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di scl os ssertl a operative posi I ons, anal ogous

oper at i et ckedritg apémbasball poi nt pen. One exenplary use of the val ve
s in sewer pipe cleaning with water jet nozzles. In such a configuration

the val Gk ARSCOE @Iﬁgqysm_bguhlge present disclosure is installed between a
cl eani ng nozzl e assenbl y and a high pressure fluid hose sized to be
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force tacaduimee wikte alfirseembodishéthintthe prasere dlsclowmqmberdi;estah sinygé valve
device that switches, or redirects fluid flow between a first flow path such as to
rearwardly directed nozzle jets and a second flow path, such as to forwardly directed
cleaning jets, remotely. This is accomplished simply by decreasing fluid flow through
the valve below a predetermined threshold level and then increasing fluid flow above
the threshold level. The valve can provide full pressure and fluid flow to each of the

flow paths separately.

[0003]A valve in accordance with the present disclosure essentially has at least two
operative positions, analogous to operation of a retractable ball point pen. One
exemplary use of the valve is in sewer pipe cleaning with water jet nozzles. In such a
configuration the valve in accordance with the present disclosure is installed between
a cleaning nozzle assembly and a high pressure fluid hose sized to be inserted into a

sewer or other piping system.

[0004] The valve preferably includes a plurality of tractor nozzles arranged to provide

maximum pulling force to advance the hose, to which the valve is connected, through

the sewer piping system to a distant area needing cleaning. When the cleaning
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the sewer piping systemto a distant area needing cl eaning. Wen the
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el ongat ed po Is received, or carried, in the central axial bore
of the \pathe body. [0006] The poppet nenber has an open tubul ar rear end
portion, a spool portion and a closed valve disc end portion. The poppet
menber (005YRe axdicatpzrybentbogirdenbof lthe fldvheacteated aflovaxpath dwitehing hvalve
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the inlet end™f the valve body. The spring is held and conpressed between

a fl angevadveohody.t he rear end portion of the poppet nmember and a shoul der in
the central axial bore through the valve body. Fluid pressure and flow
exer t ed [0006]Ehe pappetndepiver ihas an\Gpe0 1aular G2 ROT RSRion2AEREgbROrtion and

a closed valve disc end portion. The poppet member can move axially back and forth
in the central axial bore. The poppet member has an axial bore extending through the
rear portion and at least part of the spool portion of the poppet member. The spool
portion has one or more radial arms extending outward to abut against the mid portion
of the valve body. The valve disc portion selectively closes the central axial bore
through the outlet end of the valve body when contact is made with a seat formed in

the outlet end of the valve body.

[0007]A biasing member such as a spring is preferably positioned between the valve
body and the poppet member such that it resiliently biases the poppet member toward
the inlet end of the valve body. The spring is held and compressed between a flange
around the rear end portion of the poppet member and a shoulder in the central axial

bore through the valve body. Fluid pressure and flow exerted on the rear end portion
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of the poppet nenber conpresses the spring to nove the poppet nenber
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[0010]One exemplary embodiment of the valve has four radial arms on the spool
portion of the poppet and four passages through the mid portion of the valve body
leading to four rearwardly directed tractor nozzles. These tractor nozzles exit the
valve body at a rearward angle. The reaction force of the fluid jet exiting these
nozzles pulls the valve and the hose connected thereto into the piping system. Fluid
flows through these nozzles when the valve is in the second position. When an
obstruction is reached in the piping system, the operator simply turns off the flow, thus
reducing flow below the threshold and the valve poppet moves rearward to an

intermediate, or mid, position.

[0011]When flow is again restored by the operator turning flow back on, the poppet
moves forward, rotating via the guide, to the first position. In the first position, the
radial arms are aligned with the passages through the mid portion of the valve body,

thus closing the passages. At the same time, the poppet is prevented from closing the
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WO 2012/ 112329PCT/ US2012/ 024001 outl et portion, thus permtting fluid flow
past the poppet and out the outlet end of the valve to the cleaning nozzle
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cart ri dgbowetanpredeherntised tiareshbichittd treeinkiteand dicea fipid §ewrfeomshapplet tdat o

the nozzl e head_setting t oppet,..in.a first opgr.atj Lt .thi.n the
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[ 0017] A general ly tubul ar val ve poppet having a central passage
therethrough is novably disposed axially in the central axial bore of the
cartridgewoase/1133tbs poppet has an open tubul ar rear ena#cparstéianz4oal central
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inlet end of the cartridge case. \[eolgéangA stationary gui de nenber is
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of the f N | :
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flow ijs ré@lﬁb,meme?ﬁit»pr?&tao fr |®@b|&t9ﬂtrdf_rmedzrbl mesr. a\‘/\&tht’dwoes@tslhozf,nazrzhb pbiitg readhe
second passage of the centra ortion of t t with t h '
Hthe SRS Capbon g R R acleai § RBTbr e ool e RRFALT S
end of t%%z%%tkﬁ@@qﬁmﬁn%ﬁdie‘ﬂfﬁ fsthreshol d. [0020] Further features,

S a C C t

advant age aracteristics o he enbodi nents of this disclosure will

be eoPaSRSTGE bRAELPRY el bRy viRkPLARG RIS aochAan) et
valve cartridge case. This case has an inlet end, an outlet end, a mid portion, and a
central axial bore through the inlet end and at least the mid portion. The mid portion
has at least one first opening leading from the central axial bore out through the mid
portion of the cartridge case. The outlet end has at least one second opening leading

from the central axial bore out through the end portion of the cartridge case.

[0017]A generally tubular valve poppet having a central passage therethrough is
movably disposed axially in the central axial bore of the cartridge case. This poppet
has an open tubular rear end portion, a central portion and a front end portion. The
central portion of the poppet has an external peripheral annular flange between the
rear end portion and the central portion. The central portion has at least a first
passage leading out of the poppet through a side wall and at least a second passage

spaced from the first passage leading out of the poppet through the side wall of the
poppet.
[0018]A biasing member, preferably a coil or Bellville spring, is positioned around the

central portion between the valve cartridge case and the flange. The spring biases

the poppet member axially away from the inlet end of the cartridge case.

[0019]A stationary guide member is positioned around the tubular rear end portion of
the poppet. This guide member is fastened in the central bore to the hollow nozzle

body at a fixed distance from the cartridge case. The guide member engages a
5



DESCRI PTI ON OF THE DRAWNGS [0021]FIG 1 is an external perspective view of
one exenpl ary embodi ment of a switching valve in accordance with this
di scl osurwocormiaei2ed between a fluid hose and a cl eani ngCmas2612/02400022]

FIG 2 'c%rr%ﬁ%@@?@?@a%'oﬂ%g re&f %H@Cﬁdrﬁcﬁw BF Y 96p;§életosélﬂghcthbrfﬁsﬁ/|§ééé%géh0"\“

in Fig. FIG 3 i1s a longitudinal cross sectional view of
assenbl ef tisaicentraingprtiahof the gppeebwithithe Bitdeast ane ertngafdke \@Bﬂﬁdg%@t a

P ret " pdttaston dgpdpoppel WHBRERE (AR5 HUioRfoRT BB she 8 SRECHEN bt he
second mgaﬁqrp'ﬂae &.9412&&%6@@ with itBe atMEaYY ase Iorpeﬁlr@ wBew fluid tflegy 0 pgtiticekin

the md position. [0026] FIG I S separate perspective view

of the ;bgbm}ta m??]mermlneﬂcﬁowz%e torRsReIdh @m)lﬁhgﬂh@esﬁ@ negpRge i9f Heace,
in accor t
i ew of canGa patio Bs HBRRE L, B ABH, BpenlidiingnBlveleafdfe, B28; GMeh

di scl osyuRy f[oQD?sShe'it Gntr8diicediin eﬂhbarrﬂlﬁdeﬁdpdnfom poppet adbdvieetisanflovhiratg
nozzl e head assenbly shown in FIG 7. [0029] FIG 9 is a separate rear end

axi al viti@sBpeld he nozzl e head in accordance with the present disclosure.

[0020] Further features, advantages and characteristics of the embodiments of this
disclosure will be apparent from reading the following detailed description when taken

in conjunction with the drawing figures.
DESCRIPTION OF THE DRAWINGS

[0021]FIG. 1 is an external perspective view of one exemplary embodiment of a
switching valve in accordance with this disclosure connected between a fluid hose and

a cleaning nozzle.

[0022]FIG. 2 is a separate exploded perspective view of the switching valve shown in
Fig. 1.

[0023]FIG. 3 is a longitudinal cross sectional view of the assembled switching valve
body shown in Fig. 1 in accordance with the present disclosure, with the poppet and

guide shown in perspective, in the first position.
[0024]FIG. 4 is a view as in FIG. 3 with the poppet in the second position.
[0025]FIG. 5 is a view as in FIG. 3 with the poppet in the mid, or low flow, position.

[0026]FIG. 6 is separate perspective view of the poppet shown in FIGS. 2-5, shown

without the stopper balls in place, in accordance with the present disclosure.

[0027]FIG. 7 is an exploded view of a switching nozzle head assembly in accordance

with present disclosure.

[0028]FIG. 8 is an enlarged exploded view of the switching nozzle head assembly
shown in FIG. 7.

[0029]FIG. 9 is a separate rear end axial view of the nozzle head in accordance with

the present disclosure.



WO 2012/ 112329PCT/ US2012/ 024001 [0030] FIG 10 is an axial cross sectional
view t hrough the nozzle head taken along the line 10-10 in FIG 9. [0031]
FIG 11 iwoanizzmezb cross sectional view through the norzirasheam240aken

al ong t T@aéﬂ@sﬂo% d akiaBordys §&4RAhI Ticw tSHr_aug';ﬁ the FRPAIAhEaP GilREalonye

view of "the "cartridge shown in FIGS. 7 and i n accordance with the present
di scl ostheling 0031 inATIG. 913 is a front end view of the cartridge shown in
FIG 12. [0034] FIG 14 is an axial longitudinal sectional view of the
cartri dgeo3toMG.i M [ & akialtcabes sattiomgl viesy fthnoagh 4he hazzleFh&ad t3ker 0l08g]
FIG 15 is an gx{)aj I;g%l tudi nal sectional view of the cartridge shown in
FIG 12thelee 1dr 1{1?‘ t'h ‘ine 15-15 in FIG 13. [0036] FIG 16 is a separate
erspective view of the valve po [
DT P 521 FI8"12s B Sepacate pirapEsive iow of the cartidgs shown i FIGS. 7 and 8

in accordance with the present disclosure.
[0033]FIG. 13 is a front end view of the cartridge shown in FIG. 12.

[0034]FIG. 14 is an axial longitudinal sectional view of the cartridge shown in FIG. 12
taken along the line 14-14 in FIG. 13.

[0035]FIG. 15 is an axial longitudinal sectional view of the cartridge shown in FIG. 12
taken along the line 15-15 in FIG. 13.

