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(57) Abstract: The present invention relates to a pig for use in a system for lining ducts such as water or sewage pipes or electrical ducts
or gas pipes. The pig is insertable at least partly within a fabric liner sleeve located in a duct such as a water or sewage pipe and is capable
of heating the liner sleeve in situ in the duct to melt or soften thermoplastic material of the liner sleeve to subsequently form, on cooling
of the melted thermoplastic material, a rigid liner in the duct. A pig for fitting a liner to the inside of a pipe, comprising a pig body
defining a longitudinal axis in a longitudinal direction from a front portion to a rear portion; a gas supply port in the front portion; a gas
outlet diffuser forming part of the rear portion; a heating chamber in the pig body forming a flow path from the fluid inlet to the outlet
diffuser; and a heater within the heating chamber, wherein the outlet diffuser comprises a plurality of channels, each channel comprising
an inlet facing the front portion in the longitudinal direction and an outlet extending radially outwardly from the longitudinal axis.
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A PIG FOR USE IN A SYSTEM FOR LINING DUCTS WATER OR SEWAGE PIPES
Technical Field

[0001] The present invention relates to a pig for use in a system for lining ducts such as water

or sewage pipes or electrical ducts or gas pipes.
Background

[0002] WO 98/26919 describes how a pipe, for instance a water pipe or a sewage pipe, can be
rehabilitated by the use of a tubular liner which is introduced into the pipe as a fabric sleeve in a
collapsed form and then is expanded into contact with the pipe wall. Next heat is applied to the
liner and the liner is subsequently allowed to cool, whereupon the liner forms a hard and rigid
tubular lining for the pipe. The fabric sleeve used in the process comprises a thermoplastic
composite interweaved with reinforcing fibres. The thermoplastic material is melted by heating in
situ in the pipe and then allowed to harden to form the tubular liner within the pipe. A specially

constructed pig is used to apply heat to the sleeve in situ in the pipe to form the liner.

[0003] WO 02/25156 provides details of a pig which is used to direct hot air through a fabric
sleeve of composite material, comprising thermoplastics and fibre reinforcements, in order to melt

the thermoplastic material and allow the formation of a hard sleeve in situ in a duct.

[0004] WO 2004/090411 describes a further variant of pig used in a system for lining ducts. The
pig described in the document is designed to force hot gas under pressure through a fabric sleeve
comprising thermoplastic material and reinforcing fibres, and the pig has heating means both

within and outside the fabric sleeve, to ensure uniform heating of the sleeve.

[0005] In order to achieve a practical and useful system of the type described in the prior art,
the length of the pig is usually limited to around 700mm depending on the application or else
navigating the pig around a curve in the pipe can become too difficult. This means that there is a
limited space available within the pig for heating air to a temperature sufficient to ensure adequate
heating of the fabric sleeve and also to ensure uniform melting of the thermoplastic material in
the fabric sleeve. It is important not only to ensure that a correct air temperature is reached which
will facilitate the melting of the thermoplastic material, but also to ensure that the hot air delivered
from the pig is of a uniform temperature, otherwise there will be cold and hot spots in the fabric

sleeve, which will mean that the duct liner is incorrectly formed or formed with points of weakness.

[0006] Furthermore, the inventors have realised that the means by which the hot air delivered
must be carefully designed in order to provide a uniform delivery of hot air to the fabric sleeve
around the circumference of the pig, otherwise, even with a uniformly heated air supply there will

be cold and hot spots in the fabric sleeve, leading to points of weakness.
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Summary of the Invention

[0007] The present invention relates to a pig for use in a system for lining ducts such as water
or sewage pipes or electrical ducts or gas pipes. The pig is insertable at least partly within a fabric
liner sleeve located in a duct such as a water or sewage pipe and is capable of heating the liner
sleeve in situ in the duct to melt or soften thermoplastic material of the liner sleeve to subsequently

form, on cooling of the melted thermoplastic material, a rigid liner in the duct.

