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(57) Abstract: A connection system (100) comprises a connector (101) and a pipe (102). The pipe (101) is made from a hydrophilic
membrane capable of pervaporating brackish water or such like as substantially pure water, such as Dutyion™. One feature of this
e material is that it expands significantly as it hydrates. The pipe (102) is generally cylindrical, but it is corrugated along its length,
= with roughly regular ridges (103) and grooves (104). The connector (101) has a side wall (106) defining a substantially cylindrical
cavity (107). The inside surface (108) of the cavity (107) is corrugated in the similar way to the pipe (102). When the pipe (102) is
&= in a dehydrated state, the cavity (107) of the connector (101) has a maximum diameter D greater than the maximum diameter B of
& the pipe (102) and a minimum diameter C less than the maximum diameter B of the pipe (102). The pipe (102) can be inserted in the
O cavity (107) of the connector in a dehydrated state. When the system (100) then carries water, the pipe (102) hydrates, which causes
O the pipe (102) to expand and its diameter to increase. This means that the ridges (103) of the pipe (102) expand into the grooves

(110) of the cavity (107) and the pipe (102) fits more tightly into the cavity (107) and the seal between the pipe (102) and the cavity
a (107) is improved.
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CONNECTOR

Field of the Invention

This invention relates to a connector for connection to a pipe. It also
relates to a connection system comprising a connector and pipe and to a
method of connection using the same. A particular application of the
invention is a connector for connection to a pipe made from an expandable

material that expands into a cavity of the connector in use.

Background to the Invention

Perhaps the simpleét form of pipe connector is a sleeve for
connecting two pipes‘together. The sleeve may fit around an end of each
pipe and be sealed in position to effectively make the two pipes one. This is
often seen in domestic plumbing, where the sleeve is usually rﬁade from
copber and soldered onto copper pipes. |

More complex connectors tend to rely on some kind of compression
fit. For example, a sleeve may be fitted onto the end of a pipe that squeezes
around the o‘utside of the pipe to form a seal. Often, a sealing component,
such as an o-ring seal or an oliye, is provided between the pipe aﬁd the
sleeve. This type of seal is used in some more modern domestic plumbing
systems anq is often referred to as a “press-fit” or “push-fit’ connector.

Of course, connectors that rely primarily on forcing a sleeve against

the outside of a p_ipe are only suitable for stiff pipes that can withstand being
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squeezed from fhe outside sufficiently to allow a seal to be formed between
the pipe and the sleeve. More fiexible pipes, such as garden hoses, cannot
withstand guch squeezing and require différent connectors. Typically, these
connectors have a hollow spigot or such Iike»_that fits inside the end of the
pipe as well as a sleeve that fits around the outside of a pipe. The spigot and
sleeve are usually arranged to form a seal by compressing the wéll of the
pipe between them. In other words, the spigot helps the pipe to withstand
being squeezed, such that a seal can be formed between the pipe and the
connector.

It can be appreciated that all connectors that use compression to form
a seal, whether applied to a stiff pipe by just a sleeve or to a flexible pipe
between a sleeve and a spigot, are reliant on the pipe being made from a
material that has apprdpriate strength and resistance to being compressed.
However, not all pipes are made from materials having suitable properties.
Furthermore, it is not always desirable to put pipes under stress by
compressing them, as this can degrade the material from which they are
made and weaken the pipe. Certain types of>pipe may also inherently shrink
and expand under environmental conditions. In particular, if a compression
type connector is fitted to a pipe that subsequently expands, the stress the
connector applies to the pipe will increase, which may lead to the seal
between the connector and pipe breaking or the pipe distorting. These |
connectors also tend to have multiple components, which can make them
prone to break or wear out and adds to manufacturing complexity.

The present invention seeks to overcome these problems.
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Summary of the Invention

According to the present invention there is provided a coﬁnector for
connection to a pipe, the connector having a cavity for receiving an end of
the pipe, the cavity having a width that varies between a minimum that is the
same as or less than the outér width of the pipe so as to hold the pipe inside
the connector and a rﬁaximum that is more than the outer width of the pipe
so that the pipe can expand inside the cavity.

