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1 2084218 PUWP PLUG FOR USE | N VEELL OPERATI ONS The i nvent ion
relates to a punp plug for use in well operationg such as for displacing “;‘

Al | tog via a flowmine into a well, or for well swabbing purposes. The
‘first typa€pbf operations is also referred to as throu %g% I ne oper -
5 ations i ch operations are indicated hereinafter byt ‘essi on

"TFL-operat ions"). In TFL-operations, tlools are transported froma site on d
| and or a | ocation fsho t formvia a flowine
ext endi ng al ong theq’gggrb&glgt%% gﬁ:g@e 'q# {)%%\AB% “a 10 submarine well. The

flow ine comunicates with the production string in the well in a manner -

such that the tq,%smq,@gt%gl Léﬁ%??ocrot g}%aﬁf‘% xlhrou ]‘Ele Lyjt o the production

string and subsequently di spl aced e string to a
| evel in thepsyations siph @ fopléerkesing eyl &S’Piﬁ)ﬁfliasa tfdowkings carri ed out

by the tool gatd raeweiuspbﬁ%mlloéwatﬂaeng deS . OltfeatYad ppeCopnNecting the

tools to a pu ,. and cr n ressur difference over the
punp pl ug. Pﬁer’%é’ grats ﬁ?}fa fj‘gtf’o?s &b? 51?‘?1?1‘?'5 €51P8per - ations
includes s ayiéusd(wiciah s;bmﬂiaonm $ie dndiatedlheaximftardy2€hean i nt egral body
of resili ent, | #he sl eeve, the body conprising a
cylindrical pgpetsgtgigr?r ??%%tg gﬁlg’psél )lhty of annular resilient sealing fins.
The outer di arretIerTH-f-OP?P@-tse%ﬁ,l hee¥si ase jtransgosted dremehsittarawhen the plug

is placed inafq f&“&@&gﬂfbﬁcéﬂran%fﬂhsi'é Gob@ict3b R TIablini Pk aat | east the 25
rimportion of each fin _seals against the inner wall_of the fluid -

conduct or. FLOWPE Hebengingeiongfre fat Wt‘r‘ﬁ' §%i 528t FLPReS Pow passage

t hr ough tde s&'bm*dﬁe ardls Unel mmlﬂé lcbﬁhumﬁdetresprriaﬁs the prodwstdoend of the

punp plug faqr, of é Jﬁ“f h&nnqelrff re@ﬁ& %i{ Efse MR, Pl ug, the plug
)

will be displ ac roug con qrrectson away fromthe
supply of transparted v1a the flowllne into the productlon string and

subsequently be displaced downwards through the string to a
level in the well at which a predetermined action is to be

15 carried out by the tools. The displacement of the tools is
obtained by connecting the tools to a pump plug, and creating '
a fluid pressure difference over the pump plug.

In general, a pump plug for use in this type of -oper-

ations includes a cylindrical sleeve with a central axis, and

20 an integral body of resilient material mounted on the sleeve,
the Body comprising a cylindrical part carrying a plurality of
annular resilient sealing fins. The outer diameter of the
sealing fins is selected such thet when the plug is placed in
a fluid conductor with circular cross~section, at least the

25 rim portion of each fin seals against the inner wall of the
fluid conductor. It wili be appreciated that by closing off
the flow passage through the sleeve and supplying fluid under
pressure to one end of the pump plug for creating a pressure
difference over the pump plug, the plug will be displaced

30 through the conductor in a direction away from the supply of
pressure fluid. A moderate pressure difference is already
sufficient for displacing the pump plug. At such a.preseure

difference the outer rims of the resilient sealing fins stay

in contact with the wall of the conductor thereby preventing
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presspre fluid. A noderate pressure difference is already sufficient for

di spl:aci ng the purmp plug. At such a pressure di fference the outer rins o
t-hg/rem lient sealing fins stay in contact with the wall of the conduct 1\3
ther-eby“preventl ng 2 the pressure fluid from by-passing the plug. Th
sealing fins, of at least the rimportions thereof are sufficiently
flexible to follow variations in diameter ofathe flow conductor, such as
ars_present at Iocatlons vvhere sections of the flow conductor are coupl ed

to €ach 5 other e _ d Yol n f ce r:
Since the seali ng%ﬁl rPress e %ualrg P%?n %é’%g ]hn p‘lpuaullfg ngpseFPﬁ‘(f %ugﬂ t he
conduct or, the si2é& Ifast h@neseta!l poytitnpsthenerl drocufficdientyudhetibie t follow

certain amount of yweaibss qh'ﬁ&ﬁ@taet@r&ebh&as&mgt&f th& RS ea%-%uisﬁes%t at
di spl acenent fluid alqng the punp | 1 occur. t he

