5 10 HYDRAULI C CI RCUI T CONSTRUCTI ON | N DOANHOLE TOOLS I nventors: Ron

McG egor, Roger L. Schultz and Robert K. M chael 15 BACKGROUND 20 The
present ‘invention relates generally to equi pment and methods utilized in
conjunction with a subterranean well and, in an enbodi nent descri bed
herein, nore particularly provides a hydraulic circuit construction for
use in downhole tools. Many downhol e tools are operated or controlled by
relatively conplex 25 hydraulic circuits. These hydraulic circuits are
made up of hydraulic conponents, such as valves, restrictors, punps,
sensors, etc., interconnected by passages. The passages interconnecting the
hydraul i ¢ conponents are typically forned by separate |lines or tubing

ext endi ng between the conponents, or the passages are forned through a
solid body, such as a housing or mandrel to which the conponents are
connected. 5 When the passages are forned in a body of a downhole tool, the

passages are generally formed by drilling into the body, and
cross-drilling to form intersecting passages. Specialized drilling
machi nes nust be used where the
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BACKGROUND

20 The present invention relates generally to equipment and methods utilized
in conjunction with a subterranean well and, in an embodiment described herein,
more particularly provides a hydraulic circuit construction for use in downhole

tools.

Many downhole tools are operated or controlled by relatively complex
25 hydraulic circuits. These hydraulic circuits are made up of hydraulic

components, such as valves, restrictors, pumps, sensors, etc., interconnected by



passages extend substantial distances into the body. Oten, ends of the
passages used to initiate the drilling nust be closed off with plugs. 10
It will be appreciated that this method of constructing hydraulic circuits
in downhole tools is expensive, |abor-intensive, time-consum ng and prone
to error. Therefore, it would be advantageous to provide inproved
hydraulic circuit construction for use in downhole tools. 15 SUWARY In
carrying out the principles of the present invention, in accordance with
an enbodi ment thereof, an inproved fluid circuit construction is provided
whi ch solves the above problens in the art. This circuit construction

utilizes ﬁassa es..20 forn”ed.itnitial I% on, a sarf?ce of a ﬁkrcuiﬁgyg@%& r to

i nt er connB8T4pFi E-B&@F%ﬁ&%én BEWH P s ?hg BAYIEFOEP AR hATE ? Thus,
extensive, dril]ljng and cross dri|ling to formthe passages and interconnect
the conpoffgted by Sepatite ings oF JHbIRE PEaading ERR [ ¢|09m1p@ﬁe&%a.orltﬁeone
aspect of the invention, a fluid circuit construction for use in _downhol e
tool s i s passagercaredbrord theiughessaidibadyt suchyas a hausing oamansigsk togwkich| ui d 5
operative conponent installed therein and a second | ayer having a fluid
passage flor cedpdrrenteare coiimecfedt st and second | ayers are sealingly attached
to each other, and the fluid-operative conponent is in fluid comunication

with t5he fluid e%sﬁ]aegpez{ssages are formed in a body of a downhole tool, the passages

are generally formed by drilling into the body, and cross-drilling to form
intersecting passages. Specialized drilling machines must be used where the
passages extend substantial distances into the body. Often, ends of the passages

used to initiate the drilling must be closed off with plugs.

10 It will be appreciated that this method of constructing hydraulic circuits in
downhole tools is expensive, labor-intensive, time-consuming and prone to error.
Therefore, it would be advantageous to provide improved hydraulic circuit

construction for use in downhole tools.

15 SUMMARY

In carrying out the principles of the present invention, in accordance with
an embodiment thereof, an improved fluid circuit construction is provided which
solves the above problems in the art. This circuit construction utilizes passages

20 formed initially on a surface of a circuit layer to interconnect fluid-operative

components installed on another layer. Thus, extensive drilling and cross-



I n anot her aspect of the invention, a fluid circuit construction for use in
to downhol e tools is provided which includes a first |ayer having nmultiple
fluid- operative conponents received therein and a second | ayer having at

| east one fluid passage forned thereon. The fluid passage is in fluid
communi cation with at |east one of the fluid-operative conponents. A
surface of the first layer closes off an outer side of the fluid passage
on the second layer. 15 In yet another aspect of the invention, a fluid
circuit construction for use in downhole tools is provided which includes
a first layer having at |east one fluid-operative conponent received
therein and.a surface,, and a second |ayer having a fluid passage.formed on
2 sur f ace STHERRH O Eh§ PasSdEpaaat Juerconnget s cPmraifh I ERERIAN t he
fluid-operative component. The first |ayer surface and 20 the second | ayer
surface apblegsbgubstantiadlyrradwesd, so that the first |ayer surface closes off
an outer side of the fluid passage. 3 These and ot her features, advantages,
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5  operative component installed therein and a second layer having a fluid passage

formed thereon. The first and second layers are sealingly attached to each other,
and the fluid-operative component is in fluid communication with the fluid
passage.

In another aspect of the invention, a fluid circuit construction for use in

10 downhole tools is provided which includes a first layer having multiple fluid-
operative components received therein and a second layer having at least one
fluid passage formed thereon. The fluid passage is in fluid communication with
at least one of the fluid-operative components. A surface of the first layer closes
off an outer side of the fluid passage on the second layer.

15 In yet another aspect of the invention, a fluid circuit construction for use
in downhole tools is provided which includes a first layer having at least one
fluid-operative component received therein and a surface, and a second layer
having a fluid passage formed on a surface thereof. The fluid passage is in fluid
communication with the fluid-operative component. The first layer surface and

20 the second layer surface are sealingly attached, so that the first layer surface

closes off an outer side of the fluid passage.



