-1- METHOD AND APPARATUS FOR | NJECTI NG CHOCKI NG MATERI ALS FI ELD OF

| NVENTI ON 5 The present invention relates to a nethod and apparatus for
transferring a settable fluent naterial into a cavity, and particularly

al t hough not solely to a nethod and apparatus for injecting a chocking
material or the like into a cavity around,a housing tube for supporting a
bearing within the tube. 10 BACKGROUND 1tlis known to use shinms or chocks to
support machinery in a desired position and/or alignment with respect to a
supporting su ﬂ‘\}ﬁ I}gm bR%ENG! g |ng
mat eri al that Mgflﬁr(l)t]%% ﬁéaldﬁ) 1 uent N?)\/\(/la;esc;ltlt he rra(fgrﬁi%gEy an

support structure, and allowed to set to maintain the machinery in a
pre-arranged position a‘agl/ al i gnnent. Adjustnent devices, such as screwed
supports, m ELD QFINYENE; ppblly bring the machinery into the desired
position and/or alignnment. The screwed supports hold the machi nery 20 stable
whil e the fluent chocking material is being introduced and while it is
setting. 5The chodkiengresat énvention aolaeesith hawtimud end eppaeatus fpr awnsfasing =t rong
and stable connection between the machi ner an its sup portln%%structure.
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bearings in &oﬁﬁh@hﬁw&‘bfﬂ@bdﬂﬁgb@eﬁﬁh@w&hﬁhthéleuﬂaearI ng at a desired position

and alignment. A settable fluent chocking material is typically introduced
into respective annular cavities around the bearings at each end of the

stemt quOeAB%QC'g(gﬁﬂﬁﬁNI?nal way of introducing the chocking material into

the cavities 15s

It is known to use shims or chocks to support machinery in a desired position

and/or alignment with respect to a supporting surface.

15 It is also known to use a settable fluent chocking material that is introduced,
while fluent, between the machinery and a support structure, and allowed to set to
maintain the machinery in a pre-arranged position and/or alignment. Adjustment
devices, such as screwed supports, may be used to initially bring the machinery into
the desired position and/or alignment. The screwed supports hold the machinery

20  stable while the fluent chocking material is being introduced and while it is setting.
The chocking material, once it has cured or set, provides a strong and stable
connection between the machinery and its supporting structure. Suitable settable
chocking materials include grouts, slurries and other cementitious materials, and
epoxies and other resins.

25

One application using the settable fluent chocking material is for securing
stern tube bearings in a ship’s structure to maintain the bearing at a desired position
and alignment. A settable fluent chocking material is typically introduced into
respective annular cavities around the bearings at each end of the stern tube. A

30 conventional way of introducing the chocking material into the cavities is by

manually pouring the chocking material progressively into each tube cavity.



manual | y pouring the chocking material progressively into each tube cavity.
-2- Chocking materials are available in container, e.g. cans. The nunber of
contai ners of chocking material required for a particular application
depends on the volume of the cavity to be filled. At tines, several

contai ners of chocking material may be ;fquired. To ensure that there is an
even distribution of the chocking materiat™5 within the cavity, the feeding
of the chocking nmaterial is carried out at a slow and steady rate. However,

the rate at whi Chth@kiﬁ%%K@eHle”ﬁ%eéxjaﬁhbliesinf Sgitﬁﬁ&‘?%t. DEardsOTheShihbethgn the

curing or setting time of the chocking material 1s refatively short. The

setting or cuontaigetsi ofecheki@gdsatenal regastd fon appartiqulamappheationpéepehnds oue the
erature of the chacking
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mat eri al may r f t g i - J kst fully
. g T R e
cavity in5a suthin theectviity, theofetding rof.thdHohekarg miaferibhes cdmiek ongatnatlew ald i s
not fed into 15 the cavity in a proper. ney, for exanple_.is not steadily
fed into thestady fafe Haweven kﬁaﬁgétrmﬁléggaﬁ? chigkingo e {pdaranpey Bufsg _
has voi ds. or Eai Prb e Yurfglor SERE e HEE Spotiing BT KircRERel sl @
cracki ng and séttiﬁglodmm;‘ingftintdq@epehdm lat kegstniat part, ah .thd typehef the ehoakigngoiatetihle

chocking material_ into the cavity is not copnpleted in a sufficient]y short
period, 20 i atipkeing emplayeda dbe temparaiyrerqfithe chpckmgamatgrialapayalse ipfiiengg, ey

t he chockjng i later may not bond as well as, or nay not bond
wi t h, thgbchoﬂcg%eﬁgdgantgtcéﬁﬁglu ed earlier. This is likely when the chocking

material is fed into the cavity in batches, e.g. from several containers.
In this case, it is possible that the first batch of chocking material that

is fed into the calietshogkipsduperigemay detpreveniafrag stting i cEAng deftie ithe
fﬁgplzﬁﬁ |egg L]:glml?lgr dltsgﬁll{l E@gé ?\g%}féhotc?ﬁgln%tgﬁal %@té&lhi t}{éocthogl?ihé 'n?aqer?alll EntthrlJ“ n
cavity in a sufficiently short time. However, if the chocking material is not fed into
15  the cavity in a proper manner, for example is not steadily fed into the cavity, the
chocking material may be unevenly distributed within the cavity and/or may contain
voids. If the cured chocking material has voids or cavities, it tends to be more brittle
which can lead to cracking and breakdown of the chocking material. If the feeding of
the chocking material into the cavity is not completed in a sufficiently short period,
20 i.e. before the material fed first begins to set or cure, then the chocking material fed
later may not bond as well as, or may not bond with, the chocking material fed earlier.
This is likely when the chocking material is fed into the cavity in batches, e.g. from
several containers. In this case, it is possible that the first batch of chocking material
that is fed into the cavity may cure before the feeding of a later batch is completed. If
25 the feeding of the later batch is not carried out within the curing period of the first
batch, the later batch of chocking material may not bond well with the first batch if
the first batch is substantially cured before the second batch comes into contact with
it. This results in weak bonding between batches of chocking material within the
cavity.
30



batch, the later batch of chocking material nmay not bond well with the first
batch if the first batch is substantially cured before the second batch
conmes into contact with it. This results in weak bondi ng between batches of
chocking material within the cavity. 30 -3- Hence, it is accordingly an

obj ect of the present invention to provigg_a met hod and apparatus for
injecting fluent material which addresses™the abovenenti oned disadvantages
or which will at least provide the public with a useful choice. 5 BRIEF

