i3 . 'EP 0 301 734 B1 2 Description

to cycle the pressure-operated circul ation valve, or to operate another
“pressure-operated toqgl which The @E, S5tzaeqent ion rel ates, generally to a
may be in the pipe string, it nmay be necessary to downhol e circulation

val ve. apply pressure as hi gh as 2000 psi (13.8 MPa)
or A nuedwptmi‘ downhol e tools are known i no cycle the priegii@ropérhted BiRulatiohfvaiee of N
-order._to equalize the pres- which a mandreab operats eanetharegtodsarp-operated toel whichng

i N a_ sufTke ipresétdnventioe rgibtes genorallyl td lae annuhaysbedit thelpipel stringl it Ly baokcessarly to
housi ndewnBaeeircalfition Maewe t ool s may be ofappli @resewsd as Hiaings<200 P 1138 MPa) sed

f or thi s Apoumphss of slownhalecidold\arg keaymuini zisng higher abithecsudace iineydar toeauplize die prasf t en
have subigea mapdrel;ig respived tgr aat isidingHie at ool  \M@rin iR iPe Bing prd e apualkidhealpvs) or
by pr e®dtArrsjhqesingn Some of, ateatoplh raxibesuch (Hf 818 degk Eympsyhich arq yRed for disspiyrose
annul uSPeARL QY PFPSEUrEing E%P'p%ﬁﬂ‘gtff?é‘ ‘W’ﬁhl bor é’ﬂe’Sﬂ%’ﬁ s“rQ%CF““'Ei |‘°a‘fyé t%‘6‘]" "‘i‘i‘ﬁ'ﬂ/

i nadvel'f dop¥ II S‘E f’%"d i '§§ %l(y}?‘; r§’f1|
mandr ef""Uk3,p ﬁ j" ’e per"é p ‘A8 f°8 ay, V s”°
opora rfﬁzi::fz@pe,asﬁa ke .,c %t on Y e,aé"% ssﬁe@ o 5?; o
di ffer GiF Bace G Rar S %L at\sﬁt s HERG 3 éf g 5&"
tool i E‘séﬂﬁ dréél sbsthe fJ Jseof% pr | Orsudlf &s na4co
di scl ogfse b qa ad e @scrioB® thy é?rcula-su%1 G6 8 ﬁﬂé ne.ha}as 4 iﬂd% % si
WEChanh&nmﬁlv@-mghfeSQ médnbidi Which is ax&‘ﬁy ther e deselikdfth rebibet ﬁ'sﬁgdr' lpfs, aftérothe ﬂrls
res-ai Ngd1h BBYdREad hodbing 16 Ydnk Ndkeéter|byNOUST NBeardd rebdoRdiveVia|aVSedsive | bultESp Or ro-
mandr epresshiizig the pipXiskihd Yo & Piebdure grédMir S€ Wishbhsié 3¢ @filication N aRehapicd Sorcéf ther
t he pi thart Sateid theNanBulsydnd il the Gier BiidiinNg | N naEREretihdyant ibr@lr He)retained wifiithd ol is
r espensy pressinixing the esolis @ Hpickdirelgreatdr I ec  [yas Jullddz ionthe t dudagei o b rshogy dio a
pr essuthan tatdathe pipe siiag Jhiv eridr ert gippletionat i on relacedtchani cal force, the than
t hat i velveHecludemalseriss hdisiota whide guidhthe di r ect | Hreonsigphdiragl maehanisre sush casr drage
r et ai n@andmhtdpingt #risl shifng nsordey tpoeENSAIr | zi ncplackfe PrayRRty RRdEbMevempr 48l the pres-
gr eat egloseq circyiglionrvalye | oply (pftprosa Hlemalingf ace HHE B HECreERhpboye @ Predoterpined value: t he
- pi pe sP’P?sH’Q in the |P?°% PQ)F“"&%"E'“"&%RS?HE’Q{ i o® r'l@ ?"abé'u’ p’ﬁ!"ﬁé‘“{sheﬁf ﬂ\ﬂ@ '“°ad E@P’? es
of j -51“5‘5’ A c nst ant “en'ﬁ?Fi Shytin elJ
mandre] l’ Sufgrﬁpfl’ e l’l8r %cnrc
rancr o "@tgm;.zeﬁs :@"§ A w i a.,§§"§"3“
al ter é’aﬁa mﬁggu.crpa S rvns 2P
p'ﬁe SMnéhﬂ the éi’BQé*laﬂlﬁer@atP Tt c%ﬁon *BQWPeKﬁ‘ar ca&sQ@ fiBW Qﬁrﬁﬁﬁ &an
mai Nt ajMed AR 0N 1k RkridlH EDEImpRite, tit! ES. mandre! movement. The momentum of the nfo
val ue hdimaly kirdbR ©O8Heh HE CHERRENEValvBDVY € ME Hhandrohis hub hé@Esath mBIEMS VAR to its
oper at ghbr t0sAIiRg B8 Yipd Btring,!s0 thah Auidsas teOf  t hBUIRT bdhedAEdndifion. QU behelafNdriRimésha-
abov e- pibd) 36k Fwille BilainYintd PiBé Aordihroligh HeXaBP| enismi, Budhl@® @& Blotkk, wélRSAdt ipsrfit, thé uch
a mec heireulation Walié datiied tthgnespiling dnfbethb hig pr i ormamtiiel 16 khéstnib ad fulyopeised\conditiony e
descri tedas sdetons of pipelbatdisoonnvaddvas the f ul |y opeA-4b48838. gescalns ca Idweprsso® fos
nor mal bige stringois poliegt prdssuretio tre dnedds me-ri Ng  sp@Bive tastec vilvathadmy P diffdreritial pressure
par toampnyarpiesreases’ dyseto Shecsyesbiving agliorcef i ncl ueRpSNsiye paed eistdpeasesgiatad wile the valve
ci r cul B jragker whichyjst yegy é'ﬁ"tefya‘lec%‘fiﬂsfééi‘ef | v tane slideblp Serypen, fistt [9ad sqepnghpogitions do
After H?“i hore evpp ifon; the 3 F§°’l§' fraPe, it qose apchopep e VAN dyveriieont sprpg ’9‘3'"‘
noment B8} barg wall, I‘Hgsﬁ‘f rg Br abl e 1% MEAEN st Pf@""é?i"r u'le ?ﬂaBFH '9‘3'
?ICIE \'fg atu
mc

mandr ef” gr :tgi}g% g .a _pi snn?ge val \Péiwfl' ﬁt?n lgjg r os} n o r P(E
pl pe SF’? w bore w |c es thgp d,iee%ébedf U|47|3y retal orce prm§ almn mean |s of-
mecha- by Pirt le a cke ter fCtIEJ!'% ?'a? Idl on lly rr' as
dr ag bEé?lQéiﬁ’ th)&ﬂvO ati'3 tvaﬂ@ﬁﬂay 31} toC a rcula tﬁé)&)w\é |§(§1 lg ltl I

oNnt 0 t AGsel IpBsitioN BN &ich oc&Ps e %M’%edn&éof ul Iy oPREavE Ae 4b \hs‘éﬁ ‘an BrG\Fedaa$range
secti opge ahic P IsRfescatnBetst aqmmmf; é,u the ment it deddith 826, d@wch Re fosifignt OW
Pr essuUfofin Is@ull Pif® String is pulle Pr @8 S UbtBining) dévite .aaauadasmm actsIPaFbY ¥ €

t est er vahother probiemOwtachOihak foeéreedpbrigheddl €S S UTretaififRg tigred Irdstriifing Qasiemovdtentt 6 4 he
swabbi wigenasihg pressdife opertited POR I &/EpdMigr Pi StsiiabRSEaddbOdUE of aath & its et analsveend he
packer relgteis ah pressuve syrges| ioded pumpeelichvisd | n tdogitions40 and sl i dabl e bet ween
first uaed tcweswite floidiin the pipe istingved ih theor e  ev enAsthwing tth ghes aregent dnvelitior nierg dsl
from annulgs. Gigreexample.olytng drili stomctesiien. tha r esi | Arevided speiichlgtion etalyp Rdaptedetovid bushor e
wal | . it Herrinessying i eicalinslesmychyfioies | ng neadeddn 2 welbhar ondreripe Wingewhichaaly v

r et ai nWeight thes terheavy fyids ipthp apnujus Mheppy) V\kﬁ°t‘£‘ﬁ"s€%1ﬁ evdinssieal depsing hayibgEAn PPt on
in itst §é‘8?fﬁii’“b%§f°€?‘6?? [\Pipe stingdn pr8¥rc e marienolydingl paseagavay therglroughhand Uit i ng
a pipe string urging it towards its first position overcones the fromthe
wel | bore which includes the described2 45 retaining force. This spring
retaining means is ef- prior art circulation valve and a packer there-
fective only in one axial direction and only when beneath, the circul ation
valve may cycle to a the power plston i's |n its second p05|t|on

Y Y 1

t he

Ur ag

o - I oy



3 ¥ - EP 0 301 734 Bl 4 cul ation port

di sposed t hrough a wall thereof; a Figure 7 is a view taken al ong
line 7-7% in Figure val ye mandr el 5'2#16‘% 7368€1 ved in said housing 6
and showing the relative positions of the sec- and axially novabl e between

a first position closing tions shown in Figures 2D and 6. said

Ci r cul atculation [portt disposbd atv@aghOa dvap issrdof; N | N WhiRiure 7 siagisivaial@n alBngaling i7e/in Figiren
al ong. | ivelee 8wagtirel rslifiablyu reeeifeld Uin csaidalyousimg Ci r cul &t and shiwingui redativecpositiens jof thadecan-
5 & nahdaxigy moahle etween 7 fzg@psitiod closingsai d  houonsshowemid Figures 2D ardi@gure 9 is a
vi ew t aleaid cigdulaliny poit ged ®segoridrpopiiigpun whithei ng opdiigurs & islayviewdaher eloegling §-8jp Figure
val ve méilWdmay be circulatpd thrgiah ssidsrodnandeBns havi ?y a first side subject to

Fi gure 1oy @isten mewggeceived fnoid haysiagyaest t he s Quf?gg i racview jaken pigng ine 9:%1?\519\5@
of sai d a9 presiyely %H’iﬂ”&d to said valvaaapdkel. shown it gures 2D and 6, sec
si de sulSpiddiston d“ i‘tﬂg«;a ififst § g &“‘iﬁ?"gé" string F'g“% TP ES?F sei‘f" o %I"é\ﬁP""g
t aken alp “1 l" qf ygeid e b;gﬁesﬂn ? neans shawirig Fg §’°en )

Fi gure sad ?/%ﬂedn?:;’gs %Zv"%sssga? e jeﬁﬂs when t r_l‘ﬁé" o Bt igw ure 12
s 2 Vi Gt Qn. ’J}Re Peér@' d firsi M ‘35‘.3-. %‘9&94&@5 QBnggF.rf‘eS 1250
said segQp rsts'deéx gse E sg&t el ng sallgig dref ‘towards t

Duri ng 1536 afcPMbvifa < nq'*l;. tb\mds%b& har o' th%ur?ﬁa' flo RO bOGHAn ﬁrbntm. the

Pressur gu@ rtomd whGC@RE ressdr§ on B SR6hE I7§ f bdrdred idMitledd with & it Rholvh Q¥VBrilkg fiuid
dril1ingigh! dkcébdsi e pRseRE bR EdE fRK QRRUN € ONorSRilliAy fud. SBneSok 88 ;purpose of thiddrilling
dr il | i ngndiatthrisddNm @bt & hesiipi ! BamRg Wovitdl S dr fidid isNG céntey i Ghtéridchondd FoPmatibad angt
resil i entts b&weinNha1uski)/dna the mantindl t6l appy t O COmMlicRWNIcH ayl B8 BISE Mt OMEEbntain these
f ormat i anstaiainy fact estadingesial dispdackroansiohg an dfotniadonmduiddr teé diilingapyd is weidhted vaith
whilch mehe rhandfebomnt @f bdvbrotits Jaid pasitionsi seid hese wriowtadditvengp thaitheanydrestatic aressuregof
axi al direigding aedest cohprisingr sratanmwer fepdngds  t hethelrmyd| ﬂtnt?G rferchation gepihgist ufficigntt ta
t he mandnsabsiomeuntel as s ragially nrer sifage pr| t i ofaintaig dhej formstign f'“’G’a‘t"ihtﬂu‘;*;'e formation
addi t i vE&dd Beysing;peid springiambesteingield ¢ Bssur e wihoytcallawing igtogespareeintootip roowh
an annulVBRer Sp¢ jlongr rims againgt yadigh, japag arche f or RPN b5 ?Péﬁtdhm jtest therRrduetiop canai-
nmenber r?B‘HFff’é’GmB'f?“?’h'é’t Pae | "‘t'aﬁ F?@ta"ysurzfs ac'é“’so1af the for n‘g{ 0 é‘gf't?)r' tef’on

f1ui d widPRMEPle X3 dierakptvasy: sa g ‘t‘ﬂS : E-"H'

its af"ﬁgﬁ'f“’" res 3%? Tobio abathh .;Z‘Jﬁtw. t h‘?'"tél g ﬁ nap il reih sml’t
I'S ern

‘éil;ﬂ

inner su Al mable area

agal nst tJ\ﬂBI% %Zld fﬁ% e sal%ﬁng E'B

capabi | 044t Y@ abdr g N B\W& ﬁfo tﬁ@g&r eyT usuaw %eq’)
the for RpfcbPpbsitinst €St NG st ring is [owered gghid 3B ..aru%ac: 8 TR 8 VB ihe
sai d def orinRkiethat the invérlb® maf 8o AAFLAM € 1O W& dn@ldiMiHel B&ting @Mhg) VA thd)Rstigea
COMPI i SiuRdbrstIdg, A8 BMBdinTBRe BeredN will fow! Bli al | Ydepth isf a8, @pathetllig] sbtStoatdapwed
t o fl owdbsttibd} byewst ot iekegnpleondy, With@fereatl f ace, bashold Wl asibinethénr@Matni ifeh the
bi ased to the atrhpadlihg@drawiagst ihngiclr ogr am  Lsswehydpis@isSpressure Sf thaidfling fubin de vt d
mandr el t Bg@eegagea Saathati gagtioenbw of a  t ai anedus. Altdriratolyi, the stringmayibe dtdbbed into
testing styplpatgveasésit-mg appamtvansingviatvalve af d nanal previowsly setgprdduciion pagkeraxi al |y 30

| ower ed i themverttien.hor ehol e. This i s usual |y dofbe iaveabthe davenendiof thgriesting string
keepishg aFigups, @Ai2h arp coleypligaal augiasisedtion near istthas qpanegragd ithe; tepmation uld, dge fremon
may be noligvs e 9 a C"F'tme'f valygotoglfembRdt- t Gt i tﬂ'}%fﬁ"ﬁ'r"ﬁ% P"w’é*h °‘c Fi'é %@Q F'He; can