[0036]FIG. 16 is a separate perspective view of the valve poppet shown in FIGS. 7
and 8.

[0037]FIG. 17 is a rear end view of the valve poppet shown in FIG. 16.

[0038]FIG. 18 is an axial cross sectional view of the valve poppet shown in FIG. 16
taken along the line 18-18 in FIG. 17.

[0039]FIG. 19 is an axial cross sectional view of the valve poppet shown in FIG. 16
taken along the line 19-19 in FIG. 17.

[0040]FIG. 20 is an axial cross sectional view of the complete nozzle assembly shown

in FIG. 8 in accordance with the present disclosure when fluid pressure is initially off.

[0041]FIG. 21 is an axial cross sectional view of the complete nozzle assembly shown
in FIG. 20 in accordance with the present disclosure when fluid pressure is first

applied on.

[0042]FIG. 22 is an axial cross sectional view of the complete nozzle assembly shown
in FIG. 21 in accordance with the present disclosure when fluid pressure is next

applied after being shut off.
DETAILED DESCRIPTION

[0043]An exemplary embodiment of a switching valve 100 is shown in FIG. 1
connected to a high pressure fluid hose 102 and to a cleaning nozzle 104. The

switching valve 100 essentially has a generally cylindrical compact outer shape so

7



[0037] FIG 17 is a rear end view of the val ve poppet shown in FIG 16.
[0038] FIG 18 is an axial cross sectional view of the valve poppet shown
in FIG Motaken2abong the line 18-18 in FIG 17. [0039pCFIUS2012024081 an

axi al CRroSit %Qﬁ_tbé)ﬂ%'ert‘édei\ﬁ’tcpg gé@earv@bweerptqap@tr piResges.n A-kEparkie texjspided! ong
the line 19-19 in FIG 17. L@ FIG 20 is an axial cross sectional view
of the oergnastive view of the ya Fosirowm IEFES. 8. iAs gbewndardde. @i the vake

iscl
AR i XL Hva‘*i%wfeeﬁdé’ fos Bniir (b shePhlidel ipitde Clcertd &
20 in aggertHannginmdlve hoeyprossiena s@naglﬂmam\mm;ﬁémdmeessare insefhedst

appl i ed 0042] FIG 22 I

3gﬁzi fZl e dhbINlcLpRshEUI APt 05 8 %h?q@cé’élﬁzﬁaievﬁéu@ﬁrc‘%mevspfpegeﬂva@ BBure
en | | exy «a f s

DESCRI P¥I %&Dfogﬁg]ﬁﬁn ;p%rrﬁeérgm r%ﬁd@ Igg%e\jmé]?%h@% avigévgh§5gﬁ gnghown

in FI G tAreadedemitedhé ovatveh bgd:iy Ai06s shuse cé;bhwrldg Hogethed 2hampdppet marhieami he)

nozzl e 104. The sw t chi ' ' '
conpact sgupgﬂ1th\é\4@e§qplllgg1¥2w1t€f\1 gwgeep?rfseﬂé.al |y has a generally cylindrical

[0044] The inlet end cap 108, at its rear, may have internal threads 120 as shown or
alternatively may have external threads to mate with corresponding high pressure
hose thread connections. The forward portion of the inlet end cap 108 has a recess to
receive the guide collar 114 and has internal threads so as to be screwed onto the

rear portion of the main valve body 106.

[0045] The guide collar 114 is a tubular sleeve that has a pair of alignment notches
122 which engage corresponding projections 124 on the rear portion of the main valve
body 106. The engaged projections 124 prevent rotation of the collar 114 when
assembled in the inlet end cap 108. The guide collar 114 also has four radial bores
126 therethrough each receiving a guide pin 116 press fit therein. When the guide
collar 114 is assembled into the end cap 108, a portion of each of the guide pins 116

projects radially inward toward the axial centerline of the end cap 108.

[0046] The main valve body 106 is shown in cross section in FIGS. 3, 4 and &. The
valve body 106 is generally symmetrical about a central axis A. The valve body 106
has a an inlet end 128, an outlet end 130, a mid portion 132, and a central axial bore
134 through the inlet end 128, the mid portion 132, and the outlet end 130. The mid
portion 132 has an enlarged flange external shape and has at least one passage 136
therein leading from the central axial bore 134 through the valve body 106 to at least
one external port 138. In the exemplary embodiment of the valve 100 shown, there
are four passages 136, equally spaced radially apart by 90°, leading to four external
ports 138. Threaded into each external port 138 is a nozzle jet tip 140. Each of the
external ports 138 is rearwardly directed at an angle such that forward thrust is
exerted on the valve 100 when high pressure fluid is ejected through the nozzle jet
tips 140 to push the valve, attached hose 102, and cleaning nozzle 104 through piping
to the location needing to be cleaned. Note that, in the exemplary embodiment

8



7 WO 2012/ 112329PCT/ US2012/ 024001 that it can be inserted into pipes and
ot her tubul ar passages. A separate expl oded perspective view of the valve
100 is shwanoim1Bd26. 2. As shown in FIG 2, the val ve 1@QTiusediade®on hol | ow

mai n valgyewpod¥eAD Grandunpdsdbges e18b.guoteerc ailvd OSody toafig@ttions carehalsai n
val ve body_106 IS a spring 110 and a poppet nenber 112. Inserted into the
i nl et emsavipiones, caeh 198 aj @lve doddraving any numbey ehrasialrpassages rin 46 anidy

spaced gui de pLps Lo he | de .c i et n ring
175" ana PR 08 b8 vaE pebyetos Btk € B raiinbind, B BScrbr s,
poppet EhdiavinkZan appioliald Aozabijétetipc 040 attadtet therdtogui de pins 116.

[ 0044] The inlet end cap 108, at its rear, nmay have internal threads 120 as

shown Ogoﬂfﬁfﬁéa&ibg FhomBBY 190 Y€ asprRignalict %]fs%aééil & Srim@itghd/iriofe pRsferappadi ng

hi gh pressure hose thread connections. The forward portion of the inlet end
cap 108 flabwire wavesompressiorispaingHbais erptomd between amdnteeral ishouldes|142

06, [ o0 G157 Genee” £8F PRIl ThP 5Oy R 7 b B yBir feBerTAd oY Bid Pogipe?
al i gnnmentepbERe2. Hads WbhaH RO AEENISST 165 DEgEl he popetahember 132 rearwdre
rear portion of the main valve b projections 124

pL event tewawt thenntst endeofdbe |vah;e1i)&3/m%tg}% M?&%ﬁd} ptessurepad floma \M4en10s.
T i de. . i .
ocetvi ARG it R e e 166, Ao PARERIES frentEe ot Rt 5RE0ed.,

assenbl eggingtthe oppenchepaier HAR, foavaar 4s Brdexcribad fin oforelvetajLbelowpi ns 116
projects radially rnward toward the axial centerline of the end cap 108.

[ 0046] Theo 48y The'pbpsettAeinbbP & 1i2sissdupaiately SRORS IS 4EGL 8N The fdopbet Membeand
5. The val ve body 106 is generally symmetrical about a central axis A The
val ve bddy isegnaerally siongated bedy gereralyns\sumedica apoube cential @xisoit ilhe

132, d 2l [ )

por t i on PE9pEE Bigifpst 42 e84 8 che.BLRTRat id Ryfibn o, ¥ Sooolortlbh 148,

I Ihange t@ﬁdleé @ﬁi_sel‘é'ﬂ @ﬂﬁb Vélggih?(?‘ p@ﬁidhm?-ﬁm. (Trln;e @Bgﬁ?@?%tg@t\téi%t@ dist ﬂ)({ﬂﬁdh MPOf r om
e central axial bore rou e val ve 0 ast,_one

ext er nalsefastivelyzgloses ”ﬁehéeé’%@'n%*ig\' po@rrﬂ)%ﬁith@h'gﬁc})f/‘etwle\;aﬂr@e1é€@? dhowAlve

oh . _ | .

to°t our o otts, PIS BEBReCARmIR P17 Ha® BR Rl LR Asiedpifling MicIgH e Fedk no

nozzl e jpeitién 1464hd Eac fof dfie tspeokgorional 4§ of the pe@étsmesdendr@. yTie spookd

at an angle such that forward t I’LIJS'[ I S ertfed c1n t he val veb100 vc\frenthhi gh
pr essur @iQnR d4Bas; g 8k ”ﬂcﬁﬁdﬁgﬁ" eHESH IRESTRLRD Yiggseueb "5 HEE
val ve, %ﬁds%g@é’ e&%ﬁﬁ)lé@z?mﬁegin‘férﬂ?%tﬂgrd?ﬁélzé%sl@ﬁﬂ R HHIN P ioRItWard Padidlsy

| ocation needing to be’cleaned. Note that, in the exenplary enbodi nent = WO
2012/ 113828 RCENIBAtem0 P80 0f tidspnpl podios WM& td the intes yeajeel thesmicppeion

val ve bg copfiguration re al so envisio C V. Vi ng
any nunbet? e ads bdeTafednd SRR BB R pLR It MigEbut 1R s o
| eadi ng deQenl %dseasen%bamgnwm@rrd GforAOtheSba@8 15256t bhhegean papioropa6at e
nozzle jet tip 140 attached thereto.
These ports 158 permit fluid flow through the bore 152 and around the arms 154 to
and past the disc 151 of the closed end valve disc portion 150 of the poppet 112 and
through the outlet 130 of the valve body 106 when the poppet 112 is in the second

position.