DESCRI PTI ON OF  THE1dntEINiK! 4bbridihgly & bi5jbcta TR preédie idieRB SN0 provRIBl A&theRY be
broadly said to be a nethod for transferring a settable fluent materi al

into a cavityndténpacsdnd for friedting Huemvinatgriali wWhiolg adgresses dhel ahoveméntipnednt
port, the ven ort being.loca above the fillin ort . .and. the 10 nethod
conpri si ng ttﬁ%sa@f’@ﬁ@%ﬂr%@é@ %@ﬁ%&%ﬁ%@ﬁ%%‘? ‘%Hf u§f1'f”1§rﬁf’5:§'er voir to an

inlet port of a punp, (b) connecting an outlet port of the punp to the
cavity filling port, 15 (c) at least partially filling the reservoir with
the fluent mBRIERDESCRIBHONMOMFBEABNYENTION t r ansfer the fluent materi al
fromthe reservoir to the cavity, and 20 (e) allowing the fluent materi al
in the cavity to set to a solid. The fluent material is preferably a resin

material, for exanplLefAnaReXihe PRkt inv&itiot BB bidaliBid R 8 & fethodSfol N
step (e) the fluent material preferably sets to a rigid solid.
transferring a settable fluent material into a cavity, the cavity having a cavity filling
port and a cavity vent port, the vent port being located above the filling port, and the

10  method comprising the steps of:
(a) connecting an outlet port of a reservoir to an inlet port of a pump,

(b) connecting an outlet port of the pump to the cavity filling port,
15
(c) at least partially filling the reservoir with the fluent material,

(d) operating the pump to transfer the fluent material from the reservoir to the
cavity, and
20

(e) allowing the fluent material in the cavity to set to a solid.

The fluent material is preferably a resin material, for example an epoxy resin,
or a cementitious material.
25
In step (e) the fluent material preferably sets to a rigid solid.

The cavity may be a substantially annular space between a shaft bearing and a
tube housing the bearing.
30
The fluent material may be made from a plurality of component materials

which are mixed together in the reservoir prior to operating the pump in step (d).



The cavity may be a substantially annul ar space between a shaft bearing and
a tube housing the bearing. 30 The fluent material may be nade from a
plurality of conmponent materials which are m xed together in the reservoir
prior to operating the punp in step (d). -4- The reservoir is preferably

hi gher than the punp and the fluent materjal is transferred fromthe
reservoir to the punp by gravitational force. The fluent material is
preferably transferred fromthe punp to the cavity by 5 application of a

pressurised gas tUhé hechwiiis prferatiip tdidr Aspetie puitp RhE IR FlubmMveaterisinisnay be
broadly said to be an apparatus for transferring a settable fluent materi al
into a cavi t iransféreedcfzem the tesarveoig taathe puaptby gravitatiagalderce. and a cavity vent
port, the vent port being higher than the filling 10 port, and the
apparatus conprising: a reservoir for containing the material to be

transferred into fhe fluent mdteriaNth SrefidRly RaNfBGe® BHMheCRANPES thel B ith HYP
chanber being connected to the 15 reservoir, and the reservoir being hi gher

t han t he punppdicatidreef a pigesusised gdsdo themnips operable to alternately
de-pressurise and pressurise the punp chanber allowing the material to nove
fromthe reservoir to the punp chanber when the punp chanber is

de-pressurised ang OYddRAd td3pedtBthr pratent liRVEntidR MdHTbe? BraadBTodl {o0bé @ pPunp
outl et port when the punp chanber is pressurised, so that the apparatus

transfers theppasates faxltransferting a esitable flnent anatereal dnigi a gavikye thet ¢awitp baping Ranber
IS successivel ssurised and .de-pressur.ised and .t he pu utl et .port is
connect ed tBa‘%{Wgélilggiﬂof}t " ?ic%‘gyp% _p0§5{}}§r\éeglé,pg 1 QFIng ﬁ@@bg’ﬁ?éﬁ%gﬂf‘ﬁrt her
conprises) aphit/ahld tN@hppRradN cdnprisipenabl e to permt novement of the
material fromthe

a reservoir for containing the material to be transferred into the cavity; and

a pump having a pump chamber, the pump chamber being connected to the

15  reservoir, and the reservoir being higher than the pump chamber,

wherein the pump is operable to alternately de-pressurise and pressurise the

pump chamber allowing the material to move from the reservoir to the pump chamber
when the pump chamber is de-pressurised and moving the material from the pump

20  chamber to the pump outlet port when the pump chamber is pressurised, so that the
apparatus transfers the material in the reservoir to the cavity when the pump chamber

is successively pressurised and de-pressurised and the pump outlet port is connected

to the cavity filling port.
25  Preferably, the apparatus further comprises:

a first valve which is openable to permit movement of the material from the
reservoir to the pump chamber and is closeable to block movement of the material in
the opposite direction from the pump chamber to the reservoir;