pressure differ en&@c‘iﬁ}éf’s t%@r?)lsﬁﬁt’é?ée‘é%@% %PEQ‘&“&P“% ﬁ‘é?dci?‘éﬁjﬁé “{ §&R i ns
will loose thebr sendr,ngsp@sltdsoin aedds e preedusortidds df vibel cch\ylu@aﬂs the

plug. By-passing %h&é“%h@rs%?ﬁ{{ efus”krglﬂléap%lf Sérer >l FL%J i8 1%%

di fferent purposes such urality o
attached to each &bheysh ’ehﬂjcalsiuct#mr tmcﬂlderfg‘ émr-'ehélsoﬁmsr uhqulénbwfchww

conductors by punguph Ugise ﬂ@fﬂalﬁréﬁ@uﬂ‘@'dﬂwéﬁelpmoﬂcﬂgef&eﬂﬂ-p@gﬂr@b@ns
the plug may al so _be used in swabb I“(S‘%ﬁg eratjions. In these |lLatteée

operations a cabl &bf PEBHITECPRLLERY GLoHd pirneskas PUTR B¢ "ﬁé't% 9587 | ow -
passage theretibrough dthesetheoffesaged ASTfrenesl ofré:ﬂw)ze ping édveedd ugpraieilr-

(af ter vei ght eni ngh, LOYE(ed bhl (e RAQHUGLLONALIDIIM Al fotihbn oY g 1O

the cabl e upwards, pressure is |l owere art to
flow. This is a kmwus'ecﬂwawelﬂamwaﬁ)ééemiﬂlsr étfup%@laﬁwﬂ‘ ffm pEesEeeai | ed

description ther eqfuid By KeONEREEHR, RbHGS nGfsErdHL @ik flrets GurfoddiCsuch as
above- ment | oned for propelling a plurality of pump plugs attached to each other, and

15 for avoiding complete obstruction of flow conductors by pump plugs.

' Apert from using the pump plug in TFL-operations, the plug may
also be used in swabbing operations. In these latter operations a
cable is comnected to one end of the sleeve (that has the flow
passage therethrough closed off against fluid flow), and the plug is

20 (after weightening) lowered in the production tubing of a well.

By pulling the cable upwards, the well pressure is lowered and the
well will start to flow. This is & known technique which does not
require any further detailed description thereof.
The known pump plugs designed for use in the above-mentioned
25 operations are provided with sealing fins of cup-shaped configura- .-

' tion. In TFL-operations, two plugs are interconnected such that the.
cups are positioned in opposite directions. Hereby, the plugs will
seal off against the inner surface of the flow conductor in opposite
difections of plug motion. Unfortunately, it has been found in field

30— operations, that the cups when positioned with the open ends thereof
in the direction of travel, will easily be damaged when passing
through portions of the flow conductor that have a reduced diameter.
In passing through portions of the flow conductor where an abrupt
decrease in diameter of the flow passage therethrough takes place,

35 the damage of the cups may reveal itself in the form of.cracks at

the locations where the cups are connected to the cylindrical part



25 operations are provided with sealing fins of cup-shaped conflgura-
tion. In TFL-operations, two plugs are interconnected such that the cups

are ositioned in opposite directions. Hereby, the plugs will seal off o’ ¥
ag the inner surface of the flow conductor in opposite directions of
plu tion. Unfortunately, it has been found in field 30 oper ati ons,

t hat The cups when positioned with,the open ends thereof in the direction
of travel, will easily be damaged When passing througb portions of the f"w
conductor that have a reduced dianmeter. In passing through portions of theg
fl ow corfuthoinitared badyadf apsildent auseriad. dfrmestemeotasere fHeow passage

t her et hrQy@hyil ak&RnPb&G8rn 32om ghgel,gi%ggp vyt he cups may reveal itself in

the formof cracks at the | ocations ere the cups are connected to the

cylindri part 2a of the integral body of resilient material. In
extrene oases, the cups will even be torn fromthe integral body. 3 It
w |l be apgreciated that such damage will render the punp plug useless in
TFL - operat\ons since, once the plug has been punped down to the bottom of
awell, it can not be returned to the surface by reversing the fl ow
direction of t he di'splacenent fluid in the well, as the cups that are

designed for re{urning the plug to the surface have been danmaged during the
downward travel ,\qre consequently no |onger able to seal efficiently against
the inner wall of\the flow coenductor. The displacenent fluid then by-passes
the damaged 10 - cNps and-the punp plug stays down in the well.
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An object of the invention is a punp plug for use in well operations such
as i'n TFL- operatidns or for swabbing purposes, which plug is provided with
S,e@JA ng fins that will not be damaged by being passed through a fl/Qu
conductor, irrespective 15 of the direction in which the plug i:¢
di-spl aced through the conductor. Another object of the invention is a purrp
plug for use in well operations, which punp plug can be sealingly displaced
in '@-condui t in one di rect i on foI I ovved by a3 di splacenment in the 20 opp05| te
direction, wthout bei ng rrgf éet%t tha he seaﬂe%éﬁctl