According to a second aspect of the present invention there is
prévided a connection system comprising a pipe and a connector for
connection to the pipe, wherein the connector has a cavity for receiving an
end of the pipe, the cavity having a width that varies between a minimum that
is the same as or less than the outer dimensions of the.pipe so as to hold the
pipe inside the connector and a maximum that is more than _}the outer.
dimensions of the pipe so that the pipe can expand inside the cavity.

So, the invention allows the pipe to expand inside the connector.
Typically, the pipe, fn its unexpanded state, is held inside the connector by
friction between the pipe and cavity at its minimum width sufficiently thét fluid
can flow through the pipe and connector without the pipe being expelled from
the cavity. The pipe can then expand Foward the mai(imum width of the
cavity, e.g. as it becomes hydrated by the fluid, so that it fits more tightly in
the cavity. Expansion of the pipe may therefore create or improve a seal
between the pipe and the connector. .

The main advantage of the invention is that it allows a connection to

be made with a pipe made from a material that expands signiﬂcantly in use,
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e.g. with changes in environmental conditions, without too much stress being
applied to the pipe, particularly when it is in its ex'panded state. It can also
allow the connector to be fitted to the pipe véw easily whist the pipe is in its
unexpanded state, but a strong and reliable connection to be obtained as the

5 pipe expands. The connection system is therefore very easy and convenient
to use. |

It can also be appreciated that the connector need not have any
moving parts. This can make it simple to use and avoid the need for tools
during fitting and removal. It also means that the connector can be ;obust, _

10  have a long working lifetime and be capable of being fitted and removed a
large number of times. The connector can also be made as a single piece.
This makes it relatively simple and cheap to manufacture in comparison to
the prior art. | |

Usually, the pibe is a tube, hose or such like, although it might be the

15  outlet of a tank or such like in some examples. Typicélly, the pipe is
cylindrical. So, the cavity is also usually cylindrical, so as to fit the pipe
appropriately. The maximum and minimum widths might therefore be
maximum or minimum diameters respectively. Likewise, the outer width of
the pipe referred to above may be the outer diameter of the pipe, e.g. the

20 diameter of its outside surface.

The variation in width or diameter of the cavity can be provided in
almost limitless ways. For example, the width of the cavity may vary by the
inner surface of the cavity having one or more recesses or protrusions.
These might be arranged at discArete locations on the inner surface of the

25  cavity, e.g. around the circumference of the cavity. Alternatively, they might
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be substantially annular. However, in a particularly preferred example, the
width of the cévity véries by the inner surface of the cavity undulating along
its length. This undulation might be regular or irregular. It is preferred that
the undulation of the inner surface comprises corrugation. Corrugating the

5 ;;ipe can be advantageous, as it.can allow variation in the length of the pipe
Vas it expands and contracts to be accommodated without the pipe bending or
kinking. So, corrugating the inne( surface of theb cavity can allow it to fit
better with a corru.gated. pipe.

in 6ne eXémpIe, the inner surface of the cavity is corrugated with

10  wider ridges than grooves. This means that, when the ridges of the pipe are
corrugated similarly to the inner surface of the cavity, e.g. with the same
' pitch, as the pipe expands inside the cavity, its ridges are squeezed across
their width as they exp.and into the grooves of the in.ner surface of the cavity.
This can improve the fit of the pipe in the cavity and, in particular, the seal
15  between the pipe and the connector.

Similarly, in another example, the inner surface is corrugated with
grooves that have a widening towards their base. This means fhat, when the
ridges of the pipe that are corrugated similarly to the inner surface of the
cavity, e.g. with the same pitch, as the pipe expands inside the cavity, its

20 ridges can expand into the widening of the grooves. This hés the effect of
locking the ridges of the pipe in to the grooves of the inner sﬁrface of the
‘cavity. Again, this can' ifnprove the fit of the pipe in thé cavity and, in
particular, the seal between the pipe and the connector. It can also
strengthen the connection of the pipe to the connector, making it harder for

25 the pipe to be accidentally pulled out of the connector.
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In another example, the undulation of the inner surface may comprise
a thread instead of corrugation. This can assist with insertion of fhe pipe into
the connector. For the same reasons as set out above, the thread may have;-,

| a wizier ridge than groove. Likewise, the thread may have a groove with a
5  widening towards its base. Furthermore, the thread may undulate along its
length, e.g. have recesses into which the pipe can expénd in use. This can
cause the pipe to become lc;cked in the thread in its expanded state.