't'mncs

under st 0o °“t8f1"h now ffd into the ‘g‘

e PP s o rens 6L i, o ofTIhee pird p%g iy

bor ehol ERS 5} ERb bl PUTRERAD 1T ok! HELE WTael Wb 'Eo‘ffse
drawi ngs, ,£&n whi ch i y%’rost t| 5o ek @d Mnlrl dt(yl d

in the we i urg 50 elalgi-ohtsv@v o Sm&n' ﬁg evat ' ﬁ’d?l 4 E-E‘l‘j th@ formatlon Itadgg\"éh sample
Al t er nat ejnfoxink foewd bil AGUEBE AW @ Qﬁd | Nt Opl hdto tnor\"ﬁlu& mby Bé bﬂﬁhﬁpﬁ%@a ¢S
Using a Vpdakfcdbf the il dd AUSha B&dh daf oduct bpfpiePafalnBér: Al 8 dnVRMd RBting pro-
The val veaadg itshengthos@he 686l aff thérh@iiddemt | NO SN EtfcOibioR Svalb- iR Fth@rtest string is
el evat i onadt ilolar teenduRE ishapB. The lineS2H-FEEN 50 P € HyRbed REmAtBe fili@ b itedtingl dtingds cir-
free fronmnuicaesSths looatibm 6f the sdctialthraiighGhe val veclbeall out HeqEtker is48easéd)@nd the testing
rest rai ni sigpvpwhistsiaiseendd Figlve2€lri | | i ng fl ui d, staris wihdtawaf t he i nventi on.

f | ow i nt oFigive 6iisancalavationad udrtaesettidptviengf st ri ng. Overgihe eyeds i varicus wiathuds dlresnbeen
-al ong | i ntkapoBiop of ¥ daot shown in FMigwe 2Rxwith ng pr daysleredity opandbsestepten valyelslocptedfad thera -
2E. the section of Figure 6 being shifted 26° clock- 6 formation depthHas q!qsgnpe@\n'ﬂteyemptwg in-
when the ViE? f@stvieyad framdhgyiop #f tedepdrom | s a Fidevstingleatation fepipracationy apg, an-
Figure i RespsiesdfioeBeor dings are taken t PHUSURPISYR chagesofarticularty advantageous
45 programfor lLater analysis to deterni nESPhEVRT yafiese EhoyQ inUs§- Peten Nos.

| ai d-out view of a portion of the tion capability of the formation. If

desired, a sanpl e:indexing sleeve of Figure 2E ishowi ng the ap- of the
formation fluid ms'ty be caught in a suitable pearance of the sleeve as if it
had been cut ‘sanpl e chanber. At the end of the testing pro- along its

| engt h at one S|de and t hen roIIed out gram a C|rcul ation val ve I n the

y o, o, o, o T T T o PN N - o o N 1



i

3 5 EP 0301734 Bl 6 3,856,085 to

Hol den, et al., 4,422,506 and and torque transmtti ng pressure and
‘vol une bal - 4,429,748 to Beck, ang 3, 4,g €4 and 4,448,254t anced slip
joint nmeans 20. -An internediate condult Barrington. These vaI ves operate

responsive to - portion 21 is provided for inparting packer setting:

pr essus,gsenBmNge Holden, t Be ANN423506NGd Pr OVi GAd &ordud | thansmidigprbsstire dnbl &olpra€ saiv

e c had, 4297289 toelieck; Bty 4014268 afad¥48054 thow pasBcgalid pihDmedns L6 Antiarnediaty adndait ap-
5 wgnBandigioh.hFhest rvalngs opautatresponsive to portion 21 is provided for imparting packer setting

1t is pressyretchangss it dtwi anadilseand propti@g &ilinear tweightTlecthen pavkéruechanises &F et e dowat ed
met hodopsfiing flow passagp dweugh dhedtetdr velveeai-estsi ngnd ofithengiring: conventional cir-

openi nepraisd cl osing the tester valve is part' éumam) Ymescdepitablerig plage wear the

whi ch mayhentiisne@siye pearaied methadvaint ageduer pid offthe iesling Srige &t opyeationplecire i t
i s de-°Pepipg P@ﬁ'ﬂ;ﬁh@é@t Yoy valve isrpartieyiady i ng stopipting valye 22 whighimay be oeened By @tatw t he
maxi mutAvEYaee 8@?’&@“"%?"“%%1\“& - 10 Y Eﬁﬁ'pE?Fat'B'bf’th?)fes‘ SPiRg °'d?

a wei gHERe ‘%Q? aﬁ"‘él'ﬁcf

SN eAor & ode? iichasbof opi etgh‘é i
Llnéireh%t e % o @g*"tﬂ)h oo S tza?euﬁ Wi iﬁa't% E%ﬁ% g& %

of ALY t| procéd |d c
pr ovi de Qf ﬁr J’ngrq fgrr 9&1@ gea drilt . ulatlon va of the present ar:EJL Id fa||
COMMUNL &AL tirret 1 b M Fi. s Joh&nCi s Ay bYaA b eﬂ,arptga%% Pbnd of the

conducidafgbridnticuldlinclude & Hbaihg Wik HaHoN ¢ o t hEmBlioR 34 g AMBADH BsateaOhs) vhidd |

st em t Qstbndaf fveh® bdmefged REWEitd B. TreOvenl. SUGB waildh is rabiyPa BB Vals BPAS bninuiul SO
near tévplieed wailthoRf 3 ttfificay NMidsageIEAl WO Ulpfbsbund bpeetfedaydel 0 asGoseliskiosstiad | on
1 f or ¢eeihy eing € skténaing Frbr itegvotiOsite 2 th @cat ed UBS. tRagheRosy 38560851 4422508 di,409,P18; a
subaer gedergar lorsitibe 52 Thd leesingestling 4 25 whi cili44,268p wef ¢a4B2by. Immbdiatble rabaval thee Of
t he ancledesis mwatyr dismsoratione lat ithlowe @dt ypi Cadstey valverie theated dntoal 30 which icopaape
oper at weticht grpvdestemimunisatipmn betweedi e foysaed | N dlesdppgatest of thegpresentinventieli. ng f rom t he
wor k s¥ond apd thg interion of the welhbarp6. Nos. 3, 856, 085A pepsuEresiiding devigp @6 Pigeated be-
subner gedt fhersybmerard well slads dogatehg wallr i ng 4oW e te-’z‘ﬂ valyo z?§4T2968fessé.'f?dfec°fd'"9

4, 448, 184 instaiiatien 7 whigh { c'a‘E?G\Pé’WPﬁé"‘%’P'Udeés a dgYien 2 s P forgbly Gpg 9f 3thich Pt?t’fgesaﬁtf“'f t's

| ower @h(‘l‘ec'taé' "f‘%rA \7%?1"% C?@”?t?flc tt"étﬁ" tooI %W'%P?? 9P‘P‘R¥o b ﬁ QT 3y the
provi d or:bn rk o i b ork . e ;sJ;essv:,Jr @e e%re on huoft oﬁ rt?r
i nvent??) H'adet"c éi‘e gzr§ct"1 f the V\%q F‘y 9
t b
pr ess gt %ptngc; at & ﬁsvt iq 2 I teg, 56 %gsggswwttﬁgggaﬁﬁmta. ﬁtrtfg:ﬁ s

i nstal at ms' i WAk G surst WS foglowmut pr \e?ance whote it BEMAEEhaand Bstidh ShiRy

one of mWQheCMar%QMAdd&& aAd it the Wal b ENANI S ey bBCINR iR NGRS IBBIHOR'S iBis @é’dir@d?éi

Openi Ng sdAAKISA SRUWRY st RUEHcH 1 Gaisandn@r  of tt@%dtﬁ rO B ti@hafinl bdteadd the pressure

I NSt al lowdrbdiA teGvell BEhdistiAginbahg 1WOr K PI €855 UrécofdeC 28 G thé PadRérOaskeiidlya2 . Thd jar

openi ng paspphstoatiniton id providied wWhich akibritly WOTI K nSdchdnis@inis iusail tol Gregartcblows & theesgjey\ay

t hr ougiont laehyanatiic rppmb ersgdrhthe fdetih@ of e mat i Orstritlg ekasSistwihjacing 8 tsatirgyr string dooskeram Ck

12.  Thitwatrgrstatiogk1 tbahe welidtendipstaliatianIToat asupporthes baetoBi ivt the gveme thats the ltsstifg sishd

heabciaing Lhelow 18 bloout rrsgvetiers degligwattee t 0 abebidebddrnd s Addiionaiiy it oray b8 desiy-

provi deressaizing lekthe pglbanneligi 1 Soturrpitidling e c omd u ble 1 @ddt ¢ sjety i pelverd thejar pnsl the

testi n‘tht§F'F‘9 10.. For in- tor 8. The wel IPapiEnBroeipRiEy 24 Jugh H ’r%l"t“bl"“'d

| ower i n he, teg s""i}%é‘r"@d?s an é‘p’teééf“‘éﬁ t hat at'%f°féh§ tpgy g@ to1kg ‘?'??P%‘

mar i ne %ge igp 47 o ﬁ'"?ﬁ 'Bt eh t\°“ Bore 3 fropd 9'99 %ﬂ se h‘feteheé“ t1"‘l%‘?'|ol e
Fé"s 'ﬁ'f‘ E f‘hg str |"'ﬂ 19° 'sghw?ss”"f” ? & Geeaahﬂ ¥ add

it &t

3t stn lsﬁocae a testin

%
a Jar Q‘E g' rc%?\ |£ g&j e Ower % cha @w of_ihe Lrenge Qéoﬁ;lrt %w@ans

condui fo gt %«ﬁ"rﬁ&%ker med R iy rﬁa?}%sg: S Ve 1

W orion I ) ale epe Lt
the t eghérperibd &rmeaohmt n’\gcsgt raae on t hgy 6i&6'se th Hduitkoeoressure recarbrl dhof O
assi st frdnf) tho Aésh 'tr@éh@tottﬁ&fol'rﬁwoﬁ*ér kdrOO$E fshmutrt.@%awm addfibh, QNsedonti Prdsbiffe
el | hpadhaiishs bR lshiatbd @8 fofmaond froMRideOr €holrEeotddr BELENR Mhmédnadly 5o he Ssieng
st ri nginpee vl ab@iue et A poridta@adittpicos 28/RNt Or S vike 28 to @Yuvidé Rirther data lDaskist ibeanEre
St uck. prividbidtat e wivbryand iot thermgting atridg 80 to-  pr edgiine wéling of the wel | annul us 16
sur r oualidw figid tcbramunicdton baivleen the fawdatioa5saf et y | loi fitds. BR-eRedrentalged jsactiossh diow lok
t est sandi gy m@rlor of the tubular formation testing 55 tool 30 is illustratesla T B0 implodea @i aylindfcal
Such astdngfity joi nt woul d The testing strioutgr haysing; densratindasignated kyi theonimeral
al | ow f ofhe heertpeem of ghederpialiny tasting yinge  di scBnhevingedd Yrpel hepsieradprier 347 which
ext end!hiyrtier Sk desdnigprriate cenchibprrien 1Pr om t Hecler: Riaads 38 defiAtigehing el I0hie 18R ent
that the to the well head installation 7. A hydraulically op- jarring
mechani smwas unable to free a stuck far- erated conduit string test tree
18 is located at the 45 mation testing string. end of the upper conduit
string 17 and is llanded in The |l ocation of the pressure recordi ng device
the wel | head |nstallat|on 7 to thus support the may be varled fas

e Y M 4= M

=]



The lrower portion of the formation testing string 32, having an upper
housi ng adapter 34 which 10 further |ncludes |nterned|ate condui t portlon
19 includes threads 36 for attachtpg It.ng to the 4

EP 0 301 734 B1- : portion of testing string 10 | ocat ed
above the tool. " In Fig. 2B, an upper check valve is indicated At the

| ower  jaelio b ek 4vIg 18 ocktSd BVONE tool, genan gl ¢B,adn per dnaen watleds inbiestei N
is a.resi i @atioval en@ d1nossimg3Rdaptiever 38 (i Qerferally at2H) Insiiitied theteinCib b cesBierd malve
porbo MoBénghaMpterg3safin EigLralF) atic ingludsliach has pertisra@h haviey e amrailat jjp wivichelzd @dradi-

- por t i onextéthaliyo threadeth partiano#0 @f conneetlohyof i Nner athuinhercan®® 98 dhat iiss sealiedhi mpdaged
engagedodi 30lto 8Portian of tesbsitingotd lodatet! dslow st 151 N@yAlNBt the caslaliy] oler| syripce of Balve readieh st
t he radhatobly outer surface of val ve mandr el54 bt tpgifcumference. Resilient valve portion

- 54 about Heusing{32durihpreinelydeg an merer housing val v &8 p%)rcefr'eﬂw byisu¥avggpogion ragprieh 490 A
i ncl udescten 4Appetainiig urechpgism houging; sectionr 1 i ed SPARC o109 4F Jmerh petvern the radially inp 0
- A sect | Ynintepmecipte Beusingispdion A REh AJPHous| ng ?:?f '6§‘f'°“t "§' %16‘15“ (95 a'l"%‘"?fﬁd

~ bet vvee;f?t‘?\'@ ?&Wép °"ﬁ‘?’i‘8‘rf‘l’f4'1P °°F‘H?'@§@adi u e‘&ﬁj A 0?1 % r?l };?3‘%
f u ol | 0 I s | | ne
IRTATTD T e

maki ng | a JOVELR otfior va ot pa o va i caﬁglr es
i ndi Cat&;ﬁ l ﬁ%‘ i&ztﬁe T§ gjg th Q'Jwﬁm h&ve\’%ﬁrcti B Spper

housi n y etwe%\et mnbsra 8" 2 HovelRC bhdaiasr a6y
upgs"c%;‘?zfo wﬁr“%‘@a%?’“e? s*@étfﬁ“‘*“’@ i ol e " Souti i 00

the circUiRyichéy &ﬂmasﬁﬂm@%@ﬁdms ane anQtdaa abba ishéieanriednce arkicis ensereOf

t he val yeuistBRndinl ‘A g¥ibran® Wk vaRe madtiidl i €1  CaiaRAtfiomNGdaRMmodhemTolative tid1de valve

dr awi Ngs4nk tibseBaetbived Within ddper HoBsiigeetion ed2detmvsaara. t he | ower end of upper such
t hr eade anans eadinghnerigeged Gheenith oid Muiiigh O A splinddvreangiteb 808dn Bigs. 20020 2E and
bevel edseés b&) @D,d2r Aril@per valvg sleavs 64 lirossely 2F has an upper end threadably secured via

f or med reeeiveth evithia dipedr| housingt secticnut ansleis of v altiveadsd 1P to|thedlpwestond ofdewes vealYel sJeerr

