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(54) Seal head for tube expansion apparatus

(57) An apparatus is provided for the filling and pres-
surisation of a tube (20) with fluid the apparatus having
a high pressure connection including a shaft (1), and
sealing means (11) for sealing the tube (20) when the
shaft (1) is advanced into engagement with the tube
(20), the shaft (1) being formed by a rod (2), a sleeve
(3) located outwards of the rod (2), a rod ring (9) being
connected at a forward end of the rod (2) and a sleeve
ring (10) being connected at a forward end of the sleeve
(3), an elastomeric sealing ring (11) is located between
the rod ring (9) and sleeve ring (10). Means is provided
for moving the sleeve (3) axially with respect to the rod
(2) to compress the elastomeric ring (11) so that it ex-
pands into engagement with the tube (2).
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Description

The invention is directed to means for filling a tube
or similar workpiece with fluid and for pressurizing the
fluid within the workpiece.

Various manufacturing and industrial processes re-
quire that tubes or vessels be filled with liquid and then
pressurized. Examples of such processes include: ex-
panding tubes within a forming die cavity as described
in U.S. Patents 4,567,743 and 4,829,803 to Cudini; ex-
panding a tubular liner to form a composite lined pipe
as described in U.S. Patent 3,359,624 to Cours et al;
and pressure testing of fabricated pressure vessels. In
general, such processes include the following steps:
sealing of the openings of the tube or vessels workpiece;
filling of the workpiece with fluid; pressurizing the fluid
within the workpiece to achieve the particular desired
result such as forming, expanding or pressure testing;
depressurizing the fluid; draining the fluid; and removing
the sealing means to release the workpiece.

Conventional devices to carry out the above proc-
esses generally utilize a single sealing means which op-
erates to prevent fluid leakage during the low pressure
filling and draining stages, as well as during the high
pressure pressurized stages. Examples of such devices
are described in U.S. Patents No. 4,788,843 to Seaman
et al. and No. 3,625,040 to Gain. When such devices
are used in a repetitive high volume manufacturing en-
vironment, such as automobile parts manufacturing for
example, the sealing means are generally the first part
of the device to fail, and are therefore the cause of sig-
nificant delay and machine downtime. Such sealing
means relies upon the contact between the workpiece
and a flexible gasket to maintain a fluid seal. Workpieces
often have burrs on the edges of their openings which
damage the gasket, and in any case through repeated
use the flexible gasket eventually fails necessitating re-
placement. Conventional devices often do not include
means to accurately predetermine or limit the degree of
flexible gasket compression. A gasket which is com-
pressed to an inadequate degree will leak, whereas an
over compressed gasket will fail prematurely due to ma-
terial fatigue or over stressing. Frequent replacement of
such gaskets results in costs associated with mainte-
nance and inefficiency during machine downtime.

The failure of such conventional sealing means also
subjects the machine operators and adjacent machinery
to the risk of harm from the leakage of high pressure
fluid. Some form of machine guard or personal protec-
tive equipment may often be required by various local
safety regulations in association with conventional de-
vices as a result.

In such conventional devices fluid often enters the
workpiece via a single input-output circuit of piping. In
order to quickly fill and drain the workpiece with fluid a
relatively large diameter piping circuit is desirable,
whereas to pressurize the fluid only a relatively small
diameter piping circuit is required due to the low quantity
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of flow and a small diameter is desirable due to the in-
creased wall thickness required if large diameter pipes
are used for high pressure fluid circuits. In U.S. Patent
No. 3,359,624 to Cours et al. adevice is described which
includes a high flow-low pressure circuit for filling and
draining, as well as low flow - high pressure circuit for
pressurizing the liquid. Such conventional devices re-
duce the amount of time required to fill and drain the
workpiece but suffer from the disadvantage that costly
valving and valve controls are required to separate the
two circuits. In addition, the valving adds a further proc-
ess time to operate, and introduces additional mainte-
nance costs.

The invention provides a novel apparatus to fill a
tube or like workpiece with fluid which reduces the costs
of operation and maintenance, reduces the processing
time required, and reduces or eliminates the risks of in-
jury and machinery damage associated with the con-
ventional devices described above.

The invention provides an apparatus for filling a
tube with fluid comprising:

a shaft, having a forwardly open longitudinal bore
rearwardly communicating with a high pressure flu-
id source;

tube sealing means adjacent the forward end of
said shaft, for sealing said tube when said shaft is
advanced into engagement with said tube;

shaft reciprocating means for advancing and re-
tracting the forward end of said shaft into and out of
engagement with said tube;

a forwardly open shroud, housing the forward end
of said shaft when withdrawn, and having a rear-
ward opening slidably engaging the forward end of
said shaft rearward of said tube sealing means, the
interior of said shroud communicating with a low
pressure fluid source;

external sealing means, adjacent the forward end
of said shroud, for sealing an external surface ad-
jacent an end of said tube;

shroud reciprocating means, engaging said shroud,
for advancing and retracting said shroud forward
and away from said external surface;

low pressure fluid control means, communicating
with said low pressure fluid source, for filling said
tube with fluid when said shroud is advanced and
said external sealing means seals said external sur-
face before advancing said shaft, and for draining
fluid from said tube after retraction of said shaft; and

high pressure fluid control means, communicating
with said high pressure fluid source, for furtherfilling
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and pressurizing said tube when said shaft is ad-
vanced into engagement with said tube and said
tube sealing means seals said tube, and for depres-
surizing said tube before said shaft is retracted.