FIG 1 is a cross-sectional view of a prior art hydraulic circuit
construction; FIG 2 is a cross-sectional view of the prior art hydraulic
circuit 10 construction, taken along line 2-2 of FIG 1; FIG 3 is a
schematic cross-sectional viewof a first fluid circuit construction
enbodyi ng principles of the present invention; FIG 4 is a cross-sectional
view of the first fluid circuit construction, taken along line 4-4 of FIG
3; 15 FIG 5 is a schematic side view of a passage | ayer of a second fluid
circuit construction enbodying principles of the present invention; FIG 6
Is a schematic end view of a fluid-operative conponent |ayer of the second

fluid circuit nstrucgtion; FIG 7 is a crqss-sectipnal view of the

f1 ui d- oper at i vabe oHer) fggtures, aﬁ@ﬂ&l@@éﬁ&ﬂéﬁ& #1chebiects off theiREeset F1 G g
Is a schematic isonetric viewof a third fluid circuit construction

enbodyi ngipientionpvidk bedomet eppanst e onsva$mardirary skill @ tle pg wper hanefitli c

I sonetric expl oded assenbly view of a fourth fluid circuit construction
enbodyi ngcpmsideriapioasofothet detaiped desdriptivreof represdrt&ve tbbdimentssafhidieat i ¢
views of a fifth fluid circuit construction enbodying principles of the

present i fuentivflerdifBelow and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a cross-sectional view of a prior art hydraulic circuit construction;
FIG. 2 is a cross-sectional view of the prior art hydraulic circuit
10  construction, taken along line 2-2 of FIG. 1;
FIG. 3 is a schematic cross-sectional view of a first fluid circuit
construction embodying principles of the present invention;
FIG. 4 is a cross-sectional view of the first fluid circuit construction, taken
along line 4-4 of FIG. 3;
15 FIG. 5 is a schematic side view of a passage layer of a second fluid circuit
construction embodying principles of the present invention;
FIG. 6 is a schematic end view of a fluid-operative component layer of the
second fluid circuit construction;
FIG. 7 is a cross-sectiona! view of the fluid-operative component layer,
20 taken along line 7-7 of FIG. 6;
FIG. 8 is a schematic isometric view of a third fluid circuit construction

embodying principles of the present invention;



FIG 14 is a schematic isonetric exploded assenbly view of a sixth fluid
circuit construction enbodying principles of the present invention.

DETAI LED DESCRI PTION 10 A prior art hydraulic circuit construction to is
illustrated in FIGS. 1 & 2. An elenent of a downhole tool, such as a
tubul ar mandrel 12 has a hydraulic conmponent, such as a valve 14 installed
therein. The valve 14 is installed in a hole 16, which is then closed off
by installing a plug 18 in the hole. To provide fluid comrunication

| ongi tudinally through the mandrel 12, 15 another hole 20 is drilled in a
sidewal | of the mandrel. The hole 20 is usually relatively difficult and
ti me-consum ng drill,. due.to its snal l,anet er { | engt r.at i nd the
need for it toFlfe Sébasshapstitiamidg SplodtdEsunbiv ete) & T RS hor
plug 22 is used to close off an end of the hole 20. As_depicted in FIG 2,
when it ieretecnsaruetion embadyirg prinsigles ohimpresenidnventioset ween t he val ve
14 and another region radially separated relative to the nmandrel 12, a
series of crosEIGS.i 10ad swsl echexdatiQFiewss of be fifth 1flud cinew! tavastruaider|

sidewal | . Again, these holes 24, 26 are difficult and tinme-consumng to
drill, siasbdolpiey pririplaccithetpebsent iventieat awdch other in the nmandrel 12
sidewall, the interior of which is not visible during the drilling

process. One OFIGT.DI4Fispé daserdftic Romedaienpléded dsseribseent §f PBBth eldg of the

holes 24, 26. It will be readily appreciated that, even with the relatively

simpl e prioLuifédnstruction embodying principles of the present invention.
DETAILED DESCRIPTION

10 A prior art hydraulic circuit construction 10 is illustrated in FIGS. 1 & 2.
An element of a downhole tool, such as a tubular mandrel 12 has a hydraulic
component, such as a valve 14 installed therein. The valve 14 is installed in a hole

16, which is then closed off by installing a plug 18 in the hole.

To provide fluid communication longitudinally through the mandrel 12,

15 another hole 20 is drilled in a sidewall of the mandrel. The hole 20 is usually
relatively difficult and time-consuming to drill, due to its small diameter/length
ratio and the need for it to be accurately directed to intersect the hole 16.

Another plug 22 is used to close off an end of the hole 20.

As depicted in FIG. 2, when it is necessary to provide fluid communication
20 between the valve 14 and another region radially separated relative to the
mandrel 12, a series of cross-drilled holes 24, 26 must be drilled into the mandrel

sidewall. Again, these holes 24, 26 are difficult and time-consuming to drill,



5 hydraulic circuit construction to illustrated in FIGS. 1 & 2, an unduly

| arge ndunber of difficult and time-consum ng steps are required to formthe
hydraulic <circuit. This makes the prior art hydraulic circuit construction
to very expensive to produce. The problemis conpounded when it is
necessary for a hydraulic path to deviate froma straight line, such as to
extend circunferentially in the 1o tubular mandrel 12 sidewall.
Representatively illustrated in FIGS. 3 & 4 is a fluid or hydraulic circuit
construction 30 which enbodies principles of the present invention. In the
foll owi ng description of the hydraulic circuit construction 30 and ot her

appar at us _: t s_described herein, directional terms, such_as
"above", ,,sbrg({égt\}a%? Iﬁgg ‘Eﬁ%lé?t'e!y qug%?t-?acgtgb?r i the, mandge) 12 sidewallntheni ence
in referri.ng to the . acconpanying drawi ngs. Additionally, it is to be

under st ood™ oY Otfr‘l*g“a%\ﬁ %QFSWS](% ing thesdalingrropesss éne ommene phigsddscr i bed
herein may be utilized in various orientations, such as inclined,

i nverted, dFopsadMsed to clese pifalpenends of Hrechdles 2grdéous  confi gurati ons,

wi t hout departing fromthe principles of the present invention. 20 The
circuit constrlﬂswl i on bel.ow as a

.5 referred to in the descripti

"hydraulic" circdi f B%i%ﬁlfyﬁqrgﬂa’gg ti?ﬁt’é*%'é?rb‘flg‘ r&“ﬁ}"@ YosiBye grier art
constructi oa vi/ni ch may benefit fromthe invention. However, other types of
fluid eir oAl GRewh copstrigtion yociliustratad, imRIBSuIt & 2 apwinduly darge as
pneunmatic or other gas . .

number of difficult and time-consuming steps are required to form the hydraulic

circuit. This makes the prior art hydraulic circuit construction 10 very expensive

to produce. The problem is compounded when it is necessary for a hydraulic

path to deviate from a straight line, such as to extend circumferentially in the

10  tubular mandrel 12 sidewall.