52 in PFhygeadably Bngagdd iaj broads 6ff tof theAapegsout | 78 Eher iediply cquien swfags gf srlinedipandreb.
ci rcul a@Mdon velug yendral 8efie Oxino\68; s9BiiRplMr ool 188 AReiPR @piallydqnersurfacs of HRRSY bayping
m)vemen?"gi‘Q?F é”tei fpdially Puen, guripsy QRURPET Yalve o | ose(S§RtPR AR |d9f t ’?tﬁfwﬁe'h ?peh Eég
sect i on%®®v®§ ﬁ’ifnfff"@'fy inpes sypfape; of upper) j g f %Pﬁ hﬁﬁejgolv '°'(') “?'t

A spli n%péﬁ ’PP&‘ | gw 'ﬁ’a' ° sin %‘b 2E &A1 g d.l heL

y e Re r now 2 md|cate 5] Ily at
val ve s 9‘5{3 valve mand% §E\£ r|n palr se er11? E Eﬁﬂgo OJ%
recei vel Tl iy oy rad B fbia9od g
end of I&W@'%o\é X r§ ﬁl?Yrﬁ]e tﬂpy ngagecd,dye %.reu?n T8 The pei
70. Thepduafl adctioh 21104k Wahd réc‘ﬁ wdePlal Ned rmasLl 160018, ‘Qf) eHcﬁ'M&ﬁ:dé‘E@#Uuﬁlkereﬁ
AN "O- 1 i BgerOhedie Aive Nidivated? ner&@ﬁatam iW-he 1 adiaflidpgr 4 RhoufdeF fie er28f 128p ppoc-
housi NgciRiag ¥ & REresiRAl alvb Yor@sH &, sscir f aC e 1dly, B el cikamisfontial 3@t icaf shdlider
defi ne édnprgkehivasdiadlip HPQra AdRIY auters| eeve26436,034, kapsctdiyal |y i nner
sur f acesuhceUgpRtiich beafspafaiRstlfie radhailyC ndrs | N ConAean cshbuldan 134 isHfortiee abatl theruy-
sect i onsufface @k vabe@randrall 542 Vaive partion78) isi N Fi grumfeesntecbfi mandef 1081 @djaceat| 2 vacassed
povies pioserted dvér aRiQarrieg by hvaleediuitioy cariyaged \Foeion i¥6cthatent. 7% Q-tngt 19 seal is received
Ref erri 8y Meeel t85 doplg bepyoen jthediadialiveeliefenet alit $heappdr Gartien effefaiping (nachaaismRpsT el
54. O rpugcerriithe vaige pertignecarrigpand theradially randr a9 798¥08j44ioR d*erfé%m'g inngretufenetherert
radi al | 9"%&?’8‘!99 §h‘faf"8é'é‘"‘€fP' q“oﬁ%‘f“*r\ﬁél% ‘TF@' ?Qé'tﬂ?‘éﬂaf‘ e'd er su face of
mandr el £ the r te f hespagﬂl al | y | ﬂ " E e a-
C:qrfugf %‘? ngq glh F@% é’é‘ al’vi 4?1 ms ho ?:bmn e s Yin re%ameé in- 54
! hC E e ralg ores one az‘ rv Iclu e g‘ %er eveéHTJo |o 40%« jnL?
check v sefohftﬁé‘ ﬂgns%u@ o o ?h§ e 7
124, 12 rcu eC theraorU aﬁ&r ctoﬁ S o\ltalél Qad?aw ttﬂn@rns ce Spﬁ smg
tively, g saa Ihlraﬁwrﬁf %rr&mlﬁ@ or{so segam S Oéé ﬁr44 GAAURWhrS rddfhg @RhufdP SHolugdr 1h2 p
havi Ng  gholiidflb iréunfddHcs lthereoft 2R ofl #ilch 32 .50 I' BBINE Cdghiddt| &/ corfddpdndifE dBwnwaki abing
bears agruimb doRol &Obeihit Huid '&&ﬁrﬁumcatlon A cannfdid bhélifer bafled & the FaaRlly AR $hr-
t he Ci r pet@dsh ft@Citedr akd bat@ionaiNpp& | holethg Val v aadast hb@ing 86ctivs 44 thedbyTbreventiicupo
mandr el sekfdh 420j acent a recessed inserted owakd eoebn@al ¢fi spingdigtaierl ed8\relative to
porti on camke @briiom cdrtidr 84 i 3écetvire beteban An O-hobisirg d<sfons el A idewnvwecie faviegl aBabilar A
seal 8b5thsapbg @t vickwert Yalye rdedveal70 yandat ess  Adoulden 144riefoumeden theaadiallp imneyfsurface
r et ai ni beyelat shevides B2 laarl) is- thesureigained domt he v adf seringoetainernt3g.aln rthes configuritiorh ef the
r adi al | gxial maypmealoelptiyp tongivey mandied S¢.adi al | y i ripdsheyrip Fige 2. (pfingoptaingntsp defines
surface of valve mandrel 54. Carrier 84 sup" UpP® aBH¥ sRarg; 148 (etwasithe|radialy
ports valve portion 80 to create an annul ar space A spring retainer
138 or annul ar ring Is re- 86 between the radially outer surface of the
val ve ceived betyeen mandrel 108 and retaining mecha- portion and the
radially inner surface of valve man- 45 nism housi ng section 44. The
sprlng reta| ner |h drel 54. A plurality of bores, one of V\/mch |s bore

- rr



tthe upper end of lower valve sleeve 70 and a '55 shoul der 144 is formed
on the radially inner surface beveled shoul der 92 and is thus restrained
from . of spring retainer 138. t i guration of e axi al: novenent
relative to val ve: ma%drel 54. Eﬁo:{b‘? Rgﬁown in Fig. 2E§] spring retainer
138 defines an upper annul ar space 146 between the radially 5 9

"EP O 3Rhbr éGrhed3dbi the spring retainer and mandrelO | Nn@&én 4ur f ace of the spring retainer
and, neredr &llower arinulainsphde 14808 defiketl @ana annul arThe paeeerbB spring dsd is aBted againal |
The mﬁomruﬂ ol tosipandnig fdr8d ibstwadmUthd ed agan npwardfasing shovider a0 (viegatilo ol Figered | S
f or me dradidly \weersutféve of spring @tainepi@8racd haci ng hpielnakelr onlBe redialhe inady| serfaca oFintam e

r adi al redially rooter swiacd efceesmuifig $55% surl) beisg ai mer mbigte chedsingh eectichDYS. fSprimge d500is thime

r adi al 41sp refamesk to heneinzas en ghnulan sering mepdi al | y restiziead ageinst ipegitudifial mowmentrrefative o,
such 0¥ ng 5 nediate housing section 4@indiggl eutey hossing; 32, whigh isggledippd by
referr edp?’E'P"ﬁé’f &Pring 80 are ﬂ?ﬁwiﬂ%‘? inshe i ng m?ﬂﬁls'"g sP‘é'E'ESr'éﬁ ﬁé-d"ﬁa'géh%ﬁﬁws of Figs.

| ong |t‘£ﬁ!’|sr?éf'9ﬁt?\/%ﬁ’€ "’Pge153' ta'b’é

cyl i nquq 1‘9 F '8? F i s’%e fi °"B9 aipnion B‘HVs‘ F '9
are al% °no ?fe 's s t| ons | theéﬂ?p "?
Vi ews L? Eec ] ut ogg) encg showﬂ %has asAi % unda he ag
G ﬁ%@ A T
n k Y 1
def ' r‘eecaxc thHEQ wﬁat r?‘?@érre@rwu ar % 1D8wer J'réﬁdrelqt:ﬁwhlgi e Wréag
ar oundwemeasca emﬁnﬁmam -has a%eduFea ;emeaawép%@@agarnmaﬁd@d w I y

t her eahent mRHesCdn dpper éahngﬁﬁuaerl :mslu S an aewsHde19s. i nner surface of | ower
housi n@ms&oilieMed Hon sEhRed aGBRAd adower i dge, | iDisosAgaEnsd Soweb8nd di6ahnuldrBspacn

r adialdap Ehonider, lieu pdar yanofshamrcacal 94 | o dadd sed atnplaf ficatyey mistdh5D0. Pidieh, 200 56,

I es peciepmait \158. TEdck rof tt@geibrigete fingds, ltke out eealisgly araicgidiodly nespichdebetvis@® trarrddit he
out er fmgah 194, 154456 ergrfembd byl edttingeslaidat | s alhyebderr swdadeoof lowes umahdrele196fand theower
mandr elke 306 1§hi 7R in 8 piebe efatleshWPingid72i n as radialy) iesar afdce jof lpwerrhoutingr sectivn| 44y .
Each sHg-fingesemay ths pobiesed inveudyr andiptt- of s plLpwas @nnvighepees 19¢0filadnith dilde pravidss an
upper Y LRSivR Rofhe 'P’F%!‘"’Ii‘t)ﬁ’é*‘r of tubing | 525 huREEEon ig gnovipg, R 9 Redereingy more

seg mean 15’89“51%5“5 PoRpre no app"ed to st os e ity idesqred, Gmneéﬁ’ﬂthﬂfs"é‘f?nlﬁarhe

space g pgiﬁsum?e] ‘93 pp% Iodl su 96(3 ﬂB ing p| m fgudemmmu-

SR q?f.,es ol b

el onga s% wewa t bot em oxn anga Sl4h tcgn V&Qve ? i EZ'

radi - 1”5 fé are” fornmed by g § o vl ere ehecom-

surface a pJe\‘RéM% r@flna&d%héé‘ﬂoi&d%@ i ke iXed th l ohtBindd i biftafer %ce

steel U pE\gretle7 d pJ 796! navihd B Smafir " f 2Ce 184 adoQWVRE bR hikteh. HEEY.| 2B NarfkiRdex-T NE

fi Ngergusiis Yidmdie Haf thk pofch ditMemehdiel aNd OUHg- sissve LONGY cﬁwwleaéuve%pﬁﬁﬁs&ﬂéh i's

fill edappbaify Qirdctly GoRsbensaifle THESHION dp2 abs Venahdell10@ addQs @ktdidl Rarh ad infovédent

t ubi NgpearingSdiredtiy iohexBt leBd3sddOpdMidY i 186 iPar t S, tHemaldfy BErL doiwaRr fathy @holiéar 208hen

bi asi ngudbotherein aapad oh oposifyp longitdditad sibthe fiatinbd/ ord @madrél 168l and thia tupban Skfase bhi N

space WBA180 Thdigsi & grer @) which@ragseichgimas s ume sowehavarpios 196. Gor & baanview of tho wewe-

si dedbrefittabgiedvery! 181 198,0120.2p0osing fugs 174, ui d C durerassotidie Wihalnderins slegke 204 rattention

opposi 1§ onuagengl 129, arq Te@eiugdewithiny dlets i1éfh wia h i diectedtodioi r of tool 30 via a

port 2189 vegrepivalyablot HY inelydes acmepromdt he spri °“t?_’u}j"®‘/‘€?' isyrface 3P8nep) indexinggh

the wal® o ap SR epthalsGapgsheuldar 184 Sigtso v élﬂ)&‘ﬁl 204i °‘E‘“’\‘M°E'%s'%oi“ﬁh Pﬂ%

bei ng ?@ Miier incly 333 alr ¢f,bPpging j 9 ‘bl ston geﬁ?eéﬂ)éd'fdéca Flﬁ”%‘?r Sl Ei‘o

Fi gs. i ?% lower en 1|82 of the slot an groo rIy A peatmgtzugcgﬁ;I ” ? gsjjlsﬁve[ h e

W.E| l égéﬁ} fpv‘yg\(t gle w descr Il'éBCI ac)icatuon 9 V§Idreﬁfsq‘g; relai{ %cylfndnca
Gy i gmp brbovs g&b NIE! ar SRAGs, Al JpPer T ecesse 156

haVI nganﬂ , and be § 15 h’-ﬁdf ! Oat | NOg1i}1 2% R.thr Iuﬁlug sSirst gﬁj se@tgld Vi

out si dgg e"f‘”i%ﬁ eFesﬁel?tﬁrQly &4 b&ﬁg’ LisBR Rf the Lmpy E ons 214396 FatEH Slot |oh§214

cl osel gig.lgeCEI ved over splined appearing, disi@mb désgpgﬁpgpgﬂwehhg ,lggeuﬂagngd on

ap- 35" LugdBIPalr £76 ohQBrir b0l e FeRSildaah Ned f regThidNbwdr 16§26 IFEdkt 2L Tohrdéting slot

di r ectsigts 78N @G fasgeLIROF SASH ROt AN sI3ES6 | N- portibrid@Re 2bHEBNERY repestiy Wighedy Pokid | NY

shoul des, B0Grecd pHites ogpogiigeaxial iagsDB)196T 0pp@s2 m@h Iverigl tsiod pdtedns St B6. Zigkaged

on manidimel od 08 ratietly tnhe sufpedf istarrediste of 1 pBrtionlBIQ irciutesk 8 leg@2& heahing hn ugpleC h

t r averiwesing section¥b. | ower mandrel 196. Fexr aursed 228 andi claweyfsutfdee 28Q. rEach of the

f er ent i alAn gmyiay seacd 188 is ideined TpveerOIposi ng othay legsl indzig-zaguporion £ inclades ikt h

i ndexi Rgjally jodtgr,wriaEof sping a5 angheradialyn s pr iupRpr BDlowar surfacese Hiseuipe\gaghif Mortidabt s