30



reservoir to the punp chanber and is closeable to bl ock novenent of the

the opposite direction fromthe punp chanber to the reservoir;
30 -5- a second valve which is openable to permt novenent of the materi al
fromthe punp chanber to the punp outlet port and is closeable to allow the
to fill with the material npving fromthe reservoir to the
punp chanber; and 5 a punp driver for alternately increasing and decreasing
t he vol une of the punp chanber, the increasing vol une acconmodating the
material noving f LeEkINASalveSSBICH 9 6penablt e
t he punp chanber being transferre fron1tEe punp chanber to the cavity,
the punp out pgmppbembenie thaphmp outlet parhapdis closeatthete alloav thelnwmp drambetopunp

es, ,.10 I. ref er.abl t he chanmber i.s a cylinder in
gﬁfwﬁg&e&%@%@ﬁo%w ?’ﬁglr%%eec‘eﬁ'ﬂﬁ%‘a SREAYRC %"%ﬂ“@m of the punp
chanber; an application of pressurised gas to the piston drives the piston
in one 15 direction to decrease the volune of the punp chanber;

val ve is dpened t@ pwhp alriver er alpgrhatelyt inorgaging tand decressingitbe dobyuse pb thehe
piston to all ow npvenent. of the. material fromihe reservaoiyr to.t
Chanber Lo PREPAEEDERdS et B orime prspealioe 1 SRl wolinsdfeR 8 ey

material in

punp chanber

chanber decr
whi ch a pi st

al so be said
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referred to or indicated in the specification of the application,

i ndi vi dual | y tansfened freot thegiump ehraenbsnio the cavity, coariiermammpentled portrapd cawityor
rts, ele ts or features, and ere specific integers are
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More preferably, the pump chamber is a cylinder in which a piston

reciprocates to increase and decrease the volume of the pump chamber;

an application of pressurised gas to the piston drives the piston in one

direction to decrease the volume of the pump chamber; and

a vent valve is opened to relieve the application of the pressurised gas to the
piston to allow movement of the material from the reservoir to the pump chamber to

increase the volume of the pump chamber.

This invention may also be said broadly to consist in the parts, elements and
features referred to or indicated in the specification of the application, individually or
collectively, and any or all combinations of any two or more of said parts, elements or
features, and where specific integers are mentioned herein which have known
equivalents in the art to which this invention relates, such known equivalents are

deemed to be incorporated herein as if individually set forth.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred form of the present invention will now be described with reference

to the accompanying drawings in which:-
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deened to be incorporated herein as if individually set forth. BRI EF
DESCRI PTI ON OF THE DRAW NGS 30 A preferred form of the present invention

will now be described with reference to the acconpanyi ng drawi ngs in which:
-6- Figure 1 is a schematic view of an apparatus for injecting a chocking
material; Figure 2 is a schematic view spow ng aspects of the injection

process; 5 Figure 3 is an elevation view of a stemtube. DETAILED

DESCRI PTI ON OF THE | NVENTION 10 Wth reference to Figure 2, there is shown a
schemati c vi ew of Figisy $tieascheadtic viw offgneappamtsdof injeetihg alkhodkimgpmatetiel; i al
into a cavity inside a tube 3 such as a stem tube. The system conprises a
punp or conpression drum?2 and a reservoir or mxing drumd4. A pipe 6 is
provi ded to conne I; . . i b LLE n outlet
Port of the mxi ng B SeRREE vil WRIAERBERSQr 4R ettt i 4 1 s
15 situated at a | evel higher than that of the conpression drum 2. Referring
to Figure 1, the punp or. conpression drum 2 conprises a piston assenbly 8,
a cover 10 and a &ygurpdds an olevation vigw ef a §igm be.i ght |y secured to an open

end of the cylinder 12 by bolts 20 so that an air-tight enclosure is forned
within the 20 cylinder 12. O her suitable securing nmeans may al so be

adopt ed. The piston assenbly 8 conprises a plunging rod 14 having a piston
18 at one end and a flan%e 16 _at an opposite end. The flange 16 slides

al ong at | eaRETAHLED RESCRIFIION O H’éI%EtIHB’rEQ{;ﬁEpr each guide rod 22 is
secured to the cover 10. The rods 22 25 serve as supports and guides for the
pi ston assenbly 8 and when the piston assenbly 8 is actuated, the flange 16
slides dqon. The twWith gefetticé asiBigdit 2 rthers ubstiownt 4 stHeynatipaiew beh sygeranged
another. Nuts 21 secured to the distal_ ends of the guide rods 22 limt the
upwar d t r avelfoomiectiag @ Buerh checkdng mategiahinte jarcav iy iesde adehe 3 sudy ag pstern

conpr essi on

tube. The system comprises a pump or compression drum 2 and a reservoir or mixing
drum 4. A pipe 6 is provided to connect an inlet port of the compression drum 2 to an
outlet port of the mixing drum 4. In the preferred embodiment, the mixing drum 4 is

15 situated at a level higher than that of the compression drum 2.

Referring to Figure 1, the pump or compression drum 2 comprises a piston
assembly 8, a cover 10 and a cylinder 12. The cover 10 is tightly secured to an open
end of the cylinder 12 by bolts 20 so that an air-tight enclosure is formed within the

20  cylinder 12. Other suitable securing means may also be adopted.

