacturing a

whi ch t he out er npst
her di aneter D2, and

radial-flow filter, according to Caim2, I
| ayer of wool fornmed in Step E has a g&,veg

conprising the follow ng additional st®p; F. :
mounting a nmulti-perforate shell argqund t qyt er nost | ayer of wool, the 5
shel | having an inner diameter appr&ing {qual to the outer dianmeter D2
of the out ermost | ayer\ of 7. The
met hod of manufacturing a radijal,-fl = Mccording to Claim2, in
which, in step F, the nunberj o¢f ':l_:e_b i ti at least nine so that at
| east ten | ayers of netal 85\)3 N.ed to the exterior of the
| ength of pipe. 10 =Ty d of manufacturing a
radial-flow filter, according to im \
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conprising the follow ng additional steps: G
~advancing the pipe axially through the lathe to position a second |ength
L of multi-perforate pipe between the headstock and tail stock of the |athe;

and H. repeating steps C, D, and E faor th cond

| ength of pi pOV2Epply plural 15 over | appi ng | aﬁ"? tal
wool to the exterior thereof. 9. Aradial-flowfluid
filter for a subterranean fluid well conprising: a
length L of nulti-perforate pipe; a plurality of
overl apping | ayers of a strip. of netal | wound helically, under
tension, around the exterior of the le g of nulti-perforate pipe; and 20

a-multi-perforate tubular shell of length L fitting tightly around the
out er nost | ayer of the netal wool. 10. A
radial-flow fluid filter according to Claim9, and further conprising:

A tubul ar nmetal nmesh enconpassing the exterior of the pipe, between the

pi pe and at | east sonme of the |ayers of nmetal wool. 25

11. Aradial-flow fluid filter according to Claim9, and further
conpri si ng: a tubular netal nmesh enconpassing the
exterior of the pipe between the pipe vy and tHB innernost

| ayer of netal wool. A radi al 2l ow f|
according to Caim?9, in whiﬁh ‘
stainl ess steel. 30 -

to Claim1l, in which the meta
st ai nl ess steel.
to daim1ll, in which the tubul §

10
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(57) Abstract

A method of manufacture of a long radial-flow filter particularly suitable for use as an input filter in a subterranean fluid (oil, gas,
water) we.ll starts with a length of multi-perforate pipe, which may be an integral part of the well's production tubing. The pipe is mounted
in an engine lathe (120) with the perforated length between the headstock (122) and the tailstock (124) of the lathe. With the pipe rotating,
a strip of metal (steel) wool (139) is wrapped around the pipe in repeated, overlapping helical layers each aligned at an acute angle X to
the pipe axis (142), with adjacent layers angularly displaced by 2X. The completed filter has a tubular wire mesh around the pipe, between
the pipe and the innermost layer of steel wool, and 2 multi-perforate sheath over the outermost layer of wool.