bet ween t he pl ug and the by ﬁa?“iprS?lat gk dih st hot'®if the
plug is passing throgh pogt iseiesofint TRL-opemidionavsbnee ,t bmcel timeplug daet er of

the conduit varies aéyeupﬁs dmped Wown to the ABLEILbr APLELE, of (R AdWvEOLion is a
punp plug for use in wel eratlons wherein the seal’ing fins of the plug

are arranged such trEft"’u'é“ae(’:ih ‘E)fthFh%u?é%ﬁ iR revieRsing the Sieedireatignfal of f
agai nst the wal | 5of tHeedxpaténent hnwghn\/\/amechem,eaplm tﬁpsdtﬁdi:l ased,

i rrespective of the directi n. of . dis e t 30 thr h.the condU| t.. The
punp plug according ‘feu%ed 55?“5&%(}%@? g° stlhgeilué' ReYE O8REral axis,
a plurality of annuldmasghlduwglsf Eles dg¥nwegd | triagel, aprat eomseduemblsnnedlanger he

sl eeve, each sealingiknidebid effkfe&'em:fy hEaﬂQTthtlfH iﬁ‘zfetr' LE] 9% dnerRnt r al
axis of the 35 sleeve and havi ng |'east _the central portion _thereof

“symmetrical ly arrang@8FH- r%’?p%’cﬁplﬁﬁem&nblgﬁédpféﬁeﬁﬁd?ﬁﬁeérthe dgmaesdt he
said central axhs, angssappeld poepndugtatayedoon imehsiwekle on each side of

the sealing fins for SUPRP! {Jﬁé& Epethe invention is a pump plug for use in well

operations such as in TFL-operations or for swebbing purposes,

which plug is provided with sealing fins that will not be
damaged by being passed through a flow conductor, irrespective
15 : of the direction in which the plug is displaced through the
conductor.
-Another object of the invention is a pump plug for use in
well operations, which pump plug can be sealingly displaced in
a conduit in one direction followed by a displacement in the
20. opposite'direction, without being damaged to an extent that
the sealing action between the plug and the inner wall of the
conduit is lost, even not if the plug is passing through
portions of the conduit where the inner diameter of the conduit
varies sbruptly.
25 Another object of_ﬂhe invention is a pump plug for use in .

well operations wherein the sealing fins of the plug are
arranged such that each of the sealing fins will effectively

seal off against the wall of the conduit through which the plug
is displaced, irrespective of the direction of displacement
30 through the conduit.

The pump plug according to the invention includes a sleeve
with a central dxis, a plurality of annular sealing fins of
resilient material mounted on the sleeve, each sealing fin
being flexible in both directions of the central axis of the

35 sleeve and having at least the central portion thereof

symmetrically arranged with respect to a plane perpendlcular



sealing fins in each of'Lhe flexed positions thereof, wherein each support
means consi sts of a ring-shaped support nenber 5 havi ng an outer

dianeter _}ess than that of the adjacent sealing fin or fins and, provided \y
with a ed surface which contacts the adjacent sealing fin or fins-in
one of fl exed positions thereof. The invention wll be described by way
of exanp in nore 10 detail with rbference to the .drawi ngs, wherein ‘
figure 1 shows schematically a partial side view partial |ongitudinal Y

section ov ceardi ' nt i provided with sealing®

fins in thSBf%rePngéc??%%t%agi %clﬁl’aérmdlg'% %?Ef#egégémﬂ I551‘10\‘/’\72 lhﬁe Cross-section

11-11 over sis¥eppmeash ijdet the seplinscfins foyuwverartdhpwde(on a smaller

scal ) thespanpgpfii@ of eEEﬁLUfE‘tlri]e ifmeﬁfale{:aéﬂte&ad Q?eréolfomegﬂdictsﬁgm”ﬁgt Al
ropellin tool string thro t he ow conductor; Tigur

R O]E) t he gﬁrgr‘f)h 6?55°rt5fmﬁ%§u‘f°é’s¥,gtm * F408~ ﬁ%e%ﬁﬁﬁ"%‘u‘be“ib?bei ng di spl aced

in a cdnduhaving ameuter ddeneterolesshthan tiay, of i ther adjacedwvealimigai | A of the