Representatively illustrated in FIGS. 3 & 4 is a fluid or hydraulic circuit
construction 30 which embodies principles of the present invention. In the
following description of the hydraulic circuit construction 30 and other apparatus
and methods described herein, directional terms, such as “above”, “below”,

15 “upper”, “lower”, etc., are used only for convenience in referring to the
accompanying drawings. Additionally, it is to be understood that the various
embodiments of the present invention described herein may be utilized in various
orientations, such as inclined, inverted, horizontal, vertical, etc., and in various

configurations, without departing from the principles of the present invention.

20 The circuit construction 30 is referred to in the description below as a
“hydraulic” circuit construction as an example of a fluid circuit construction

which may benefit from the invention. However, other types of fluid circuits



circuits) may al so benefit fromthe invention. Thus, the principles of the
I nvention are not limted to use in only hydraulic circuits. The hydraulic
circuit construction 30 utilizes a |layered construction, 5 wherein
hydraul i c passages or paths are fornmed on surfaces of mating layers. In
this manner, little or no drilling is required to interconnect hydraulic
conponents. The hydraulic paths may be fornmed, for exanple, by mlling the
paths on the | ayer surfaces. Wen the |ayers are attached to each other,
one layer surface will close off a side of a hydraulic path fornmed on a
surface of another 10 layer. In FIGS. 3 & 4, the hydraulic circuit

construction.30 is denonstrated . as., part .of ,a generally tubular mandrel 32
of a downHBI RELROt SRECHEALY Bydmlic) HEquitFelUsh IS RBEUIAE Or 0EheR &88 ddl e

| ayer 36 and an outer_ |ayer 38. However, it should be understood that the
pri nci pl egiredity) hmaynolsat benefidr Bonothe iinyensipn. o Thies, 1thes peivriples abtthel s of

the hydraulic circuit construction 30 depicted in FIGS. 3 & 4. For

exanpl e, invenSonatre netksstedytofuee in telyiydradic dranitscui t construction 30 to

be formed in a tubular nmenber or elenent, and it is not necessary for the

hydraulic cirguit, constructign to include three |ayers 34, 3 8. Any
Shape. rmy b uLhe BYGANIG G chmeaRBicot psufiifessa’ Bhgd critbustiony w th
t he princi ?ll es of the, 20 invention. A hydraulic or fluid-operative
conporfent W §£R§h?‘15§“§ﬂ¥aﬂ’€iﬁéagf@ qrathsaiefepmed on surfaces of mating layers. In

this manner, little or no drilling is required to interconnect hydraulic
components. The hydraulic paths may be formed, for example, by milling the
paths on the layer surfaces. When the layers are attached to each other, one layer
surface will close off a side of a hydraulic path formed on a surface of another

10 layer.

In FIGS. 3 & 4, the hydraulic circuit construction 30 is demonstrated as

part of a generally tubular mandrel 32 of a downhole tool. The mandrel 32
includes an inner layer 34, a middle layer 36 and an outer layer 38. However, it
should be understood that the principles of the invention are not limited to the

15 specific details of the hydraulic circuit construction 30 depicted in FIGS. 3 & 4.
For example, it is not necessary for the hydraulic circuit construction 30 to be
formed in a tubular member or element, and it is not necessary for the hydraulic
circuit construction to include three layers 34, 36, 38. Any shape may be used,

and any number of layers may be used, in keeping with the principles of the

20 invention.

A hydraulic or fluid-operative component, such as a valve 40 is received in

a sidewall of the middle layer 36. As used herein, the term “fluid-operative



a sidewall of the mddle | ayer 36. As used herein, the term

"flui d-operative 7 conponent” is used to indicate an el enent which

regul ates or otherwi se controls fluid flow ng therethrough, which operates
in response to a fluid property, or which senses a property of fluid.

Thus, punps, val ves, chokes, restrictors, pistons, and pressure and
tenperature sensors are exanples of fluid-operative 5 conponents.

Fl ui d- operati ve conponents may be nechanical, electronic, electrical,
optical, thermal, magnetic or other types of devices. As depicted in FIGS.
3 &4, the valve 40 is installed in an end of the mddle layer 36. A hole

42 drilled through.the m ddl,e Layer; 36 Qnrovi i | ' W th
he. val veoaBPonE foherdis Bofal T sl s Epe it b cEPERE: SR
surfaces 44, 46 of the nmddle layer 36. A fluid path or passage 48 is

f or med oniéhé&‘il éﬁi“’é‘%g élmrgfeﬂ{apg}@uw K@eOB@aJEﬁS ‘t“h’éeSPPﬁ"T*FeFO Iaa@/\gﬁ BW%eWe %bassage
48 extends longitudinally on the inner |layer 34. The passage 48 may be
fairly eawhich tensesda qrophay sefr fluisk Sthust grureRanyalees, holigs,ngesirictars,| to
cut the passage onto the surface. Note that it is far easier to mll a |ong
15 path, pistohsaantiherepansagel tBnpanture aensouseareaxamplésnob flubdopertative t o
drill a hole of the sane cross-sectional area and |l ength. Another fluid

path of pasfipeRertd. | SFlugd-Gperadive aBoinpBAENISUMBC heddnedhanhel, @ldceronigyer 38.
The passage 52 extends circunferentially in the outer |ayer 38.

electrical, optical, thermal, magnetic or other types of devices.

As depicted in FIGS. 3 & 4, the valve 4o is installed in an end of the middle
layer 36. A hole 42 drilled through the middle layer 36 provides fluid
communication with the valve 40. The hole 42 extends between outer and inner

10 external surfaces 44, 46 of the middle layer 36.

A fluid path or passage 48 is formed on an outer external surface 50 of the
inner layer 34. The passage 48 extends longitudinally on the inner layer 34. The
passage 48 may be fairly easily formed on the surface 50, for example, by using a
mill to cut the passage onto the surface. Note that it is far easier to mill a long

15 path, such as the passage 48, onto an external surface than it is to drill a hole of

the same cross-sectional area and length.