The groove or grooves of the corrugation/thread preferably has/have
variable depth. More specifically, one or more grooves of the corrugation

10  may have a reduced diameter in cﬁmparison to the other groove or grooves.
Similafly, a length of.the thread, typically extending for at least one
circumference of the cavity, may have a reduced diameter in comparison to
other part of the thread. The variable depth allows the extent to which the
pipe is held in :the cavity when it is in its dehydrated stéfe, or the extent to

15  which the pipe is allowed to expand to vary bver the length of the cavity. For
example, a part of thé pipe, typically one or more rlidges, that is aligned with
the reduced diameter groove or grooves can be arranged to be squeez;ed by
the reduced diameter groove or grooves by the reduced diametér being less
tha?n the maximum diameter of the pipe. This can improve the seal formed

20  when the pipe is first inserted into the cavity.

Usually, the bipe comprises an expandable material that can expand
into the maximum diameter of the cavity. This might be a material that
expands and contracts signiﬁcanfly with changes in temperature, e.g. such
that a cold pipe can be inserted into the connector and expand on return to

25 room temperature. However, the pipe usually comprises a material that
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expands on hydration. In a particularly preferred example, this material is’
Dutyion™.
Naturally, the sizes of the cavity and .pipe, and specifically their
widths, are usually arranged to suit one another. - Typically, the outer width of
5 the pipe is between around 10 mm and around 35 mm. So, the minimum
width of the cavity is also usualiy’between around 10 mm and around 35 mm.
| In general, materials from which the pipe is made may expand by around 5%
to around 35%. In particular, the Dutyion™ material from which the pipe may
be made expands by around 10% to around 15% on hydration. The
10  maximum widih of the cavity may therefore be around 5% to around 35%
greater, and preferably around 10% to around 15% greater, than the outer
width of the pipe in its.unexpanded state. This is effectii/ely the same as
saying that the maximum width of the cavity is around 5% to around 35%
greater, and preferably around 10% to around 15% greater, than the
15 minimum width of the cavity, ignoring that the minimum width of the cavity
may be a little less than the outer width of the pipe.
The connector may be adapted to perform various different
connection functions. Typically, it allows fluid to flow to and/or from the pipe.
To this end, the cavity preferably defines a first opening through which the
20 pipe is received in the cavity and the connector has a second opening
positioned so that it is fluid communication with the end of the pipe when the
pipe is received in the cavity. Fluid may flow through this second opening to
another pipe. So, the connector might comprise means for connecting to
another pipe to form a conduit between the pipes. Alternatively, it might

25 comprise means for connecting to one or more other pipes to form a junction
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between the pipes. However, it will be appreciated that the connector is not

limited to this and it might just connect the pipe to a solid wall or blank, so as A

~ to seal the end of the pipe.

Preferred embodiments of the invention are now described, by way of

example only, with reference to the accompanying drawings.

Brief Description of the Drawings

- Figure 1 is a lengthwise part-sectional i"ustration of a connection
system according to a first preferred embodiment of the present invention .
with its connector and pipe disconnected,;

Figure 2 is a lengthwise part-sectional illustration of the connection
system of Figure 1 with the connector and pipe conneéted;

Figure 3 is a lengthwise part-sectional illustration of a connection
system according to a second preferred embodiment of the present
invention;

Figure 4' is a lengthwise sectional illustration of a sidé wall of a
connector and a side wall of a pipe of a connection system according to a
third preferred embodiment of the present inQention;

Figure 5 is a lengthwise sectional illustration of a connector showing
variations to the connectors of the first to third preferred embodiments of the
preseht invention; |

Figure 6 is a lengthwise part-sectional illustration of a connection
system according to a fourth preferred embodiment of the present invention;

and
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Figure 7 is a lengthwise part-sectional illustration of a connection

system according to a fifth preferred embodiment of the present invention.