In addition the invention provides an apparatus for
filling a tube with fluid comprising:

a shaft, having a longitudinal axis, including: a rod
having a forwardly open longitudinal bore rearward-
ly communicating with a fluid source; and a sleeve
outward of said rod;

tube sealing means, adjacent the forward end of
said shaft, for sealing said tube when said shaft is
advanced into engagement with said tube, includ-
ing: a rod ring, connected to the forward end of said
rod, a sleeve ring, connected to the forward end of
said sleeve; an elastomeric ring between said rod
ring and said sleeve ring having an annular surface
for sealingly engaging the surface of said tube; and
displacing means for axially displacing said rod and
said sleeve relative to each other, axially compress-
ing and decompressing, and radially expanding and
contracting said elastomeric ring to engage and dis-
engage said tube; and wherein said rod ring and
sleeve ring have a greater axial extent than said
elastomeric ring adjacent its annular surface,
whereby said annular surface is nested inwardly be-
tween said rod and sleeve rings;

shaft reciprocating means for advancing and re-
tracting the forward end of said shaft into and out of
engagement with said tube;

fluid control means, communicating with said fluid
source, for filling and pressurizing said tube when
said shaft is advanced into engagement with said
tube and said tube sealing means seals said tube,
and for depressurizing said tube before said shaft
is retracted.

Non-limiting examples of apparatus in accordance
with the invention are shown in the accompanying draw-
ings.

Figure 1 shows an axial cross-sectional view of one
embodiment of the invention with its shaft in a fully with-
drawn position and its shroud in a fully retracted posi-
tion.

Figure 2 shows a like view with the shroud fully ad-
vanced and fluid flowing through the shroud to fill the
tube as indicated by the arrow B.

Figure 3 shows a like view with the shaft fully insert-
ed into the interior of the tube.

Figure 4 shows a like view with the internal sealing
means sealing the interior of the tube and high pressure
fluid pressurizing the fluid in the interior of the tube as
indicated by the arrow A.
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Figures 5 and 6 show detailed views of the forward
end of the shaft and internal sealing means correspond-
ing to Figures 3 and 4 respectively.

Figure 7 shows an axial cross-sectional view of a
third embodiment of the invention with tube sealing
means adapted to engage and seal the outer surface of
the tube which projects beyond the forming die.

In the drawings the invention is applied in a tube
forming process wherein a tube 20 is to be filled with
liquid through an opening 21. The tube 20 is retained
between the interior faces of a mating pair of forming
die blocks 22. It will be understood that the following de-
scription is equally applicable to any process where a
workpiece is to be filled and pressurized through such
an opening 21.

Referring to Figures 1 to 6 a first embodiment of the
invention is illustrated. A shaft 1, having a longitudinal
axis, includes a rod 2 and a sleeve 3 outward of the rod
2. The rod 2 has a forwardly open longitudinal bore 4
rearwardly communicating with a fluid source via end
cap 5 and high pressure conduit 6 in the particular em-
bodiment shown.

Referring to Figures 1 and 4 tube sealing means
comprising inner sealing means 7 are provided, adja-
centthe forward end of the shaft 1, for sealing the interior
of the tube 20 when the shaft 1 is inserted into the tube
20. Shaft reciprocating means 7 may comprise, as
shown, a double acting hydraulic cylinder 8 engaging
the rearward end of the shaft 1 and a stationary member
12, and acting in a direction parallel to the axis of the
shaft 1. The cylinder 8 provides means for advancing
and retracting the shaft 7 into engagement with the tube
20 by inserting and withdrawing the forward end of the
shaft 1, into and out of the interior of the tube 20 through
the opening 21 in the end of the tube 20.

The inner sealing means 7 includes: a rod ring 9,
connected to the forward end of the rod 2, and having
arearward radially extending face; a sleeve ring 10 con-
nected to the forward end of the sleeve 3 and having a
forward radially extending face; and an elastomeric ring
11 between the rearward face of the rod ring 9 and the
forward face of the sleeve ring 10. Displacing means, to
be fully described below, are included in the inner seal-
ing means 7 for axially displacing the rod 2 and sleeve
3relative to each other thereby axially compressing and
decompressing, and radially expanding and contracting
the elastomeric ring 11 to engage and disengage the
interior of the tube 20.