Another fluid path or passage 52 is formed on an inner surface 54 of the

outer layer 38. The passage 52 extends circumferentially in the outer layer 38.

The passage 52 may be fairly easily formed on the surface 54, for example, by

20 using a lathe to cut the passage onto the surface. Note that it is far easier to
lathe-cut a circumferential path than it is to cross-drill intersecting holes to form

a circumferential path.



The passage 52 may be fairly easily formed on the surface 54, for exanple,
by 20 using a lathe to cut the passage onto the surface. Note that it is
far easier to lathe-cut a circunferential path than it is to cross-drill
intersecting holes to form a circunferential path. 8 The |layers 34, 36, 38
are sealingly attached to each other to make up the mandrel 32. \Wen the
outer surface 44 of the mddle |ayer 36 is attached to the inner surface
54 of the outer layer 38, the outer surface 44 closes off an inner side of
t he passage 52, except for where the hole 42 provides fluid comunication 5
with the valve 40. \Wen the inner surface 46 of the nmddle layer 36 is

attached to t u 50 o e_jinnern .l a the ner surface
26 ol oses. off Eﬁf*i%‘}%ei A SheSE e we 1&&@ B3 to eeée}éa?ﬁf% LP I "or o
42 provi des f mruni cati on valég 41% , vaI Vﬁ 40 can
control fPaHY U lg YF‘h& H%/EI‘F achedcodhe cui
constructlon 30 10 The surfaces 44, 46 50, 54 of the layers 34, 36, 38
my be at ineneurfeee sachtheputer layer 88, thapussrsusiace a ¢loses ol andanersigap| e,
the surfaces 44, 46, 50, 54 may be adhered or bonded to each other using
an epoxy, oéﬂ@pa&age tsﬂerem@mtfoep'dle]e thé\hoden g oviales dhndtdonsnunivatisur f aces
44, 46, 50, 54 could be furnace brazed or welded to each other. 15 It may
now bes f uiMith thepabei a1 eWWhiehahe iier Rudheehé of themaiddle tayes 86 icittarhed@o

the outer surface 50 of the inner layer 34, the inner surface 46 closes off an outer

side of the passage 48, except for where the hole 42 provides fluid

communication with the valve 40. Thus, the valve 40 can control fluid flow

between the passages 48, 52 in the hydraulic circuit construction 30.

10 The surfaces 44, 46, 50, 54 of the layers 34, 36, 38 may be attached to each
other using any appropriate means. For example, the surfaces 44, 46, 50, 54 may
be adhered or bonded to each other using an epoxy, such as a thermoset epoxy.
As another alternative, the surfaces 44, 46, 50, 54 could be furnace brazed or

welded to each other.

15 It may now be fully appreciated that the hydraulic circuit construction 30
illustrated in FIGS. 3 & 4 is far superior to the prior art hydraulic circuit
construction 10. These advantages become even more apparent when more
complex hydraulic circuits are needed in downhole tools. In these situations, it
becomes infeasible, or at least extremely difficult, to drill and cross-drill a large

20 number of holes to form the hydraulic circuit. However, it remains fairly easy to
form complex hydraulic passages on external surfaces, for example, by milling

the passages.



illustrated in FIGS. 3 & 4 is far superior to the prior art hydraulic
circuit - construction 10. These advant ages becone even nore apparent when
nore conplex hydraulic circuits are needed in downhole tools. In these
situations, it beconmes infeasible, or at least extrenely difficult, to

drill and cross-drill a large 20 nunber of holes to formthe hydraulic
circuit. However, it remains fairly easy to form conplex hydraulic
passages on external surfaces, for exanple, by mlling the passages. 9 5

Turning nowto FIGS. 5-7, another hydraulic circuit construction 60
enbodyi ng principles of the present invention is representatively and

schematically HhdsE Rhedo FIGE! 87 SaldtnlPh AR AREGirbhR! cohetBleBbh V6 Y

conpl ex arrangenen P ge een cut into an externa
surface 64

f.a_ tubul ar, | ayer 66. The passages 62 are : rQyhde
Il - confraPelpEoPHETE nof niffs | PIESCF] LTHESaR ol VEREERTONLRE B4
i nstalled i.n anot her_ t ubul ar | ayer. 70. of the hydraulic ci.r clui t
const r uct semEsicglyiiluatimted. FIrGFIG. sTHamaphksorren hasa Zplatively FOMpleX s paced
apart in the layer 70, and so portions of the passages 62 extend 1
ci r cunf er amengémentoof fihid passegess62 has beppvout inte I externalsyirfacsio4 pka
conponents 68 may al so be longitudinally spaced apart in the |ayer 70, and
SO0 porg i onthuddr lher 66.

The passages 62 are used to provide fluid communication between
multiple fluid-operative components 68 installed in another tubular layer 70 of
the hydraulic circuit construction 60 depicted in FIG. 6. The components 68 are
radially spaced apart in the layer 70, and so portions of the passages 62 extend

10  circumferentially on the layer 66. As viewed in FIG. 7, some of the components
68 may also be longitudinally spaced apart in the layer 70, and so portions of the

passages 62 also extend longitudinally on the layer 66.

In assembly, the outer surface 64 of the layer 66 is sealingly attached to an
inner surface 72 of the layer 70. Any method may be used for this sealing
15 attachment, such as bonding, welding, brazing, etc. When so attached, the inner

surface 72 closes off an outer side of the passages 62.