178, o syrigce;pfyredalpiag) meepapisry housing $&1), 1 es §lek Perijene 214,718t inclugies uprer oKk dowar

| ower end An outer cylindrical surface 208 on indexing 182 and an

upper end at cam shoul der 134. Sl ot 6 sSleeve 204 includes a continuous

slot, such being 180 further includes a pair of; opposing sides 184,

general ly indicated at 210. Slot 210 includes a 186 between | ower end 182

of the sl ot and groove repeatlng Z|g -zag portlon 212 mhlch rotates sl eeve

A NN o AN A o NN A

12




%178, *180 are a pair of opposing axial lugs 1937 195 212 with vertical slot

portions 214, 216. Zig-zag formed on the radially inner surface of

i nternedi ate port ion, 212 incl udesanfdogégu B§9 226 having gn upper housing

section 46. surface 228 and a | ower surface

230. Each of. the An annul ar space 188 is defined between the ot her | egs

in zig- sz.a@espmretupﬁﬁ stdtate 1202 bntiower Sudfdc ar r adi ah laysembkng rtod B0 laed Mdhsipadaptey

150 -anckst ve sivtaghrtdh |2y4. Alpglez3tasn tiadedwits sur f 38 essthreddakig whgagedeia ddweo housiay tectanl

Cinney sditbertan 24 andobae parthylanigeiotoahei lovr ousi K visetbe threddetsherar Ini Kigy S2F2 ThereaR4rG

~incl udemrtiop e the lvtl a$ ieeed @ both Fgs. § and mandr@ P80 %it7 BdéXing slesve 204 recsived

- 12 surf2kees |ike .upper surface 232 and bowiereskauf, ax iswered intq jpwershnupitg pegtion

t ool 30, Indg2Enkall 2Bhis aevaied on theladigy s| ot 4pdiex, erpedipte lzoupipg pecliangds ig fitted

~ bi ased iner gurfaggofi an annwles shewidey 23 widhdel t o | GYRErmandigk 198y wilhe eproging M98 119%01%4 on

214 andomnsd en g readigly ingen "?CHPB'W?YéW!‘SO\Ner heing P'ymiwﬂ't wﬂé%ﬁsg'e% Hoqnﬁf’sr"ﬁ SPF

2F. The’?%éﬁ“'?é‘r 5?'tﬁ B'Fi'e tat'eﬁ'ed°§‘f"8‘6°“af’§ VI ewd & 18- gl 1? Yol %ﬁ 8. ?Fﬂ
I ntil the lower threa s t

ereo ngage

is lowere
eaﬂwl:f" g §% ﬁfé; w,ﬁz: i no TR T 'J:f“@; v
af

| FID,I[J,?tGSGSIe QIO elnb refer ';gﬁ{g‘; l?% sﬁ\gg uI re re
with o 9%&% aagsn se .&r o tehe skl aw Qﬁﬁ'dedstHJ asreene e{fﬁe@er
hous- raﬂ\fé}laﬂcg.mulw Smd%n JiRGRbYSd 1N QBPRSKHRE oSdr QheS upddl emESH h&Har

~For a %rr%f Biosdd| Rk SRSE44l ibich QR Widwabid 78, 18Rl islshdel Qsal Vi idstallélpd3meHdsEhowk0 8.
- Sectionn#@. dall 236, its associated struct i Bigs. 20chnki Ise LUGRNMET176 B reteived in
| ower ed URdriular sho@idbro2aBr intilides adlpait bfespeof  englagel7en18ohirespechimlyl R2A36 bendeer wat S
Wi by | nebeed sigrs UEease vl Alot i belpexially hr ad hef thecssgmerttso uis ittegsisiag: thike wegh@nt
see U. Siligriedt witht sidti242 Zn@ 5o 885 being Bdatik whi cH58 abut againihvameshtldar, 134 @ptmandreld 6
i S rot adlignbd willuelbt 246t at i on al so scri ption i 408 futher plowawaed maeamsptnofidhe spring is
r ef er encelndexing slepyst28¢ inalydaserrralr of oPpOBI si nce Prav@Med193, 195 are re- An annul ar
shoul delpaddugs 358, 353 Jveltibeie Yigwablp injFig- 4.cei ved i¥Priag E?Eaﬁ‘e'l'?@ is ygrg. as\gylep] to splay
sect i onf8 heeview of Fig- 4. gpRoging h'ﬁ% P90 693 YR e &f |tw'"%&u%erwd§%9%ﬂdmsn aBBLto

i s gaiued t"“H'P'%éBﬁbq tivelyykead o \er é’f‘i‘ﬂ‘t"B‘f ea§ Pf hys s?ﬂ"?”ﬂ'ﬁh’f BFERNe

panul oL i e Saom B e

g}ar‘gggl Sltl ned c?b r 3| 9({% as 2;'?]' an&rflrb()%; a e osftaion tth ‘shown
h ds, b 40

quaﬁﬁ s@t!ﬂgn ? hét[?ﬁ;r e%e' \é% | rBRai nl'ﬂl} %nrd?t Z{Qcﬁ; eV b owa(:g

8, 180, {LpP&Gibs ¥ahe/ sprihg firfgera. né?e%er
that posedoa‘éllllﬁbtﬁiﬁr?cﬁxdegéﬁj JButﬁl'eﬁ%tsuzdfG be'ﬂ?@ls%@e@ a)hst lip V¥eRBn bt spring
SegnMent gcelsb4 lah@ a SdWel Blitmdnt KPa&EBEEMut-al | gNReLsing lekch ﬁg’&i’s fleGingors! 52,
bei ng amérilsbisaces 25kp 356 admpPrisaa gl uppér am sdhoub4ass, 1cke B Iﬁbeﬁ&ﬁldérﬂlb whbr Geesdialy t h
S|l ot 24idwer surfaces, respectively, of the load lug which 108 irfneir §ukfades dDiva waget! porbancstmadh spfing he
Spri ng extendsn cgwardly femeswrfecs?208. oiniollaxtigs a pdinger oldes prito Seebledppatiopnt4ddof $pdayd

| ugs 25@gev@8R, such being viewable in Fig. refiner 138. Spiingrrefainest1a® isgpcolved within
usegsas alntRig 2Etapnugsiskouldp24p ingludésampent Fi g.thequppesedion afgthe 9 250fficient amaunk
25 theand p'P\ffq'igabPﬁmvnglgfa?ead#S&i P8P, demPoar digy |tmsnbﬁs'd'eerfm9‘zss P'éwaé Y eyt gﬁc'hgfs‘!;?t S

244, 24%elyy espect | veI m |mal nt F(;1e|rn eacH‘p'dS‘P Wéeo ' f 1 4 an fq'ﬁ za
'[gdlaﬁlalb Ngﬁ 7:2 i °f“h ”"§ Hde? ashed ‘?‘:ﬁ’ 'S? 'T '° "% g18. 1 Eﬁ! rﬁ};\a s
i ndi cat oﬁ' el abT ! | tig al n@""gltgf?ppmcp Spquidsr
over Iug;4 agu“g(? %

ens@r & ad 0.1" @éen;%gc}%wﬁb% Ennga

rever sey | on ovvn sl'eeve 204, Wb ,Qd HO) 8k4'%s N prf
away i n th@dutuonﬁ@butu‘ngnt sht‘ﬂﬁes a§e itFgs.| N Ot l&loredOl AR indBM¥® lposhbh. With HdaLphify
sect i Nz ARbdd AASKE RS D8 oA MR IR UST N lowdRA1 5 Ghe! (kilon @ TFigl 3B, &pfingliekdifet €d
downwar ghayor ighéRiAleSsheld R0 arfiBsurface 270 on 50 138 is withdrawn from the spring thereby enatli
upper ta@uppdr érdeofSptainihg héoh@Rns holsPgi NQ I alieaingers tdRAth oy udbiabed BEdOEBUAN
upper adsdtioneslt ASUfilt be exdldibdi Irdifafi@dthagai NStcaidsing eddPd theps@hinbrad) likef sepinents 188] Ng
f ace 25varieusGbambrd serfacesiintérac with enwrahetbe 256. 18HUB2 on the sBitg torbg recaivdt withintgrmeve
spri ng ®ilimijeths axibli heyemhem @pé valvel Bigndrekidit  sur f1aCassh@edin FRSZD.conpri se t he upper
and 38d temeby plade thetvgivin Hilesse gongiiiomar e y whEwreaitas spandi rethingy 18®iagemoved from
surface®,a rcefﬁiﬁ'e&tf?fv@w’a“%fﬁt fuids| eqir pug \/\hl"(fﬂ"ldfell HiSe fturned r qvarc &y lqwerﬁchevw
porti onc"tﬂF't"@é?,'He"gﬁP Firfylatiantob e out war di'y f rigdreluntinit @spimes g1 Rositienin fig- 2
finger rides onto beveled portion 140 of splerniptalingeechapism housing section 44 is
retainer 138. Spring retainer 138 is received within In Fig. 2E, annul ar
shoul-der 240 incl udes upper the upper portion of the spring a sufficient
anount and |ower abutnent surfaces 258, 260, respec- 40 to splay the
fingers outwardly to permt each of the tively!

spri ng segrrents Ilke segrrents 158 160 162 to AI so |n Fi g. 2E shoul der

P T B 4 a1



*the ‘upper end of! retaining mechani sm housing: the fingers to return to
an unbi ased condjtion thus section 44. As will be expl ai ned hereinafter,
the eausing each @af the segmengsg sbi f4a Begments 158, vgrious abut nent
surfaces interact with one another 160, 162 on the spring to be'received
within groove to linmt the axial novement of valve mandrel 54 120 as
s howowerad Favey. th@ Bnandnet] addhisrtodegdaply e t he stdihedemandren 108! i9 se gosttiomdi As @il later55
Ther gadedevith thprisnegt thetiawenend HB8eof 4o r enpv kel désciibw. the apring redgrientnméyobe simi-
ci no\sbalion #esghownigFids2D-or in a  mandr el labOcsivadr inedchoofethe gredvdsdomned dnover
t he con?Arpg eipinen # 38 reqyeiptgte relative ¢ keth on  of mandial J88. and against rpam dsheyidey rid# lon; t

assurgusing sectiph s anddhe ﬁpf'f'gljifsgers E’DP"Next 5 r @pieh 1Py areeamdal W& ‘?f@b’s?’\'fﬁ V!i.'é'ﬂt i on
44 i 459 as the hgusing: section is threadably p@g 4Bg_ylmdncal housing 32. wer ed

with hoysing Fegljon ﬁd"‘19§ 1??1 @393 o awecr ‘%?8“1" V° 't
over g e T iy R %@ waah o e o

be d aln"\g ?Qgc;gﬁen?rgﬁﬁn Eg g’ yTObetigﬂt or%g 0%3;“§e m e pl rm FI g
2D. v eadatiy on coct vﬁééel Bt todl 130 1915 n%n Bl h"’a\

Spr i NGs 1104 30 Uele féoﬂae"éxcerveé Ao ﬁgb ﬁf? YTy

cam gyl ecrt.v.;ﬁ%n Ao oILoh Beds SRS rmp og BELE i v?ell%gre%'bgg 5

mandr&hod Sspnﬁé 1580 ERlon1445s réaahdY S h' Br§ssW|zB@ inrbrc?ég OPérate MfreldMUSIINS the
sect ieRghgbBwith bR 38 IRbLafINIRSRFg refaitel NG ?‘ﬁa‘sﬁ}@a angerdbrit.n housi ng section
46. l1ggSs lBsion 4A5is Qfredddt &nto section M t h the tvma balt 8¢ inGthd RWerdSortidR B leb [206] :
abov revérits Biadihdiof tHeO g3 Jagaid&tt hobsing} 6 ar ewkedCiRidvie uined@iwm the biPe SHRE Ggthed

i Nt O sédien Pi pe wolit itegha kabel iDwaletvard1t 0 dr ehichl®8 tacids tstispended,cpussigowan ety &

r ot atfacinn sheulder werb lf@meskbh séniored4fat> vhown | predsintped fhus Wiing spilihédsmandrebitigelown-

r eat-«“ausmmmgpwantbm\vmestmf broing i1FQ In othet | 2 vardly.| HardreD 108 jsewrgedf davindardipreupddye
punpewdrds.nif gpring dotaings 138 tshouirtybiosh againsb adabl §Hck Rigayezation dun te the @ftion 0%, annular

Li keWpusivg seglign 44 carringo estaingp may stillys pendeigfort H?'C’blﬁrﬁb‘@%‘ég\/ tormedr kycthe mandrgi4
176 é?ﬁa‘% pehhiglatigdo Meespringdivosie & qnihes| ot s 10B@nd theslgevsr 70; Hye P‘i“t'fbd'élﬂﬁf?js ARt o
the f° "dofe roipiags S"?Lme bTéc“ga'P%é ctjvef "°doti¥ theaﬂaP%Pa"f@s" Fig ° élyéhtu n
annuliEy: ?‘Wé%ﬁ"‘f“B’b 58" St F90 REN 1 Bor e

d es yre
t| t s rng r % F g
sectl enThefﬁn re amﬁbgws sfrvespr esguoé?zed I ng Ofpaﬁ r 76 and %e-%réq §7n° urgef lne(]!'ran CIO| S

in ths'se at i on

er
st r| cg% ect i on t%% bs Jepr;e {Q, IS 46
%@lo me2§§m e emﬁ PWGlang e&&.&m Ofeol i rlnanirawe'ekg.efﬁe g?.é’m&;f% éﬁg
t nge@d&gal e et 'S RSTRREhORAN s HolGor PI6R Swridn! b G WEON

sect i ona pérs@Shaviny | oekinagy tsme.ncmeemv;fm a doVEsNaE Un grooveVRiE i B Esain@Otshioh that
S US p egadigdyndgraamiag@ iRy rerfdining coragonét@s Shoul skgmemase isf Mowierl geddves €20l brosbgféntt O
re- of feass bkl asesthblel US peicegihe Gpobilthered Marssr ot lsprib@ 850 awa sinilérrigshion gohar the
NoV e manlitio$hogpmiFigg. 262F. | n ot her 20 35 wastbdr yuppdvirad rsbbuldbEBon gachibtjtbd spring
downwarldloperatieaerionor sispendiig ®pirdomy & et ai neagméB8 Bdve ulcam bishmiderg af2d s tabutting c h
pr esiveisking iroa wilidoreomariges! 469 iscaxiatf an atheredgainsth¥len My pressuieoin Phdsagevay
sprl iproseted melativerdy hopsing| 32 Eﬂ Stdgn tanhi ch $0 whichelgt dpp¥edytof e ripeerbsider piethe
Fe M@%ﬁeﬂwﬂeer 9“‘#% !eat2 /e 9!‘@”'1 he SpMHY Ristenyis raseatey hap ey pressure (g thand

ag erf bﬂﬂ eo E:eg%gggst %\ﬁ%ﬁ%@ tF‘%f%P‘n%{ga%eh?ful d

b| nd Zg % ef:g ] r| ng c oS j
pr finger rs 15
fl ng me t rt|i'f§1ce 40%0 td?llu %ﬁ 8t at e f 1l¥ Pg‘ ring %ﬁtw dlyfi‘???fesponseI 9.
mé tt d ve to tngc iEu sho lder 124 0