The piston assembly 8 comprises a plunging rod 14 having a piston 18 at one

end and a flange 16 at an opposite end. The flange 16 slides along at least two guide

rods 22. The other end of each guide rod 22 is secured to the cover 10. The rods 22

25  serve as supports and guides for the piston assembly 8 and when the piston assembly
8 is actuated, the flange 16 slides down. The two guide rods 22 are substantially
parallel to one another. Nuts 21 secured to the distal ends of the guide rods 22 limit

the upward travel of the piston assembly 8 within the cylinder 12 of the compression

drum 2. The space within the cylinder 12 below the piston 18 defines a pump

30 chamber having a volume which varies as the piston reciprocates in the cylinder 12.



drum 2. The space within the cylinder 12 bel ow the piston 18 defines a punp
30 chanber having a volune which varies as the piston reciprocates in the
cylinder 12. -7- In a preferred enbodi nent, the piston 18 has substantially
the sanme dianeter as the inner dianeter of the cylinder 12 to provide a seal
between the cylinder and the piston 18 as _the piston slides within the
cylinder 12. In operation, the piston 18 slides wthin the cylinder 12 to
pressurise and punp the fluent chocking naterial. The 5 plunging rod 14 is

preferably centralhy pbfertad @thbodinidi®, the pistsh 18had subshatiphefiRrdagd diameter
enbodi nent, a seal (not shown) seals between the piston 18 and the inner
surface of tahdheipnerdiametepof thejcylindes|l2de prayedemsral betvwegn e cybindestand the

suitable material ,.and ma be.one..or nore sealy ings 0. inder 12
s brovidea e 48 3 thelftn SR ulh SROGRAGH 2 19 obedfiSn, e iR RWELT o
the cylinder wighifRROTylifddrolZ & pRésStryd @fiSHap Lthe. fIUEAE cEOCKINE imal&iast Ths t he
pi ston 18 from novi ng downward beyond a point of contact between the piston

18 and t Be Mwgirg rah 14 Tk oreferbpe cetelly sithated omathieypistoni 1. dorthe paeferied t he

inner circunference of t yhinder 0 alternate. for th per
26 s provi earsgey pata indibe M trehchroport e L Mo i Mhebi¥els PECe o
the cylinder tfecylW¥RP 12 WPhis $b4ltal HRthatil GMEbBYr&r iR sulthislY niterid)y aidemhap! v
positioned directly opposite one another and at the same hei ght frombase

of the cyli ndwerong®r mectisqabing rivgsn t he piston 18 is in contact with the
protrusions, the piston 18 is positioned substantially parallel to the base
of the cylinder 12. 20 The punp or conpression drum 2 includes a punp air

inlet 28 1gnd a punfhe ¢yARdera? i8ipfoRddd With #0least Bfe SloppériWhitd igpskifidiRdat I
outlet 30 preferably are pipes that extend fromthe cover 10. However, it
i s envi saged dneand of Hercydinideral?) epposité toi the pistrmrasseanlyly 8h dhadopperd6 stops the
piston 18 from moving downward beyond a point of contact between the piston 18
and the stopper 26. The stopper 26 is preferably a rim surrounding the inner
circumference of the cylinder 12. In an alternate form, the stopper 26 is provided by
15 two or more moulded protrusions at the inner surface of the cylinder 12. When two
such protrusions are used, they are preferably positioned directly opposite one another
and at the same height from base of the cylinder 12 such that when the piston 18 is in
contact with the protrusions, the piston 18 is positioned substantially parallel to the
base of the cylinder 12.
20
The pump or compression drum 2 includes a pump air inlet 28 and a pump
vent or air outlet 30. The air inlet 28 and the air outlet 30 preferably are pipes that
extend from the cover 10. However, it is envisaged that other suitable positions can
also be adopted.
25
A pressurised gas, preferably from a source of compressed air 31, is
introduced into the cylinder 12 via the air inlet 28. The force from the compressed air
acts upon a major upper surface of the piston 18 and pushes the piston 18, and
therefore the piston assembly 8, downward towards the stoppers 26 for pressurising

30 fluent chocking material contained in the cylinder below the piston.



25 A pressurised gas, preferably froma source of conpressed air 31, is
introduced into the cylinder 12 via the air inlet 28. The force fromthe
conpressed air acts upon a major upper surface of the piston 18 and pushes
the piston 18, and therefore the piston assenbly 8, downward towards the
stoppers 26 for pressurising 30 fluent chocking material contained in the
cylinder below the piston. -8- In the pipe of the air outlet 30, there is
provi ded an air release valve 32 for controlling the venting or rel ease of
air fromwthin the thy pipeddrthd 2iragnlee 30/ 1thed Btproviddd amtamreldase palst 68 for
assenbly 8 is actuated to rise in the cylinder. 5 Referring[agl so_ to Figure
1, the punp &PnEelhpe disyeRingqsirisaseef aif fompwithindhe cgindep 12 agevs (e pistet yent

For -oi spenci ng 10 PP REIEsRIRl Kk el M pn e tIRaBY 2 P10 o

filling port or spout 38 of a cavity, in a housing or stemtube 3, that is
to be infjected wth the fluent chocking nmaterial. The pu inlet 34 and the
punp outl &t 36 ar Refgripsgiso;tefagurad; diw nusep et eqspressia dium 2 has g papgriplel
form the pu inl et . 34 t . I Ao i one
anot her but ;gra efogi:r) cef‘?lrlﬁ ? ggmac?sglﬂgg %’r‘?@ﬁ ﬁg’hnn%‘%o’ﬁﬁ?%@?gw‘gﬁg?%@? gg d\r;vlgt h a
punp outl et vimpeowdletB6rfos eisg@ﬁsingedhy flvent ¢hokkinggnitbal ffdme\theofylinder 12 teeat
chocking material dispensed fromthe pu outlet 36 for transfer _into the
cavity in thdillingpor ofispouti8 ¢fi 3 £3viy, Bhdheusse onsternrpbe dstbat/site bganigeted ng
drum 4 is preferabl rovi ded w th.an-hndjcat 4 i.ndi c

anount of thewi?l'f gléen%iugrﬁo% °?‘§‘g‘g%%t8¥‘iﬁa|fh83;ﬁ‘g‘§i ﬁg%f |4n #‘Egﬂemb Q‘?‘hg&h%? 3[31 ® The
i ndi cat or040 gositidhad ®dlow tH stoppee 26. h ke Prefétred, formd tHeyulf inledlBP i B
and/or may have a graduated scale. However, an indicator or graduated scale
out si de 20 t ampeewtisl Gorarg posHignadoonposing Hne anothersbutinse pekelimited ahsuoki Xheg

drum4 is tr aprlll%{)pa(guedgt 38'is provided with a pump outlet valve 37 for selectively controlling the

flow of the fluent chocking material dispensed from the pump outlet 36 for transfer

into the cavity in the tube 3 via the filling spout 38.
15
The reservoir or mixing drum 4 is preferably provided with an indicator 40
that indicates the amount of the fluent chocking material contained in the mixing
drum 4. The indicator 40 is placed within the mixing drum 4, and may be a dip stick
and/or may have a graduated scale. However, an indicator or graduated scale outside
20  the reservoir or mixing drum 4 can also be used if the mixing drum 4 is transparent or
at least has a transparent portion to allow the level of the contents to be readily seen

from outside the reservoir drum.