An example of a similar hydraulic circuit construction 80 being assembled
is depicted in FIG. 8. An inner tubular layer 82 having fluid passages 84 formed
thereon is being inserted into a tubular middle layer 86 having fluid-operative

20 components 88 installed therein. Once assembled, the layers 82, 86 are sealingly

attached to each other, and the passages 84 then provide fluid communication

_10..



passages 62 also extend longitudinally on the layer 66. In assenbly, the
outer surface 64 of the layer 66 is sealingly attached to an inner surface
72 of the layer 70. Any method nay be used for this sealing 15 attachnent,
such as bondi ng, wel ding, brazing, etc. Wien so attached, the inner

surface 72 closes off an outer side of the passages 62. An exanple of a
simlar hydraulic circuit construction 8o being assenbled is depicted in
FIG 8. An inner tubular layer 82 having fluid passages 84 fornmed thereon
is being inserted into a tubular m ddle | ayer 86 having fl uid-operative 20
conponents 88 installed therein. Once assenbled, the |ayers 82, 86 are

l'i ngl h | fluid
communt caPFOIEBP R ARos ARURE neB0dhy 0F, ETRARTE: Al IR Bobhdor

ot her portions of the downhole tool. 5 An outer tubular |ayer 90 may be
used to eM&dPRYletPRlse of f passages or holes in the middle |ayer 86,
al t hough use of such an outer layer is not necessary in keeping with the

principles of hRenitey &thil@hlaybt 98haLY Be @sed tdextenaalystloss offfiassages drs not
necessary for the conponents 88 to be installed in the mddle | ayer 86, or

f h : ' 88
or the pﬁﬁ&?gﬁ%%?ﬁ?lﬁaleggyéf%%hgﬂﬁhrﬁ@e oP&ith 4 B8ferver 1H Ao ABRRAANT S

could instea a nstalled I1n the inner or outer layers

gg go- and kéerbefng Q&P ﬁl%epsril%%pfég Wk th P& VLRGSR drt ¥R ol a1 Bl RdRFstOM Bat! aVers

it is not necessary for the components 88 to be installed in the middle layer 86, or
for the passages 84 to be formed on the inner layer 82. The components 88 could
instead, or in addition, be installed in the inner or outer layers 82, 90, and the

passages 84 could be formed on the middle or outer layers 86, 90.

10 Referring additionally now to FIG. 9, another hydraulic circuit
construction 100 embodying principles of the present invention is
representatively illustrated. Instead of a tubular shape as depicted in FIGS. 3-8,
the hydraulic circuit construction 100 has a planar shape. Thus, it may be
appreciated that the principles of the invention may be incorporated into

15 downhole tools in any shape of hydraulic circuit construction.

As depicted in FIG. 9, multiple fluid-operative components 102 are
installed in a middle layer 104. Fluid paths or passages 106 are formed on an
external surface 108 of an outer layer 110. When the layers 104, 110 are sealingly
attached to each other, the passages 106 provide fluid communication between

20 the components 102, and the layer 104 closes off a side of the passages 106.

The passages 106 are depicted in dashed lines on the middle layer 104, so

that it may be seen how the passages interconnect holes 112 drilled through the

-11 -



10 Referring additionally nowto FIG 9, another hydraulic circuit
construction 100 enbodying principles of the present invention is
representatively illustrated. Instead of a tubular shape as depicted in
FIGS. 3-8, the hydraulic circuit construction 100 has a planar shape.
Thus, it may be appreciated that the principles of the invention may be
I ncorporated into 15 downhole tools in any shape of hydraulic circuit
construction. As depicted in FIG 9, multiple fluid-operative conponents
102 are installed in a mddle |ayer 104. Fluid paths or passages 106 are
formed on an external surface 108 of an outer |ayer no. Wen the |ayers

104, no are,seal ingl ttached to each other, the sages 1 rovi de
flutd conrafEderdn seefisisvSonenmtlin Snlfty AbSHREN AR il IS,

cl oses off afgi de of .the (gassa es 1o06. Th? Ea%sq?ges 106 are depicted in
dashed | i b 18R KRR d@I doseagidruppes endg ofthahales Hay Hlemwdiveliofr ihe
passages interconnect holes 112 drilled through the - 11 5 mddle |ayer.
Anot her | ad@ition] sherippss laken ivigmayahees pessages.t sichnasidhe pasyages w0y, ~ f or
exanple, to close off upper ends of the holes 112. Alternatively, or in
addi ti on, farhedufipeeon ay grotité fueyeh pachphastigescorsmuniationhketpeesdhes 106,
formed thereon to provide further paths for fluid comunication between the

conpongent gorbPgnéiits Abber ofidrtj@tisn©bf Adéwnhbleltecl. ool .

Referring additionally now to FIGS. 10-13, another hydraulic circuit
construction 120 embodying principles of the invention is representatively
illustrated. In this circuit construction 120, a generally tubular member 122 of a
downhole tool has a portion or segment 124 cut from the member. For example,

10 the segment 124 could be cut from the member 122 using wire EDM methods

well known to those skilled in the art.

As depicted in FIG. 10, the segment 124 has paralle] lateral surfaces 126
and a radiused inner surface 128. It should be clearly understood, however, that
the invention is not limited to any particular shape or configuration of the

15 member 122 or the segment 124. For example, the member 122 could be planar
or otherwise shaped. The segment 124 could be wedge-shaped, in which case the
sides 126 would not be parallel, and the inner surface 128 could be flat, without

departing from the principles of the invention.

In FIG. 11, the segment 124 has been cut into overlapping layers 130, 132,
20 for example, using wire EDM methods. A fluid passage 134 has been formed on
an upper surface 142 of the inner layer 132, for example, by milling. Note that the

surface 142 is severed from the outer layer 130 when the layers 130, 132 are cut
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Referring additionally now to FIGS. 10-13, another hydraulic circuit
construction 120 enbodying principles of the invention is representatively
illustrated. In this circuit construction 120, a generally tubul ar nenber
122 of a downhole tool has a portion or segnent 124 cut fromthe nenber.
For exanple, 1o the segnent 124 could be cut fromthe nenber 122 using wire
EDM net hods well known to those skilled in the art. As depicted in FIG

10, the segnent 124 has parallel |ateral surfaces 126 and a radi used inner
surface 128. It should be clearly understood, however, that the invention
Is not limted to any particular shape or configuration of the 15 nenber

122 or th gngnt. 124, exanpl I or
otherwﬁseggﬁgpggumTﬁgzggéﬁghyéﬁ 4m@%8*%§%%y&2§§é%§ﬁ%%%g%ﬂﬁﬁgﬁﬁﬁgﬁqﬁgse t he
sides 126 would not be parallel, and the inner surtacegl 8 cou%Sfb% flat,
without GBEErEYHG139-ork UHEOBeTAEYE SOBPENtH &3¢ Ale ipstalied 1m eaflsofthe ¢ he
segnent 124 has been cut into overlapping layers 130, 132, 20 for exanple,
usi ng wi r lBYEDM3eefiB3ds. A fluid passage 134 has been forned on an upper
surface 142 of the inner |ayer 132, for exanple, by mlling. Note that the

are cut -12 aphif. YRS SQRIILEP e ieBREIRE W e R ANBES of Whe (7
surface 1t oher N3 aSHLEL MG L The HydroR) 354 ¥5a SRIRANGRNS: JiRe? @
member 122 are then attached to each other, for example, by bonding, brazing or
welding. If desired, the components 136 may be installed after the attaching step,
to prevent damage to the components from the brazing or welding processes.
The outer layer 130 now closes off an upper side of the passage 134. At this point,

10  the fluid-operative components 136 are in fluid communication with each other,

and/or with other portions of the well tool, via the passage 134.