[0049]Each of the radial arms 154 has a central passage 160 therethrough.
Furthermore, each of the passages has a ball 162 disposed therein (shown in FIGS. 2
& 3). When the valve 100 is in the first position, shown in FIG. 3, the radial arms 154
are aligned with the passages 136. As fluid flows through the passages 160 into the
passages 136, the balls 162 seat to close and block any further flow through

passages 136. Fluid also flows through the axial bore 152 and through the ports 158,

9



[ 0047] The bias menber 110 is a spring, such as a coil spring, and nore
preferably a flat wire wave conpression spring that is captured between an
i nt ernal wbaoixae32942 in the md portion 132 of the val veThisdyi2@H0oand an
annul ar _f ; Wf{gp i ' i 0
ur ges tr?éé"gﬁ%g%?wér%%ﬂgﬁ'h%%@dw ﬁ)\%@%?uglﬁgbiﬁﬂﬁgo ggéw%?%{ﬁﬁea Jgéloo
in the absamttheotlosedieddpabesdise partibnf 150y, ThisaonfipuiadiohlipwhowniintlGddced
into the valve 100, the spring bias nenber 110 is conpressed, urging the
poppet 1Mooy Tuldidgf mackandwa® FFIG.0@sand liesl separate evieletcti the bextemuplafy0pdgpathe

t nb 112 i t el h i FIG 6. . Th t . 112
Genor al 1) 2ol GReacrass &y BREIOR 196 £ inetRawat Ugotll Bo GRerER ] B ANdrhe
poppet rﬁg?@ﬁ%ﬁé%ag?tﬁﬁlé?% Wétﬂuf@rth%?ﬁ%%%nﬂr%«;&%gtﬂéiférﬁ%nu%r%&ﬁ@brd&é’f ion

148 and sed end valve disc portion 1 i'sc 151 of the valve disc
port i on 1880fosmkddh itheltybubosed t6de Thistcah gizded 166rie sized complegrentary to

| d f | ve, bod) h h i al
bor e 15316 AlaReIh G R HopInsat 18:,3P% Do ToREra P RS ObfeRes J88Hach
portion r&’é@ioﬁéi}e} BEaRPRBE REARRS, dbdit 4BRepehodr dprbxifihtdifB1/Bast HRstafion mor e

radial arns 1 preferably an even nunber, and in the illustrated
exenpl aryoregritoeligreave Taur Thalicam groevel 366 slspehds mgabuoiglias M148i 030 r om

a central, stem 156. of the .spool portion_14 [ L t i.d
portion aﬁgw%pgﬂ%gﬂ@é@,@a)ﬂ@o@[ o%%g 1%?5‘"?%881 %038}‘?5‘8@%“@%@ ﬁg)fagbgg]e ©
nenber bl adroevdad 72enRirge A &ﬁe%?@@@'@é‘gﬁ%w\@hdaﬁgmaﬂ tdtatiborpsitod out
of the rear portion 146. These ports 158 permt fluid flow through the bore
152 and betweer theheeaimetchesa1 1hinathe gsagye 1B6. di sc 151 of the cl osed end

val ve disc portion 150 of the poppet 112 and through the outlet 130 of the
val ve b¢ag51Eaohhefithe Heupoyigetping 216 siderin the caecaioovpddit: waen thevalgpHdn of

the radial arns 1 has, a centr passage 16 r rt 2
each of % h&'yg?éé%g’i%d-hi?e&' ?Tatkfgfagi] Qg‘b°sveed1%‘?t1§feeﬁa%§ﬁ‘§&%r I%e&%ﬂggl&
3). WhemohhiftdVadr oakMdtéifed Br VBRICEEI 88 8O I17005F, thehgrebvé 166! Sachthat ghen
radial arns 154 are aligned wth the passages_ 136. fluid fl ows through

As
the pasdbgpoppedmones formearg andurok astowinhappligd ar reshicedather RPRASS Id 24108

ot al bab aotHis Bl 928 U RERTEETaMMRY; o At A RSk AR B8 Rlsh06,
around tdaghrtreé als iBfoved FdnvaatchridEmk with Eheh chtihge irefidwlgibves andbeloal the

body 106 around the closed end val ve disc port(iﬁ)%] 15%. Th'l)s confiquration

i s showpredetermaines. thyegisdq Tateni Hysdadke Hodetsio atgthe ggbpdigent Sy ew
of the et ; | !

112" wi 1| TGP BedmBRRG"" TH ProcsSe (ORABNAIShoRE SRl P abbfonal t RROBES, o
has a zidiferafgorpabateshovandepending onglesiyrecd iy urationesdanch taler@ncebul ar wal |

164. This cam groove 166 is sized conplenentary to the dianmeter and depth
of the poos2PpAheadilidaswiieromrst aoieaberducedesdlowehe fi8deeinineat tiresnad) y
spaced, for exanple, about 450 apart, or aﬁ)groxi mately 1/8 of a rot a%‘i on,

al ong t Iestaplisbed bysthe sping sateRiobeesarE A18othearopret 1 HoMAYes rEROVIGLGd
al ternatjng i ] . i &l Qro g | i

apart et hibrpRin @B Qe shdenaNEs 5. e MBLAeaRRE AP,
rot at i orpagirin; it radinivaens tisd ofethie syodal fpestidr d 48rareheffspt doone aligément with

[ 0051] Each of the four ide pins 116 ri in the cam grqQove 16 en _t he
val ve 1Gbeip§3§@9¢§/1§§§%'%%frm. #T?H%asﬁaﬁﬁ 1%% PR ©A &%gvﬁﬁ%éméq %Ih\%n@?gﬁ

t oward gal r : Al r ffhd |k TEhpf
the gr oé@@%gg&&gﬂgﬁ tpﬁlgte’ eﬁlstél e r%%gggtﬁ Q%@giegg?om\ﬁgrt Iglé gggt %ggﬁlggt e?]tl oW is
appl i ed 180 ofdtecetie bduy P&ppet 112 has to rotate about 22.5 clockw se in

this exanple, i.e., approximately 1'/16 of a rotation, each tine as it
nmoves f JoOBBYf te pasikomidfitheamppehari@ebéford flow déreasarddbledewasshown in

Chow + Eansi usBAR JE Shielwe Genaitnsords 12y E8n. b TR o e
! ¥ _ : . ,
appr oxi npte, yandy Y (ylﬁ'éé Pfgﬁégﬁ _ﬁ@?gyégi ﬁﬂg\%‘ogg(#smlmmr@ﬂaasncw against the

configurations an urd flowis off, or at |east
r educed ihlet end tpoetiqur t4@:t et thisdiing masisdhd poppehbl 2 ¢hdie pysitiore sbpwnnig FiGt e

of the spri 110, the poppet . 112 .noves,regarward one of, the i |ate
positio a@%?s'sswe?(ﬁ"cglpés't@n’ I'A ‘f’ﬁ'lcg 3F'H§di§‘% eﬁreo'?Otn?fgp'beod;W{hgﬁ?e t he
radial arns 154 of the spool portion 14g are offset fromalignnment with the
passages 136 rendering the passages 136 open to the bore 134 through the
mai n val ve body 106. Al so, the disc portion 150 is spaced fromthe seat of
the outlet end 130 of the val ve body 106. [0053] If the position of the
poppet 112 before flow decrease had been as shown in FIG 3, (flow through
the outlet to the cleaning nozzle 104), then, when fluid flowis again

. A A N o o L,



WO 2012/ 112329PCT/ US2012/ 024001 passages 136 through the md portion of the
val ve body 106, and the disc 151 of the cl osed end val ve disc portion 150
cl oses t hwoant2d1e32230. Fluid flow thus is free to pass trhrasgi2ik®onxi al

bor e 15%ais§a$§§1365tﬁrcﬁ@% BErhidoBoGibnRIARE vahbZoodyn106:94nd kiee BRBSHRIES theS
out of the stem 156 of "spool portion 148, around the arns 154, and through

t he pa\s;msm@fi e_rgbvalaetdﬂb@ eatien Ir1§|0 ¢osessthesnutlaid 30r ddvigrflays husesjfae toiRass140.
0054 ' . ' I d,
Such ns puhoth spdit SRR b G 1BRD G RS o SO T 2T HolBEPE ¢

]EO ahpovgts'sggwhml &t &fothichetensM88ofi $pddl Borfion dAdBeptourat ttecdrmae Sdotanid 168
urther by

than that shown. Wen flow i s againp restorgﬂ, ,tge p,g‘{)qoet 112
cont i nudkroughrtae pessages 1A &o tha extermal ports 1381 raelRr naesieietdirs ¥l hat
shown in FIG 3. [0055] It is to be understood that various changes can be
made t o [008414iher Hiomgisy allvsequently redueedt belaye the predeaiermpineddhfesdiold | sstir e.

F le, .th |l ve bod f ' , i al
passagedt18 e RIet BRMta B 455 B8 ABLTOUtE otales Pemtiard ook gRsIRRL S,
of propejihiaseatet shefhah RAGTS, é&éedptﬁmtatb@rm eotch f168ufuiriher @gt457 thhndkeat

tol erances are maintained, the need for balls 162 and assa&&s} 160 tf}éough
t he radishiovy: néVhesdflowis Bgais) efiaiad eldre qupﬁﬁéﬁzap%ﬁ'ﬁfiﬁgﬁ?é@ fopprd gisi al

arms 154, would b sl 8900 6IL) B AGUpStantial Ly close of  the

passage e exXternal "tracti ports 138. [0056]Alternatively

di ff . of | d. b OV ' - id
addi 1 on0PSEY1Ein o under SRk et YBURLL CRaNS balf pETnHGs "S8ts Fhlelia Ry, °°
exanpl e,qgpahhgdcdr it @ith 1Be Présertilisslepaeat Rorf éxamnplet tise valve bidyguagthieon
that has three flowi)at hs coul d be designed w thout departing fromthe

scope ofconfiguiscewéht2,dd.s¢l 8sar 6. radial passages o346 ANdaticoFOreRPNANG REPBEE de

groove woul, d.hav .t ferent -

et redvqus 103 fode el urBERBFhrer XpEE ral 2t 194, FLrttnbie

| ead t o sufficdRiyaties@edietancessrahhyintaise@ntad riezdt foe bals Mé2rartchpassagas 16dvi ng
integral tractor jet tips 140 nounted directly to the vaI.ve@g.ody 106. ..

Fur t her torasgh the taskal 316y 184 JBAY iRfUPUNINSRE&ndN sTUHaf tfigutaliony i sadigt eq
to contr, S L .ect LOR. ' '

di rect ec?(?tng ‘gﬁﬁg'ro%jngé ggﬁr%gﬁgn%o[gﬂgg'ﬁ?e@ ﬁﬂéﬁér‘#%%@d&%?ﬁ@eggﬁfﬁﬁ T)‘? E)ot her
appl i cattherxterhal thactionl patsl0®8.di scl osed herein, the fluid flow could be
directed not to nozzles, but to actuators which could performfunctions

such as [0e56]Atdrahidly eliffsrphihgetshensbritgcowd tsshpruyidezk matiei vajye drodyl 10§ging.
Thus the WO 2012/112329PCT/ US2012/ 024001 in&li?rrent ation to V\/r]i cp theF
swi t chi myovidevadditionalsflawraths amynak beypeeded ifal By PRBIEHIAr gPplication. For

example, rather than having only two separate flow paths, a configuration that has
three flow paths could be designed without departing from the scope of the present
disclosure. In such a configuration the zig-zag guide groove would have a different
number of notches 168 and 170 as would be required for such a configuration. The
passages 136 could alternatively lead to a separate nozzle assembly fastened to the
valve rather than having integral tractor jet tips 140 mounted directly to the valve body
106. Furthermore, jet tool nozzle configuration and/or patterns can be selected to

control speed or direction.