50 ag rolse i 2% O DeF R T e i hus
ser V%ﬁnm%ﬁ sh%ulhé} then swraegs £33 350 4 Qarn{ E\%ul é’ff & cH‘Fn Q;ﬁo@o@ '1 {h@'?.dr el
assi sb abue® HALHIY ik REt dolie draﬁﬁlﬁt Birfags MeChaRhnt BB@ment A8 tHP WosMRS( o required_
t her @ad biekhe WL Pokiohs biatby 855 bt YAtheSs t O Pr S¥iNo difdRontial is dpprokitRtel) €308 @8INR.11 N
Fi 9. pddiion juseddjatencthed@nar d age to the spPiNYhéd 0G€ Eifouldbrer2a Habs idvawaagt i on
44  30whdnOdplrad Orandi@n o8elk pdébneRWEES 6 aMigaingtWaeshoulddd 1640 iticen Bl 6k that the
abut palj2a st leg a2P6 S&s0 Uéstited ldbdve, whiveCh | S spaiig bavs ofitwarilySiato atvaiar Sighc@ N8B andr y
ski | ImandveltSitds pasitionaf lover cipmilatanchorti90 ¢ oove thd Sadlally i sertene off aasthofahe segmbnts,
r eadiFlgy 2@ ipekweant @ricpsHidn6Q. HHbus, daidiconng confkervegroents 158 tfiGe MA2 it 5@ eived stihglam | n
gr oovnigglion betweerepaveasewayf SG sl the k- ar e atirlie Mirhlydageiost phe cadliafhh euterositadereft he
158 éﬁ"%‘fir‘@h@j’ i prypventaq. Alsasthprpybstantiliis hisen @andre! HI8 abewe grasvRd118i on shown i n
Fi gs.a !& gghar formed by the segmentyg likegteger upper Vﬁﬁ%t@hﬁﬁsmﬁ@? greofp EeaRivpdogodintie
spri %ﬂg? 6PN, heradigly igner §‘i§§ ndi ng mf"lﬁ'fﬁ' » ghp gmandeeh i ntreely (siidplle cam
shoul® 8?"“221? BERMPRY 98 HEMY in a KRE’PTQa‘B%}reé‘d EyFee forygd revel el | y
t her eagai nst. Wien the pressure in passageway reciprocated relative to
housing 32 in order to 50, which is8applied to the upper side of the
pl ace ball 236 i;n the | ower end of | eg 226 as shown annular piston is
greater than the pressure in the in dashed lines in Fig. 5. In this
position ball 236 is 40 annulus mhlch S applled to the Iomer surface of

o o P NN,



* posi‘tion just adjacent thereto. MPa). Wien cam shoul der
124 rides downwardly Wen splined nmandrel 108'is positioned with so

agai nst cam shoul der 464, it can ppo®RsT34p3t the ball 236 in leg 226 as
descri bed above,; val ve spring bows outwardly into annular space 188 and
mandrel 54.is p05|tioned over circulation port 90 in the radially inner
sur f acisll @86 ie secbivediiin thia @psee gortiortcd feg P2G). 2C lesdowdscim 6B instacSeniBdim6il. of THalisven-
flui d asosewn ini dagheddigeseintfig. B58djac@GGpr- 162 i dion, 80epsi 0 'MREMSPENg-150nhowscautwasily
betwie dincenP8sWhenba)l 280 isaspdretdingd.esegment t i ahd pardral 408 moveg apwesdly tiiibball23b ad | v
out er $8r pneel 8% eadhr 9fghe gther eagimed®) iFs pr evasaivesn thallayer pdrion oithe leg Adipcantilsy 55
mandr gpceiveg iy prgoMe ’tch?d@é‘elfmefs gherinar ol 1289 Fudenuear, pistae mapdsprapavament isce
seg- 1503'9\)‘5%?5‘9?'%”% 5 are so recel véHp e of ﬂ?ﬂg‘emlwacelﬁ@ on

t he radi SI'T f;l]ﬁ ot%%‘emw Ter> 108, annular s E!‘Peét s‘l”écef @8%’!‘3}"%;1"]"&3‘%? gf of
Zg%c\gn i % %ﬂ i Pﬁ q %Ir a%utrr]?ein when the segE %ﬂﬁ Ella‘gam rejelugades
l it b 11 d H
16 bal&v £rfa s ggéf P i 95; uch &é port | 'ﬁgre ﬁ%‘[e gal::tl o ove;Ee u':t?gft:ﬁ 'fehe
- inst §5 th po @ il rK/P @s§ ng ceeds
adj aC@tt?.Ls adfdcent uphérYirfa sp§tch a ) OWS OU wa
228 SBntd B 236 §6m ! 'aﬁutt%@ ab&ﬁ‘s@éu\(&i 228€0 ”Ent When%ﬁl 280 RAb&lved %.mgsatg por-

Upwar ith albfoiitanDdduntaBRrdeS 158, as wel |5 agoaed) afifoub traftirdl €108 SGHTHOS Salvd S
recei ved jishla R dowidrd PRONVEhédl oDinatdd® | €0 AENBEEHA) aleC@oibiB6HRiaVIRtindeR 18 QP¥E
116 anmbs ish@opbedByCipadd bf tB@ Ebulgent sulfaces 226.  ahd fokae fportignsak SlotP 3, leRELIIB b0 is
MoV e mes3tdescsibedbdbod Segment| 16BGRd odth athel Out Walweysybetween O-rings 58, 60 thustseiliag dhedy
t he acdtieo segpieniabiatreneived Bugrdae 1@ IVheht | S tport han aypcapamuakcatiing tetvteea thammiasiod
mbywe- the toohigasasonfiguivadk ifethe peassufenmeth® 60200n abchextaniorcbe theitade of nent of mandr el
108 i sangylyspgiedd \iieeagsd, outhe myegsure in pas-annul ar s kaubelspemihgt by\plienately: Rumping
abut mesegengy: &0 dacrease, sa that the Brpssusmen theig 252 dawthe [l S0 Andathe eRRuivs or pumpinge
segneningergge < fhe @vgmiwt%rregraqgr t’f‘?"r‘@éel ved 94 #ndeleasing preesugip i il striedall ug
stri kePuPBeiPrepsides lowan cap; shavider 12840 e 118 28k 'snﬁ'ﬁ‘”cﬁs%‘fe'yl'@@"’é “9 é@tZF%upr"‘E’he

ment ¢ %:g Q%Ee Brﬂe%mﬁ %v'ter 2 h2%o t|l |t is I’GC%
Sgls ﬁle:;%'lbe\l’) S%fgtﬂ?glower cam ShOUl epa &Rﬁ} I;Ejlalnn3|3§gt g‘ls r:zjeld\)f%; rl.‘flplé,%;mo
il g
upper tﬁsusr"ﬁ%s oy aﬂ% § out 300 ‘E %gca %
from aﬂrﬁl} {hagb@ﬂélnﬂ% Y &ttozta radli- I| egm Sd are ré:r‘:G'eédVlﬁ rl‘iach
Zi-g- Z agly RGbr suftbdelo f%aﬁd@lmo I foRdath g%mynt 0 i@ b&IF2386 is received in a lowetmo t'léﬁrbf
al t houg% STREpIEo 1A Bnderitid df MaSpistall. K8 JUST 2a@5pdrildR 2600 WOVRKA in"HRMRE MRS a8k cont
mandr Q.Jurewously menioRG 1R} inBtéddt AMBdIMGRidPr OCat Riheb RlraELsB0! BRmeRPBB ahd BadnSof the
st oppedle yertioh eliredfa bistivelpréssidnin melr f acestheBehmenteein §pang 1160 Saredfrecaivett in212,
Ci r cul enbil@relpiive tto PabsagewaS5006rID0 ipkigel1 abayv e groseg MBN s bbeBioushin desevibel, © prebsuee
al waysMbrt weerass- mamysd HB, T6Gs, tdnessurs eal | ngdifferlamtiabdf pprodreaiene RGSpsi (251 MB&) dbv ed
I N gr owiges Irdr6 . the/femp at the pwriate dfrpuessdré ui d C dveew MrsSadswey §0 lsad e aannudldsds inadoet | Or
t he t cashergted yhﬁ"db?tf"Pg giieglis pufledt frem 1!)9 essur eary pefpigemand20108gmay kexmeved dptwedn t he
t Gof . vl rhareund!l ke insutipianttorieaguestantlymavp o pr ed@poditignin phjeh segment 15§ gndcegeh ¢fdheseen
t hat Uga"&'let é%?i?“él“%f’ pRsipn ﬁ‘gw'g%[gt%\}ﬁag? 50“’de8¥“@'a§%9g‘e§fé iphspring HEO e £eaived i
the Wi sP Q11 st r| n ap e annu (98¢ 1r1 ?H@j‘t nE d‘?sd?m?"ffe
ool
i

e gan Oél ae
e S e@eap;:t%g s {:,,;:'e:szﬁz .
i il o

S suc"qtg q gs po t | o
agai ns, E%‘m outea@tre @man[j%ﬁs% 0t 17 i Cpieanf Rl Yyl %o&éRBearz
of t henielgfal ﬁdr& moverHERE Rlatile tﬁ§sMﬁ as fRCihnQls HS not have t@g)e &es’s@ﬁed o

i mredi @dpBnsive ¥ broSlreSdiffdtently dtitMess ddn  EACH aQ4i) @6cipt QA ERnaleP¥B an€ #Ve zig-zag
shoul dsbp.siMandrel 108 time ball 236 |p5m5.-mg|rér@cgtblaa|msuppernost | eg of
i S thus g baIP23s &OpdkilicnaY inUEs\adper gt Mesit  UNtwien ball 236 if) ret@iGedR Moivppor pddon as
shown df negd 226h @dmdyi ke Becaamr al detimbie s € Suf bf e BY to th@imbwdiae pightofsidt portierz22,

adj acembraleppest insbe drilcing BStngtahrengspent ng S e gmrelus resvuse ailay Hehapplidoly of onicstvg t he
SegTe rbysappluing ptessre todthe an@s bbiwken Hegnent pkS#Hire sleasade oatil \tied annglug peBsuEe 1516.
Each adrill\stiogitaed thaywelh bere.ofucheressuse. 108 bewesateh (byrPBves.i) thanntbe presure2BEass

r ecei vagditionyo dhe| hygieptafiggrespusginghe annglus, 116 | Sageppl 0cid uige mandrel iR epverdicthespby he
pi st oris communicatad fonRyias gpase 312 vispastHdtn | n Garshe dall 238 do pajen sleh porBiene 92208 y
ment i dREY; 20 prd seRes Ioryroemendeel 18 ovar the(patter davier leg 220 ay)the magdralfiontinyes and
each 1Y {478V fRehquiDR i WO SHiRBEUS posi {7 YRvest maempd fyime surfas; 254 does
segnents in spring 150 are received in annulus relative to passageway 50 of
300 psi (2.1 35 groove 118. As previ@usly described, a pressure MPa) to
rel ease mandrel 108. Thus, pressure differential of approxinmately
300 psi (2.1 I\/P) be- surges fromthe punp at the surface of pressure
tween passageway 50 and the annul us. |s neces- generat ed when the p| pe



mt dxial nmandrel. novement relative to the spring the annulus does not
have to be pressurized to responswe to pressure differentials of far |ess
than axially reciprgcate mandrelg -;% ve zig-zag 30@ p.s.i.

portion 212 rel atlve to ball 236. A ter 236 is positioned in;the upper
portion 50 When ball 236 is received in the upper portion of leg 226, it
may beaotrshike aBdhyht Gurfade 260" arbihe Idwer sur-  Of tHl ey bé Gevelse circamrsdi ioegh p@ 0, Of
sl ot- e taf choukid? 24® e rdutigy @istomohantral t he dand the Sthei eiguibtios tports) tore sAN@ebat

any mipprdios when ball\23bds @pgiled drdzig-eag dri | | otist rooreg albiout te Heximeter ¢f rvelses magdrdl O
t.he ameridnRy2 bidts\ieeasaush épad lugs #H0e2taree 1 el eZsasliifcent hore [88)t e aamuiay spese B8 osthar e

i s dr irdcpivesk withingslad @2y Re4 aseshowhinrfdg. 4Sucth pradigllylinner surfpce of yaleeamandre b4/ arRiJgro

. p. s. i ad hpmperpi goyamestsel pall 23§ dowr lowerddi t i oppStagevra SO yipcy ¢hgnngt definggrhetwsen e i n
the af8fls, 55 sageway 50 to urge nmandP@ply 10w gyieee aof Va!"ﬂe"f‘%!ﬁ?' o4 and
conmuni c’&fté’ jorit a'%tﬁ%?%‘ bal, 236 against owgy, 5 pori“’fi°f4§2°f EQ? aII 236 to enter

her o %Z} “*‘fe%“” or o't a%‘"gﬁ s i
es

L::g rel Mo r re| '}Z% d nmov e well may no Rfellrnl}oa Apau)
. 17 fr;%tﬁ at’?:oi;n f a sgﬁggnb ag E%% %o tjl ? nnzlusl{fé f %&lé Dg% st

abut g Ghais ¢ N rregs\é e oL
thr Ougggjng%tareglgcel &Gfgr vea hdﬂ pn’%z 0 ,s Q.Jrfﬁenﬁh Qba?!ﬁdwe' SLr e radially in dﬁnd
t he OTFBefD Ghé fobl |§~fhhé)ﬂ ohiliratidAGh&wvrS8  ( angihdaCor HRCVaRE rblotﬂjsmg'\}antha flow 236

I s reﬁmgéegq.zm zi g-zag other bores aboutpdvt@n pREigeRiya0 2Ad the dhndfs.mandr el

portion A2 1RandfeNi168 inbvd3cRA SR boRilch inUgS 250, SRB2 sdheflowbmha@@btacnd, whew & i88) ,

i Nt 0 svhihlbalr 238 pa BeeiRA i® thetUpperrpetion vied Wi t dusiedId plack tRelBol iR dofhdite fodvDvuation

Fi g 4he legbto the inathealiakeyrighn piesiot partibra ez ofzo v apaseagevean di0ahaySie prasbuiized (byaputhpinfius

per mi untirtive dafbia recaifedimihe Idd@@nodiopertioh ofner dowp atbe algib \skiyg)S Wit itee golleh segmehts

~ def i niseley vRE#s shqwn [nelgg 22 the spring seg- received in groove 120, the pressure in passage-