An alternate construction is shown in FIG. 13, wherein the segment 124 is
divided into four layers 138. It will be readily appreciated that, no matter the
number of layers 138, fluid communication between the layers can be readily

15 achieved by simply forming an opening 140 between the layers.

Referring additionally now to FIG. 14, another hydraulic circuit
construction 150 is representatively illustrated. This circuit construction 150
demonstrates another method whereby circumferentially separated fluid-
operative components may be placed in fluid communication using the principles

20 of the invention.

Piston bores 152 are formed longitudinally in the wall of a generally

tubular member 154 of a downhole tool. For example, the downhole tool could be
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| ayers 130, 132. The layers 130, 132 are then reassenbled with the

remai nder of the 5 nenber 122, as depicted in FIG 12. The |ayers 130, 132
and the remai nder of the nenber 122 are then attached to each other, for
exanpl e, by bonding, brazing or welding. If desired, the conponents 136
may be installed after the attaching step, to prevent danage to the
conponents fromthe brazing or welding processes. The outer |ayer 130 now
cl oses of f an upper side of the passage 134. At this point, 1o the -

flui d-operative conmponents 136 are in fluid comunication wth each other,
and/or with other portions of the well tool, via the passage 134. An
alternate construction is .shown in . FIG 13, wherein t segnent 124 is

i i ded | ALDIORUTACE SHERL Va8 1h vhihy 6255 45¢ Boll o pacha i FathREons,
matter the nunber. of |ayers 138, fluid comunication hetween the |ayers
can be re&opl showm) efcthedype wayl knawm yo thnseiskylleshinothensatefy vabvesatnddi€ t he

| ayers. Referring additionally nowto FIG 14, another hydraulic circuit
const r uct boresl b4 iage rajinkp apaced apdry, forl axammypde ey 180%,sarmd itcisi destredstior uct i on
150 denonstrates another nmethod whereby circunferentially separated fl uid-

oper at i Ve ¢ onRe MR SoMBarieatRirAs@ ek tiid béids comuni cati on using the
principl eg 20 of the invention. Piston bores 152 are formed |longitudinally

in the wall of a generally tubular nmenber 154 of a downhol e tool._ For
exampl &, the ddedrspmplishithisogsdltbesegment or portion 156 is cut from an end of

the member 154. As depicted in FIG. 14, the segment 156 is cut from the member
154 after the bores 152 have been formed in the member. However, if it is desired
to use the segment 156 to close off ends of the bores 152, the segment 156 could

be cut from the member 154 prior to forming the bores.

10 With the segment 156 removed, a hydraulic passage 158 is formed on an
end surface 160 of the member 154. For example, the circumferentially extending
passage 158 could be milled on the surface 160 between the bores 152.
Alternatively, the passage 158 could extend in a complete circle on the surface

160, in which case the passage could be lathe-cut on the surface.

15 After the passage 158 is formed, the segment 156 is attached to the
remainder of the member 154, for example, by bonding, welding or brazing. The
segment 156 then closes off an outer side of the passage 158, so that the passage

forms an enclosed fluid communication path between the piston bores 152.

Of course, a person skilled in the art would, upon a careful consideration
20  of the above description of representative embodiments of the invention, readily

appreciate that many modifications, additions, substitutions, deletions, and other
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-13 a subsurface safety valve, in which case the bores 152 could be for rod
pi stons (not shown) of the type well known to those skilled in the safety
valve art. The bores 152 are radially spaced apart, for exanple, by 180,
and it is desired to provide fluid conmmunication between the bores. 5 To
acconplish this result, a segnment or portion 156 is cut froman end of the
menber 154. As depicted in FIG 14, the segnent 156 is cut fromthe nenber
154 after the bores 152 have been forned in the nenber. However, if it is
desired to use the segnent 156 to close off ends of the bores 152, the
segnent 156 could be cut fromthe nenber 154 prior to form ng the bores.

10 Wth t e 5 v a | ihc ipassag 58 hs n an
end surf aggaxi%eg”ﬁ}%&t ]%ee%%”g? %EE%SAF. Sﬁ%l?ﬁ‘g;ég%ﬂ?fi@‘}‘g?‘%e%&%r gl&fﬂ]f 85§W%rgy
extendi ng passage ,158 could be mlled on the surface 16p between the bores
Tao " T o RETTIIaIest DY rdbep BUBZGUCY 95 T PESER: SRIPTipns ChYRRLIEns el e on
the surface 160,_in_which case the passage could be | athe-cut on the
surface. Ioregpingdetaiteddessrgton st ke ¢lsarhpandenstooskaghaimg giveniby wavifched t o
the remainder of the nmenber 154, for exanple, by bonding, welding or

brazi ng. Thstraiognant exBepleoaly,che spiitaind stape of the piedentohvengopheingge 158,
so that the passage forns an enclosed fluid communication path between the

pi st ons botiesitelbshlel@bythe appendedodsingsamkiteireduivalénits. art woul d, upon a
careful consideration
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20 of the above description of representative enbodi nents of the invention,
readily appreciate that nmany nodifications, additions, substitutions,

del etions, and other 5 changes nmay be nade to these specific enbodi nents,
and such changes are contenplated by the principles of the present

I nvention. Accordingly, the foregoing detailed descriptionis to be
clearly understood as being given by way of illustration and exanple only,
the spirit and scope of the present invention being limted solely by the
appended cl ains and their equivalents. WHAT IS CLAIMED IS: 5 10 1. Afluid
circuit construction for use in downhole tools, conprising: a first |ayer
havi ng at | east one fluid-operative conponent installed therein; and a
second | ayer having a fluid passage fornmed thereon, the first and second

| ayers being sealingly attached to each other, and the fluid-operative
conponent  bei WJHIAT 15 GIAEMIBMAScati on with the passage. 2. The fluid
circuit construction according to claiml1, wherein nultiple fluid-operative
conponents are installed in the first layer. 3.