[0057]Fluid flow may alternatively be directed to other end components rather than
nozzles. For example, in other applications of the valve 100 disclosed herein, the fluid
flow could be directed not to nozzles, but to actuators which could perform functions

such as centralizing, clamping, bending, crushing, expanding, or plugging. Thus the
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[ 0058] Anot her enbodi nent of a switcher val ve assenbly in accordance with
the present disclosure is a switcher valve cartridge 200 shown i ncor por at ed
into a noxol2e12nae3z9204 in an exenpl ary pi pe cl eani ng as®emhisgoi20240descri bed
bel ow WijhBIenedmaaHE tot RhichClhe swiidhingheakar 100 deeagfRdmaybeei sesstastiled
into any nunber of nozzle configurations. Nozzle body 204 is nerely

exenpl amyodifiedne such configuration. [0059] An expl oded vi ew of a pipe

cl eaning assenbly 202 is shown in FIG 7. An enl arged expl oded view of the
cart ri dfeoag)RricdhehembddimeniGof & sWitches vahis psga@mbiynin @gesrdansezwite thead

le b 204 th h h i d 00. Th |.e head 4 0S|
Cur n i hPESRRI QCIaR 8, hiav Raler oAl oot 200 Mo BrOBofaBa e nrieng
coupl i N5 LVAhErPOmPRR Bhel deshifglaesembiy1205dBatEd Dslowbw b Peféfshce

which is, in turn, fastened to the distal end of a high pressure fluid hose
208. [0060]G% hd2z| Ehaecadtridge 2RRIyNayds ingotraratedx svig aayynenbet chtezle; s

2?532?%! nﬁé@fé‘@h”a—ﬁﬂnﬁ%ﬁ‘éﬁ@é%kﬁﬁ%@%ﬁgﬁ%e ' prfsyRRGRRRuRRR, U 535
i t 214, . 10, 212 . 2

Mo a Ga0RstAn e Rleloyiewsia Rg AN s RElY 2028 sk i FIoo AR he”

cartri d%%m?@%? ;&é)ildh%oa{/ibﬁﬂof ﬁf’éCBar%d%é"ﬁﬁs i®@hbWni i PG 8.1 Chedasdentily 20Q! e

from o ced off center fromthe Iongltudi nal axis A of the nozzle

body 204nalodes atrezziepaead ar noxzie ibedyi204oivehhouses the ersiridae 2y Thenogalei ng

devi ce er.at{ on.. The angl romthe. i . L , .

neut r al %pﬁ?ga%d.ﬁo'lsi'ﬂ-gﬂ)”,n @Fe%(getc{;\?rci?tﬁ& W'ﬁgﬁﬁ§e§§§2‘§§f&'§{a¥'§rﬁ§é’? gargu%tﬁ@n%&ﬁg?zl e.
It is orbyplif¢ asaedly 206 Sath HRak distegdd irBUSoOPatenoNG. 8106802021 whichdsninzz| e
body. As a result, during operation of the assenbly 202, the nozzle body
204" spi itgrmofastered tarthendisted saeief ¢ Mol pragsere d4id hrpead@®®nbl y 206 typically
is designed to allow spinning at a controlled rate. [0061] Al t hough not

conpl et §0966]dwen norzIE| kBSad,9or bodun@041in thie exemplary1embadhinest dhdaneralygh

t he body 204 (sh hed,.l i in FIGS, 10 LRt t
gener al &y TISTCAbRh 518 G A A b Bre 2 PE6 0 e b bl EE epe
pai r of k@ porE &nelsetorFeak eleanloasi2 62 camd adtonteleani@Ppo2tunitadh ng
with front port 214. [0062] The choi ce of and direction of Eorts 210 Kﬁ%Z,

and 214 ofdiyedsponsl2ADedl2rant 214pesses o Becanttal §ind horei@hBnehen §hF

ticul I i . icat i . whi t he. i i
a0 . HE SRb S IARNEH 68 (g’ 2o, BPindRARLG b of dReseIiRts I
2012/ 11232RRAEHUSAHL BN GI84RsH, of Eisptacetl aficéntef frohretieoiohgitudipabaxis Hanfée as

wel |l as the nunber of sets of ports dependi ng on operationa e for a
speci f i ®oEple bedy ﬁgﬁ.sqiﬁé\sﬁpdw%m%s"g@ﬁé”?ﬂah\ Ie@ﬁagﬁﬁdﬁﬁz{]@t h@‘g%g:a? SIS ngs

into the cont ral, i'oh”F’TRBrgnﬁéﬁfr&ﬁf%néxi&?L%Léég%nﬁa%afrbeﬁdn,o& Regghle(fead
configurations™ray utilize the same cartridge 200 as described bel ow.
Fur t her nouiling) abit redérdingeinvgher caser ofsa forwaine cattingctazzte. v Hlis onbyr ibecradiadioffeet i n
h ! > N . , M . :
ﬁe& ;i;ﬁééﬁ i?’r\}eqﬁg%o@ Zé&tipt@gﬁrtnormegn 't6 the n%'z%' t')(f)c'!ly?dAgya ?ésrmtl, %uﬁ%{; torp'e(fjgt?on of
the assembly 202, the nozzle body 204 spins on the bearing assembly 206. The

bearing assembly 206 typically is designed to allow spinning at a controlled rate.

[0061] Although not completely shown in FIGS. 9, 10 and 11, the ports 210 each
extend through the body 204 (shown as dashed lines in FIGS. 10 and 11) to intersect
the generally flat bottom 218 of the central bore 216. This bottom 218 has a pair of
axially extending sockets 220 and a central hole 222 communicating with front port
214.

[0062] The choice of and direction of ports 210, 212, and 214 may be modified in
different nozzle heads 204, depending on the particular cleaning application for which

the nozzle 204 is designed. For example, the precise angular position, number and
12



[ 0063] Referring back nowto FIGS. 7 and 8, the cartridge 200 conprises a
cartridge case 230, a tubul ar poppet 232, a biasing spring 234, a set of

st opper babl2e1223832and a gui de pin collar or ring 238. TireTameaiziogdyel 200 i s
assenbl @fsbNbP bR FFaREr 8P hidydbE Bhangded ddrweellead v hambedof Ads @fgorts
captured therein via a threaded bushing 240. The threaded bushing 240 has a
per i phedapegdingven pethtinpahneeds fo- aispgcitisappdcationr IRfovidad thasemelpdidlase

ar oovos PSP i Rodk PhFages J0i5 MR FauapiR] HERESE Beuib BB idhe o
cartri dgariefsss dcklé hesH@ORfifliratioRs Med\e uliRtesthecsdrve carteidye 1208148 ddstribed

out si de bottomend view of case 230 is showmm in FIG 13. FIGS. 14 and 15
are | ongelavdi frairthesmorarall ol thenweahpatigin th swishingamive-prg coptajinedyin the

| ongi tudi_nal, segtd qn [ : ' i |l e
body 204N IdRETTYA FUEh ofjeF Hebrt S Shifed Y57 SRRE, SRUIAS biddnplt ek,
fluid flregdipgessure threshold. [0065] Cartridge case 230 is a generally

tubul ar cup, preferably made of a hardened stainless steel material, with a

Cross onogeIRITEHiIRXbEEH ABWCBANIEE. 24AdIBriedtartiidybe200tomprigds aotartriigec up

bet ween "and ‘separating a pair of spaced, axially extending, |ocat. ng gl ns
246. At cale 230d adtibulac poppgt 332,tmblasingssPrinAdd] a 5akof Hoppeih#is 2368848 250

t hat passes into,t i inOr k r 3 tom
243, Tt PR ouiah b LB 28 TR P ETGERR0 ' RSB TD (haicRHE) bl Bfe

val ve digjle #5the h6246]H0y 204 wWnar captdeedviidreRbdiaoh threadeaskustBog (249. dhei de
peri pheral channel 256 spaced between two narroqw roovea 258 % r L.eceiVving
the 0-rithigadgdushing 240ehagaf|Pesphers grﬁ@V%%\Oﬂ(ﬁﬂg% SeHOPES p g'r aEF'”EIHE{YmeI
256 hasa.s spaged,-adi al ept 00 $RRC fddoont it
ext end ttﬁ? o(g%rF\ %efe%slé%geﬁ\%gl ?ar@%g gV\Rgﬁ ?Le%%gggrpdge c?gggg}goé?s S;DSI I {3@
seat ed iperipherdilgroolvdsotoesezl the cartiitgend@@ ireplaeadn feuboreh@16.ocati ng pi ns 246
fit within the sockets 220. This ensures that openings 260 are aligned with

t he porgaoé’d RS chdriddWvhse 280 i&shBRINein $epdrate p@@pectiV@ view in FIG. 12. An

2012/ 112329PCT/ US2012/ 024001 [ 0067] Fur t her nor e, v@e thg cf?ﬁrglri drgcg §ase 230

i s full putsiderhatom ansl view ©6c@se163hiy SpPwe pabl -naage 1G9 1425 RS

220, fo - - i r A Qr t bejt: it o i

pore 210onfERFEAREAGAM fidRs THRRCHNET Rl 20, FRG°20 (9 GAdndlinaltbctonar

channel 2@ tiicaighdhe eissembies eart2dge 208 it anzzlarttodyl 204 woes diid flowHs either10

and 11, these passages intersect vm'%h,t e bottom {nner ends of the bores

f or mi ng cSbematdeasthalewshprssetermingd IP'@UE%?]/?FF@SH%M?S% ‘is separately

shown in a rear perspective viewin FIG 16. A nornal rear end view, of df)he
f

poppet 18065k Caiige raseR80 is A genemly dwbulpbRYP: PEaTaRAbIs Bladefa hardeRe

t he poppet. i 0. R i }

t ubul ar 5‘3%856% %q%gla'%?g%mr%l’p\gwgiaﬁ o§%§;r6>g§gé§§g aﬁQ( %rtgﬁ%ﬁngggbgﬁgﬁgé ?/nome end
porti on piom Pag ofte pap thetwees sepsepdrating raopatrhaf spatedalax@llyt xdendied, by

an exterior_peripheral annular fla 26 Thi s annul ar ange 267 engages
one end legatingePips 2460 AL erf QE’,Qa&'g?q%ong?ﬁ CE?@?P %‘{f{ 1 COMMKt a8t

t ubul ar ' i i i hé HotaT 24en
264 1 o Aot PR I e e e 2 e e o e
axi al paEsapettd6R48asiglcentral cendaraiisedrpartion tatdoamaial vabendiski253assage
268 continues through the front end portion 266 and ends at an annul ar
val ve sqed66j7Phe Tilaesitealalp64iairth@@hska23®hasta widd peripbergl etlapasis2hfes

274 d |1 t d t endi t d f h, | 270
b ough SPRCHbRIEPn BYP AP BIPQUGSARD R SR HNOHES SXTBEs A 2o 1 880N e
central i%{zﬁ%r\ He 29@#’(0&['@ fn ngéﬁﬂ)h f%‘h%néﬁ%?' 545 Bagel op §buokpheed raddl al

passages equally space round the central portion 264 and angul arly
posi ti ongdrirds 268y sphcaxhOOhepaats thatesxt2fid. thEeugh tfe side wali2d4. pi¥henydr 276
recei ves and hol ds .of the balls 236 therein 00701 Th uj | 1 ng
or col | &aryiege; ??Stengggé%‘élh'l FRFed; 18 @??ﬁ”néjr B‘t"r(? gﬁé ”@d%é“%&% g?gq%gﬂ thel
descr | bqg é’t%?"giﬁ@; bl @l GrERCH Qobids 225t BIHQHsReY tHAOopxsiAgS 260akre
gui de co ?ar 8 Is a tubular sleeve that has a pair _of exterior alignnment
flats 280igneidotitmtespaits A12 esriseshowdi fog exparde,48%16n20he central bore in
the nozzl e head 204. These alignnent flats 280 and 282 can be seen in FIGS.
8 and 9. The engaged flats 280 and 282 prevent rotation of the collar 238
when assenbled in the nozzle body 204. furthernore, these flats ensure
proper alignment of the collar 238 with the cartridge case 230. The guide
collar 238 also has four radial bores therethrough each receiving a guide
pin 284 press fit therein. Wen the guide collar 238 is assenbled into the