In one method of utilizing the apparatus, the follow-
ing sequence of operations is carried out. Referring to
Figure 1, initially the shaft 1 of the device is in a fully
withdrawn position and the opening 21 of the tube 20 is
aligned with the longitudinal axis of the shaft 1. Referring
to Figure 3, the forward end of the shaft 1 is inserted
into the interior of the tube 20 by extending the hydraulic
cylinder 8. The elastomeric ring 11 has an outer diame-
ter less than the diameter of the rod ring 9 and the sleeve
ring 10 whereby its annular sealing surface is nested
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inwardly between the rod and sleeve rings in order to
protect it during insertion and withdrawal. The edges of
the tube openings 21 often have burrs remaining from
cutting operations or may otherwise abrade the annular
sealing surface of an exposed elastomeric ring 11 there-
by reducing its serviceable life. The elastomeric ring 11
is inserted a distance beyond the outer edge of the tube
20 in order to engage a relatively smooth area of the
interior wall of the tube 20. To further aid smooth inser-
tion and to allow for minor misalignment of the tube 20,
the outer dimensions of the rod ring 9 may be less than
the other dimensions of the sleeve ring 10 and the for-
ward edges of the rod ring 9 may be rounded. Referring
to Figure 4, the displacing means are activated to axially
displace the rod 2 and sleeve 3 relative to each other.
As a result the rod ring 9 and sleeve ring 10 are drawn
toward each other thereby axially compressing and ra-
dially expanding the elastomeric ring 11. The outer sur-
face of the elastomeric ring 11 engages the interior sur-
face of the tube 20 sealing the tube 20. Fluid control
means, communicating with a fluid source and the lon-
gitudinal bore 4 via end cap 5 and high pressure conduit
6, are then activated to fill the tube 20 with fluid and to
pressurize the tube 20 as indicated by the arrow A. Vent-
ing of entrapped air from the tube 20 may be carried out
by a valved vent conduit at the opposite end of the tube
20 or at some point along its length. Upon completion
of the desired procedure which requires a pressurized
workpiece, the above operating sequence is reversed.
The fluid control means are activated to depressurize
and drain the tube 20 of water via the longitudinal bore
4 and high pressure conduit 6. The displacing means
are then activated to decompress and radially contract
the elastomeric ring 11 disengaging it from the interior
of the tube 20. Thereafter the hydraulic cylinder 8 with-
draws the forward end of the shaft 1 out of engagement
with the interior of the tube 20 to the fully retracted po-
sition illustrated in Figure 1.

In the preferred form, the displacing means, for ax-
ially displacing the rod 2 and sleeve 3 relative to each
other, comprises sleeve backstop means moving radi-
ally inwardly toward the axis of the shaft 1, after the shaft
1 has been inserted into the tube. Referring to Figures
2 and 3, the sleeve backstop means may comprise two
oppositely radially movable blocks 13 having a semi-an-
nular inner surface 14 through which the shaft 1 ex-
tends. The sleeve 3 may include an annular sleeve stop
ring 15 protruding outwardly of the rearward end of the
sleeve 3. In operation therefore the movable blocks 13
are initially positioned radially withdrawn from the shaft
1 in order to allow the shaft 1 to be inserted into the tube
20, as shown in Figures 1 and 2. Referring to Figure 3,
when the shaft 1 is fully inserted, the movable blocks 13
are moved radially inwardly toward the axis of the shaft
1 to engage the rearward end of the sleeve 3 and there-
by to prevent rearward movement of the sleeve 3. Re-
ferring to Figure 4, the hydraulic cylinder 8 is activated
to rearwardly withdraw the rod 2 to seal the interior of
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the tube 20. Since the movable blocks 13, engaging the
rearward end of the sleeve 3, prevent the sleeve 3 from
moving rearwardly, the withdrawal of the rod 2 results in
relative axial displacement between the rod 2 and
sleeve 3. Upon completion of the pressurization proc-
ess, the above sequence of operations is reversed to
release the tube 20.

In order to accurately predetermine or limit the de-
gree of compression of the elastomeric ring 11, rod lim-
iting means may be included for limiting the extent to
which the rod 2 may be withdrawn to seal the interior of
the tube 20 after the shaft 1 has been inserted into the
tube 20 and the movable blocks 13 have engaged the
rearward end of the sleeve 3. As described above in re-
lation to conventional devices, if the elastomeric ring 11
is compressed to an inadequate degree leakage may
occur. If the elastomeric ring 11 is overcompressed it
may fail prematurely due to overstressing or fatigue of
the elastomeric material. By limiting the extent of rod 2
withdrawal, while securing the sleeve 3 in a stationary
position by engaging the movable blocks 13, the degree
of compression of the elastomeric ring 11 may be accu-
rately predetermined for optimal sealing and operating
life.