The reservoir or mixing drum 4 further comprises a reservoir outlet 41 for

25  connection to the pump inlet 34 and for dispensing the chocking material from the
reservoir. The fluent chocking material is dispensed from the reservoir through the
reservoir outlet 41 and delivered to the pump or compression drum 2 via a reservoir
outlet pipe 6. The pipe 6 is provided with a reservoir outlet valve 44 for controlling

the flow of the chocking material from the reservoir or mixing drum 4 to the pump or

30 compression drum 2. The reservoir outlet 41 preferably is positioned proximate the

base of the mixing drum 4.



at least has a transparent portion to allow the |evel of the contents to be
readily seen fromoutside the reservoir drum The reservoir or m xing drum
4 further conprises a reservoir outlet 41 for 25 connection to the punp
inlet 34 and for dispensing the chocking material fromthe reservoir. The
fluent chocking material is dispensed frogpmthe reservoir through the
reservoir outlet 41 and delivered to the'ghnp or conpression drum?2 via a
reservoir outlet pipe 6. The pipe 6 is provided with a reservoir outlet

val ve 44 for cont iR riﬂtro&ﬁ?:’?n% trev@nt kﬂ&kﬂgg)ﬁhte@ﬁl iRb Qhé lliddepnt BR air
reservoir or mxing drum4 to the punp or 30 conpression drum 2. The
reservoir outrtleaseanlyer 3% endiBleyresgvio sitlétonbit 4t aci alesed. The pubpswtlef valye

oyl i nder 12, 37¥is oapt s pEubes Hehas e ot ST o EROEATalT bE Ve 12% are
closed. The pRPcAMrk&ed VA \GfivesS thd ?ismﬁeasseﬁﬁbﬁenwve@&@aaﬁg 'thé 'Hase bhensour ce
31l is introduced into the cylinder 12. The conpressed air drives the piston

assenbly 8 dewhndenvdr s thépistrmsasserhbly Bembvesytoivanisithd basessf théeylpidst o3, air
assenbly 8 myves towapds I.h se ,of .the cylj nder ir. fromwthin the
oyl i ndet 12 T Ao ylifer 12 OB BB BgHerndisuR spna ot 363 | e
base of the gyl bRAQF tHleylilagr F2MHeCRRPIesSd aif HOM SRMLH ohtinQed fotiRe the
drive the piston assenbly 8 until the piston 18 of the piston assenbly 8 is

in contact wipiston hssembtyop patik theepistdh d Smfshe pistesasdrhhlyS issinalontgtswith thdi s
position before the_fluent . 10 chocking.maerial is introdyced into,the
cyl i nder 12. srqppsrae?ét 16 pistor SRR "@Fﬁoefwa it PaRtiPR Yeiore e Meghuced
i nto the pesenyQlihe nfdferil ' %cflfch'ﬂhﬂo BQalifgsivel y until it reaches a

: Sl pato fek

satisfactory [evel 1 ndicate I ndrcator 40. The chocking material is
preferably introduced into the reservoir and the 15 punping operation
comenced w t hout substantial delay such as to.prevent the fluent chacking
material from set i QBCGHORUAE KYeR Plémséwgﬂaﬁ S SRtroticeb CIEHFYYT vi a
t he

or mixing drum 4 progressively until it reaches a satisfactory level indicated by the
indicator 40. The chocking material is preferably introduced into the reservoir and the
15 pumping operation commenced without substantial delay such as to prevent the fluent
chocking material from setting or curing before being transferred to the cavity via the
pump or compression drum 2. Individual component materials of the chocking
material are mixed in the mixing drum 4 by means of a stirrer (not shown). For
example, one suitable chocking material is a two-part resin comprising a primary
20 resin and a secondary activator or hardener. In this case, the primary resin and-the
hardener are measured into the reservoir or mixing drum where they are stirred to
ensure they are well mixed before being transferred into the compression drum and

pumped into the cavity.

25 After mixing is completed, the pump outlet valve 37 and the air release valve
32 are opened. The reservoir outlet valve 44 is then opened to allow the chocking
material from the reservoir or mixing drum 4 to flow to the pump chamber in the
compression drum 2. As the reservoir or mixing drum 4 is at a height above the
compression drum 2, gravitational force causes the chocking material to flow from the

30 mixing drum 4 to the compression drum 2. The chocking material flows through the
pipe 6 and enters the compression drum 2 via the pump inlet 34. As the chocking

material enters the cylinder 12, air within the cylinder 12 below the piston 18 is forced



punp or conpression drum 2. |ndividual conponent materials of the chocking
material are mxed in the mxing drum4 by neans of a stirrer (not shown).
For exanple, one suitable chocking material is a two-part resin conprising
a primary 20 resin and a secondary activator or hardener. In this case, the
primary resin and the hardener are neasyped into the reservoir or m xing
drum where they are stirred to ensure thgy are well m xed before being
transferred into the conpression drumand punped into the cavity. 25 After
mxing is coypi eirBegh HKE pBMPPoRIE |38t WRVE poitidN@f tthe cRbékihe neassal ildwe 32
are opened. The reservoir outlet valve 44 is then opened to allow the
chocki ng nathmough thermpmp betlet3He indagating thatithe snpcelmith the teylindesvy 2t belawighepunp

chanmber in the c ressi on dr . the,reseryvoi,r ,or mXi dru .1 s at
eyt popeteh SR T CRfily i 5h S a R Rh G roaato Qi e i
chocking mat gdsgd. to flow fromthe 30 m xing drum4 to the conpression drum