WO 2012/ 112329PCT/ US2012/ 024001 nozzl e body 204, a portion of each of the
guide pins 284 projects radially inward toward the axial centerline of the
nozzl e boatg 2804112320071 ] Turning now to FIG 16, and thepPsepse@2o2400ew of

the exerrtﬂ(lﬂ*?&]_Fndhpﬁrhor%’iZNhér’fl@h@[@@ﬁriﬂgérca%@dZWﬁé iF@y %@ég@& ih{b‘?trg&gl%%ﬁ?
wi |l be described. The end portion 262 has a tubular side wall 286 that has
a zig- zaanaaﬁ"ﬁ% fie angaoss e ihe gpeksis 2208 fausrnassapes filven theoodse interior tB&he

This ca v j ] i anet e nd depth of the
ping 264  TORVEIERE he bRhd Teye 2 SRS, bAulesh e Goe 530 25 Smen tore
cart ri dgerc@8GhapefiudHaynak244rbiaechrnehredeissss 286. rAgiean gaﬁtiéﬂy GRBFNOAVEGESS-
Thi s camtl)gro%v,g 2%8 has forward notches or vertices 290 each rotationally
spaced abB"dbl HESP PasEBYGS THersgebwitB thedottope innameandsvidhe d®ras fernting
rear not ga&s oPRacthPsSds 2pernatingly with four axial grooves 294 spaced
about 900 apart. These axial grooves 294 nerge with the cam groove 288 at

I i b tch 92 in th
265, T o0 SPELERC oRPpRE2p2 B e RAIABR o T Bl o8P PR R TS My 2548288 Vhen
the val veomwealtreiad gmd20iewi sf fhel pypests2Ibliedholhenskiges1of Diﬂ&eﬁa%r@ime}f%?%
are angl ed IO\élFll‘d t he %%guentlal forward and rear notches or vertices 0

and 292 $CtoRal yieyrsy of M Poppat 2RAtaraheiPWmin FdESet1828nd i esPpppetaRa2 and
back as | ' d , pet .10 tate about 22.5
ol ook e ool NRRNALBoBY WifiCe et orlEn BB20 8 oo HORIF 268 B vt v
above angbrlieh @66t hEhg reatepartion iedepanmatshfroeh that eentrd QRSN Uyl aH exttiBw i s
off, or at.]| eas't re uc%g bel the”_{])redet rm ned threshold, established by
the sprifgR&Ea 8rMYIRE Bﬂfir@&zm, %@”ﬁHEﬁeﬂamzﬁﬁv@?ﬂa@érW&%obﬁw of
the int emiagabastpeingomté@rsssmmﬁ@md@zﬂ G 20. Although the guide pins
284 are not visible in FIG 20, they are in the sane position, resting

st . _ . : 0
fla 5. POSOlTHRIELADERE 23 nfinalf BERAS ahd ibRes, s FHET PO RD A%k
the col Itarfoguiale F3R.Idem27Mirs theosentralporfiars 264 essal cahtrabh@akesssiye263

openi ng et 232 is open to all the

276, Th tral b h th
oS ngadniqud theneS5et BurtBRe< TuBSTTAN sagitahparssass 2860sarsincs Braugrine
I 1 ! . ; .
o T o Tt endiobrRof] Ze8taitBbhfls 8t An arbitaiiane pHafaPLo TR ol BoiG2EY
decr easdhasad setof fawr anged passayes 273, spaced, edually agarbagh éxdtending sRO8SR74

out | et cl.eanin le ports 21 t hen, fluid flowis again

t ur ned fﬁ])ontl{}ﬁg %b%‘g%‘?’g%@ztﬁb%gﬁ’ he %Qéé‘ PB&WQrgg‘ggot?ﬁd %I“rﬁ’ilahfmém? gHPhst

' Biz in '1%‘5'33% c?%ﬂiséé gggrglgioorggwtzehh%é ESRraTDRfort D64 BRIPREs 232t bPfoRTSyial'O
passages 276 equally spaced around the central portion 264 and angularly positioned
45° apart from the passages 274. Each of the radial passages 276 receives and

holds one of the balls 236 therein.

[0070] The guide pin ring or collar 238 in this embodiment is similar to the guide collar
146 described above with reference to the first embodiment 100 except that guide
collar 238 is a tubular sleeve that has a pair of exterior alignment flats 280 which mate
with corresponding flats 282 in the central bore in the nozzle head 204. These
alignment flats 280 and 282 can be seen in FIGS. 8 and 9. The engaged flats 280
and 282 prevent rotation of the collar 238 when assembled in the nozzle body 204.
Furthermore, these flats ensure proper alignment of the collar 238 with the cartridge
case 230. The guide collar 238 also has four radial bores therethrough each receiving
a guide pin 284 press fit therein. When the guide collar 238 is assembled into the

14



only to the position shown in FIG 21. In this position, the passages 274
are not aligned with the cleaning ports 212 through the md portion of the
nozzl e hewo 280412220d the disc 252 of cartridge case 230Pc3/uspaemekobr om t he
seat 272nofzlehisodhp 204 a2B3rtion bf @abhy tHauguide biheeadd fRassid

[ g [ E” e %otp?%%ts Pa[oﬁ&lh) }ﬁv‘farrfjdge

t hr ough t[he rpﬁtgpet 232, out the openings 250 in th m of e’car

case 230 WRAHBeExXR cebiETRe PEthe1ozziesbogy R0As al ong the channel 244 to the
front port 214. At the sanme tine, the openings 276 are directly aligned

wi th t he[QAE-RURYNG drave te F2G. MEnendthe isepabate| iew3d theraseashlary pospetadsd he

212, ThalsRRd FepoRic b 2hE fder mobhelngamilperpescrbed. NG arviperion ow

i s perm 262dhasoa tthisulbr @ife want28sl theid-ra8 Y ’ | i's
posi ti ve%_ pr e_vaent ed thr ouqh cl eaﬂ}éﬁgﬁgoélt%lsé %ﬁgtdaﬁgf)@%fmléﬁnjc%%@)@g 59§v
subsequelftMedr Bdiecbblar yvialk 286 pridue carmyrasmet 28& shsizdd contrlementyty ttbehe

t OF ipr i f , 32 ratat bout. 22.5 as th i
204 pusndietidlerand dep Bind Minb 28R thaCRoICS ' By SRiH famusoHeiesstlor o
cause ro232.i themthexartidgeLe0ES fullyOagiermbiba! RAbiAL R8A08Hd i

ot
that shoym, i n_Fl G 20, excegoﬁt rotated one notch 290 _furtherm@fggﬂnsﬁb?ﬁ(?s
rotation cHiS P ByITORYE | 488 hast fopmansk natshest ore vertises 280 gaghi rdtativinatly 284

riding i Vg2 j [ f et 23 s the sprin
234 pushar FRe 00N & PRt achi e o el TS AP BRI EnPiatte Dedvess v
r ef er enceottbep@PRetpated dlterndtingtiesdthifpui axiab§rooves f294sspLEa0sH TR B0° Hp@rt
[0077] Then, when flow is jncreased above the predeterm ned threshold, the
poppet 23§ XA IrRBYR é?% gefgai Withdhe| eam g1osxep28head ameangsiretotation

f or war d, pdsidiBe MRS thateaPAYRKES 25?% t%gré@{’v%%%é]e poppet 232 is in this

position, the openings 276 are m saligned™w e ports 212, the valve

di sk 25 7 : . and the ages 4 are

directl aog?? nae(J'h\%lf ?ﬁé{?ﬂ% §F@t§n¢’ﬁ§ éﬁﬁggéﬁgﬁeﬁ%@@ﬂ}égﬁl @Eeﬁﬁéeo‘fa"f%e

poppet 2X3etridgec2@bisdfudy Bssemeriesl. | Shargiddsr ths dahfhidovie28818rd éﬁgleQBWBRf ts
while .flowis directed through the cleaning ports 212, flowis

210. Th
posi t i véﬁ? $eaHeLEPrVAFb agA rerk nofchiesi o verdees 2?906“‘%3(93 efythieegroiove| 2881
fl ow pr r " i i . oppet 232 .and
ence. an oy aeoaneh 1R POPRECRRe ates ol et 4018 i ABpaP Peleciipes
210 and B¢ eappet 288has R1Rtatsi atweit 22.5%¢otkeise qaoht timarass i hed\eisaryarf §set
froma qjrect. radial, orientation, a rqtational torque is applied to the
nozzl e %@CEQU%G%%W@% Q%taEPY%ﬁnqueﬁWEhﬁ Peagstersined dhiesheld rate and
212 pref hasg a threaded jet tip 298 installed. These jet tips 298 na
al sopbe [ﬁwﬁ%@'ﬂ Zhlﬂd BHf 'Pg‘?.rga{}iri Q¥H§agfe{?éh@ﬁﬁdoaiﬁwhe nradetetrgminmi ttgeﬁmld;ed. d
WO 2012/ i ;Lﬁ%() 7 bt b od that various
changes e(%ga;]b'i %ggﬁ:lye toéﬁi&ﬂ%gi?f[etﬂgo r!'ﬁ?dﬁ%’ @Weﬁ%éﬁ%%ﬁ@%w&a%rm%dge
200 i n avenfdhadrutennediatérpogitiossns islshownini4G. BOr Aemmghahe%;hmewpmélz%mead
body 20? g?e onf i ge&a%th a different nunber of ports 210 and 212 and
t he cor é{%ﬁ Sﬁ@edﬂd% : Sh@re M Ehe 58Me, PesIlOR afasting RoaiEs thedpavamus
have a dofdiesepo a4ihefovhd IPRE LSRR fOPRS, sThe same cartridge 200
ead bodies

may be utilized in a variety of nozzle ‘204 each with a

differe - wIpe sets utilized may b uned
to achi R%ﬁgg)%gfl??@gt@tg g{é?%hgflt'tggfar%QQAR © ggzirg%téoa%q@%{sthﬁe%oﬁﬁﬁgu eo%é-
rates. Puthisgrasition, padssagés i2Tdeatd plocked eas af@g?@ﬁm@sazm.nﬂir@ amesl bdrae
need fo rba|||1 236 co&ﬂ%be elimnated. [0079]Alternatively different sets
of port §"RYST &"BECPPOLFARS PRER KAl dhe PaseRIss. 364 the bpitermi Rrssages throngh

f1 ow pabpeniags 250 ke th 5CHY @I | ¢Rtd099 FO lg.