The rod limiting means may comprise: a rod abut-
ment protruding from the rod 2 rearward of the sleeve
3; and rod backstop means for moving radially inwardly
to engage a rearward face of the rod abutment. Refer-
ring to Figure 2, in a preferred embodiment the rod abut-
ment comprises a rod stop member 16 threadedly and
adjustably engaging the rod 2.

The rod backstop means, referring to Figure 2, may
comprise two semi-annular interior grooves 17 in the
semi-annular inner surface 14 of the movable blocks 13,
and the rod stop member 16 may comprise a ring re-
ceivable in the grooves 17. For example: a rod stop
member 16 may include two outwardly knurled nuts en-
gaging a threaded portion of the rod 2 whereby rotating
the nuts in opposing directions will lock them at a desired
axial position upon the rod 2. In operation therefore re-
ferring to Figure 3, when the shaft 1 is inserted into the
tube 20, the movable blocks 13 are moved inwardly si-
multaneously to engage the rearward end of the sleeve
3 and to receive the rod stop member 16 within the
grooves 17. Preferably the forward movement of both
the sleeve 3andthe rod 2 are limited by positive contact
to accurately set the extent to which the shaft 1 is insert-
ed into the tube 20. A stationary block 25 may slidably
support the forward end of the shaft 1 within bearings
25b between the inner sealing means 7 and the sleeve
stop ring 15. When the shaft is moved forwardly the for-
ward surface of the sleeve stop ring 15 abuts the rear-
ward surface of the stationary block 25. The movable
blocks 13 are moved inwardly to engage the rearward
end of the sleeve stop ring 15 when the rod 2 is with-
drawn. The forward surface of the rod stop member 16
is housed within the groove 17 of the movable blocks
13. The cylinder 8 is then activated to withdraw the rod
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2 to seal the interior of the tube 20. The extent to which
the rod 2 is withdrawn is limited when the rearward sur-
face of the rod stop member 16 abuts the rearward
shoulder of the groove 17.

The preceding description has disclosed a method
utilizing a single high pressure circuit to fill a workpiece
with fluid and to pressurize the fluid. Such method is ad-
equate where the volume of fluid required to fill the work-
pieceis relatively low. As willbe apparent to those skilled
in the art, the diameter of the longitudinal bore 4 limits
the quantity of fluid which may practically be conducted
within any given period of time.

The diameter of the longitudinal bore 4 is limited by
the tube opening 21, the required radial thickness of the
elastomeric ring 11, and the required rod 2 wall thick-
ness. Therefore, when relatively large quantities of fluid
are required to fill a workpiece through a relatively small
opening 21, the time required to fill the workpiece with
fluid conducted through the longitudinal bore 4 may be
considered excessive especially when the apparatus is
used in a repetitive high volume manufacturing environ-
ment. In such a case therefore, a preferred second em-
bodiment of the invention may utilize two fluid circuits
namely a high flow-low pressure circuit for filling and
draining the workpiece and a low flow-high pressure cir-
cuit for pressurizing and depressurizing the fluid within
the workpiece.

Referring to Figure 2, a second method of operating
the apparatus is illustrated which utilizes a high flow-low
pressure circuit and a low flow-high pressure circuit. As
described above, the high pressure circuit conducts fluid
via the high pressure conduit 6, end cap 5 and longitu-
dinal bore 4 as indicated by the arrow A. Referring to
Figure 2, the low pressure circuit conducts fluid through
members of relatively larger internal dimensions, name-
ly a low pressure conduit 18 and a shroud 19, into the
tube opening 21 as indicated by the arrow B.

In the preferred embodiment illustrated in the draw-
ings, shaft 1 has a forwardly open longitudinal bore 4
rearwardly communicating with a high pressure fluid. In-
ner sealing means 7 are provided adjacent the forward
end of the shaft 1 for sealing the interior of the tube 20
when the shaft 1 is inserted into the tube 20. A particular
preferred embodiment of such inner sealing means 7
has been described above in relation to a first embodi-
ment of the invention, however, it will be understood that
various other tube sealing means 7 may be adapted to
perform the same function.

Shaft reciprocating means, in the form of a double
acting hydraulic cylinder 8, are provided for inserting
and withdrawing the forward end of the shaft 1 into and
out of the interior of the tube 20. As described above,
the cylinder 8 engages the rearward end of the shaft 1
and a stationary member 12. The cylinder 8 acts in a
direction parallel to the axis of the shaft 1.

Turning now to the low pressure circuit, and with ref-
erence to Figure 1, a forwardly open shroud 19 houses
the forward end of the shaft 1 when withdrawn. The
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shroud 19 has a rearward opening slidably engaging the
forward end of the shaft 1 rearward of the inner sealing
means 7. The interior of the shroud 19 communicates
with a low pressure fluid source via low pressure conduit
18. The shroud 19 performs three functions as illustrat-
ed, namely, as a fluid conductor in the low pressure cir-
cuit, as a safety guard in the event of failure of the elas-
tomeric ring 11, and as a means to protect the inner seal-
ing means 7 from abrasion or other damage during op-
eration or maintenance of the apparatus.