- r adi afmegtsichage frewr pestiopfin WhiFk dheyraredr el  SWaYEIPdMURY S%cegst the annulys RreaIurREPit arof .
bal | 258vedqaoreete 11§\igp positigp F’h&'éc"S‘Q"Yof val Rreximpaiely 36 pg 2.1 W7 eterepdownward

abut nﬁﬁt’“é’ﬂ?‘? g 9EP0¥Rs 12058 Shye in 5‘%9%9 25 mﬁl"ﬁﬁ‘gnt\ﬁﬁ@'ﬁ““\ﬂél‘%’“%?f’d?f@ﬁe%ﬂ‘”leg in

. confi F’ ‘P|38H‘°§‘? "‘%’1’?0’{1?'6%‘?‘3" 3°§ss @gN &?ﬁ;}“’ﬁﬁ?‘\’%é‘é""?é%" '8r‘?°‘”9 rgplial

cuI at th

Fig. oov lblt i8,\ng ?e l o

rendr si e 92-5@3‘ 4l Daeitg “”% of thg “% ;“?ﬁ?ﬂ o q‘f
port ' ngl J}/ t Q,gd anstztérfg radi may
nOt %crﬁ‘elvéop trB? bdﬁg} i tau%h“ ng f &F%@M% 1108 bStweénd f\)egaf% Ayl al

: . ofdh AURS se n{eR{sq) FroBgH Blobl- 113\’hen PT &S the Cselert araidEiaY uﬁ%r&c&lﬂé;

| segrrea&caae'é&fansf AemurR fof REMBARRT it TP | NY Durng sebhQRLetlof B! 4B vély ARG Ufag 1 N
- the Wehdortanb iat thandrd egRAUEM B MaiftBfel Ved |18 egbne®@Wethd 2dlioRsr thd Yadillly iifter sbifface

_ sur f ae€eth8 thas@allrmdvel ty ite DEKREBEt bddtiorn &di ab | Yofi then@igmbitg of sphihg T50eaghifed lthel radidtilius
1 n t hehoeanifii the deivings s h@wbe seanr thatcas of t heuter adriaee stahechiaabirek hus preventi ng
-l ow mandrelJ98 nidResAkpwardly, seals 60, 62 move As mandrel 108 is urgeld glbwewrtdiy balis23geway
- 50 . andbavh@ohiipubsusnon As spalrfdrielabdvdBhenpves hevesnupredipinsied Pharidrinto leg 218 until

- Si neé loyertestf pagtign refthenpart. srverge cireulslion j t i sthevihalcly adiatdnt a@iace 232r duskprioedd im t he
. upper "Rygh PG pegingedfter ék'f“t°6°%‘~l qeeati hero t orAct Pfrsutiasn PR perh bl A36.c3urfeag| 288 ioBn,

: the I é‘(j’eﬁﬁ'j‘gttPFép”P?FH@d? éﬂeé’“'i“i' FEVe¥ O ot polt jleyer 2pg of lowpr y3lye Slageand) abiis gy
pr &5 BFP3SH éﬂ’e ﬁ '° ’ﬁ ﬁPTeFSLT'We baI | 898 s‘rs@'i%? ZEYor F'i‘et“ﬁ%e’ I%‘év@‘r fﬁﬁ%‘t“g

; port i GIT'GF Pt The ’E “§t' SAgPS Wth t ETQE ’rge’ggzzo
.as Sh |s ch%se tgp 1 g dﬂ’]ﬁ\ ag}i \Enur l;a %%m earing slgnufl §e§
act

[

%cu:

In paaﬁtﬁ"g ssu tfoﬂ@& ghou 232
excee ﬁmﬁﬂanﬁl thergcﬁ nﬁle ¥urﬁ of ECEI Ve A% 'ﬂ1e é?\gr\éptr eli or;\(ﬂs ﬁp ﬂﬁdsI n 'n
whi ch ghdReY thePdpAnty S58in6H té’ e Sittle d?agl a) sitdR] Mown AR M V@FadingE, Sio " ﬁcﬁ\}vé‘ﬁ

| O 00V @galndOiné fadSMOMLr siittakd sr th ndtellas 25  SHRMEHTRRsoGherkBEHpRhg 1R dTREMbIE

. ef f ectafoves HeRLR Ihtbrel MoMEhtUi® ¥eeaot e 6 YNBIMY PocHABM bhrAbVe! M8 BAGHen grodvt A 6.

~ Pr esspéded.0ahE,UsnBe a S{Ffidiefuphakdl forse ROeRA I adi Whiley it tid) nedsedaryd to0 BihRvel h8prediliiehiRUGH
S it i s efa@desbisisty mandrel movenknyedntl thg pbsi- t he agissagewapf50CaiiBh is pprbaastell 360 pehi eve
' the 306 psrhich 2helsphiftnjegpents sterrecetied frer ent | grbater attyami thatt in dsenwalhannbide in drBek tb N

- Fi g. 2¢8ar Tigcthe pkndegl wilheasiy movedo b ywp-descr i inged therspingdeagmbris ontarardly etom1§8ove O

- the r aeimastipgsition ge phown inftagcdrawifigseach of 56 hel20dy initinte snahdrg)i moverpendirtep 300\weir@ht |

" after suihenribp/tephdneonfigured3ss shown igfidsng  150MP4) tiffsrentiph persitnot he meiatdined inyordant er
sur- ACRTePlE el neritionad sdllivplo hbe nalieMoNg e gpring segments dpand 9pt ghakoaves |
108 bEPHALAS 1B RS- 250 When g0 eRsiipneds t he Y8ghSrkesausale mamesmP! ;apdele!08 18,
until the segnents are received in groove 118. because of the nonmentum of
the mandrel. It is During such tioavel of mandrel 108, very little
drag inportant that mandrel nonmentum be nai ntai ned is exerted by the
action of the radially inner surface as the mandrel noves to its uppernost
position as 35 : of the segnents of spring 150 against the radially shown



*until it assunes its uppernost position as shown in a result of inpact
W th surface 232. the draw ngs. Since the radially inner surface of As
the mandrel travels {gomits uppegfodo;9s ggach of the sppy ng segnents
exert very littlle drag sition, shown in the drawings, to its |owernost
against the radi:ally outer surface of the mandrel as position, the
Segnerdesergtas B iwhigh dp0s truegentberssgments DV ed08 thes diding mendrell BI8 upwardintandedus- not
i m-  @0of thargrdoyesr lac edtivedf tha aovween 118 alng beh23§ tymove\dewd g 21§enddnt theiFid,
once ashowders agaisi the pemstiouidersca the segen-  Wakg porfian (i shews 99 uiface F0 epiogiee a
pr essupants: e groevg 118 in mepdralt B AEAREP el noFiEIEBIPOTION @#R-t he p05| passageway

50 \/\hl'??ﬁeﬁ“s‘hapfﬂfﬂ’b%{‘i‘srﬁts@f' Yhothg radiglly ¢ 5on | NTRAHPAHS @D dpHF? REmitSear e

r ecei VB" jspface of gagh Gf t’f'ena‘ﬂi"? [$egmants 'f he we [Ppated, ltgrngte “}pﬂ"cﬁ‘f"ﬂ%P F’B‘ e F'"'E

t he rra a' b r°:, 'YI° erni')' @e 0 mF - GV' pfeﬁsé"e ?m' s’; %as?) S il iy
f rom Eyé lrl?ﬁgt aC % I n tSFl "/ﬁr CH'C r& Or f reverse Clrc 2|Q

I n| ti aup%er '8 can@ ?onb 59 S Er At g&ure é?\g{ﬁ:é Frug) ;3 g':
alv ? roieh dg§m§?%§rh oot a& e g fthé% ol P ertl %@%gt i n
and C’Lﬁrel 0895 GRISCrastiMed frafh fRher WQd' n Fi g/IPa ere BldvenfhgPQUirpt 4uJeS Ging pres-J-:'-8

besemént ommﬂémo@ﬁuME &l70 108 1Qyre difid@ntials created during raising-EhdOovdr-1
Bland is restrained from downward t?&e@&ﬁ'@ﬁtﬂ-t eﬁs f HoC& Whippb S drom! Madve@dthl BRling
segrrerth& pressurb(8 phé&h@wdy' BOY/ é){&&(ﬁ’&f&ﬂf&- 108 wwasIdioy tad ditierait positdil it &n blel¥een
gr OOV estirebiy e tanifusOy ifb@oxiiiatayv 800C A.E0. tag) irb @b [tool 36thé Prefered edicutimene gve? 18
and i riecausé ef e getios lobthb dieves cany shonigérs t he C amhsaiembtd capplicatfons lasd sedapees of plgeg
porti on eachosegalantagringtncagushoaide BABINGPPOSI tstEingrenassere Mt encurgheive/ibe blGs Agein
mardr ehand®B148a l deimportant thatzinagdohmopesr t | &n  Rikded ipexaedition ferirevesse cpireyiation. Ghere-
Spri ngum®e mainteined deting IdpwnwardJravel hysart 0ol i gftesabliqation ot drilisting pressue plecesithe r e-
i nner dselr 108caften faraeye H 1% fasshe begaatn n%: segneffeinjcgndition fos gisquiatipnde permidpreexam-
appl i cRfiNGTeemesis- éﬁﬁ?ﬂ“d’é O417d 58 l('ﬁ‘ Fig ed a§® fespeting ¢ Ay fnfq the ek pore #fliface
of marffFYP be%"??"l P%Q%’h?‘é °f T?p’i"i‘ cat | oﬁe’liﬁ'lf W%'i ‘éé’t’g'eb"o?pp Pt tp onEdigd iveen

ﬁ V& Y ‘Ts th
tg(r) olov:% %“33 ins. gfeasgy ?|Sf' §6"’?s§”’? ecei vé?fth' rdé o

con rllgura i on
for ci u?iﬁ% i;?_b‘gn(% vS%s‘:ch ow r%her tJJ latiod tmw |chb %g%;g

el 108 dow | the i u tha ernate
shoul Oé‘a{ 7‘ %égent t er ”atphrﬁando f% Ko ﬁ‘q n %&pe%&ﬂu
pres- \@& on0 osh S50 %Qﬁ%pact Ower of JHord 1109 “by pressurf’z‘ﬁEQhe wall without
differg %&ér@éusstma\wgrhg iR nﬁﬁ&i&lﬁ@ after Ul  DRARSIAP o6 In BErRitibE fof I RdtichOéH r8S
cam shaslemedt thbads is Wiidrway. Sueh pdrinits maP|  and vbrbe cirdiitidnUstiOthe Ahnulu8 &R oA BtrifS |
(2.1 ddr@l mol@Berit Sntd e Stullyesidohaal peitivel o m f Ur thBerbebiPRFialy presbdiagd 4 préde®dayined
pt evendulatigh gsigh Gith G@Men sHoyliee $66 4D enent nokdiser bbtinids eSuak ditermatatprasburisatibisaese
268, 2édagainstanahdrelhhbudider 3% | al s cr eat edassduiprenigusiyanctddn gustrteivd pragsure diffeebntiats
rest r ai nAted mandrelo8warid itsdave@meost cemat i | bbat leasiyinahe instant pmpaingant ofrtge ifveom
i nadv editoan®iipg 6§ of ivalep tbrsirgh 5¢ 9% beneath n  pas diey G0Rpsi 3BT MPele B okl henapppreridgo one
mandr edircdgigg pert 80 thus permiting qirodatipn iem |t c gkillelddn theart et the thoh may ge depianpdise by
amaar oxﬁaﬁ%@ﬁy 58 it the yell bore as fpllgys- Whep t he thgbpregsprediftereptialerct loparceriam Hemt
five DRETEYS R?Fsap?’(@ya'?Ef’F@ﬁseéﬁb‘t"ﬁé'a! Buef? céﬂ‘? BYi il H‘E?)sare "%’B%?nyéﬂ P’é?’n‘&f’éc'e

appl i ¢5% i2gHY P eac

o f";":f' %"ff T T e éﬁff iy '“: il et

It is e Torren ' & e . I M 00316 rv?e\?etgoge

circul at fa ar jv&m%flu }egéu?e' ged qur 'an An &s Ure can

af t er Qb th&‘t%ﬁ b%@ag@ Eln&gncwressur Be c%géﬁ t d o?{ooigrrpove
6 Pafirbsh R ddadsé Burtace 98 séaitfy & CONdiyle AN HoRY WIﬁlbl'ithd %és@ﬂ tﬁé)m{?@d'emﬂ

f or EXgiges b Frécﬁﬂy SRETRALR: of vAFe MARIFIAS O lithe Will B@ind arld Withdlit .na&)enanw @ychﬁg o
spottlm of fluids into the well bore adj al RadrReEntiREgAt h circul ating port

90, ci rcylitaisidesirell@o rete e thdi@o tDEbsed | t soM | | 1as, apd BblekmitsOsoRB®els Kbletse @ird N
tween maigeapewsigh béthbrh cicuigdon par trev8fde i Nt 0 fclidting aRd spdtting flaidd ddwaathe WaEIN while Bt

f ewer diradatioh canecoy.aheeannuiesis pressutiaed (doegi NS thel sade disns| pegnifingdappiidationna dotf esLr e
readi | gipeb@rirgnpéssyreds tpgucotiawgi the atriwis conf i god atrulon peeswees mimip)flutds andh ectientss e
such firesaure ds (ebreasthappraximately 880 p#id2.8] ot | ethanioh anskpermizIgsings anddevsringeof theur ge
nmandr eMPal g@atgoiirpiRecting Pregsure Wha sush ey o u PiPg string withot ynigfeniinsally shiffing tatposihe

t ool p@F‘l‘ﬁtt@e dvek FH shouldas cofg3ei ofc W8 e of ﬁ'ﬁ’hﬂ'r'@? maere ik e tedh Supfi urpintentional
punpi n% R SqomaRtsydike jowsr ¢ %'d‘?’gp?rﬁ? % and 6@5’\ g mandrel, may. pitimately fopd,iq inad-
posi t i B &P °n Y SH" Frpusenigt oy rpndrel g yo??§“'?%6’l“§°s‘ﬁ?/trﬁr‘§§%?'\ ‘?I"ﬂd‘ t he
wal | wi thout to exert substantial drag aga| nst mandrel 108 after placing
the tool in condition for circulation tr re- novenent thereof is underway.
Such permts man- verse circulation until the annulus and drill string
drel novenent into the fully opened positive cir- have been alternately
pressurl zed a predeterm ned cuI at | on p05| t | on WI t h segrrent shoul der 166