2. The chocking material flows through the pipe 6 and enters the
conpressi 6bn drum 2 via the punp inlet 34. As the chocking material enters

the cylinder 12, gir wthin the cylinder, 12 | ow .t h iston, 18 is forced
16- it "thr ough dihe T BetcPeilmaliRa Hamfs Bk 3rih 8 Tnd Seirs et or i a
flows throughuhecditiied Wd Rbredshd bl aRkking hilaialthéves RALethYickinddna2,
cylinder 12 below the piston 18 is at least partially filled wth chocki ng

mat eri al , théhgpdorpe diom dhe oldoking3maiesial pishsethe pistbheast¢blyoct amiay famodhd ng
material fromthe mxing . drum4 to the.conpressi rumz2 continues.. As
more and nor ét%ﬂ&%’ﬁ%""%&fé}}q %ﬂveﬁg?/ Tt cﬁ'ﬁg(?eéaaibﬁg%?enl e coyqyd faﬁaéléefrom
the chockpng rpﬁ%@ﬁsaekca?% bheSud BePlis VAR ASERER valdt 8%V afl6WTthé BRtorSTORPE
26, towards the cover 10. Air in the cylinder 12 between the cover 10 and

the 10 pi st omd& tewemlsdise ¢dven i@ hs thh ehadkingmaterialrpushésehs pistaal 1BeuBfardn al | ow
the piston 18 to

Once the cylinder 12 is substantially filled up with the chocking material, the

air release valve 32 is closed, the pump outlet valve 37 is opened again, and reservoir

15 outlet valve 44 is closed. The closing of the reservoir outlet valve 44 prevents
backflow of chocking material back into the reservoir. Compressed air from source

31 is then introduced via pump air inlet 28 into the cylinder 12 to drive the piston
assembly 8 towards the stopper 26. The force of the compressed air from source 31

acts upon the piston 18 and that in turn acts upon the chocking material under the

20  piston to pressurise the material which is forced out through the pump outlet 36 to
deliver the chocking material via the cavity filling port or spout 38 on the tube 3 to fill

the cavity in the tube with chocking material. The steady injection of the chocking
material into the tube 3 avoids the formation of voids, air bubbles or cavities within

the chocking material in the tube 3. The ability to transfer the chocking material to the

25  tube cavity as soon as it has been mixed helps reduce the possibility that a portion of
the chocking material may cure even before it has been fed into the tube 3. The
system of the present invention provides a continuous process for injecting a

substantial batch of a chocking material into the tube 3.

30 The process of feeding the compression drum 2 with a batch volume of

chocking material and pressurising the batch within the cylinder 12 to force the



nove towards the cover 10 as the chocking material pushes the piston 18
upwards. Once the cylinder 12 is substantially filled up with the chocki ng
material, the air release valve 32 is closed, the punp outlet valve 37 is
opened again, and reservoir 15 outlet valve 44 is closed. The cl osing of
the reservoir outlet valve 44 prevents Rbackflow of chocking material back
into the reservoir. Conpressed air fromsource 31 is then introduced via
punp air inlet 28 into the cylinder 12 to drive the piston assenbly 8
towards the shedkes méferiallfifo frRItGe Dlcart berdpeirpd aamefirthér batdtRFuaAthe Gubz3 act s
upon the piston 18 and that in turn acts upon the chocking material under
the 20 pi stons Qwsﬁﬁ@@éwﬁllgbwtth@hmwmienaﬁi ch is forced out through the
punp outlet 36 to deliver the chocking material via the cavity filling port
or spout 38 on the tube 3 to fill the cavity in the tube with chocking
materi al . The st eadyith Réfefcht®t Plgutd®, thB@RdkMEE mARHAI istinjdctddOintdBictaniiglas
avoids the formation of voids, air bubbles or cavities within the chocking
material Bn tchety inestgm tihe 3 dongh thetfdling pers pespouh 88 cHrscspong3 hristnositighed o t he

25 tube cavity.,as, soon as.i.t has .been m.xed hel reduce th ssibility
that a porti (.%ﬂ“tﬁlowteﬁgmiﬂg% Sriianr%ﬁ?eegisg?h ﬁ’ﬁ&wﬁﬁlﬁ)}ee °ﬁﬁ‘5‘§f‘8§8‘9@tls HH%“%‘%en
fed into the jhidhRe Savitif thesst&rhaMeOS, thd\ehdRkiDs Sdterid) Wed\iek AP wRFdOMbafRBgravity
conti nuous process for injecting a substantial batch of a chocking nateri al
into the tubdo Steadity aseprogrsssively dill the eavityginithe steoniube dswidn clehckingomatenal. a
batch volume . of chockj.ng, material d essuri si,ng, the batch within the

Syl inder 12 (erayeR i i serh b is flied whew Presps shopmgmetbrigordie o
repeat ed 1yi t Ra{iy VBRIpRAbE E‘}%‘oﬁt Watwhich he d3at d Beightt AbohachOFlling pdrt bed
wi th chocking ndterial. Wth reference to Figure 3, the chocking nmaterial is
i nj ected i nt spowte38anAirlinithe Eavatyus eypelled aisthe mentpat 36 tak theueavity isteadily fillhg
port or spout .38 Tge S‘E%(?ut 38,is positioned at the |ower end of the stem
tube 3 such tHH GFBACKIREMRIERki ng material is injected into the cavity in
the stemtube 3, the chocking material noves upward against gravity

In a preferred application, the cavity in the stern tube is an annular cavity

15 surrounding a bearing which supports a shaft. A stern tube typically has a pair of
such cavities, one at each end of the stern tube, and each cavity carrying a bearing
which supports a rotatable shaft. Before the chocking material is injected into the
cavities, the shaft is pre-set into a desired position and alignment, for example by
adjusting radial set screws threaded in the tube and which provide an initial adjustable

20 support for the bearings. The chocking material is then introduced into the tube
cavity and allowed to cure or set to a hard solid. The hardened chocking material

fixes and maintains the bearings in the pre-set position and alignment, and provides a

stable support for the bearings even when under full operating load.