As described above the drawings illustrate an ap-
plication of the invention in association with a tube form-
ing process wherein a tube 20 is retained between the
interior faces of forming die blocks 22. A rearward ex-
ternal surface 23 of the die blocks 22 is adjacent an end
of the tube 20. The gaps between the mating surface of
the die blocks 22 and the mating surfaces between the
tube exterior and the interior faces of the die blocks, are
sufficiently narrow such that leakage of fluid under low
pressure is insignificant. External sealing means such
as a gasket ring 24 are provided about the forward end
of the shroud 19 for sealing the rearward external sur-
face 23 of the die blocks 22. Shroud reciprocating
means engage the shroud 19 for advancing and retract-
ing the shroud 19 forward and away from the external
surface 23.

Referringto Figure 2, in a particularly advantageous
variation of the second embodiment, the shaft 1 has a
radially outwardly extending abutment surface inwardly
of the shroud 19, namely an outward portion of the rear-
ward face of the sleeve ring 10 which extends beyond
the outer surface of the sleeve 3. The shroud recipro-
cating means comprises the stationary support 25, and
spring means 26 between the stationary support 25 and
the shroud 19, for biasing the shroud 19 forwardly to-
ward the external surface 23 of the die blocks 22.

In the preferred method, the following sequence of
operations is carried out. Referring to Figure 1, initially
the shroud 19 is fully retracted away from the external
surface 23 of the die blocks 22, and the shaft 1 is fully
withdrawn out of the tube's interior. The outward rear-
ward surface of the sleeve ring 10 abuts and engages
the forward inner surface of the shroud 19 under the bi-
asing action of the spring means 26. The cylinder 8 is
activated to forwardly move the shaft 1 to an intermedi-
ate position, illustrated in Figure 2, prior to insertion of
the shaft 1 into the tube 20. The cylinder 8 forces the
rod 2 forward. The rod 2 has an area of enlarged diam-
eter immediately rearward of the sleeve 3 forming a
shoulder which abuts the rearward end of the sleeve 3
forcing the sleeve 3 forward. The engagement of the
elastomeric ring 11 and the sleeve and rod rings 9 and
10 is thereby maintained. The gasket ring 24 at the for-
ward end of the shroud 19 seals the external surface 23
as the shroud 19 is biased forwardly under the action of
the spring means 26. Low pressure fluid control means
communicating with a low pressure fluid source are ac-
tivated tofill the tube 20 with fluid via low pressure con-
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duit 18 and the interior of the shroud 19 as indicated by
arrow B. Air from within the tube 20 is vented through
means as described above. The fluid in the shroud 19
is under a low pressure such that the biasing force of
the spring means 26 maintains the gasket ring 24 suffi-
ciently compressed to retain an adequate fluid seal. An
O-ring seal 27 is provided between the rearward open-
ing of the shroud 19 and the outer surface of the shaft
1 to prevent rearward low pressure fluid leakage.

When filling of the tube 20 with low pressure fluid is
substantially completed, the shaft 1 is inserted into the
tube 20, as illustrated in Figure 2 and the inner sealing
means 7 seals the interior of the tube 20, as illustrated
in Figure 4 and as described fully above.

Referring to Figure 4, high pressure fluid means
communicating with a high pressure fluid source are ac-
tivated to further fill and pressurize the tube 20 as indi-
cated by arrow A, via high pressure conduit 6, end cap
5 and longitudinal bore 4.

Upon completion of the pressurization process, the
above sequence of operations is reversed. The high
pressure fluid control means are activated to depressu-
rize the tube 20. The inner sealing means 7 are disen-
gaged from the interior of the tube 20 and the shaft 1 is
partially withdrawn to the intermediate position shown
in Figure 2. The low pressure fluid control means are
activated to drain the fluid from the tube 20 in a direction
opposite to arrow B, and air is allowed to reenter the
tube 20 viathe opened venting means. Upon completion
or partial completion of the draining of the tube 20, the
cylinder 8 is activated to fully withdraw the shaft 1 to the
position illustrated in Figure 1. The rearward surface of
the sleeve ring 10 engages and retracts the shroud 19
against the action of the spring means 26 as the shaft
1 is withdrawn away from the tube 20.

Since the elastomeric seal 11 and the gasket ring
24 are the components of the apparatus most suscep-
tible to wear and damage, they are designed to be easily
accessible for rapid replacement during maintenance.
The rod ring 9 is internally threaded upon the forward
end of the rod 2 and the elastomeric ring 11 and sleeve
ring 10 slip over the rod 2. The elastomeric ring 11 is
easily replaced by simply removing the rod ring 9. A slid-
ing key 28 is provided engaging the rod 2 and sleeve 3
in order to prevent rotational displacement of the sleeve
3 relative to the rod 2 during removal of the rod ring 9.
Such rotational displacement may induce torsional
stresses in the elastomeric ring 11 reducing its service-
able life. The gasket ring 24 has an L-shaped cross sec-
tion in order to flexibly engage a mating gasket groove
in the forward end of the shroud 19, likewise for rapid
replacement.