PUTP P1 U0 #in [d:08LS dnd WGP RUTR il nle AV th RlREEAL in a conduit

in a directjon osite to the direction o | acenment as i ndicated in
figure 25 ti‘?l;adgg‘gﬁ?r‘es.%‘%%\ﬂ'“s%éﬁ%ﬂ t8atmey of thar flexrd sogétiansw part i al

| ongi t udi nahexzefti on over a punp plug with seal :c ng.h-fi ns lhfaw n?. a CORI cal
outer portion; mfj e w.altetnatives of the seglin ins shown in
30 figures 1%%8"“%3%8 é‘?ﬁ’?gﬁg)e tdgs‘fﬁré’?glbyo?m’f R ﬁ%ﬁﬁég,m‘%ﬁe punp plug 1
const r Rt edetailagitdy vefiarencd th thecdrawioga. whereiol udes a cylindri- cal

sieeve 2 10 Whietfuran]dhos thelid¥aBly0k gaithdi ke VALG/datad1as Deen bonded

[ : .. The body 3 consists ,
by a suita cln?gig.{vl.xyiei‘zal section ¥wer a pump plug according to the invention

pr¢vided with sealing fins in the form of flat circular discs;
figure 2 shows the cross-section II-II over the pump plug
15 of figure 1; : | -
figure 3 shows (on a smaller scale) the pump plug of figure
1 in operation in a flow conductor.when propelling a tool string
through the flow conductor; _ _

figure 4 shows detail A of the pump plug of figure 1, when

20 the pump ﬁlug is being displaced in a conduit in the direction
of the arrow; , . ".

figure 5 shows detail A of the pump plug of figure 1, when
the pump plug islbeing displaced in a coﬁduit in a direction
opposite to the direction of diSplacement.as indicated in figure

25 4 - I

figure 6 shows schematically a partial side view/partial
longitudinal section over a pump plug with sealing fins having a
conical outer portion; - '

figures 7-10 show altermatives of the sealing fins shown in

30 figures 1 and 6. _

Referring to fig. 1 of the drawingé, the pump plug 1
constructed in accordénce with the invention includes a cylindri-
cal sleeve 2 to which an integral body 3 of resilient material

- has been bondeﬂ by a suitable glue. The body 3 consists |



of a plurality of annular fins 4 with an external dianmeter matching the

i,nt ernal diameter *of the flow conductor through whi ch the. punp pl to
. ropel | ed by means of a-fluid pressure differential generated $s the
punp piig 1. The 5 diameters should match in such a manner that the-Tim

portion.of each fin seals against the flow conductor wall in a manner. such
that an adequate anount- of material at the sealing rimis available to
perigi:t wear of the ri m wi t hout "l oss of sealing capacity over the periods
that” the punp plug is. being driven 10 t hrough the flow ¢onductor. The

[) esilient i Et egr al 0?051 13r£1t4rewtfﬁr aSIRE | SRS B 4RER dn éicﬂ%ﬂ-ﬁaéﬁ a&aﬁébetrgd .
et ween each pair o oinin i NS rt S si t yat ed at
opposite ends of t I’P@t% %‘ ﬁ]péé?‘f‘e%f"nﬁggg &\}‘ét SutEPUER anet er s
that are | ess thanwhbeh thh@mpt;é.lugohsametm srqfelﬂ.éﬂa bﬁrl mepng . oﬂ'hefma.tierl al

that is used in maguf HHR‘Q&J&%QP% né”ra%@ﬁlt%cggg’se tg%?ﬁg 1?1 hithat the

body 3 can operate“under extrene nechani cal pressure,
tenperature andSchdirraters miprbh mebels 1n SiHchab menReR shetalthe fHm PIEIOBUr pose

arle 20 hf or eraﬁpbi’ &dchr ?I_iﬁﬁsééikbﬁéam%@rﬂﬁx!‘ja&i @6ndtictér k@11 URDE manREk

pol yur et hane e asto e u cor t inve tlon is a

bi - di recti onal ”E‘hs'rb‘af % E%E‘g‘ﬁ é’%f?fgﬁ °th’%§ﬁ“§‘e gq’gﬁeﬁa 4§ fBugh a
conduit (provi ded tihaavati hablea ts agemt hweenylo £t the simaevthdut oss oferbaling of f)
by a differential ehﬂaaitprmuae 9&&&&9 éﬂltetﬁé‘ﬁﬁmﬁjbﬁ.&?%%:&l& ddiGeONdui t .

Thus, the plug can be p nP hr.ough a conduit inone direction by a fluid
pressure diffel@nt |'°§F°’iﬁ9 he F?'@' |°ﬁn?‘+ﬁt§rd| rection. A fluid pressure
differential in an oppcaetfsiEhaR, ividgralbvay tHeuphey dompgiddsds by

through the condui trﬂlgs 5 situated between each pair of adjoining fins 4, and
' support rings 6 situated at epposite ends of the body 3. The
support rings 5 and 6 have outer diameters that are less than
' 15  the outer diameters of the fins bL. |
| The material that is used in menufacturing the body 3
should be chosen such that the body 3 can operate under extreme
mechanical loa.ds and extreme pressure, tempera.ture and
chem:.cal environments. Smta.ble materials for this purpose are
20 for example nitrile rubber, carboxylated nitrile rubber and
polyuretha.ne elastomers. ' '
The pump plug accord.mg to the invention is a b1-d1rectlonal
pump plug in the sense that it can be propelled through a
conduit (provided that the passage through the sleeve 2 is closed
25 off) by a d.:.fferent:.a.l fluid pressure action in either direction
of the condu:.t Thus, the plug can be pumped through a conduit
in one direction by a fluid pressure differential opera.tlng in
this direction. A fluid pressure differential in an opposite
sense, will move the plug longitudinally through the conduit in
30 this' latter sense. At a.ll times, the_ seme fins will eea.l against
the inner wall of the conduit and take the load of the pressure