Detailed Description of the Preferred Embodiments

Referring to Figures 1 and 2, a coﬁnection system 100 according to a
first preferred embodiment of the present invention comprises a connector
101 and a pipe 102. Figure 1 shows the connector ‘1‘01 and pipe 102
disconnected and Figure 2 shows the connector 101 and pipe 102
connectéd.

The pipe 101 is made from a hydrophilic membrane capable of
pervaporating brackish water or such like as substantially pure water; e.g. by
phase change permeation. In more detail, the pipe 102 is made from a
hydrophilic polymer, selected from a copolyetherester elastomer, a polyether-
block-polymide, a polyether urethane, a homopolymer of polyvinyl alcohol, a

copolymer of polyvinyl alcohol and mixtures thereof. More specifically, this

_ material may be a mixture of two or more copolyetherester elastomers having

a multiplicity of recurring Iong-chain ester units and short-chain ester units
joined head-to-tail through ester linkages, where the long-chain ester units
are represented by the formula:

O O

-OGO-C-R-C- (1)

and said short-chain ester units being represented by the formula:
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-ODO-C-R-C- (1))
5 wherein: G is a divalent radical remaining after the removal of

terminal hydroxyl groups from a poly(alkylene oxide)glycol having a number .
average molecular weight of about 400 to about 4000; R is a divélent radical
remaining after removal of carboxyl groups from a dicarbbxylic acid having a
molecular weight Iesé than about 300; D is a divalent radical remaining after
10  the removal of hydroxyl groups from a d‘iol having a molecular weight less
than about 250; the copolyetherester contains between about 0 to about 68
weight percent based on the total weight of the copolyetherester, ethylene
oxide grdups incorporated in the Iong-chain ester units of the
copolyethéresier; and the copolyetherester contains about between about 25
15 to about 80 weight percent short-chain ester units. AUvsuaIIy, thé poly(alkylene
oxide)gjlycol is poly(ethylene oxide)glycol. Likewise, the copolyetherester
usually contains between about 40 to about 60 weight percent short-chain
ester units. This is known as Dutyion™. One feature of this material is that it
expands significantly as it hydrates. Indeed, its dimensions increase by |
20 around 10% to 15% between its dehydrated and hydrated states.
The pipe 102 is generally cylindrical, but it is corrugate'd along its
length, in this embodiment with roughly regular ridges 103 and grooves 104,
such that it varies in diameter betweeﬁ a minimum diameter A and a
maximum diameter B. The corrugation ié provided on the inside and outside
25  of the pipe 102 such that the side wall 105 of the pipe 102 has substantially
uniform thickness. The corrugation helps to prevent the overall length of the

pipe 102 changing as the pipe 102 expands and contracts.



WO 2008/129261 PCT/GB2008/001363

10

15

20

25

11

The connector 101 has a side wall 106 defining a substantially
cylindrical cavity 107. The inside surface 108 of the cavity 107 is corrugated
in the similar way to the pipe 102. More specifically, the inside surface 108 of
the cavity 107 is corrugated with roughly regular ridges 109 and grooves 110.
However, unlike the pipe 102, the grooves 110 of the inside surface 108 of
the cavity. 107 are narrower than the ridges 109, although the pitch of the
corrugation is the same. The corrugation of the inéide surface 108 of the
cavity 107 means that the cavity 107 varies in diameter between a minimum
diameter C and a maximum diameter D. The outer surface 111 of the
connector 101 around the cavity 107 is also substantiélly cyﬁndrical and, in

this embodiment, is substantially smooth. The part of the connector 101

‘forming the cavity 107 is therefore substantially tubular.

The cavity 107 has an outer opening 112 at one end of the connector
101 to receive the pipe 162. At the other end of the connector 101 there is a
ﬁttinQ 113 for receiving another pipe (hot shown), such as a garden hose. In
this embodiment, the fitting 113 comprises a tube 114 that fits inside the
other pipe. The outside surface 114 of the tube 113 is raised at ring like
projections 116 along its length that can grip the inside surface of the other
pipe. The inside of the tube 114 defines a passage 117 that extends from
the end of the connector 101 at which the fitting 113 is located to an inner
opening 118 into the cavity 107. This means that wéter can pass from the
pipe 102, when inserted in the cavity 107, to the inner opening 118, through
the fluid passage 116 and into the other pipe.'