Additionally, the apparatus may be rapidly adapted
to accommodate a range of tube opening 21 sizes by
simply changing the rod ring 9, elastomeric ring and
sleeve ring 10 to the desired size. The area of the exte-
rior face 23 enveloped by the shroud 19 and gasket ring
24 may be increased by simply installing shrouds 19 of
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larger size to accommodate tubes 20 having larger
openings 21.

Referring to Figure 7, a second embodiment of the
invention is illustrated wherein the tube sealing means
are adapted to engage and seal the outer surface of the
tube 20. The tube 20 projects beyond the die face 23
providing an outer surface available for sealing.

In light of the above detailed description of the first
and second embodiments it is unnecessary to describe
in detail the like components of the third embodiment.
Like components in Figure 7 are identified with the sub-
scripts "a" and "b", and perform like functions.

Referring to Figure 7, the tube sealing means com-
prise outer sealing means adjacent the forward end of
the shaft |la for sealing the exterior of the tube 20. In con-
trast to the other embodiments described above the
sleeve ring 9a is forward of the rod ring 7a. The rod ring
7ais connected to the forward end of the rod 2a and has
a forward radially extending face. The sleeve ring 9a is
connected to the forward end of the sleeve 3a and has
arearward radially extending face. The elastomeric ring
11a is positioned between the forward face of the rod
ring 7a and the rearward face of the sleeve ring 9a. As
described above displacing means are provided to axi-
ally displace the rod 2a and sleeve 3a thereby radially
expanding and contracting the elastomeric ring 11a to
engage and disengage the exterior of the tube 20.

The shroud 19 and the low pressure - high flow cir-
cuit operates identically as described above and there-
fore will not be described in detail in association with the
third embodiment. The stationary support 25a illustrated
in Figure 7 differs slightly from the stationary support 25
in the other drawings in that the shroud is housed in and
protected by the stationary support 25a when fully re-
tracted.

The displacing means shown in Figure 7 differ sig-
nificantly from that of the first and second embodiments.
The displacing means comprise rod backstop means,
comprising two oppositely radially movable blocks 13a,
which move inwardly toward the longitudinal axis after
the shaft la has been advanced into engagement with
the exterior of the tube 20. The rod backstop blocks 13a
engage the rearward end of the rod 2a to prevent rear-
ward movement of the rod 2a as the shaft reciprocating
means rearwardly withdraws the sleeve 3a to seal the
exterior of the tube 20. The rearward end of the rod 2a
includes an annular rod stop ring 16a protruding out-
wardly of the rod 2a to engage the rod backstop blocks
13a.

As described above it is desirable to limit the degree
of compression of the elastomeric ring 11a. To this end
sleeve limiting means are provided for limiting the extent
to which the sleeve 3a may be withdrawn to seal the
exterior of the tube 20 after the shaft 1a has been ad-
vanced to engage the exterior of the tube 20 and the rod
backstop blocks 13a have engaged the rearward end of
the rod 2a. Referring to Figure 7 the sleeve limiting
means comprises a sleeve backstop ring 15a protruding
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from the rod 2a rearward of the sleeve 3a and forward
of the rod stop ring 16a. The sleeve backstop ring 15a
is threaded upon the rod 2a in order to adjust its position
thereby determining the degree of compression.

Referring to Figure 7, the shroud 19 and shaft 1a
are fully retracted. The forward end of the sleeve 3a
within the shroud 19 is of enlarged diameter forming a
shoulder 28a which abuts and engages the forward in-
ner surface of the shroud 19 under the biasing action of
the springs 26. The shaft reciprocating means comprise
two double acting hydraulic cylinders 8a and 8b each
engaging a beam 29. The beam 29 is centrally connect-
ed to the rearward end of the sleeve 3a by fasteners 30.
The cylinders 8a and 8b are mounted on stationary
members 12a and 12b, and act in a direction parallel to
the longitudinal axis of the apparatus. In use, the cylin-
ders 8a and 8b are activated to move the shaft 1 for-
wardly to an intermediate position prior to engagement
of the outer tube sealing means. The cylinders 8a and
8b force the sleeve 3a forward. The sleeve 3a has a for-
ward inner shoulder 31 which abuts the rearward end of
the rod ring 7a forcing the rod 2a forward. The elasto-
meric ring 11a is therefore not subjected to any tensile
or compressive force as a result.

The gasket ring 24 at the forward end of the shroud
19 seals the external surface 23 and the tube 20 is filled
with fluid by the low pressure - high flow circuit as de-
scribed above.