25 In an alternative application, the stern tube houses a shaft carried in bearings
located in each end of the tube, and the chocking material is pumped into cavities of
tube supports which surround each end of the tube. The tube is pre-aligned and then
secured in place by injecting the settable fluent chocking material into the cavities and
allowing the chocking material to cure and harden.

30

The steady pressure applied to the chocking material to pressurise it, the

movement of the chocking material against gravity when filling up the cavity in the



to steadily and progressively fill the cavity in the stemtube 3 with
chocking material. The cavity in the stemtube 3 is filled when excess
chocking material spills out from1l0 cavity vent port or spout 46 which is
arranged at a height above the filling port or spout 38. Air in the cavity
is expelled via the vent port 46 as the_;l?wty steadily fills wth the
chocking material. In a preferred application, the cavity in the stern tube
is an annular cavity 15 surrounding a bearing which supports a shaft. A
stem tube typfepRiubY 3NaR iAtrddickioR bf th%lé‘ﬁbclﬁﬁg’ hateBia] 1n@6‘ﬁle%tavi%§f1§ﬂh€ ﬂﬂlr%fpotrthe
stem tube, and each cavity carrying a bearing which supports a rotatable
shaft. Bef or 88tlbeateshatcén nepr tbe dywest ppint imjhectarityi md)tlteh@vuy aeit pat whidhe
shaft is pre into,_a desired posi io d alignment, for . ex e

i st | ng”r adas et U5k GTEY i6 Paeibehph terbop e MR s iofonfosd Firos e
initial adj ugkadad2st tﬁH RBRAdti 06t éa‘%ﬁw@‘%ﬁfﬂlﬂ% cﬂ'&i‘mfghﬁxﬁiéhﬂgm%wéédﬁhtd S
then introduced into the tube cavity and allowed to cure or set to a hard
solid. Thé& hmectaheda\cﬁyoﬁklsrhglptmtremgthﬁn thé pmé aadlhardamdtqhonlsmg meatdyedhr i ngs in

boar | ngs. overRUE GBY oA D gar AERG O B a5 oreh o HArT e o

appl i cation, ,bARuR} € FrbUBRNRRUSES B FHabt %ﬂ&érbt%gd' 'ﬂlé@e%dd"ﬂcsatthC%cﬁS'r in
each end of tphe tube, and the chocking material is punped into cavities of

t ube supportsmpmveimestvsrmwh:b azcle withowf deﬁaetntgulﬁ@m The stopixe or spprteefiithegned
and then secured in place by injectin settable fluent chocking

material i nt HERRORAVIOF iExempley Sulialle, ot etﬁg rffb@&lflng TRIFRAIS 49T K% BLIS and
harden. 3f Thﬁveﬁ&@@qﬁcﬁ&@%’éﬂﬁlﬁ? a@Bbﬂsegluh‘?est b %Mk&e{?ﬂeﬂﬁhﬁé IRdtefidls, and
pressurise it novenent he cthocking materi agal nst gravity when
filling up tlkpoxesvarddyother reties.- 12- stem tube 3, the introduction of the
chocking material into the cavity at the filling port 38 |ocated at or near
the lowest point in the cavity, and the cavity vent port which



allows air in the cavity to escape when the chocking material is introduced

reduce the |Ilikelihood of the formation of cavities within the chocking
material introduced into 5 the tube cavity. This hel ps strengthen the cured
and hardened chocking material. Al though the invention has been descri bed

by way of exanple and with reference to_jgarticul ar embodiments, it is to be
under stood that nodifications and/or inprovenents nmay be nade w t hout
departing fromthe scope or spirit of the invention. For exanple, suitable
settable fluemAamiscking materials for use in this 10 invention include
settable grouts, slurries and other cenentitious materials, and epoxies and
other resins. - 13- CLAIMS 1. A nethod for transferring a settable fluent

material int Or t) ?%” te¥iod! £ tga V%e%%ngngavtgﬁget Qagxﬁvﬁlé%ngl' mk%n%]ag?f tthgragvlgz[ and

cavity vent ven above i ng po

the method ceadhp s dity H‘ﬂhﬁg ?m affi a daal)ty GernRet, itngvai p@ﬁtﬁe@ﬁ% RRbfed @bowve
reservoir to an rnlet port o (b) connecting an outlet port of the

punp to the dra/fillipngport] @miqhQ@MhOd qoﬁ)pl’létngltb%l%tﬁp%ﬁrtl ally filling the
reservoir with th fluen mate n transfer the
fluent material f @rﬁ Pﬂ% \li‘gatrpoft( tahrg rYL(g%oa‘\% ’%‘Pe?pgﬁg?f‘ﬁmgr | ow ng t he
fluent materi al b)télﬁnééiﬂgta&‘l dulleSirt bhépemb itéltheZavily MEINRGIr@s claimed in
claim 1l wherein the fluent material is a cenentitious material. 15 3. A

met hod as cl ai ned (c)ratclaaai pﬁmalmlﬂlegﬂwtm@ervmwnh theafleent matérial g reS| n

ial. 4. A hod d
gﬁt 2E):J>a<ly resin. m;é) ‘%’e HWe %b&nﬁlgstbgﬁagf’fﬁ%@ %Hleﬁh?a{?f?é ’g tﬁ%”%? §8§€cl ai ms
wherein ip stgfty andt he

(e) allowing the fluent material in the cavity to set to a solid.