It can be appreciated from the drawings that, in this embodiment, the

connector 101 is basically a tube with inner and outer diameters that vary to -
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provide the various desired features. This makes the connector 101
relatively simple, and hence cheap, to manufacture, e.g. by injection molding
or such like.

The pipe 102 is illustrated.in Figures 1 and 2 in a dehydrafed state
and it can be seen from the drawings that the cavity 107 of.the connectof 101
has a rﬁaximum diaméter D greater than'the maximum diameter B of the pipe
102 and a minimum diameter C less than the maximum diameter B of the

pipe 102, when the pipe 102 is in this dehydrated state. In use, the pipe 102

is usually inserted into the cavity 107 of the connector 101 when the pipe 102

is in its dehydrated state. When the pipe 102 is dehydrated, the relative
dimensions of the pipe 102 and cavity 107 allow the pipe 102 to be easily
inserted into the cavity 107. Nonetheless, as the minimum diameter C of the
cavity 107 is less than the maximum diameter B of the pipe 102, a seal is
formed between the pipe 102 and the cavity 107. More specifically, the seal
is formed by the c.on.'ugations of the pipe 102 and cavity 107 being offset from
one another such that the ridges 109 of the cavity 107 are in contact with the
ridges 103 of the pipe 102 on jUst one side of the ridges 103, 109, as shown
in Figure 2. In this embodiment, the pipe 102 must also be approximately
concentric with the cavity 107, again as shown in Figure 2, so that the ridges
103, 109 overlap with one another radially. When water flows through the

connection system 100, the connector 101 and pipe 102 (in its dehydrated

state) tend to move toward this position by the pressure trying to force the

pipe 102 out of fhe cavity 107. In more detail, as the water tries to move the
pipe 102 longitudinally toward the opening of the cavity 107 at the end of the

connector 101, the ridges 103 of the outer surfac.e of the pipe 102 come into
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contact with the ridges 109 of the inside surface 108 of the cavity 107. The
ﬁdges act as cams to move the pipe 102 concentric with the cavity 107. So,
the ridges 103 of the pipe 102 and the ridges 109 of the cavity 107 form a
seal. However, as the maximum diameter D of the cavity 107 is more than
the maximum diameter B of the pipe 102, the pipe 102 can still move around
inside the cavity 107. This means that the seal formed by the ridges 103,
109 is relatively weak and unstable.

As mentioned above, the Dutyion™ material from which the pipe 102
is made expands on hydration. This means that, when the pipe 102 carries
water and absorbs some of it to hydrate, the pipe 102 expands. As the pipe
102 expands, its diameter increases. This means that the ridges 103 of the
pipe 102 expand into the grooves 110 of the cavity 107., the pipe 102 fits
more tightly into the cavity 107 and the seal between the pipe 102 and the
cavity 107 is improved. Indeed, DutyionTM expands by around 10% to 15%
on hydration. For this reason, in this embodiment, the maximum diameter D
of the cavity 107 is just a little less than around 10% to 15% greater than the
outer diameter B of the pipe 102 in its dehydrated state. In other words, the

maximum diameter D of the cavity 107 is just a little less than around 10% to

- 15% greater than the minimum diameter C of the cavity 107. This allows the

pipe 102 to just about fully expand inside the cavity 107 on hydration. Not
only does this improve the seal, aIIowiﬁg the pipe 102 to expand prevents it
from kinking or otherwise distorting on expansion with hydration inside the
connector 101. So, the expansion properties of the pipe 102 are exploited to
allow easy insertion of the dehydrated pipe info the connector 101 yet -