When filling of the tube 20 with low pressure fluid is
substantially completed, the shaft 1 is fully advanced
such that the outer tube sealing means is positioned
about the rearward end of the tube 20. The rod stop ring
16a is as a result advanced forward of the rod backstop
blocks 13a. The rod backstop blocks 13a are moved ra-
dially inwardly to engage the rearward face of the rod
stop ring 16a and to prevent to the rod 2a from moving
rearwardly. The cylinders 8a and 8b are activated to re-
tract the sleeve 3a rearwardly. The elastomeric ring 11a
is compressed between the rearward face of the sleeve
ring 9a and the forward face of the rod ring 7a such that
the elastomeric ring 11a radially expands sealing the ex-
terior surface of the tube. The retraction of the sleeve
3a is limited when the rearward end of the sleeve 3a
abuts the forward face of the sleeve backstop ring 15a
which is positioned upon the stationary rod 2a. The gap
32 between the rearward end of the sleeve 3a and
sleeve backstop ring 15a therefore determines the de-
gree of compression of the elastomeric ring 11a. The
high pressure fluid means are then activated to further
filland pressurize the tube 20 as described above. Upon
completion of the pressurization process the above se-
quence of operations is reversed in a manner which
need not be fully described in light of the above detailed
description.

The elastomeric ring 11a is of larger inner dimen-
sion than the sleeve and rod rings 9a and 7a and is nest-
ed inwardly between the rod and sleeve rings 7a and 9a
to protect it during operation from cutting or abrading on
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the tube's rearward end. To aid in placing the outer tube
sealing means about the tube's end and to allow for mis-
alignment of the tube 20, the inner dimensions of the
sleeve ring 9a are preferably greater than the inner di-
mensions of the rod ring 7a, and the inner forward edges
of the sleeve ring 9a are rounded.

Claims

1.  An apparatus for filling a tube (20) with fluid com-
prising a first connection for a fluid at low pressure
for filling the tube (20) and a second connection for
a fluid at high pressure for pressurising the tube
(20); characterised in that the high pressure con-
nection includes a shaft (1), tube sealingmeans (11,
11A) being provided adjacent the forward end of the
shaft (1), for sealing the tube (20) when the shaft
(1) is advanced into engagement with the tube (20),
said shaft (1) comprising a rod (2) having a longitu-
dinal bore (4) for communicating with a fluid source
(6), and a sleeve (3) outwards of the rod (2), a rod
ring (9) being connected to a forward end of the rod
(2) and a sleeve ring (10) being connected to a for-
ward end of the sleeve (3); an elastomeric ring (11,
11a) is located between the rod ring (9) and the
sleeve ring (10), the elastomeric ring (11,11a) hav-
ing an annular surface for sealingly engaging a sur-
face of the tube (20); and means (13,15) for axially
displacing the rod (2) and the sleeve (3) relative to
each other, whereby the elastomeric ring (11,11a)
is axially compressed or decompressed, the elas-
tomeric ring (11, 11a) expanding and contracting ra-
dially to engage and disengage the tube (20), and
wherein the rod ring (9) and sleeve ring (10) have
a greater radial extent than the elastomeric ring (11,
11a) adjacent its annular surface, whereby the an-
nular surface of the elastomeric ring (11, 11a) is nor-
mally nested inwardly between the rod and sleeve
rings (9 and 10) and extends radially beyond the rod
and sleeve rings (9 and 10) when the elastomeric
ring (11,11a) is compressed between the rod and
sleeve rings (9 and 10), means (8) being provided
for advancing and retracting the forward end of the
shaft (1) into and out of engagement with the tube
(20) and fluid control means communicating with
the fluid source (6), for filling and pressurizing the
tube (20) when the shaft (1) is advanced into en-
gagement with the tube (20) and the tube sealing
means (11,11a) seals the tube (20) and for depres-
surizing and draining fluid from the tube (20) before
the shaft (1) is retracted.

2. Anapparatus according to Claim 1 characterised in
that the first connection communicates with a fluid
conductor (19,24) adapted to define a fluid conduit
between the first connection and the open end of
the tube (20), said shaft (1) being movable into a
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position in which its bore communicates with the in-
terior of the tube (20), the shaft (1) separating the
fluid conduit from the interior of the tube (20).

An apparatus according to Claim 1 or 2 character-
ised in that the tube sealing means (11) is adapted
to seal the inner surface of a tube (20), the rod ring
(9) and sleeve ring (10) being disposed forwardly
and rearwardly of the elastomeric ring (11), respec-
tively, and the annular surface of the elastomeric
ring (11) extends radially outwardly to engage the
inner surface of the tube (20) when the elastomeric
ring (11) is compressed between the rod and sleeve
rings (9 and 10).