* thrdugh port 90.,into the annul us. fluids, for exanple
nitrogen, into tthe well bore Wen so configured, if annulus pressure ex-
45 adj acent the tgel. Thereaft qp o oW daus pressure canggeeds that of
passageway 50,- fil ow does not occur be increased to actuate other val ves
and/ or ‘tools in;through port 90 because surface 98 sealingly en-i t he
wel | isiitwseseon thhidhe deyohgle tookef iy prérentni t r ogen of seidysogiess member rtzeddiabach timatope

surf Hentionf reqdily e@'emrt@r@hs andiadeantdgds| | st ri ngf saittigradves oasses byashick srring rriep-
cyeV mq@pothqleassuell ‘as those inherent thersin. Al- ber. - tool to a
di f f &gt a prpsently prpfored embodimenydtiteed to return the tool to its closed so
Thus Inverfien pasobeep spegifically Jopesiped {pe thy reﬁ/er%eAC‘i"Fu'a“B'bgﬁ"‘tel rerding RNG1AM 1% her
Ci rc '&‘FP%H' ‘H'B sP'@%Fé% gumsrous ghagpHi and sp of"’f‘?’?%s?' a'rgagﬂ"&amewﬁ APt hi | e

at ﬁ{“{i Bﬁ'f" %ﬁ° fyefion of PRES SBIEI us is pliE¥s a},;f'ale‘@" ?5:; swgau%g'?m
f drill st d
unt ool Peesule tp fgﬁg reéemﬂvgfe pre)ssure

e
unt i “pe annul us and annul us pressyre to f) ?m

is af aIeast approxi mately 300 psi (2. 9[ rglﬁaliuoﬁ\%ﬂlﬁcc%% R é]?nﬁsz&ad si ng
and | over Qg vélJ&e(3B§P 85 q@tbgr han p' pewﬁér Q4q Boring %Fnﬁer c Eu”se§ H%ﬂu 55
Pi pe Stiohitd ivh WhiPbbre Pé ﬁét%ft py shiftipggt @IoRﬁ{%' fing&té Ué?su%é)%usb&wer
cam shoHicHefafe ComBAeS aOfyiihdhBal housidg! ON Of T BE ABRHAE ElcurhBrehcdtor §PhnandiiCh

uni nt engd)Madhg &P bbenJorgREHRNbdsagbwdye l1ower shoul der 166 on seg- shifting
of . t he (s@®NAkr&hrodghYand| 4 cirtala®dnypdrie@o) t 0 | NRdA dreuitionlaf¥e atdoflitig AONBMAAZN3 or
shoul detfispdsdd tocughaneiiahereof; a varé mamt | y openiunghedsin 6hid Spring rhéhtbec iis @sttaitibd On
val ve. drdi (54] slidably feceived in said housing and EP O 30agaf3y vBiical movement relative to said 22 i S
t hus s eshallyt hevablé: batwebo\arfirsd besitbo dbsingf  t he pr éasing by uppeo{i44and logpr (190) shvekber

f her ei rraidireviatipnigortd® ancha easeridesitianadizb y  ac HéreViermed oo tesn tidialintinea chuelase afje s

of sai dn yhiel fdd Mew e cicuipledsitriodphsssidi ng nem s#ebusidhed as wel | ' as those

i nher erfircyiayen goy, (R annular piston fmeans t hough a presently preferred Enbodl ment
of the WQ\\P@ht’?“Gﬁe‘hé{b S‘B‘éé‘ﬁ e@?’f ?’E’al I y o%s é\r P‘!’)"é'ﬁt'?‘o palyen, @ccording  to3 claim

| I" ?ﬂ'dt ’}?P%‘"gcﬁ“ ‘E‘f
?\L;r;lrjo % aﬁg 's° mea"s(ﬁa‘" salzﬁ eng gééeam‘?éé:n"gq ? r3riacny taé'ggyt he
annul ar col | ar

rPYneE Ose Sk#.-Jtén%ﬂ\sb.facwe art.
the ra d@]n ¥a|& ahH {@g)qo ds A ing nem ber for engaging said
nmandr el sa@r 3Qidns whéﬂ' b 'SRessure on said first 30 1. Ein Umlaufventil (30), angepaBt zum Arfardben A
Ci 1 cul alideQ@Rcodd HEPrassGRofisii@sdcnddiddl M 1, 2 @h oid, Bohrgeddrigh [($0)|iReineR BoAos ( 30)
adapt echnll holifg SdikSmandre! towards Me&iRE & Sai d S PYF)NYsairisRgIset QP bihéne Syliddridéhen
pended said pasiiddb whérOhe plesgureOdh RidePe St i NQ Geldde (32) niibdtiefiey, BhgEufgegalaar-
- i nger sond kw8, ekbebdd Tife) prekisee 0mr- saithifirsth val ve @egryso) s&sh dasC@bhansdr indadinchOsi ng
ed abousdst treractertsed i thetca csiliant regriird nNandr el JauieBRing [0y idargh dessepWand; eine in
| ongi t usvicraK15pasdtagetweep the TBusirgOB2)t her et hr dasyhesagiel Gehiise GingeschabanepWertil- ( 90)
5. A ciand thearrlivomandsd! (6d) la@erly aiataipingo cl ai m pinde! (58, axial wirsphigbad zwischerugiter a
Wal I tH@F%dPﬁ'a'a'"WaﬂX@b dI?B|F\°9m9"t of H® wher ei nrsgrausdhhsifmtaﬂg\gmmsagfps Oﬁ"“"g
resat ral"ﬁ%ﬂ "Eﬁ"@!?‘ Y putsofi EP&bI Sl ved in &) Ei‘dkﬂﬂlﬁéi“'ﬁgje’a'?ﬂi'tm" in 9?&5 ?Ys
| t i on

?;ggnggﬁ% i i%’s%eéléﬂl 2*’33 ectf}f’ gres can B

verti cdi°sRy 6' r{P‘a'P'é$ 3?""%7«4;5:0 °‘§'éﬂ"€f aXf al | y:“ﬂ’o i g 2 .
cl OtSI n all er sugu e?‘ sal 20 ! gwer 1 Lﬂ l?s n e
por ( r g% Id a | r and er s nd etrl sm I’ﬁlg:: 9 l)und

esag-
S‘”facq nln@ s reul at e tcs obet d| s g:b%?
circu l t|9rp é?tmw r@Jlal H§t ong Ne eine S hdtNaig ﬁ]
housi ngor(nﬁ hereb en, i defokthdble! ON Va' V%nﬁﬁﬁﬁ’h #36n ﬂzF é'd&ag'@n ﬁﬂ-ng

oper at i &l sbm ﬁb‘]ﬁeéﬁ RBmbR niAhsonViBl¥e MAN-  jochs WREEEisOSRie diffe web 58

housi Ny Mderditace] SaidlBdrmbsrthrea 86 d Pi St OQieNBEM DR Vi Besdgioh r&hrgsstﬂ@e 25
f or med iybibdae twartis abibl Walke\mavidres (4f @Ce Of a hiisedoist Bt lfiecbdsadte KpbERmEdhRIng N t he
annul usengdh 23aidofengagértent nicabatwitb| @idansil ar bevegt id B&8agte Wehtlisplnaé €54a mCRich-
second wivelenadde| ¢l & capr @8 tws uiellyi N sai d pinpeeirdt rden Gesagtan dofders t @sn NABENS
Pat ent zspaged pedifiensaovi ng sai d val ve mandrel ©bgh ai denbesdgtenerstenSeite ibsigbr goht
positions when the pressure on said first ag@er DruciEpm deinbesagtepcrweitdn $eBE) ,
angefaBt dreiatioh hvalvg earcariline texddmdd t he pr eysdipeveghdis deehgtocningd injRidhtung

an ein "E!Bﬁl"gsé@tf%ﬁ’i&é' ' "1'0*73 Pﬁa'é?fr?é'ﬁ'lVBoﬁfl ochdﬂnﬂ‘dﬁ'ﬁvqug besagtan rariipnen. Vteﬁvvar ds
posi ti d sec- ‘?’ m

| angs! dtPPge E‘éﬂ*‘“gji?ﬁc?“%?ga@e'é%'b‘ds the pra¥s8 8““6?1" ‘gg P geB ein wider- e g
(50) durch das Gehause und einer Un side; characterised in that a
resilient retaining 35 laufoffnundg2(90) durch dessen Wand; eine in
device (150) acts between the housing (32) das besagte Gehause

ei ngeschobene Ventil- and the valve mandrel (54) to apply a retaining

spl ndel (54) axi aI ver schi ebbar ZWI schen ei ner force rest ra| n| ng aX| aI

o o Y b1 e I 1 e



] L

r adi ally inner surface of said housing (32); sald (70 16&\&%
i M besagt en Gehause spring nenber being held at its upper iﬂ

und betriebsmaBig i mVerbund mt besag- |ower rins against /#’I

and outward ° oiter Ventil spemdaol G341 wobei di e besagte ' ,-!7”
def ormati on but having an annular radially de- 45 benelnrlchtuhg LY

erste Sei-te hat, die den fornmabl e area therebetween; said deformable

Dr igcthusi seeRihalgthe dewnhale 290! ofethe pressatit en Bohrof seudesanrmornmbes ithegpireergh deeone  means
oninvnory rgadily achieves the endh anchagdaiages zt | st sAVRid Eseaves paresstly Bid srEing degy | y
|nﬁ\§'i‘"°§?5’r ppwel éﬂ"ﬂe H\Q‘P’S‘P‘n‘ﬁ%?‘% Atea be- ber -die dem Druck im besagten
BoHpyge %"“V BeRtr A% ai d val ve mandrel aus eset zt

i st:"znﬂs?’sb"ﬁ t e%ﬁ?‘ﬁe??é%ﬁ%&%t‘% Engdyet §'F.'ﬁ“5"%‘n éﬁ‘aﬁ?"?gr@g‘?é"‘ g 'sai d
ey en o Struction al Cans nt I | Spl ntla ° rgr el
(ore e S el Efr.y i ‘% °73 i’.eg e

be&pag;,gn ersten Selte hoher geht al g der B SERER Y& aeLsag en zvvelten

Seite 2. A circulation valve accordi Ng 4t Oa EikcRiatBn vaive according to ciaind, Pevegt die
begadd QircoldhittGhivd BoRuddpledng Behsusei N sai d JyRASH &id 4ph H\dﬁﬁer%oﬂahs!és prnﬁX' ally
55  dfhdeansle wemodie [3) Bes pigé ind@s) t i OnNen, MANBr SEHASS Bnderd @ 51152/186) thispbs-

gr oowtfich( valv®, cbaBrisbd Q) cylindrical hddsiig Dr uck anedckbbuttumglnasremr $maridl.e ho-

f or my@R) aravibdhan opehi iahdityditall pessagowayf ace t her eof for her geht, als der Druck
an dgb0)eseitybegh @wisé eincuaispeat (90E| v 1 eSei Atirnglatini valvee agagingintlaimda S or

Sei t efisporel dimoobi achaligbereficuvab mener r ] ei n 4ivihersin ol spring Imember is restrained EP
0 301drgt 358) Plidably received in said housing and 2 - *  ag@nst|_verfigal ovemént mplalive toeskidt hat

t he ciaivBeveble bejvessfa firyi @ogiio sleping of sheuRingsy vnrgr (1Ariged lowerdf ¥ phashich
tine saﬁé’"?“r‘?x?@hfqr’dﬂo)ra@‘éél PPOPNdRASHUIRY es20t he 4R foPRY et {hantedigllysinner suggce oh

gr 00\/%5" 'ég'é"éé" gbpescgf:'ﬂat gg’rﬁ%‘?n ment | 0??5’d‘°&%“9\/\/el | as those inherent

port ﬁt eaas
i nveeﬂ(‘}a ‘°ﬁ 3‘5"“’8%4?15 % forgne. cor i Bocd HeSipRh e S2ehg"p f%jmt

| Sraively connec qjes cr I
va vedr 20 Al ae,r o PULPOS s, Bl
Je t

pre e .Wﬂ ) f Efgagenment IHEQ% r%ruéuﬁa%e”éi‘ '31%8},'

arra N BeRt and seg%s Jeu jegr}o esPar ts can be i’ i Fﬁ’/ annul ar col | ar
(158, slik0in 160 pib'siiRE, Sty PBER rhiand hose  plichiaRSbriichet he art.

the riaglinglshiyf vanyVRinafel GlA6war@f ongai d spring mem ber for engaging said
mandrsaid f@Eifeny Ahen fhl Prd¥Bure on said first 30 1. Ein Umlaufventil (30), angepaBt zum An'hﬁngﬁn