provide the tight seal between the pipe 102 and connector once the pipe 102
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is hydrated. In addition, any problems associated with the pipe 1‘02
expanding and contracting once inside the connector 101 are minimised.
Referring to Figure 3, é connection system 300 according to a second
preferred embodiment of the preéent ihvention is similar to the cohnectjon
5 system 100 according to the first preferred embodiment of the invention and
the same reference numerals are used for similar components. In particular,
it can be seen that the connection system 300 according to the second
preferred embodiment has a connector 101 identical to that of the first
preferred embodiment. However, in the second preferred erﬁbodiment, the
10  connector 101 connects to a pipe 302 that has a smooth outer surface 303,
e.g. having a constant diameter E in its dehydrated state. The diameter E of
the Qﬁter surface 303 of the pipe 302 in its dehydrated state is approximately
the same as the maximum diameter B of the pipe 102 of the first
embodiment. In other words, the maximum diameter D of the cavity i07 of
15  the connector 101 is greater than the diameter E of the pipe 302 and the
minimum diameter C of the cavity 107 is less than the diameter E of the pipe
302. This means that the pipe 302, in its dehxdrated state, can be easily
inserted into the cavity 107 and a seal formed between the pipe 302 and the
cavity at its minimum diameter C, e.g. the peaks 109. Furthermore, when the
20  pipe 302 hydrates, it can expand into the maximum diameter D of the cavify
107, e.g. the troughs 110.
Referring to Figure 4, a connection system 400 according to a third
preferred embodiment of the present invention is similar to the connection
system 100 of the first preferred embodiment of the invention and the same

25 reference numerals are used for similar components. However, in the third
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embodiment, the cavity 107 of a modified connector 401 has an inner surface
402 corrugated with grooves 403 that have a widening towards their base.
This means that the pair of ridges 404 on either side of each groove 403 form
a narrowing or neck 405 toward the opening of each ridge 404. As the pipe
102 expands on hydration,y its ridges »1 03 expand into the grooves 403 of the
connector 401. - In particular, they expand into the widened part of the
grooves 403. This has the effect of locking the ridges 103 of the pipe 102 in
the grooves 403 of the conneétor 301, strengthening the connection between
pipe 102 and connector 401.

The c‘onnector 101 of the first embodiment can be also be modified in
a variety of other ways and a connector 501 illustrating some of these
modifications is shown in Figure 5. Again, the same reference numerals are
used for.similar components. The cavity 107 of the connector 501 does not
have a corrugated inside surface 108. Rafher, the surface 108 has a
generally constant diameter or a significant majority of the surface 108 has
one diameter o.r level. _The variation in the diameter of the inside surface 108
of the cavity 107 is provided in a variety of other ways,’ e.g. by a number of
features beihg provided on the surface 108. One such feature is a ridge or
ridges 504. The ridges 504 extend around the circumference of the cavity
107: e.g. are circumferential. Another feature is a protrusion or protrusions
502. These are illustrated as square in Figure 5, but can have virtually any
shape. . In the illustrated exahple, they define a second surface at a reduced
diameter of the cavity 107 or raise the level of the surface 108.. Other .
features are more complex corrugatibn 505, such as a W shaped corrugation

or a corrugation that varies in shape or depth with a period greater than one
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ridge and trough; and recesses 503 that define a second surface at an
increased diameter of the cavity 107 or lower the level of the surface 108.

These features can be used alone or ih combination with each other
or other components of the other preferred embodiments to retain the
corrugated pipe 102 or smooth pipe 302 in the connector 501. The ridges
504 and protrusions 502 tend to grip the pipe 102, 302 and retain it in
position in its dehydrated state. The corrugation and recesses 503 tend to
accommodate expansion of the pipe 102, 302. However, this of coufse
depends on the general diameter of the cavity 107, e.g. the diameter at the |
majority of the inside surface 108.