1. A fluid circuit construction for use in downhole tools, comprising:
5 a first layer having at least one fluid-operative component installed

therein; and

a second layer having a fluid passage formed thereon, the first and second
layers being sealingly attached to each other, and the fluid-operative component
being in fluid communication with the passage.

10
2, The fluid circuit construction according to claim 1, wherein multiple

fluid-operative components are installed in the first layer.

3. The fluid circuit construction according to claim 2, wherein the
15 fluid-operative components are in fluid communication with each other via the

passage on the second layer.

4. The fluid circuit construction according to claim 1, wherein the fluid
passage is formed on an external surface of the second layer.
20
5. The fluid circuit construction according to claim 1, wherein the fluid

passage extends circumferentially on the second layer.
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The fluid circuit construction according to claim2, wherein the 15
fluid-operative conponents are in fluid comrunication with each other via
the passage on the second layer. 20 4. The fluid circuit construction
according to claim1, wherein the fluid passage is forned on an external
surface of the second layer. 5. The fluid circuit construction according to
claim1, wherein the fluid passage extends circunferentially on the second
| ayer. -16 6. The fluid circuit construction according to claim1l1, wherein
the fluid passage provides fluid comunication between nmultiple radially
separated ones of the fluid-operative conponents in the first layer. 5 7.
The fluid circuit construction according to claiml1, wherein each of the
first and second | ayers is generally tubular shaped. 8. The fluid circuit
construction according to claim1l, wherein each of 10 the firs d,second
layers is genePal | yIg B cisqirenstryctior agqayahgdocdam 1sé§f‘?§? i?ﬁ‘rﬁd
according to claiml1, further conprising a third | ayer having at |east one
flui d patpassagerprovithes Boid carhmupigation between multiple radially separated ones

of the fluid-operative components in the first layer.

7. The fluid circuit construction according to claim 1, wherein each of

the first and second layers is generally tubular shaped.

8. The fluid cireuit construction according to claim 1, wherein each of

10  the first and second layers is generally planar shaped.

9. The fluid circuit construction according to claim 1, further
comprising a third layer having at least one fluid path formed thereon, the path
being in fluid communication with the fluid-operative component.

15
10. The fluid circuit construction according to claim g, wherein the

third layer is sealingly attached to the first layer.

11.  The fluid circuit construction according to claim 9, wherein the first

20 layer is positioned between the second and third layers.

_17..



being in fluid comunication with the fluid-operative conponent. 15 10. The
fluid circuit construction according to claim9, wherein the third layer is
sealingly attached to the first layer. 11. The fluid circuit construction
according to claim9, wherein the first 20 layer is positioned between the
second and third layers. 12. The fluid circuit construction according to
claimi, wherein the first 5 and second | ayers are parts of a segnent cut
froma nmenber of a downhole tool. 13. The fluid circuit construction
according to claim 12, wherein an opening forned through at |east one of
the first and second | ayers provides fluid comrunication between the first
and second layers. 14. The fluid circuit construction according tg claim
12, wherein t hi2-pas$hgduidcirgnhpenssiciionaceardingto elaemdewharein g@%ﬁrséever ed
fromthe first layer. 10 15. A fluid circuit construction for use in
downhol e andkecorcdaperssiregartaof # segmérsyoat fivay @ mpember ofd dowhbold togler at i ve
conponents received therein; 5 and a second | ayer having at |east one fluid
passage fornmed thereon, the

13.  The fluid circuit construction according to claim 12, wherein an
5 opening formed through at least one of the first and second layers provides fluid

communication between the first and second layers.
14. The fluid circuit construction according to claim 12, wherein the

passage is formed on a surface of the second layer severed from the first layer.

10
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passage being in fluid communication with at | east one of the
fluid-operative conponents, and a first surface of the first |ayer closing
off a side of the passage. 16. The fluid circuit construction according to
claim15, further conprising a third layer having at |east one fluid path
formed externally thereon, 1o the path being in fluid comunication with at
| east one of the fluid-operative conponents, and a second surface of the
first layer closing off a side of the path. 15 17. The fluid circuit
construction according to claim 16, wherein the first layer is sealingly
attached to each of the second and third layers. i8. The fluid circuit
construction according to claim117, wherein the first |layer is_positioned
bet ween the se&®nd édgndmrucult|ca§x%tr@ctwrgfornﬁélrf dewahele teefs: coppREEIPECt i on
according to claim15, wherein the 20 first surface is bonded to the second
| ayer. 20. Theaffirgt thyer having moltipile floid-opemtive cdimpgnentscreaeived Shengingr ei n
the first surface is brazed to the second layer. 21. The fluid circuit
construct gg@ according to claim 15, wherein the 5 first surface is wel ded
to the second layer. 22. The fluid circuit construction according to claim

1ﬁ, \Agerei n eaghsedbnlMBydd halingnst $QGPWhe! BURY Passags fopmal! thekedh)! the
shaped.
5 passage being in fluid communication with at least one of the fluid-operative

components, and a first surface of the first layer closing off a side of the passage.

16. The fluid circuit construction according to claim 15, further
comprising a third layer having at least one fluid path formed externally thereon,
10 the path being in fluid communication with at least one of the fluid-operative

components, and a second surface of the first layer closing off a side of the path.

17.  The fluid circuit construction according to claim 16, wherein the
first layer is sealingly attached to each of the second and third layers.
15
18.  The fluid circuit construction according to claim 17, wherein the

first layer is positioned between the second and third layers.