r at her tEan ﬁayi n ontl éeﬁﬁgtogg%az? !ae’? gbhFo%vq%la%rﬁgméa@yﬁf ?g;%'ra P%%Eﬁaﬁu'ﬂas

t hree fPHESPER ﬁselgtﬁm wdowetithisgubinti t hout departing fromthe scope of the
present disclosure. In such a configuration the zig-zag cam groove 288

woul d hERF5}Ifdhefrasitiun ofithee poppetn232 heford MovanidcPRRcabaddekdl &€ sherHiiRed
for sucbﬁggnji gurat.i on. I{b{?both of the enbodinents 100 and 200 shown, the

gr ooves ncP-2BWANOULile BassRges2f4 ouiabta the ekaning rozate perts 212,
conf i guthahi amendRid Hodli | thes L «Rf
guide pins in the gﬂ?g’f%lgﬁﬁ]cﬂgf@ °ﬁ§@%%%%§&@&%%é@ﬁ’%§ﬁgﬁg%@m% the

al t er naliyid lovaagniasithedniehesd iportiarc 262 dndehisi tirhe nfwrdsatht woppeans2 hemehd t S
described herein, are within the scopeqgf the present disclosure. Such
changes and alternatives may be introduced w thout departing fromthe
spirit and broad scope of ny invention as defined by the clains bel ow and
their equivalents. WD 2012/112329PCT/ US2012/ 024001



CLAIM5S What is clainmed is: 1. Aflow actuated fl ow path sw tching
val ve conpri si ng: a holl ow val ve body having an inlet end, an outlet
end, a mwoporZxiieszs and a central axial bore through thecirnisetizeesptthe md

por ti ononfngh tthe pasitlort seeWn ihhEIGT 21 PaRt th@n pbaiibAg e phessdeso R4 RAreSAGe
therein |ngg.dl ng fﬁrac?mthe central axial bore tphrougﬁ thg vgﬁ/e body to_ at

| easlt grad;gead F]vwﬂathqogheanlng ports 213dpprughthenerid pegtigr et thennprde haad: 494,
Shool parEi o b 282 8 sBHG g5Y P38 1§ RoaSE nblbeXedi s e RBEbEC2s2 S

sel ect ' iy froveEHuRds tiee oesdgsadiretly ahroughethe Fp’o@pthBﬁeomuhé @tpeamﬂ;sc%(t ine
val ve body, the poppet nenber havi n(g an axi al, bore e i‘?ndl ng thro trth(e
t F%;s i on

rear poithe bottenw of Kee sarFAgpsiEsERBbhI0 thie tisHPR PORS l35%8[0
havi ng %ﬁwaﬂﬂgl gfm B'ife rfr%qllt? rt‘f)1 ﬁ\egn{ﬂ@%gﬁé fnEhedb eﬁlﬂ 52y Sfe i I ve

body I'asi ng the valve body a e poppet ne er
bi asi ng alhbae@cmﬂethemlﬁwnng ports 21he Hawenteretiee ballg ﬂéevcaamed bio dachaefdthe

ot i on %nﬁn@% L i fores L ALY G rESStaion Sl P TR sob 2 pation
wth the, % 6’& t |9 trﬁ@‘géé‘l‘%n sﬂoWﬁe‘lanI@ ar F‘ulpﬂhléfﬂoﬁ/\h% pehied eslihedfront

first p03|t| et nmenber and opent e central axial bore through
t he out Ipeirt 214 aoﬂ theérawbn@ob’mcgflﬁ/wmﬂe flowi id pidsitivelyspiaventaguibeaugmelganing

inl et end of Hm val ve body, m salign the radial passage in the spool
portlon omthe at | east one passage in the md portion of the vaI ve

body when fluid fl duced  bel
and al | g0 ?‘iﬂlé/l\/aﬁﬁmf?bl\vf\{/ I SUSTonH, TR RP L B Lot R SIETT T B ﬁsmﬁ‘iﬁfh

the f Hﬁafs PP pera%PﬁJrH t&ﬁﬂeﬁﬁttﬁ@'po ﬁéﬁh?i’%&twéﬁwﬁui Be Aufhees

when next roduced In e Inlet end he val ve bod§ above
the flowdapeshey thiahpbpipet 232 reavardte éngageasﬂatlan@lty guite eing E8ddionepuss

claim1l wh I d f th b
Carve s aatioR ahdkovial Diestide a TR G RS s J IRa R RN ERS 2
poppet W’%{ceFtS rét@téd‘%né%?t@ﬁi Z%Sfuwh@ﬁ by 22.5°. 3rhid hetatibavis asiugatesy il ve

according to claim2 wherein when fluid flow is again reduced bel ow t he
pr edet erineraatianh betvesind thehstationaey givide ping R84 pigipatinnBRb@IOoNP sl dgea he

x:: xg Egg tl%rr]mdofotﬁg npsoptpg? 2§§né[sr f%le gpa}ﬁ'nsgaﬂﬁ bUERé‘@'Hwé ngﬁ’é’ttrjeﬁFWQr‘ar, id 9%ifiat Ne
manner as described above with reference to poppet 112 in the description of the first

embodiment 100.

[0077] Then, when flow is increased above the predetermined threshold, the poppet
232 rotates about 22.5° again as fluid flow pushes the poppet 232 forward, to the
position shown in FIG. 22. When the poppet 232 is in this position, the openings 276
are misaligned with the ports 212, the valve disk 252 plugs the seat 272 of the poppet
232, and the passages 274 are directly aligned with the cleaning ports 212. Since the
outlet end of the poppet 232 is closed off, there is no flow available to the traction
ports 210. Thus, while flow is directed through the cleaning ports 212, flow is positively
prevented through the traction ports 210. Each cycle of fluid flow/pressure application
causes about a 45° rotation of the poppet 232 and hence an alternation between fluid
flow being directed to traction ports 210 and cleaning ports 212. Since all of these
ports are preferably offset from a direct radial orientation, a rotational torque is applied
to the nozzle to cause nozzle head rotation. Finally, each of the ports 210 and 212
preferably has a threaded jet tip 298 installed. These jet tips 298 may also be of

different configurations depending on the task to be performed.
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WO 2012/ 112329PCT/ US2012/ 024001 4. The flow actuated val ve accordi ng
to claim3 wherein when fluid flow is again increased above the
pr edet er voedizieshol d t he gui de causes the poppet nenpemr/useoiagaiont r et urn

to the fipg Hltpl@)scbttieotﬁhderstood that vadisud toamgeet atat 86l nvade/ tecfieg04 angl ai m
1 wherein the armincludes a radial passage fromthe axial bore to the end

of the 4orhe switchingsvalvaearriggea?Qint edcardenee ydtvihe piEsest disglesuwses frarher

i ough SRAEHIT atisorbea 2 Rel R MeloB ARCE e Wi pd b PR e,

first peorsi 210 and 212 ard tﬁ@%ofﬂe@r)bﬁ@lhgqjcﬁjbe‘téﬂmeamt@asdI2t39 incthel @rtridye
wherein the pogfet menber has a plurality of bypass passages Ieﬁ%l ng from
a

t he rear20@nwoplst thigm W@uﬂdd'ﬁﬁ@rﬁxmﬁﬂb%ropé QReNiNgS §6 oPayIESon. me g,
The 11 ow ﬁ@&g?tg@pﬁ@‘ﬁgaﬁﬁl&%ﬂ' rf\gat\%r[;elt)?“din o2 h%hﬂ 55@e§’%ﬁeéa89rvhﬁp% has

a pIuraI| passages throug he rear portion around
central gifdraht Her & anylédporpodhepandles andofftlets Ltilmedanay dtectiined|to@chieve
according to claiml1 wherein the first position blgcks fluid_flow through

the pass$ageifichiataiignal HergHas gbesiness Piassues @dy L3eS p el MR MATEi
flow thrp ff%heﬁ rrg/: cYc?ée fé?é’a(ce{" Oughﬁ?ahhtﬁhfefd epg r@e@urfér S RSe! cBat 'b‘én of

t he poppe out t e val ve body outlet end.

The fl owhaﬂmateded vaI ve according to claim1l wherein the second posit | on
permts fluid flow through the passage in the md portion of the valve
body.  [0079]Alferndthely tisferent ses of poets\weult berovided in thehozde Woely 204 tohe

gg'cgﬁdcﬁéﬁéeﬁédfonaleﬁoﬂep"a?ﬁé efso rrqaoyt teenc\al\é]éaed ?DVI ”Ba%%h‘%’? apptllcatlc];ﬁ rSII-'o and
example, rather than having only two separate flow paths, a configuration that has
three flow paths could be designed without departing from the scope of the present
disclosure. In such a configuration the zig-zag cam groove 288 would have a different
number of notches 290 and 292 as would be required for such a configuration. In
both of the embodiments 100 and 200 shown, the grooves 166 and 288 are shown as
being rectangular channels. Other configurations could also be used, depending on

the types and number of guide pins in the guide pin collar used.

[0080]All such changes, alternatives and equivalents in accordance with the features
and benefits described herein, are within the scope of the present disclosure. Such
changes and alternatives may be introduced without departing from the spirit and

broad scope of my invention as defined by the claims below and their equivalents.
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12The fl ow actuated val ve according to claim1 further conprising the
poppet nenber is held at a third position when flow is reduce bel ow the

t hreshol dwo 2012/1123283. The flow actuated val ve accordi ngpro/usk@2medonher ein
the guide includes a stationary pin gLajgging radially inward from an

i nside surface of the valve body into a conplenentary groove forned in the
rear end por tWhat isfclaihedieppet nenber . 14. The flow actuated val ve

according to cl ai 3 further _conprjsir t | t t d stati
pins projectilng i g@W&?ﬁ!%%ﬂ?‘é’%ﬁtbﬁ&’g}gag‘gf‘@ﬁ?éﬁoﬁnﬁﬁﬁﬁggrcgarSeﬁdl 823[ iyon
of the poppety pojiow va,@bo&?%a@in@"‘éﬁ%léﬁbﬁ& Wl N1 EHT, & A porifdrii ARdL4

wherein the guide includes two of nore spaced stationary pins projecting
radi al | gentrabaxiaf bore tougls thuke indelr érd ¢hefmidheoriany and dag outiebead, the mid

conpl enent ar roove forned in the rear end. | f r.
V0 201 2 POUBTHRRS BeiRses Pos Arase0s terBngBadeBor i 2nkeCaRRRgt RIERG: g
to clai mé@a%q{o@yqotﬁ%gﬂbﬁg dxfernapgsrtf our equal |y spaced stationary pins
and the conpl enentfary groove causes the goEpet body to rotate about 45

a

degr ees bet weepopRel Menbeneedeivest indhe ceatahaxigbkers; dis poppet memper haviag

pi pi ng cl eani ng appar . ' . ' i na: :
Dt Pachednaper fieditora Kig SR LeRod bAFT BHE %, Codhd e sk Thflcn,
| ocat i ophg QENerdisg poHeansaigctively lcaims theatentraivaxiaitborg thedugh thenmetet ed
bet ween the hose and the cl eaning nozzle, the switchin 'ﬁ!@ﬁe@ﬁg%ﬁi si ng:

a val ve oh8ts valioibegyathe perret paembenhaiRg g ddl ket ¢ FAr

e gD Va0t BRI R bt iR Erkt el

havi ng angreuadlal bymefexteatingtathe mid potied githe salverbeslyt ed by passages to

the central aaxtl)iglsingor{qg;mber between the valve body and the poppet member biasing the
poppet member toward the inlet end of the valve body; and

a guide in the valve body engaging a corresponding feature on the rear end
portion of the poppet member to align the radial arm on the spool portion with the at
least one passage in the mid portion of the valve body at a first position of the poppet
member and open the central axial bore through the outlet end of the valve body when
fluid flow is introduced into the inlet end of the valve body, misalign the radial passage
in the spool portion away from the at least one passage in the mid portion of the valve
body when fluid flow is reduced below a predetermined flow rate threshold, and align
the arm of the spool portion at a second position different from the first position closing
the central axial bore through the outlet end when fluid flow is next introduced in the
inlet end of the valve body above the flow rate threshold.