2. A method as claimed in claim 1 wherein the fluent material is a cementitious
material.
15
3. A method as claimed in claim 1 wherein the fluent material is a resin material.
4. A method as claimed in claim 3 wherein the resin material is an epoxy resin.
20 5. A method as claimed in any one of the previous claims wherein in step (€) the
fluent material sets to a rigid solid.
6, A method as claimed in any one of the preceding claims wherein the cavity is
a substantially annular space between a shaft bearing and a tube housing the bearing.
25
7. A method as claimed in any one of the preceding claims wherein the fluent
material is made from a plurality of component materials which are mixed together in
the reservoir prior to operating the pump in step (d).
30 8. A method as claimed in any one of the preceding claims wherein the reservoir

is higher than the pump and the fluent material is transferred from the reservoir to the

pump by gravitational force.



fluent material sets to arigid solid. 6, A nethod as clained in any one of
the preceding clains wherein the cavity is a substantially annul ar space
bet ween a shaft bearing and a tube housing the bearing. 25 7. A nethod as
claimed in any one of the preceding clains wherein the fluent nmaterial is
made froma plurality of conponent materigls which are m xed together in
the reservoir prior to operating the punp in step (d). 30 8. A nethod as
clainmed in any one of the preceding clains wherein the reservoir is higher

than the punp, and A Retiddgntlaiméden aiz orfe &ff MBSIredcdnd E1heks WhereleBRIMURL t O
the punp by gravitational force. -14- 9. A nethod as clainmed in any one of

t he precedi ngnaérigl nstronsdereddnfremdhg purapto theetawity hy apglication of aprassurisedgas he

punp to the (%aﬁ{et by application of a pressurised gas to the punp. 5 10.
An appar at us ? Ii{‘i“%sferri ng a settable fluent material into a cavity, the

cavity having a cavity filling port and a cavity vent port, the vent port
being higher than the filling port, and the apparatus conpri si ngh:g a
r eser voi r 5f orlOcontZs appatateshfor imansfeirnilg a ssttblele fluantsheterieldintana eavityetheamavity: and

havi h h hanb [ ted.to the 10
FeServol . andVERa LB TIBiY pybATY THORCY Rath PROCTURD BRARDL ST BT o't ne
punp is oper qﬁjiﬁg%&,%gqﬁ@ﬂ;pg}ayu%wﬁ%gri se and pressurise the punp

chanber allowng the material to nove fromthe reservoir to the punp chanber
when t he punp chardyeservar the-cpniagsng ths eahterrad tovibe/ franpfitrtee intot the icaityf adn t he

PUTP, ShaTber 10 Lhe RUTE, UL SLuROL Lo BICN, h DU, ERATDGL 5 BLESS UL s
o Y AT R BBy AR anc ce-pressursoq
wherein the pump is operable to alternately de-pressurise and pressurise the
pump chamber allowing the material to move from the reservoir to the pump chamber
when the pump chamber is de-pressurised and moving the material from the pump
chamber to the pump outlet port when the pump chamber is pressurised, so that the
15  apparatus transfers the material in the reservoir to the cavity when the pump chamber

is successively pressurised and de-pressurised and the pump outlet port is connected

to the cavity filling port.

11.  An apparatus as claimed in claim 10 and further comprising:

20 a first valve which is openable to permit movement of the material from the
reservoir to the pump chamber and is closeable to block movement of the material in
the opposite direction from the pump chamber to the reservoir;

a second valve which is openable to permit movement of the material from the
pump chamber to the pump outlet port and is closeable to allow the pump chamber to

25  fill with the material moving from the reservoir to the pump chamber; and

a pump driver for alternately increasing and decreasing the volume of the
pump chamber, the increasing volume accommodating the material moving from the
reservoir to the pump chamber, and the material in the pump chamber being
transferred from the pump chamber to the cavity, via the pump outlet port and cavity

30 filling port, when the volume of the pump chamber decreases.



to the cavity filling port. 11. An apparatus as clained in claim1l0 and
further conmprising: 20 a first valve which is openable to permt novenent of
the material fromthe reservoir to the punp chanber and is closeable to

bl ock novenent of the material in the opposite direction fromthe punp
chanber to the reservoir; a second val ve_\;]\@i_ch is openable to permt
novenment of the material fromthe punp chanber to the punp outlet port and
is closeable to allow the punp chanber to 25 fill with the naterial noving
fromthe reserpoi rAthﬁ,mmgugrplaﬁﬁ@fm%gimangweﬁmp driver for alternately

i ncreasing and decreasing the volune of the punp chanber, the increasing
vol une accommodat i thg pume ehenther & 2 pylindaginf whigh @ipastom egeeproeates tognereasepandp

chanber, and the mah%ri ?I in {ljhe% chanber being transferred fromthe
punp chanber $%TERRTENOTPPS of thg P “outl et port and cavity 30 filling
port, when the vol M{Tﬁfﬁficz&ﬂbﬁ P PRessiiaRl egas0RC HRAPRPN dri¥és tHe pisiéh aPRAeat us

as clainmed in claim1l wherein: the punp chanber is a cylindér in which a
pi st on red prdicestion ta dedrease diselame of thepuowsbamher; and une of the punp

hanber ; licati f ' t o t.he. pi dri th St
" one 5 di rocti onee v BERH I et ibepeliioR SyRE nisbiTe g Elgont
val ve is openggiohQo afibiveMBydmiént Mk mafeHalfréth thé fesBFORSHd the BimPhakBer! €

pi ston to allow novenent of the material fromthe reservoir to the punp
chanber to iimcreasesthe tvolbimodiithe puiptchanbernp chanber. 10
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