Ci I CUdidateix@Hiads/thé pressaeamdrsaid Becobdsidd ai M 1, - ZanOsin Bohrhestihge (10} il a@ihéro rBotiddeve  ( 30)
adaptapd nioging aid n@ndrel fowards thendtisr®f N sai d SQ), euwsgmmengesatzt @esndns edindrisghlen -
pendesdidi pesitorsmihén the pees¢udy omsridisest pe st i NGehlds®)(32) mitratibnetry ldodsidafigamyluie

fi ngeand sideSgxcaegd Hkbefpssuiesprosaid Witst ch val vewegofipr dusehsdas @apfiisecind ceirler Ngusi ng
ed alsislet charveteeseﬂcvm faka m@entmta-s'eg d #andr elpufdingm) (R dyrey deaserolyiend: eine in '
| ongideyier A0 pek %&Wa?’e hougng 63) t her et hq*ae@ﬁa%m&e'@ueq etegesghabene Mentit (90)
5. A*’(‘i’ij Ft?u’la'éi? F‘G?F“?) Y @E’éér’ﬂ?‘ﬂ to cI al niPipde 2(54)3“6?"96%“%' EH’"%CH?’b?j‘(‘{ﬁ a
wal | f?r ey rlamm%i h nent of the tf

nung
r est r%s| I%Esfngf' I gﬂt) ofc P3¢ ¥ %el 4\6ed i nkgl Srce'rq?)rsa :u;" Fao %ﬁsﬁ’st
vertllg E gmgd ;tggf 5%2&9%% )J' d aX| aI Ifgen ﬁﬁgg g m,a J'K%) eiér?ﬁ ng;sg'al on
f ai |d uf

por rabeﬁﬁc I atPf?sS deP Bnd er(g fdﬂ&%& oRadi ﬁn Vé nthyb ayrer
surf a&ﬁero.tnsla{aamrs&aan firkwbah adaaamm Ci rcul at@ﬁvé iR (537 Wdbei die bes@dts KIPUSI NG.
Ci I' CldoRhrhdlibn B HavikPEh anndiBniddialy dal St RN MeaRbeibrichudd She drts SoieLat! fie SR
housi iaghabld Zteatifélebetwee),. sal didr@lbiat | On val MackaisCRingHhuRg (112) diJsEHeEEgteE Bolei NQ
oper adréavéiprisigégadet@ntt feadfbidity/ @&l Ve NMaN- lochs auvdesdiftiist o dideddyeitofselai d
housi dily ineusuiiedes sais deforglablié B, besai d pi st dn demaeuckdmi besagied | Bobigesinge 25
f or meidg bimset Hewardzosa@l valye imandrel (§41td ace of aaubgesetktyists dio] leesagid Kolpereimdatupgi N t he
annulengagel34y engagemend meanstwithablie asnul arbewegtgliq 1B8te Vomilshintad (%) arfticha
secorvdive| mandishiffcat eash pafewo &ddle i n sai diuvfd |sipersder begagtemikdibpn. svasn deeans
Pat erfPatfdppitiohe novi ng sai d val ve nandr el DPauvsp deoimeraien opien Bite diied geht
posi t | ons when the pressure on said firstas g¢ Dryck g der(hepagisn2vsien SeiteQ) |
[efr] z‘ifﬁ‘l"?&'ﬁh a@P’d‘@g eRc €8s % he pres s‘l'j‘tdebe(‘.’fﬁgts%‘ﬁ gesagletpipdelj igdlichtung ~ 5
ein B”HWFS e ?deﬁﬁpﬂ%e g%hﬂsoch %% 51’?8 sﬁ?sagt?fhﬁﬂ?'@"e’t Pds the
ace ther or

osa| i on

whe m[ (hne 4& ld ousing s'hou ers 1S

ot hers”Sﬁ‘: ; ocr:rche o 'y mer {f tzt aus %ﬁ' B?Sf’%tﬁ pita Fﬂte Sitions
when

?ti%l ?e%g means Ge haﬁ#tg zeuchne asgeel: :nder-

| ang s - on e exceeds the pres ur e-on sa

(50) durch das thause und ei ner Um side; characterlsed |n that a
resilient retaining 35 laufoffnut¥g (90) durch dessen Wand; eine in
devi ce (150) acts between the housing (32) das besagte Gehause
ei ngeschobene Ventil- and the valve~nandrel (54) to apply a retalnlng

oy



posi t'i ons; said retaining device (150) conpris- 40 keit dureh—besagte———
Um auf of f nung (90) um au- ing an annul ar spring nmenber nounted ‘il

fen kann; eine ringfobyi ge Kol beneigar t radial l'y inneg su

housi ng (32) SaIQ (7%1 108), auf Egndognq]mﬁa%r}l besagt en Gehause Eﬁm} ﬁ""lﬁi“"l"l
nmenber being held; at its upper and (32) und [err] im Verbund mt
besag- IO\/standsféhmBs digittigerst (16Q)Civgschdnn@@r d and out wali de tiges (10),tiglite Yauptipel dmpied el
(54)5 wobd¥usdi (@2) bid Ngttispiddl (54 edroAngt-i on but  hay imiggementaaylingtique (82)diavdriéypatie-

45 ~benei rzen eiherUidleledftrmirkt distain @Sislesevehat , di e depeséage iagitudinal oe@rt (50), et un orifi-

t her ebet welkdngensder Yentiispindair{d) aus den besag- Druck i e B% iigeulation (90)1 di¥posie d threeraghen
Bohr - ar ede: Besiienesi ve ’@?f@é’g%ﬁ&?ﬁﬁted@&ﬁs @n it sParej- un mandrin de|sgvrigge (ks tppksceryt

i st sowie gé'i ahd 5%/@?98 Sléﬁ' ?'Eem dingfPimigennner sur pabssant slapsgeeglegenenia®| ReutAtre déh e -

di e dem tReel. ops 'Bl?ﬂ'fag%‘?eén e ing PRoEsdRs LR enscRYiakentg ‘W&IP(P@'é’G
mandr el B Gehﬁuses °s di e bes “8" Kb'l frEme icaly PTHiIGR SR %ﬁ%

sai d enga 8 ?i%ern welr ie en |n i I L%(Ie d8 i\Eﬂng dans irculation
Venti | Spl ”a&‘ rérﬁ ten d wx dréq (54 ) et un |s on anzglalre %? d%& ntrant
tung ei ner, "%ﬁrbll ’ra der Spac e&]ﬁi et etant opér |onne||e
Druck an ﬁ\b &%ﬁa‘cﬂndlgs@ ﬁe@Sbt ggher geht m@Ift sl aﬁﬁ

zweit en SeefefnZan '%elﬁérrﬁbi @ﬁ 'IrPlQnﬂg V&lsaccor di NBisthiPayaht ’coté umis &

bewegt di %lnbteEE‘ﬁfﬂ iffSeimithidAE | bebtbhelf GAlIUIAG Wher ei HorSaln |' raﬁ uldir® ¢11 ufts 9@' r
of axi al | yrichiaRg d&ﬂfesa’t&ﬂ&feﬂﬂsﬁﬂﬂél Gasagt en Posi o088 un S¥KEe 51 Sdtimis 3 la pres-

ci r cunf er agtighfatier Ys2Gt6R EingrikddnritAtdnglix Bip 661 dan% 16QKiInAB tIEEY, cdRSTAEBRgant
zwei t en Sebdagtel\antilépideiEEH) @n bbiden, maglial | y out el @brdhincR $dopdpe 0b4)f @is une laey
geht, al s AtigandDetircikcham Pdsifondregoagpetn er St en r epgsitiodsi avehgntioredes visqu 18 giradsion
eng-a’gerrent nmeans ‘: Seite; gekennzeexchnet swldedpreribr, catécdéphsse fanpresisices sur el 2
23 2. Ein Umlaufvéntil gt @‘a@@gnsmgan Bwobei deuxidme cbtépqu *vers We de cdg] auBes *
st andsf ahidigeessgin Beitdel awoi (m 3@fjlery Absianien Ge-  positions lorgyetla piepsiatesut jogdeyigme) |

ladite sod' e UBYARg deufende Slep I%6. UM Ventil s t?lﬂ%ﬂasseﬁﬂ'}e SH() In PrQARiQ 1cOt6; carac-
nant un Id r?éWP's P.aﬁmhfe {?éi'a ] Be"ﬂ averse pHriséze¥ Wy dEpositihyde grtearey régifignk ¢ |
die ein aflH "A“f"a "Bngft udi nQFo)cﬂﬁ : t' 9"3@?9 B‘Pf’eo'Pl'?qe
dr angen d@F' rbe“au 89 ag | n besag- mont (32) et ' 8 ne qecsﬁ\"pﬂ’?

di spose al %&ﬁ ntedg n&é?@ar? BTl STeP ver hi ndef! P"q"a g"ebfgg:

par o1 $518%e (50) renire or gggg e s,:%é‘g;";oﬁt.s@: "
ringf Orﬁn @ERUmlaufventi! laut PASHidnSHERbn 9847 C& | oge Bpdshic BE Ydte (?Soimomprend un
Federtei |l 2, Hébi dd/bestifis ERGHiséinrRRurlg el | ache d@Ssort annuffird Grfontd IS 1a Wi iiterne
axi al ent grssidRGiIsRIgBIntdeR KRAS ABS,a50, Fe)auses ( 3Rdiald el iogéihdnt (38) ie réls&ib&isnt main-
PoOsi tion, aGfter faailR Inberifizdne idbd B&aﬁéh Fé-r cul at i ORnbREASIsCrob&Hee sliiibur VWt ifksiblr
sei nen obesreils £UNDEingriff in die G83dten SinddMR deuxi eneonP® Iovtd @BfotRBGh hérs Utitdrieur! &u
unt eren Rdenddlidet gegen di e radial en i nnesen s 'extéfidutiingl€ ayaftiine Girfadldndiilai-
dans |'orifice de circul ation und auBer en Ver feotdtarmgsa sge hal flad nradislagntrs - les
(90); et Gn Bm@ufmmtllahntuPawmsp(rWW 108), rent rdauk; ®tdenfats ték@matde edcapiposant
ri ngf orm g(@p 3,1 wekieh |dagy cyesagte Fedprieik ejne | oge e nd'ur( dsbpsitif d'egimanthement sur sa surface
I'|Z

operdat i on & verSpeasiat BirosBd1a2i ¢34 18fleser besini§uara editle pidiant iaclinde vers lymman-
relie au HEnER"Y HMieo S8 peIaen $pindel @yi- Befloj ch, drifrflesRyPaRS (B)pqirangager le dispositi
| nnenf | acl"n"@' Saus pi st on ayant un pren %?"QEQ?F@"’SB‘GFM% mangrin do sgupape
ei ner Eingr |q rﬁ‘tﬁ |Ia% p ung best e sund in (pg) sur l"hag‘{“F (eRySayE Ppsitigas,espacées
annul aiTe e]( '}J % ,'ﬁj L&ng der besayf EhPRE | spi ndel (54) zum
for age et tere utad a €gr aen&aaﬂ)agé dg%rrcugﬁgna(%n%r?ne a la re-
Ei ngri ffs‘?ddmehq Hfréghd Hes h&agtensé% etr S lagle L n .com-

depl acant apaﬁﬁ%ﬂ«é@ﬁm wéjuhdIRl vér san bei de&endaaﬁ'eq:lalrd &H cannelur§s rdnilerd€
soupape ( ad basagion GeHBusAshidlartvead Def i ndl i ches efasdes SONE Pl G5 HIB! 118, 120)
posi tions susnmentionnees |orsque | a pression 8fhé sur saSddkach exiBfidrd F‘a&aﬁ%@r
depasses.| EnpuraisBient Idr Patbr@ansprudhi 8) wolidi aUfev ent i lecdvatifesfBaiveinbi lS@spasitt dlengagebei
.deuxi ene eipbre144) donimsagtannGohtigseaastzanlf r es di e hesagt® BpdoRddhqua\Weie quihe des
axi al en AWet radiglen Innenflachp cairies ifreindretibares que | a praesshirasipasssd parl 1@ red&iXi eme um den
Unf ang | adingntid8) Rplideist( 116, 118, cote depasse celle sur le
premer cote; carac- 120) aufweist, die auf iYneesoupapelidalcieviaberBemfolrge aux re-
terise 'i‘.%{F“qJ?F“GF%pom tif de ret enue res#l i ent venticationgr1 pueudirisilapuelle Aei Hispositie
der bes en Ei n- ‘5%150 dont "action esYengagemenlsskyn golien fertmeptcannulai-
gri ffse ?:ﬁ‘f"ﬂ??g dﬁ%’ g&# g’ ‘E@?"fel |'s bejr® (158, 160, }gg)formé syr iggurfpce iptériotty i n
de soupapg UBAREPEM oiras PhtW der besBERUAP 9% PIserh P '9gagement de cos
appliquer une force de retenue afin d enpe- sagten Federteil gebil det sind.
cher | e deplacenent axial du mandrin detd3sou- pape (54) hors de chacune de
ces positions; 3. Ein Umaufventil |aut Patentanspruchen 1 oder 30 ce
dispositif de retenue (150) conprend un 2, wobei die besagte

E| ngr| ffsel nricht: ung e| nen  ressort annul aire monte sur | a surface

T . - Y AN A NN A NS\



P

4. Ei*n Ur aufventil |aut Patentanspruchen 1, 2 deux; cette surface
def or mabl e se corr'posant oder 3, wobei das besagte Federteil ““Julm““‘
d’' un dispositif d engganchenment sugp §go§y§jgpe Mehr zahl vesd anumlu ““:l
(152, 154, 156)- interieure radiale et etant inclinee vers Fe wat
den Unfang der besagten Spi ndel auf- 40 drin de soupape (54) pour
engager tanaliresashdntiin. wei st .
d' engagenent aveci |l e mandrin de soupape (54) sur chacune des deux positions
espagelesuﬁe sdapape Jel craflaiem corfore gex ®at ent anspruchen 1, 2, 3 sur un pl an
axi al . ovhedicationshigediu Aidpos lsausligylegessertiert ei | dur ch ober e (144) und untere
(190) Ansemprend Ay foorkin noraxe dg doigip @llespupfipe de circul ation confornme a la re-
radi al engdsHhe2niFatite égarts ﬂ’é?ﬁ?@ﬁ"*@ehauses vendi cation 1 dans
| aquel | €4 ¥ PdP@Ifi ™ corn- an einer senkrechten Bewegung im Verhiltnis
prend une a| re de cannel ures CI rconf erentiel - zum besagten Gehause
gehi nder 0 i gepe do cirulaion °;"°"" pacees sur le plan axial (116, 118,
120) for I;%?Pns uéeus?f o S%fteéa re rddiale pour 6. Ein Uraufventil [aut
Pat ent an te AP Og"eme 0| r respectivenment |le dispositif
d engagerl ot 8k eu,gp g;t gaehauseansatze auf ment de ce
gj;,g% fiédd esra §,e der radialen Innenflache eines frei
drehbaren cannel ures passe par |lg ressort. Rings (138) gebildet ist.
3. Une;, s OpPsdABapd Qe Cirkuiddbrabdnfime 8 @ ME aux re- Revendi cati ons
55. veneibalion 3t 448 SadleRUur? deBpaulsaquel | e 1 e dispositif d' engagement est
un col | i genté qT44F e Nbgemartubai formé. sun€ soupape de circul ation (30) adaptee
pour surface’ iaté(jebmCradidl® @'un baridpu Eicolaie sur | a surface interieu- etre
suspenduemmmonu|nrepwals de forage (3) sur ;re radiale du ressort pour

' engagenent de ces 13 * C L M S * 25 EP 0 301 734
Bl : 26 cannelures de mandrin. 4. Une soupape de.
circulation confornme aux re- vendications 1,2 ou 3 dans |aquelle lie ressort
conprend un certajn nonbre de doigts allon- 5 ges (152, 154, 156)
repartis sur la circonferen- ce de ce flandrin. 5. Une soupape de
circulation confornme aux re- vendications 1, 2, 3 ou 4 dans laquelle le 10
depl acenment du ressort relativenment au | oge- nent est enpeche par des
epaul ements supe- rieurs (144) et inferieurs (190) fornes sur |la surface
interieure radiale de ce |logenent. 15 §. Une soupape de circul ation
conforme a la re- -vendication 5 dans laquelle un des epaul e- nents (144) de
| ogement est forme sur la surface interieure radiale d un anneau circul ai -
re arotation |libre (138). 20 25 30 35 40 45 50 55 14

35

45
50

55

14