An apparatus according to Claim 3 characterised in
that the means (13,15) for displacing the rod (2) rel-
ative to the sleeve (3) comprise sleeve backstop
means (13) moving radially inwardly towards the
axis, after the shaft (1) has been inserted into the
tube (20), to engage the rearward end (15) of the
sleeve (3) to prevent rearward movement of the
sleeve (3) as the shaft reciprocating means (8) rear-
wardly withdraws the rod (2) to seal the inner sur-
face of the tube (20).

An apparatus according to Claim 4 characterised in
that the rearward end of the sleeve includes an an-
nular sleeve stop ring (15) protruding outwardly of
the sleeve (3) and wherein the sleeve backstop
means comprises two oppositely radially movable
blocks (13) having a semi-annular inner surface
through which the shaft (1) extends.

An apparatus according to Claim 4 or 5 character-
ised by rod limiting means (16) for limiting the extent
to which the rod (2) may be withdrawn to seal the
interior of the tube (20) after the shaft (1) has been
inserted into the tube (20) and the sleeve backstop
means (13) have engaged the rearward end (15) of
the sleeve (3), the rod limiting means (16) compris-
ing a rod abutment protruding from the rod (2) rear-
ward of the sleeve (3), and rod backstop means (13)
for moving radially inwardly to engage a rearward
face of the rod abutment (16).

An apparatus according to Claim 6 characterised in
that the rod abutment (16) comprises a rod stop
member threadedly and adjustably engaging the
rod (2).

An apparatus according to Claim 6 or 7 character-
ised in that the rod backstop means (13) comprises
two semi-annular interior grooves in the semi-annu-
lar inner surface and the rod stop member (16) is a
ring receivable in the grooves.

An apparatus according to any one of Claims 1 to
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10.

11.

12.

13.

14.

15.

16.

8 characterised in that the annular surface of the
elastomeric ring (11) is an outermost surface, and
the width dimension of the outermost surface of the
rod ring (9) is less than the dimension of the outer-
most surface of the sleeve ring (10), and the outer-
most surface of the elastomeric ring (11) is of small-
er dimension than the outermost surfaces of the rod
and sleeve rings (9 and 10).

An apparatus according to any one of Claims 1 to
9 characterised in that the rod ring (9) has outer for-
ward edges which are convexly rounded.

An apparatus according to Claim 1 or 2 character-
ised in that the tube sealing means (11a) is adapted
to seal the outer surface of the tube (20), the sleeve
ring (9a) and rod ring (7a) are disposed forwardly
and rearwardly of the elastomeric ring (11a), re-
spectively, and the annular surface of said elasto-
meric ring (11a) extends radially inwardly to engage
an outer surface of the tube (20) when compressed
between the sleeve and rod rings (9a and 7a).

An apparatus according to Claim 11 characterised
in that the displacing means comprises rod back-
stop means (13a) moving radially inwardly toward
the axis, after the shaft (1a) has been advanced into
engagement with the outer surface of the tube (20),
to engage the rearward end (16a) of the rod (2a) to
prevent rearward movement of the rod (2a) as the
shaft reciprocating means (8a, 8b) rearwardly with-
draws the sleeve (3a) to seal the outer surface of
the tube (20).

An apparatus according to Claim 12 characterised
in that the rearward end of the rod (2a) includes an
annular rod stop ring (16a) protruding outwardly of
the rod (2a) and wherein the rod backstop means
(13a) comprises two oppositely radially movable
blocks.

An apparatus according to Claim 12 or 13 charac-
terised by sleeve limiting means (15a) for limiting
the extent to which the sleeve (3a) may be with-
drawn to seal the exterior of the tube (20) after the
shaft (1a) has been advanced to engage the exte-
rior of the tube (20) and said rod backstop means
(13a) have engaged the rearward end of the rod
(2a), the sleeve limiting means comprising a sleeve
backstop ring (15a) protruding form the rod (2a),
rearward of the sleeve (3a) and forward of the rear-
ward end (16a) of the rod (2a).

An apparatus according to Claim 14 characterised
in that the sleeve backstop ring (15a) threadedly

and ajustably engages the rod (2a).

An apparatus according to any one of Claims 11 to



17.

18.
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15 characterised in that the inner dimension of the
sleeve ring (9a) is greater than the inner dimension
of the rod ring (7a), and the elastomeric ring (11a)
is of larger inner dimension than the sleeve and rod
rings (9a and 7a).

An apparatus according to any one of Claims 11 to
16 characterised in that the sleeve ring (9a) has
convexly rounded inner forward edges.

An apparatus according to any one of Claims 11 to
17 characterised in that the shaft reciprocating
means (8a,8b) comprises two double acting hy-
draulic cylinders (8a,8b) each engaging a beam
(29) centrally connected between the rearward end
of the sleeve (3a) and a stationary member (12a,
12b), the cylinders (8a,8b) acting in a direction par-
allel to said axis.
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