2. The flow actuated valve according to claim 1 wherein the valve disc of
the poppet member engages a complementary valve seat in the valve body closing
the central axial passage when the poppet member is in the second position.

3. The flow actuated valve according to claim 2 wherein when fluid flow is
again reduced below the predetermined threshold the valve disc of the poppet
member disengages the valve seat and opens the central passage through the outlet

portion of the valve body.
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an el ongat ed poppet nenber slidably disposed in the central axial bore, the
poppet nenber having a rear portion, a spool portion for selectively
openi ng amd 20120823279 t he passages in the md portion of trhe/vsaliee2iody and a

cl osed end parti omHeofiolHtdatéd! vetvelascortivig © €ainm@ wherehiintein fdd tfioanisof
t he val ve body; a bias nmenber between the poppet. nmenber and the val ve
body bi &giaHYy hereapep poveeitise Predaiewaingd trgshold thegyide deaussshie BePRRlen

t he rearmgrpléra gg?%ntrgﬁrﬁg?%ﬁ@gg%ﬁaﬁnd t he val ve body for guiding the

poppet nenb en and s rotary positions when fluid flow
t hr ough t he \&l ve Theoflow etiemed vavedsicerdinged cldiowl wdiceeinhthe sl idcladds tahen
returns above the flow rate. threshold. 18. The val ve according to

claim 17a¢ig} paRTadsiom e mxial here)tn the erchekthera-ng at 1east two spaced
stationary pigns pre i ' I : A%
g ﬁeeﬂ%\év{‘gctbglte‘a %19%3%%2&@%'3{0Qﬂé%ﬁygsfg%éﬁ%gmg?gi?rl%e?;@eﬂlr

end portion of the pop ve according to
wher ei n disposgdi ide¢hewatial passdgedfes seating thenpaesagemtredugh dhe ondppripmef the

Coml oAl Gor BER FE PREESt HETTEN S a MBI HANH®h of the. poppet member.
caual Iy Spaced st on e e P r o1 oe aLocs  tha
poppet  oaiybeo hasteapluralip of bypaskegassagdsdeading fearhefreahendipostioraptbui ond
posi ti Ort]ﬁé axial boreZI:rLT thé Srb%%%grt%%.rrpri sing: WD 2012/112329PCT/ US2012/ 024001

8. The flow actuated valve according to claim 3 wherein the poppet portion
has a plurality of bypass passages through the rear end portion around the central
axial bore in the spool portion.

9, The flow actuated valve according to claim 1 wherein the first position
blocks fluid flow through the passage through the mid portion of the valve body and
permits fluid flow through the valve body from the inlet end, around the spool portion
of the poppet member, and out through the valve body outlet end.

10. The flow actuated valve according to claim 1 wherein the second
position permits fluid flow through the passage in the mid portion of the valve body.

11.  The flow actuated valve according to claim 1 wherein the guide causes
the poppet member to rotate when moving between the first and second positions.

12 The flow actuated valve according to claim 1 further comprising the
poppet member is held at a third position when flow is reduce below the threshold.

13.  The flow actuated valve according to claim 1 wherein the guide includes
a stationary pin projecting radially inward from an inside surface of the valve body into
a complementary groove formed in the rear end portion of the poppet member.

14.  The flow actuated valve according to claim 13 further comprising at least
two spaced stationary pins projecting into complementary grooves formed in the rear
end portion of the poppet.

15. The flow actuated valve according to claim 14 wherein the guide
includes two or more spaced stationary pins projecting radially inward from an inside
surface of the valve body into a complementary groove formed in the rear end portion

of the poppet member.
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a hol |l ow body having a central bore and a plurality of ports extending
t hrough the body fromthe central bore; and a switching val ve
cartridgewdizeppogestoi n the central bore operable to direectfusadidiotdoow from

an inlet to ati6l eaFheofiewolactlzted! WP | d36opdingOrd Sqléiﬁprﬂﬂgﬁ@l.é S iR é)lflljlldg

fluid fl ow apove a predeterm ned threshold to the inlet Irect f
f1 ow frofcuses; foustequgliyispasad tstatienary erirmandribeotornplementary! gropvefcauees s

upon fl uj i I d,_bel ow t he predeterm ned
b eshol TaRaPPREBYAy I T4RRE UiR d6 HEORRRThafeRtt ey Rl The Tt ahg seopng
nozzl e apesitidn®ig to claim 21 wherein the cartridge includes a poppet

| ocated at a fLrst position en fluid flowis directed through the at

| east one of gjﬁe p|rﬁtaaP|pﬂW eHWId SPRAPALHE a\deg ehdighb pregsaine ihish déaning
flow is g - i t toe o 23. The
07! ¢ oo ol & 8 el Hos B e Rastlrrhdiir 8" Rt ot pipiao Jaef Foation
whenever requining €leaning; eplow elatvatet switchiet ealve reetnebteesbetwben the hose24nd The

nozzl e ording to_claim22 whereip the poppet at the first position
girects TET ?'ﬁ%ﬁ%ﬁ'ﬁo%s‘a‘f‘}’m%ﬁ'a@&com&p%ggis_ and directs fluid flow
through a secgnaneebodf hafihharehidtRress eBAn bbb P ﬁ%nrbecte %éthe-rﬂgag,oéﬂ €

according to claim 24 ‘wherern each transition belowt redeterm
t hr eshol @itpEsies, aReutietipartionaenfigusdd for veatenhexttee ¢m thdrelebningt naxaik, seeond

set of p : A.nozzl e conprising: . a hal |l ow bad

connect a%rg's‘il oa’é{a'hibaﬁggPSEeéﬁrroé‘g r Jﬁﬁ%pﬁ%’ﬁo? He2Yigy2 Hﬁ% y Q?cé@fwa'fdly
bore, a difgctéd pbrts @bhh¥ctell 1pdssagst @6 tHhd18e Ml Hialthdpepody from the central
bore and a second plurality of ports extending out of the body fromthe

central bor e;amgipngated poppaf Mmambey slidandy cisnosedge theseanital akis puored then

t he cent nal): o, djr - fluid flow froman inlet to one or re

of the f‘f‘?i%et?ﬁfﬁ?‘%l%ﬁ@”gfg tﬁoF%lsr ﬁ%@ﬁ%%p?‘?%%ltﬁ’%"ﬁ%f of |S5i6F VP lwPREDE 2nd

pr edet eraosieg tharmssabes tie thdenidi@tionnd tienedle bbay Gl #WddeMshd et
nore of the second plurality of ports upon fluid flow dropping

E)gl g\r/]vet &é%ﬁ‘“@o%t’%‘?’ﬁﬁ%‘df%{ crasikping %Lﬁlﬂ?tpﬁéiﬂfbﬁfctééd/i%h@ po@y;pr edet er ni ned
th; ?flhggg el rtT)ti)alsy%Cégnn%%gé;@@@netrécﬁgﬁﬁgt%e%éle?riﬂl‘?etsvmgrl%c@ b%&ing the
poppet member rearward; and

a guide member between the rear portion of the poppet member and the valve
body for guiding the poppet member between first and second rotary positions when
fluid flow through the valve drops below a predetermined flow rate threshold and then
returns above the flow rate threshold.

18.  The valve according to claim 17 further comprising the guide member
having at least two spaced stationary pins projecting into complementary grooves
formed in the rear end portion of the poppet.

19.  The valve according to claim 17 wherein the guide member includes two
or more spaced stationary pins projecting radially inward from an inside surface of the
valve body into a complementary groove formed in the rear end portion of the poppet
member..

20.  The valve according to claim 19 wherein the guide member includes four
equally spaced stationary pins and the complementary groove causes the poppet
body to rotate about 45 degrees between each of the first and second positions.

21. A nozzle comprising:
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a generally tubular valve cartridge case disposed in the central bore of
t he holl ow body, the case having an inlet end, an outlet end, a md
portion, wodor/aesvral WO 2012/ 112329PCT/ US2012/ 024001 paxitakoiboesot hr ough

the inlet end pobvdbodgasdvindra dBrtraP®bld @nd 4 prirality d@qfdrisOéxtbmnhgqmiuglheast
one first opening |leading fromthe central axial bore out through the md

por t i on te bork frioat the eertraldose; aitl t he outl et end having at |east one

second openi i 0 e ¢ i t :

or t1on of ¢ HeoWERThYdaljec Gt BRbbEA B UK prra (it dodraEto diecE Rl
havi ng dlopefrbimehn passagat Idaet ehdrofdigh plurbkty psfppets bedomappicatiohyofdigddead i n
the central axial bore of the cartridge case, the ﬁo,ppft H_avi g% an open

t ubul ar abexe @ REJRIeIMIBR] thresheld o theoietoandidiest Fuigrfovefanp e et tor ale
central ti Iy I ri i ge
bet veon T 2 ert U B e R e D R o e e
havi ng alropees tbetovl iths tprpdsteagmdde tidestypld andtheérhexpesgiey the dradetesagteda
second paseggg@espaced fromthe first passage | eadi ng out of the poppet;

a bi asi ﬁ'@r r between the valve cartridge case and the flange around the

central portion, the PRPPR! EBGHRRIg Rba8hMY 2NavReRRE thaBfEItIdgRX irdlldesawRy
fromthe inlet end of the cartridge case, and a gui de nenber
posi t i opeppet meated ata tfiustipasitionewher fldidbewiiv directedHbraughptide aireastpneepled

to the hollow nozzle housjng at a fixed distan fer.om_t [ ase,

the gui de® ROIAEY B sy 8% Spedur GRS A fife o birlfBete HipIALuRTRE,

of the poppene@ffetdr@potthe first passage of the central portion of the

poppet with the at |east one openi ng of the cartridge at a first position
%

of the poppet23whenTte wiodzie egcordingnie claibr L3 rwhereiie the rorpsl iBfal; gethird

poppet, m_salli T ' t eni ng when fluid
flowis proégﬁ(pe\gﬂ%@%\g%f%‘Kﬁ'%‘@??é‘?%‘lsﬁw %Fogvtgpgteé '?rﬂé:ofatshﬁé%dﬂ (H)'and align the
second passaget. of THeen6£ hatonidig toodlaih 22heheeiptie poppettdtehefingtrpasitem ng
in the valve cartridge case when fluid flow s next intrgdu%%d in t'?‘f i nlet
end of tdﬁ@ctﬁo%étﬂoa\bgvéugthé‘ firsbsetreftrorisrang dieets fluid flow thepugpa sSREIY get

accor di '}Qtotoﬂs%lt%?%égowg{)giﬁ?pthe outl et end of the poppet engages a
rnt ou

conpl ementary sea et end of the cartridge closing the central
axi al passagesiherTHe@opriepatcordiripeto ickaimn 2¢hehsezinnehgho fiansition below the2g.