In some embodiments, the general diameter of the cavity 107 is
greater than the maximum diameter B of the corrugated pipe 102 or the
diameter E of the smooth pipe 302. The ridges 504 or prot_rusion_s 502 are
then important for gripping the pipe 102, 302, but expansion of the pipe 102,
302 can be accommodated with or without the corrugation or recesses 503.
In other embodiments, the general diameter of the cavity 107 is the sarﬁé as
or less than the maximum diameter B of_the corrugated pipe 102 or the
diameter E of the smooth pipe 302. The pipe 102, 302 can then be retained
in the cavity 107 in its dehydrated state with or without the presence of the
ridges 504 or protrusions 502. However, the corrugation or recesses 503 are
important for accommodatihg expansion of the pipe 102, 302 |

Referring to Figure 6, a connection system 600 according to a fourth
preferred embodiment of the present invention is similar to the connection
system of the first preferred embodiment of the invention and the same

reference numerals are used for similar components. However, the
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connection system 600 illustrated in Figure 6 comprises a connector 601 that
connects the pipe 102 of the first preferred embodiment to another identical
pipe 602, corrugated w?th identical ridges 603 and troughs 604. So, the
connector 601 does not have a fitting 112 for connection to a garden hose or
such like. Rather, it has a cavity 605 that extends all the way through the
connector 601.

Referring to Figure 7, a connection system 700 according to a fifth
preferred embodiment of the present invention is similar to the connection
system 100 according to the first preferred embodiment of the invention and
the same reference numerals are used for similar components. In particular,
it can be seen that the connection system 700 according to the second
preferred embodiment has a pipe 102 identical to that of the first preferred

embodiment. However, in the fifth preferred embodiment, the connector 701

has a groove 702 of reduced diameter F in comparison to the other grooves

110 of the connector 701. In the illustrated embodiment, there is 6nly a
single reduced diameter groove 702, although there may alternatively be
more than one. When there is m;)re than one reduced diameter groove
7082, they are preferably adjacent to one another. Also in the illustrated
embodiment, the reduced diameter F is (slightly) greater than the minimum
diameter C of the cavity 107, aIthouéh in other emquiments it may be the
same as the minimum diameter C of the cavity. In any event, the reduced

diameter F of the reduced diameter groove 702 is less than the maximum

diameter B of pipe 102 when it is in its dehydrated state.

The purposé of the reduced diameter groove 702 is that it can

cooperate with one of the ridges 103 of the pipe 102 to provide an improved
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seal when the pipe 102 is in its dehydrated state, e.g. when it is first insertéd
into the cavity 107. In more detail, when the pipe 102 is inserted in the cavity
107, one of the ridges 103 of the pipe 102 becomes aligned with the reduced
diameter groove 702/. This ridge 103 is squeezed by the reduced diameter
groove 702 when the pipe 102 is in its dehydrated state due to the redﬁced
diameter F of the groove 702. So, a water tight seal, improved in cbmparison
to that of the first preferred embodiment of the invention, may be formed
wHen the pipe is first inserted into the cavity 107.

The described embodiments of the inventioﬁ are only examples of
how the invention may be impleménted. Modifications, variations and
changes to the described embodiments will occur to those having appropriate
skills and knowledge. For example, the corrugation shown in any of the
embodiments may instead be a thread having a continuous trough and ridge.
Furthermore, components illustrated in different embodiments may be
interchanged with one another as appropriate. All such combinationé are
considered part of the description of the preferred embodiments and these
modifications, variations and changes may be made without departure from

the spirit and scope of the invention defined in the claims and its equivalents.
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Claims

1. A connector for connection to a pipe, the connector havin.g a cavity for
receiving an end of the pipe, the cavity having a width fhat varies between a
minimum that is the same as or less than the outer width of the pipe so as to
hold the pfpe inside the cavity and a maximum that is more than the outer

width of the pipe so that the pipe can expand inside the cavity.

2. The connector of claim 1, wherein the cavity is substantially
cylindrical.
3. The connector of claim 1 or claim 2, wherein the width of the cavity

varies by the inner surface of the cavity having one or more recesses or

protrusions.

4. The connector of claim 1 or claim 2, wherein the width of the cavity

varies by the innér surface of the cavity undulating along its length.

5. The connector of claim 4, wherein the undulation of the inner surface

. comprises corrugation.

6. The connector of claim 5, wherein the inner surface is corrugated with

wider ridges than grooves.
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7. The connector of claim 5 or claim 6, wherein the inner surface is

corrugated with grooves that have a widening towards their base.