30 this latter sense. At all tinmes, the same fins-wll seal against the
inner wall of the conduit and take the | oad of the pressuré differenti al.

thereb’;;q ving the plug through the conduit. Figure 3 shows the punp pl ussy

1 of f e 1 in an operative position in a flow conductor 7. The interior
passage rough the sleeve 2 of the punp plug is closed off (in a manner
known 5 per se) by a mandrel 8, which is connected at one side thereof. by
means of a knuckle joint 9 (knomm ger se) with various well tools 10, 113

and 12 tha e |nt r on cted | exi bl ts 13 d 14, respectively:
Such wel | éb%r SREW SFE OL ?838*%3* g‘b ﬁi.’)'l1 "rléqu re any further

detail ed expl aﬁagqmnS s_‘n_ews the pumpl ﬁlmslqmd;gtatédﬂtunoaaloppnmml ugs
accor di ng bGs a6 1AV ENkQNdiRYcRE. §OURL Okl dNBodTRd! Glrofiglby meANS Of

knuckl e joInts to I ncrease t iving force o e punp ug 1. The
annul ar se3l§ fdetyens of thedupp Rivg 19 cé?sqdhéf% Hﬁb pPaEer BRGNSy mret ri cal

}M thr 93 peﬁér fs@) &ypb.&ﬁhﬁldﬁé]f EBQgﬁlﬁ.cﬂ;5ls ﬁoﬁ%fcﬁemcutctb&eﬁrsl?@ th@ﬁﬁt?fent r alh
ongituin axi s R u This form e Jnsa ows the punp
o b batyaBant ste SR BoPind obliE pe2 @ it ot ained wth
ref erence teolfsi §ow d4 shdahd thabfarehintgraonnegted i $lebcy‘pﬂee gbiftisns when

applied i njgqx@i pat &-Qé}:e%iwrél&heséﬂpspél&t t4d1898nd j8hts ad¥ kholPt be liable to
bei ng danaged or torn off when the g{rtg IS Ssef uentlally displaced in
u

opposi t e dPFREEi Hits ?%uﬁ?ﬂ“&rﬁm &7 dptrigipaadatttiRfough a conduit
havi ngol ocal capsdesiedd oaedltEbgw eudp PaNES ade&mhgkooﬁhet he punp plug of

2cti on thr STEREHE B0 el PPletel g 4R} S 4] Bl e BF 0PN, béle 'ed over
the punp pleipts favihereaasthehdripdss atpece fotigh puhe plug 1. '
The annular sealing fins h (sge figure 1) of the pump
plug 1 are symmetrical with respect fo a plane arrénged
15 perpendicular to the central léngitudinal-axis of the pump
plug. This form of the fins aliqws the pump plug to be used
in a bi-directional sense. As will now be explained with
reference to figures U4 and 5 of the drawings, this type of
fins when applied in combination with the support rings 5
20 will not be liable to being damaged or torn off vhen the plug
is sequentially displaced in opposite directions through a
conduit, or being passed through a conduit having local
constrictions.
- Figure 4 shows detail A of the pump plug of figure 1
25  in the p051t10n that the plug is being driven by fluid action’ -
through the'condﬁit 15.'The_f1uid pressure differential
applied over the pump plug'i (ﬁhich has the passage through the
sleeve 2 thereof sealed off against the péssﬁge of fluid)..
_. displaces the plug in the direction of the arrow 16. The plug 1
30 is shown at a location in the conduit 15, where the leading
fin L of the plug has just entered the constriction 17 present
“in the conduit..The leading butlone_fin L' is still in that
portion of the conduit 15 that has a relatively large diameter,
and the fin L' seals with the rim portion thereof against the

35 wall of the conduit. The diameter of the fins is chosen such



sl eeve 2 thereof seal ed of f against the passage of fl ui d) displace
plug in the _direction of the arrow 16. The pl ug 1 30 I S shown
_ ng_atlon in the conduit 15, where the | eadi ng fin 4 of the plug h
enteretd™the constriction 17 present in the conduit. The |eading bu
4" is’'still in that portion of the conduit 15 that has a relatively 1arge
di an et er, and the fin 4" seals with the rimportion thereof against the 35
wal % of the conduit. The dianeter of the: f‘i7ns S cho_sen such 7 that the
fins are slightly curved in longitudjnal section whéen in their operative