The nozzl e according to, claim28 erein en fluid flow,.is again.reducged
bel ow t HEepplerBiNadnegheldr samis %JF%N%N gpsél‘#%’f"a{%g’eﬁ%ﬁ%%?‘%ﬁe%grande

di senga eat and opens the central passage through the outl et
porti on%%?obﬁgeggfo%@tt.é 30. The nozzle according to claim?29 wherein

when fluid fl28y i SA agatle donwrs#tsgd above the predeterm ned threshold the
gui de causes at HSH&‘&’ o%ty ct:é)nnae%?eilbqe rtgtaururéht p())retsrslﬁref i‘lﬂf?itSLPp%sfyi/,tthgrbody having a
central bore, a first plurality of ports extending out of the body from the central bore
and a second plurality of ports extending out of the body from the central bore; and
a switching valve cartridge assembly disposed in the central bore operable to
direct fluid flow from an inlet to one or more of the first plurality of ports upon
application of fluid flow above a predetermined threshold to the inlet and direct fluid
flow from the inlet to one or more of the second plurality of ports upon fluid flow
dropping below the predetermined threshold and then exceeding the predetermined
threshold.
27. The nozzle according to claim 26 wherein the cartridge assembly
comprises:
a generally tubular valve cartridge case disposed in the central bore of the

hollow body, the case having an inlet end, an outlet end, a mid portion, and a central
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WO 2012/ 112329PCT/ US2012/ 024001 31. The nozzle according to claim?27
wherei n the gui de nenber and bi as nmenber cooperate to position the poppet
at a conmmwo 20K/idbk32posi ti on whenever fluid fl ow decreasegChalsesr2iokmol

predet epmingerd tHr8a§R 'tk inlet end ald at fedtkhi€ Miaoviadry @hé anitirjoitien Aagiaghidty

conpri sing: a generally tubul ar valve cartridge case having an inlet
end, anlemst loee featippaning deading iftom the geatraleaialdporgxoid thiiial therpikgpoiting

i nl et d I t th d

rat ofbHihgereder acer o Eie oBBR aT nakinG, AER8%5he SBeoRl bR Rl 1kegRy "
por ti on¢@in fHeEc&RF| HixE Bofi 86t thedeyH e end peitioardd thacartddge cb@ast one
second openi ng | eadi nggfromthe central axial bore out thrﬁlegh the en

Eort i on of tRegenerelly dyeulanyalve poppetahgdngraceytralpassade, Hislethpeigibithe
di
the conPPRPeLEBlc fEEaR, URRESL T 1kl ssnliaL RRP Hora e CatiRlge Easaned 10

t ubul ar ppppet @AdInGOAh igpen anQMTt realr emfpoctmnarwl canfrabpbrtmndavpxd)rat front ende
central portion of the poppet havi ngeﬁgﬁexternal Pe“ he al ,annu | ange

f
bet ween PPHEMN: 43¢ C@HHabBWF'PBrPféh@ ROR Ying|a,externa el Anngfa &ﬂngﬁon
havi ng gl &45%hé (bhf & a5 tgﬂeﬁdoﬁﬂ% REnP4t peﬁuohh%@%mb| Paﬂloﬁ\\t hhﬂﬁgtata

second passage spaced I rst passage | eading out of the popp
a bi asi fgastrentirst pbesawreauheg vl wfdhearmpedgedcméea%trajsewd‘ Dwﬁf@eﬁnﬁmd t he

central portio et,. menber, bi asi ng, t he poppet nenber axially away

fromt héroi”h”@P@ﬁeaﬁgqeﬁéaémquﬁéh%ﬁggp&a a gui de nenber

posi tioned ag %Egln?hrﬁel?ﬂﬁé#'b%&wé@ﬁrth@OQIVECHddr@@eOéasTeh@ndJﬂWﬁén@é afourioxieed

di stance fromt artridge case, the gui de nenber enga |n(1:1l a correspondi ng
Y

f eat ur e centrahpontiear tfeamommttmemb@f bigsingp Hispeerpet raen@wrtalx iavaay fiaRstige of
the centra on_o with the at |east one opening of the
cartri dé{g {a‘?'ﬁ)é)\ % hes‘farb é;srgog.pﬁt he poppet when fluid flowis introduced
into the reanp §@|@e%emrmﬁ@nedmﬁﬂltﬁé tubelaf irest epasoaigm of the pbppett

| east one opening when fluid flow is reduced bel ow a pr edzl}]er m ngd fl ow

rate t heesHestenedra theihplowhiozzia badsipa$d agéask distracedmm e.sath' 9% C8Fe1t he

PP et e, LK et PR BRGAG o BoliSaditlig fEafute | RO, S Portion! B eow
t hr esholgdppet to aligBdhe Tikg prastyée djehaseatral yoﬂmomfdhagpctp@ed: matihnhgzateestei n

t he outlet end of the poppet engages a co sea in the outl et end
of the @€t pp@@'@gcpﬁéh%gcqrﬂ@géeﬁf raa?'rsotx?%?r Ea{s@ éﬁ@ﬁ N@eﬁ‘o:ﬂ H er

ERERE TS e e s R b

t hr esholghet b@emag\whm sﬂa;uobﬂoWh:e madpped below a predetermined flow rate threshold,
and align the second passage of the central portion of the poppet with the other
opening in the valve cartridge case when fluid flow is next introduced in the inlet end
of the poppet above the flow rate threshold.

28. The nozzle according to claim 27 wherein the outlet end of the poppet
engages a complementary seat in the outlet end of the cartridge closing the central
axial passage when the poppet member is in the second position.

29. The nozzle according to claim 28 wherein when fluid flow is again
reduced below the predetermined threshold the valve disc of the poppet member
disengages the valve seat and opens the central passage through the outlet portion of

the poppet.
30. The nozzle according to claim 29 wherein when fluid flow is again

increased above the predetermined threshold the guide causes the poppet to again

return to the first position.
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WO 2012/ 112329PCT/ US2012/ 024001 nenber di sengages the val ve seat and opens
the central passage through the outlet portion of the poppet. 35. The
cartri dgewazsembizoaccordi ng to claim 34 wherei n when flpairasstéiamzdos1 agai n

i ncreased abagve t hhaPhELAE &IdELRAAG ttbrdﬁhp!zszl wm@rewmt-eggmsm%rﬁ&e 4HPBRis 1O
again return to the first position. . The cartrldge assenbly

accor di membet capperate hoositiontthe pppped a&r@nmnrrmdabah@o ghedeypefldide t o

positio n whenever fluid flow

decr easz@v‘@gﬁ’%%g% bg@f&%ﬁﬁﬁﬁrﬂé"e@ﬁ% H 18 37. The cartridge
assenbly acc@xdi ng\ L‘Wlt@H\lﬂ?%ﬁ@ cfarrrtdg@rass@rrmly songrigirigal | di sposed in the at
| east one second passage for sealing the second op en|n t hrough t he

cartridge casedaneidlly fBbwapyatve @artrmgqq@aw P@V'”@o@“ tinlghend, an outlet ‘end, a
mid portion, and a central axial bore through the inlet end and at least the mid portion,

the mid portion having at least one first opening leading from the central axial bore out
through the mid portion of the cartridge case, and the outlet end having at least one
second opening leading from the central axial bore out through the end portion of the
cartridge case;

a generally tubular valve poppet having a central passage therethrough, the
poppet being movably disposed in the central axial bore of the cartridge case, the
poppet having an open tubular rear end portion, a central portion and a front end
portion, the central portion of the poppet having an external peripheral annular flange
between the rear end portion and the central portion, the central portion having at
least a first passage leading out of the poppet and at least a second passage spaced
from the first passage leading out of the poppet;

a biasing member between the valve cartridge case and the flange around the
central portion, the poppet member biasing the poppet member axially away from the
inlet end of the cartridge case; and

a guide member positioned around the tubular rear end portion of the poppet at
a fixed distance from the cartridge case, the guide member engaging a corresponding
feature on the rear end portion of the poppet to align the first passage of the central
portion of the poppet with the at least one opening of the cartridge at a first position of
the poppet when fluid flow is introduced into the rear end of the poppet, misalign the
first passage with the at least one opening when fluid flow is reduced below a
predetermined flow rate threshold, and align the second passage of the central portion
of the poppet with the other opening in the valve cartridge case when fluid flow is next
introduced in the inlet end of the poppet above the flow rate threshold.

33. The cartridge assembly according to claim 32 wherein the outlet end of
the poppet engages a complementary seat in the outlet end of the cartridge closing
the central axial passage when the poppet member is in the second position.

34. The cartridge assembly according to claim 33 wherein when fluid flow is

again reduced below the predetermined threshold the valve disc of the poppet
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38. The cartridge assenbly according to claim32 wherein the cartridge case
has four first openings and four second openings. 39. The cartridge
assenbl y wocordiiegzot o cl ai m 38 wherein the poppet has f ear/usceigin24passages

% SRt e e selfarTip R atpasa ey e
portion of the poppet.

35. The cartridge assembly according to claim 34 wherein when fluid flow is
again increased above the predetermined threshold the guide causes the poppet to
again return to the first position.

36. The cartridge assembly according to claim 32 wherein the guide
member and bias member cooperate to position the poppet at a common axial
position whenever fluid flow decreases below the predetermined threshold.

37. The cartridge assembly according to claim 36 further comprising a ball
disposed in the at least one second passage for sealing the second opening through
the cartridge case when the poppet is in the first position.

38. The cartridge assembly according to claim 32 wherein the cartridge case
has four first openings and four second openings.

39. The cartridge assembly according to claim 38 wherein the poppet has
four first passages and four second passages.

40. The cartridge assembly according to claim 39 further comprising four

balls, one in each of the second passages.
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