8. The connector of claim 4, wherein the undulation of the inner surface

5 comprises a thread.

9. The connector of claim 8, wherein the thread has a wider ridge than

groove.

10 10. The connector of claim 8 or claim 9, wherein the thread has a groove

with a widening towards its base.

11. The connector of claim 5 or claim 8, wherein a groove or grooves of
the corrugation/thread has/have variable depth.

15 |
12. The connector of any one of the preceding claims, wherein the

minimum width of the cavity is between around 10 mm and 35 mm.

13. The connector of any one of the preceding claims, wherein the
20  maximum width of the cavity is around 5% to around 35% greater than the

minimum width of the cauvity.

14. The connector of ahy one of the preceding claims, wherein the
maximum width of the cavity is around 10% to around 15% greater than the

25  minimum width of the cavity.
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15. The connector of any one of the preceding claims, wherein the pipe

comprises a material that expands on hydration.

16. The connector of any one of the preceding claims, wherein the cévity
defines a first opening through which the pipe is received in the cavity and |
the connector has a second opening positioned so that it is fluid
communication with the end»of the pipe when the pipe is received in the

cavity.

17. The connector of any one of the preceding claims, comprising means

for connecting to another pipe to form a conduit between the pipes.

18. The connector of ahy one of claims 1 to 16, comprising means for

connecting to one or more other pipes to form a junction between the pipes.

19. A connection system comprising a pibe and a connector for
connection to the pipe, wherefn the connector has a cavity for receiving an
end of the pipe, the cavity having a width that varies between a minimumAthat
is the same or less than the outer width of the pipe so as to hold the pipe
inside the cavify and a maximum that is more than the outer width of the pipe

so that the pipe can expand inside the cavity.

20. The connection system of claim 19, wherein the cavity is substantially

cylindrical.
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21. The connection system of claim 19 or claim 20, wherein the width of
the cavity varies by the inner surface of the cavity having one or more

recesses or protrusions.

22. The connection system of claim 19 or claim 20, wherein the width of

the cavity varies by the inner éurface of the cavity undulating along its length.

23. The connection system of claim 22, wherein the undulation of the

10  inner surface comprises corrugation.

24. The cbnnection system of claim 23, wherein the inner surface is

corrugated with wider ridges than grooves.

15  25. The connection system of claim 23 or claim 24, wherein the inner

surface is corrugated with grooves that have a widening towards their base. |

26. The connection system of claim 22, wherein the undulation of the
inner surface comprises a thread.

20

27.  The connection system of claim 26, wherein the thread has a wider

ridge than groove.

28. The connection system of claim 26 or claim 27, wherein the thread

25 has a groove with a widening towards its base.
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29. The connection system of claim 23 or claim 26, wherein a groove or

grooves of the corrugation/thread has/have variable depth.

5 30 The connection system of any one of claims 19 to 29, wherein the

outer width of the pipe is between around 10 mm and 35 mm.

31. The connection system of any one of claims 19 to 30, wherein the
maximum width of the cavity is around 5% to around 35% greater than the

10  outer width of the pipe.

32. The connection system of any one of claims.19 to 31, wherein the
maximum width of the cavity is around 10% to around 15% greater than the
outer width of the pipe. |

15
33. The connection system of any one of claims 21 to 32, where.in the

pipe comprises a material that expands on hydration.

34. The connection system of any one of the preceding claims, wherein
20 the cavity defines a first opening through which the pipe is réceived in the

cavity and the connector has a second positioned so that it is fluid

communication with th‘e end of the pipe when the pipe is received in the

cavity.



WO 2008/129261 PCT/GB2008/001363

~10

15

24

35. The connection system of any one of claims 19 to 34, comprising

means for connecting to another pipe to form a conduit between the pipes.

36. The connection system of any one of claims 19 to 35, compfising
means for connecting to one or more other pipes to form a junction between

the pipes.

37. A method of connection using the connector of any one of claims 1 to

18 or the connection system of any one of claims 19 to 36.

38. A connector substantially as described with reference to any of the

accompanying drawings.

39. A connection system substantially as described with reference to any

of the acc(ompanying drawings.
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