position in the |arJ82HiRetidE s sl R CHEBPRIdPL LoPBIt B isgriint i on of

the fin 4 (as well wasentinethdim @urhtm@sp@élteaﬁhnoéhet hl&rgenaiazfel% aret her

fins that are prese t.he e o] uit 15)
is kept in contact vrg\’ntrtﬁ"et ﬁ!égldé%ﬁdé ?&%}afﬁm Jﬁ°en ?gsﬁt"‘F ’r&y o %ﬂ'nﬁf eri al
of the integral body"hs riphperifhons ofleany O:i'ga’aﬁmg@t shiw ,\wihér fiﬁhett@@ak'emgesent
force is increased by heipr@satieech fsfe@'Eﬁﬁt bRlunr Esnatpl 11500, 8CKGRS 4 he

fins and operating to flare, t fi . Qutwards agal ns condul t

vial | . The material &PPHaf& ‘l”rﬁhe@}i‘%lc%‘?i&}; ‘Sa%lsb%tPF‘Fl‘tqséﬁ’tquYr%%tP? dteripl
allow all the fins ¢ tre fefeprardobp 3 hehémayleereaaSn§b@msw tﬂlsr@etle.rem‘ee to
the fin 4 in figureg e e, fi.n ent e caonstric f the
conduit 15. In this %311‘4@ goszlctgl an m%éc E}" ressusf)"ﬁ%r(%lf elbe)? i’%e Pﬁa"' oi ni ng
support menber 5 |n"§!:|1=:lﬁlsaa?mﬁﬂeﬁhetﬁlens beoper@ilhe tooflese theefintl at the
‘l'ocation where the fubwgras negatihet euéld&datmbamrt of the integral body 3,
are relatively small. As%a r sujt t hereof, cracks that woul d lead to the

e

fin being torn fromth §rla§0°f e 1itsere o bed 3 1% SULBLRIRDEN wi | |

fI are out aga|r1\Nhemesimaent to allow all the fins to be deformed in the manner

as shown with reference to the fin 4 in figure 4, when the

fins enter the constriction 17 of the conduit 15. In this
15 position, each fin 4 is supported by the adjoining support
" member 5 in such a.mannei that the tensile forces exerted at
the location where the fin joins the cylindrical part of the
integral body 3, are relatively small. As a result thereof,
_ cracks that would lead to the fin being torn from the body 3,
20 will not occur, and each fin will flare out again when the
pump plug has passed the constriction 17.

Since each of the fins 4 is bounded at opposite sides
thereof by a suppoft ring 5, the fins can be defbrméd in
opposite senses depending on the direction in which the plug

25 is passing through a constriction of the conductor tube or —~
conduit through which the plug is-being driven. '

N Figure 5 shows detail A of the pump plug of figure 1

when the plug is driven through the conduit 15 in a difection
(see arrow 18) opposite to the direction of movement indicated’

30 in figure L. The fins L are, when the plug has entered the
local constriction 19 of'the conduit 15, deformed in a sense
opposite to the sense shown in figure 4, and then rest against
the support rings 5 situated at the trailing sides of the fins.

Figure 6 of the drawings shows another embodiment of the

35 invention. In this embodiment, the fins 20 and the support



¥

punp plug has passed the constriction 17. Since each of the fins 4 is
bounded_ap opposite sides thereof by a support ring 5, the fins can be -

def or ng n opposite senses depending on the direction in which the plug R&%¢
. IS pas through a constriction of the conductor tube or conduit through .

whi ch t plug is being driven. 'N Figure 5 shows detail A of the punp

plug of figure 1 when the plug is driven through the conduit 15 in a .

direction (see arrow 18) opposite8to the direction of novenent indicatedggg
in figure 4. The fins 4 are, when the plug has entered the | ocal o
constriction 19 of the conduit 15, deformed in a sense opposite to the
sense shown in figure 4, and then rest against the support rings 5 situated
at the trailing sides of the fins. Figure 6 of the draw ngs shows anot her
enbodi nent of the 35 invention. In this enbodinment, the fins 20 and the
suppor t 8 rings 21 and 22 are separate el enents that are bonded to the
sl eeve 23 ofinghe2pund 22| anp 2dparbhie glengypsr thainsreofbonfesi tonghe20 have

slightly conpi t : ' e 140 degrees)..?'