19.  The fluid circuit construction according to claim 15, wherein the

20 first surface is bonded to the second layer.
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10 23. The fluid circuit construction according to claim 15, wherein each
of the first and second layers is generally planar shaped. 24. The fluid
circuit construction according to claim 15, wherein there are multiple
fl ui d-operative conmponents in the first |layer, and wherein the fluid- 15
operative conponents are radially spaced apart. 25. The fluid circuit
construction according to claim?24, wherein the passage is in fluid
comuni cation with each of the radially spaced apart fluid- operative
conponents. 20 5 26. A fluid circuit construction for use in downhol e
tools, conprising: a first layer having a surface; and a second | ayer

havi ng a fluid_ pass n : . e0f tLr .

surface and th%BSecgﬁg f{ug@gl%gﬁr?Oglgg}%{elﬁgactgéﬁlﬁ%g}?y(ﬂ%i& éﬁha’fﬁ‘f& réslfgytphat t he
first layer surface closes off a sjde of the passage. 27. The fluid circuit
constructﬁ&‘ﬁsHE ?&ﬁl?'Fﬁz?cgtocq?‘&isﬁ?@égﬁﬂer ein the first layer surface is
bonded to the second | ayer surface. 10 28. The fluid circuit construction

according to claim 26, wherein the first layer surface is brazed to the

second | ayer surface. 29. The fluid circuit construction according to claim
26, wherein thei. The fluid circuit construction according to claim 15, wherein the

5 first surface is welded to the second layer.

22.  The fluid circuit construction according to claim 15, wherein each of

the first and second layers is generally tubular shaped.

10 23. The fluid circuit construction according to claim 15, wherein each of

the first and second layers is generally planar shaped.

24. The fluid circuit construction according to claim 15, wherein there
are multiple fluid-operative components in the first layer, and wherein the fluid-

15 operative components are radially spaced apart.

25.  The fluid eircuit construction according to claim 24, wherein the
passage is in fluid communication with each of the radially spaced apart fluid-
operative components.

20
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15 20 first layer surface is welded to the second | ayer surface. 30. The
fluid circuit construction according to claim 26, wherein nultiple
fluid-operative conmponents are installed in the first |ayer, and wherein
t he passage provides fluid communi cati on between the fl uid-operative
conmponents. 31. The fluid circuit construction according to claim 26,
wherein the fluid passage extends circunferentially on the second | ayer.
32. The fluid circuit construction according to claim 26, wherein the
fluid passage is forned on the second | ayer w thout use of holes
intersecting in the second layer. 5 33. The fluid circuit construction

according to claim -Wﬁ: ' £ 1y ; qﬂgﬁj' . b second

| ayer wi thout %@oss‘%gﬁ [ %‘gt E%rfsteeﬁlﬁtlﬁh#hgu%gcon l?%?/g% g%gngﬁ?st]%e fluid
circuit constru tsitgn ai]cor di ngﬂ_to claym 26, wherein the second |ayer is
general ly t ubuf 8F % Ve At ay passage is forned externally on the

second | ayer, and rein the first |ayer .outwardl overl.i es e ..second
| ayer . Y a seco\plﬁaﬁayer aving a ﬂu1<§ pass%ge formed on a’surtace thereo , tche first

layer surface and the second layer surface being sealingly attached, so that the

5 first layer surface closes off a side of the passage.

27, The fluid circuit construction according to claim 26, wherein the

first layer surface is bonded to the second layer surface.

10 28. The fluid circuit construction according to claim 26, wherein the

first layer surface is brazed to the second layer surface.

29. The fluid circuit construction according to claim 26, wherein the

first layer surface is welded to the second layer surface.

15
30. The fluid circuit construction according to claim 26, wherein
multiple fluid-operative components are installed in the first layer, and wherein
the passage provides fluid communication between the fluid-operative
components.
20

31. The fluid circuit construction according to claim 26, wherein the

fluid passage extends circumferentially on the second layer.
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15 35 The fluid circuit construction according to claim 26, wherein the
second | ayer is generally tubular shaped and the second | ayer surface is an
internal surface, and wherein the second |ayer outwardly overlies the first
| ayer. 36. The fluid circuit construction according to claim 26, wherein
the 20 first layer further has at |east one fluid-operative conponent
received therein, and the passage is in fluid conmunication with the

flui d-operative conmponent. 37. The fluid circuit construction according to
claim 26, wherein the first and second | ayers are parts of a segnent cut
froma nmenber of a downhole tool. 5 38. The fluid circuit construction
according to claim37, wherein an opening forned through at |east one of
the first and second | ayers provides fluid comrunication between the first

and second | aygrs. g | i I: nstkuction.according.tqQ. claim
37, wherein th:gé' 10@%?@2@ CP%”&?“E’#?&@“ fagcérg\lfég t%l Cpqllgl,#@hghf%%lg?hf ayer
surface. 40., The fluid cir,cui %h constrLicti on, ﬁccordi n tlo claim 26, wherein
the firstuidpasagsistoriied o the sesond Igverew oyt vesen helesnigesecing in
downhol e tool. 15 41. The fluid circuit construction according to claim40,
wher ei n t Hi® SepER B’gér-pr ovides fluid communi cation between radially
separated bores formed in the nenber.

5

33. The fluid circuit construction according to claim 26, wherein the
fluid passage is formed on the second layer without cross-drilling holes in the

second layer.

10 34. The fluid circuit construction according to claim 26, wherein the
second layer is generally tubular shaped and the fluid passage is formed
externally on the second layer, and wherein the first layer outwardly overlies the

second layer.

15 35. The fluid circuit construction according to claim 26, wherein the
second layer is generally tubular shaped and the second layer surface is an

internal surface, and wherein the second layer outwardly overlies the first layer.
36.  The fluid circuit construction according to claim 26, wherein the

20 first layer further has at least one fluid-operative component received therein,

and the passage is in fluid communication with the fluid-operative component.
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10

15

37. The fluid circuit construction according to claim 26, wherein the

first and second layers are parts of a segment cut from a member of a downhole

tool.

38.  The fluid circuit construction according to claim 37, wherein an
opening formed through at least one of the first and second layers provides fluid

communication between the first and second layers.

39.  The fluid circuit construction according to claim 37, wherein the

second layer surface is severed from the first layer surface,

40. The fluid circuit construction according to claim 26, wherein the

first layer is an end cut from a generally tubular member of a downhole tool.

41.  The fluid circuit construction according to claim 40, wherein the

passage provides fluid communication between radially separated bores formed

in the member.

..23_