The main ads\r}'ae%tg%g%h;ﬁg%ggf%% Qﬂt:hterng ﬁgnﬁ"r#@#ﬂ%#oﬁ%e%o the plug in the -

di rection o#0 hhes spishtdy camidakshers {thaepensfdtheicans Peirg the punp pl ug

as shown i mdskOthsd ko ARgFdesh ! Ofet A nf amne?%nqeé’&f(ﬁ&h&t%ees 1 and 6),
e

- other types_qf ,annular fins nay he used.in u | u ccqording to the
presen® i nvEHTEHh FOEHE TP 1R hEFe BT FesFtes ﬂgv\‘}r{"pei %’eﬁ%°g s&fqures 7-10 of

t he dr awi ngsmeThe iammsdsad fdlatde tasthermompepluy bs \shetovim figuregre 7) is

di scus-shaped, ,and %%gg at Ihehi

nneL. r,i mthereof .to .t outer wall of ‘a
cylindrical sl éAg\aize't hg fsll?Sporafngréonégeiﬁﬁﬁeémtaﬁléi Eﬁ’agﬁf’%ﬁ the fin 25,

and are al $¥pes g@daqayigr fins may be used in the pump plug according
to the present invention. Some examples'thereof are shown in

10 figures T-10 of the drawings. The annular fin 25 (as fragmentarily
shown in figure T) is discus-shaped, and glued at the inner rim
thereof to the outer wall of a cylindrical sleeve 26. The support
rings 27 match the shape of the fin 25, and are also glued to
the wall of the sleeve 26. If desired, the rings and the fin may .

15 be bonded together. The sleeve 26 may be replaced by a mandrel
(not shown) that carries means for connecting the plug to tools
that are suitable to be pumped down in a well for carrying out
predetermined operations down the well.

Figure 8 shows a flat annular fin 28 provided with annular

20 - grooves 29, 30 increasing the flexibility of the fin. Such
grooves may nurber more than one, and may - if'desired - also .
be used for increasing the flexibility of other types of fins,
such as those shown in figures T and 9 of the drawings.

Figure 9 shows still another type of fin. This fin 31 has

25 " the advantage of a relatively large vblume rim portion that
gives an adequate protection in conduits where excessive wear
of the fins may occur. '

Finally, figure 10 shows an annular fin consisting of
several thin annular rings 32 of.resilient material that are

30 bonded near the inner rim thereof to form an integral fin.

This type of fin has an extremely large flexibility which may



.the.wall of the sleeve 26. If desired, the rings and the fin may 15 be
bonded together. The sleeve 26 may be replaced by a mandrel (not shown)
ty\a) carries nmeans for connecting the plug to tools that are suitghbke to be
punped’ﬁomn in a well for carrying out predeterm ned operations ‘;%T the
wel | . ‘Flgure 8 shows a flat annular fin 28 provided with annul a

grooves 29, 30 increasing the flexibility of the fin. Such groovesS nay
nuﬁ@?r more than one, and may - if desiredg also be used for increasing:
the flexibility of other types of fins, such as those shown in figures 7
and 9 of the drawi ng$. oFisgurrrage sonsusst PR [IPUERGIING? thppiagP ¥d A PRWPSAfin

31 has 25 the advaptegs ebndditL£hath \tRir¥ou @Bg&r\g@{;wﬁg rimportion that

gi ves an adequate prot eﬁﬁl oan‘lg congw ti m ft%?écsesm ve wear 3§ i i ns
may occur. Finally, fig A FRETEH 4R WEAREY SEPER) dr kRt al
thi'n annul ar rings 35 sfownein Ifigutesn@) Or aad Whatespectilly, hotbethaidans t he
tnner rimthereaf tQ;korm;an \ﬁr}:@}%ﬁ:@'t&‘ cg%pebg{zé »&Xxgeth‘éf gildsh e.'%baﬁe%}med

extrenely large flexibllit vant age- use on punp
plugs that have to BEThransee QlﬁPbﬂj’@He’b"oﬁHu*rllesPWPt Blyéattheapek o sepd@tirons. |t

wi |l be appreciated dniadret ’e@n@upswn:he rdl@@ﬁe &3«1/&41;@@&135 ighewd wig dsi gur es
8, 9 and 10, respectl ely whi ch they have to
a

ed 'Emt tlli; ger tt‘
cooperate when the f° re U&tor F8 cﬁ?ﬁ ntg° h%“r& pl acenent of the punp
pl ug through a conduit, Adftoughetiroedeeiimentshef sthecinveahibmodisdveséd vy in t he

way as referredoto \Ma&hof %E:E%di@cﬁﬁoréfeg%@e fo tet MH d Rge &IROGi SR My Of
the invention discussed by 1 ¥ exanple with %erence to the
drawi ngs are all de<&sr ‘p%'lélé pump plugs for use mTFL-operat:Lons, it will be appreciated

that each of the embodiments can also be used as a swab in well

swabbing operations. Such well swabbing procedures are well
'known, and do not require any detailed de5cr1pt10n.

15 Finslly it is observed that the fins and the support
members shown in figures 6-10 of the drawings may be made of
different materials. The material of the fins should have a
sufficient flexibility to allow the fins to be deformed to a
position wherein they are supported by the support members,

20 when the plug passes through narrow portions of a flow conductor,
such as through constrictions, curves or bends thereof. The
éupport means msy be made of non-resilient material, which materialis,
just as the material of the fins, suitable td'withstand the
often extreme conditions to which the plug is being subjected

25 in wells penetrating.déep-lying underground formstions. The e~
resistance against mechanical wear may be less than the wear
resistance of the material used for the fins.

The fins and suppoft members may be sepérate elements as
shown in figures 6-10, or form part of an integral body as

30 shown in figures 1 and 2. In an alternative embodiment, the pump
Plug according to the invention may consist of a cylindrical |
sleeve (or a mandrel) carrying elements consisting of one or
more fins and two or more supporting means. The elements may
be bonded to the outer surface of the sleeve or the mandrel,

35 or mounted on the sleeve or mandrel in any other suitable
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as being punp plugsforusei nTFL-operations, it will. be appreciated that each f
«of the enbodi nents can al so be used as a swab in well swabbing operations. .

Suc | swabbi ng procedures are well known, and do not require any ~ 2

-det description. 15 Finally it is observed that the fins*and

t he support nmenbers shown in figures 6-10 of the drawi ngs may be nade of -
different materials. The material of the fins should have a sufficiént
flexibility to allowthe fins to bg defornmed to a position wherein they &%ﬁ
supported by the support nenbers, % when the plug passes through narr

portions of B2IFEF o\FUE n%FuéYd?elnsmi-lm therseghirc erddlr ditdcdlény curves or

bends t her esj med i oFURRRS §criiad onMBYrenfRde ﬁfraﬂ%b Qﬁsdolthegnds .
mat eri al , anaterlal IS, ‘%ﬁit as the materi al fins, suitable to

wi t hst and tﬁ P LB F W% 8hui tions to which the plug is being subjected
25 in wells penetratingdeep-I|ying underground formations. The resistance
agai nst nechani cal wear may be | ess than the wear resistance of the
material used for the fins. The fins and support nenbers nmay be separate

el ements as shown in figures 6-10, or formpart of an integral body as 30
Sshown in figures 1 and 2. In an alternative enbodi nent, the punp plug
according to the invention may consist of a cylindrical sleeve (or a
mandrel ) carrying el-ements consisting of one or nore fins and two or nore
supporting nmeans. The el enents nmay be bonded to the outer surface of the

sl eeve or the mandrel, 35 - or nounted on the sleeve or mandrel in any

ot her suitable 10 manner, such as by being clanped thereon in axi al
direction by nmeans of nuts screwed on scremﬂhreads arranged at both ends of
t he sl eeve or mandrel.
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CL Al M1, Punp plug for use in well operm—pr—ug—i—neluding a
sleeve with_a central axis, a plurality of annular sealing fins.

resklient material nmounted on the sleeve, each E’Mﬂﬂ”"’ﬂ”ﬁ flexr bl

in both directions of the central axis of the 5 Eu"ﬂg at Ie@
the central portion thereof sym metrically arranged whtH' réspect to a

~pl ane perpendicular to the said central axis, land support neans nounted on
th_nsleeve on each side of the sealing fins for supporting the sealing fins
in each of the flexed positions thereof, wherein each support neans 10 .

consists of a ring-shaped nember havi ng &abdufed Sji aneter | ess than that of
the adjacent sealing fin or fins and provided w th a curved surface which

tacts the adj t I fi f I
contacts Lhe adlaccft gl Bt ke g L%el0 BBfuclind "Byl AU LRREILL®

of each. sealing finslesveorithas |cyns:r1aépe’ers-3a Plummymﬁjgn%ﬂ:l@m%haﬂgns 6i!!$ a| m

2 wherein the apex gf rEQﬁiQﬁE‘Qna'tEriaﬁsﬁotItﬂE@ ok Ondl BUESAS - eébh se.-ﬁuﬂp fhug
according to any on ei n

arm; he fins he _sypport
‘means forman int eg 3b%){1|*§‘ig riﬂsl?"ltf‘e‘?ﬁ“? Pt gf cegtra % for
use in well opersati slgeve udnsit mmaldquassudehe:rcreberilr portiien Sthecedf sm-r on with
reference to figuregedycdrny’ hibbhfed widhGebhit’ €5 o préhe Peritiladl1Qf dolbhe

dr awi ngs.
- said central axis, and support means mounted on thg sleeve on

each side of the sealing fins for supporting the sealing fins in
each of the flexed positions thereof, wherein each support means
10 consists of a ring-shaped member having an outer diameter less
‘than that of the adjacent sealing fin or fins and provided with
a curved surface which contacts the adjacent sealing fin or fins
in one of the flexed positions thereof.
2, Pump plug according to claim 1, wherein the outer portion
15 of each sealing fin is conically shaped.
3. Puﬁp plug according to claim 2 wherein the apex of the cone
is less than 140 degrees.
4.  Pump plug according to any one of the claims 1-3, wherein
the fins and the support means form an integral body of resilient
20 material.
' 5. Pump plug for use in well operation, substantially as
described in the specification with reference to figures 1, 2,
figure 6, and figures 7, 8, 9 and 10 of the drawings.