[0008] According to a first aspect of the invention there is provided a pig for fitting a liner to the
inside of a pipe, comprising:

a pig body defining a longitudinal axis in a longitudinal direction from a front portion to a
rear portion;

a gas supply port in the front portion;

a gas outlet diffuser forming part of the rear portion;

a heating chamber in the pig body forming a flow path from a fluid inlet to the outlet
diffuser; and

a heater within the heating chamber;

wherein the outlet diffuser comprises a plurality of channels, each channel comprising
an inlet facing the front portion in the longitudinal direction and an outlet extending radially

outwardly from the longitudinal axis.
[0009] Preferably, each channel includes a curved portion between the inlet and outlet.

[0010] Preferably, each channel includes a straight outlet portion between the curved portion

and the outlet.

[0011] Preferably, each channel includes a straight inlet portion between the curved portion and

the inlet; and the inlet portion is shorter than the outlet portion.

[0012] Preferably, the cross-sectional area of each channel is constant or monotonically

increases along its length.

[0013] Preferably, the inlets are spaced radially from and circumferentially around the

longitudinal axis.

[0014] Preferably, the pig further comprises a central core extending along the longitudinal axis
to the outlet diffuser, wherein a radially innermost edge of the inlets is aligned with an outer edge

of the core.

[0015] Preferably, the outlets are spaced around an outer circumference of the outlet diffuser.
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[0016] Preferably, the pig body has a greater diameter than the outlet diffuser.
[0017] Preferably, the outlet diffuser has a generally cylindrical radially outer surface.

[0018] Preferably, the channels are defined by a plurality of vanes extending between a first

member of the outlet diffuser and a second member of the outlet diffuser.

[0019] Preferably, the first member has a generally cylindrical main section with a first radius
and a protruding section that extends centrally from the main section along the longitudinal axis,
the protruding section having a second radius, the second radius being smaller than the first
radius; and the second member is generally annular and surrounds the protruding section so as

to define a space therebetween in which the vanes are located.
[0020] Preferably, the pig of further comprises a shroud, surrounding the pig body.

[0021] Preferably, the shroud comprises a plurality of members on its outer surface for

contacting the inner surface of a pipe.

[0022] Preferably, the members are elongate and extend longitudinally for defining a flow path

therebetween.

[0023] Preferably, the pig main body has a tapered nose portion and the shroud has one or
more spacers on its inner surface, the spacer(s) having a complementary shape to the tapered

surface of the nose.

Brief Description of the Drawings

[0024] Further features of the present invention are more fully described in the following
description of several non-limiting embodiments thereof. This description is included solely for
the purposes of exemplifying the present invention. It should not be understood as a restriction
on the broad summary, disclosure or description of the invention as set out above. The

description will be made with reference to the accompanying drawings in which:

Figure 1 shows an embodiment of a pig with an outlet diffuser in accordance with the

invention;
Figure 2a shows the outlet diffuser of the pig shown in Figure 1;
Figure 2b shows the outlet diffuser of Figure 2a in an exploded view;
Figure 2c shows a schematic layout of the outlet diffuser of Figure 2a;

Figures 3a to 3j show baffles for use in a pig; and
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Figure 4 shows an alternative embodiment of a pig in accordance with the invention.

[0025] In the drawings like structures are referred to by like numerals throughout the several
views. The drawings shown are not necessarily to scale, with emphasis instead generally being

placed upon illustrating the principles of the present invention.
Description of Embodiments

[0026] Figure 1 shows a pig 10 for fitting a liner to the inside of a pipe. The pig 10 is for use in
a method of lining a water or sewage pipe as described in any of WO 98/26919, WO 2004/090411
or WO 2004/090411. In particular, the pig 10 is designed to heat a liner sleeve of thermoplastic
material and any reinforcing elements. The pig 10 can be used to heat a liner sleeve to form a

rigid liner in any duct, for instance an electrical duct or a gas pipe as well as a water or sewage

pipe.

[0027] The pig 10 has a pig body 11 defining a longitudinal axis 7 that extends in a longitudinal
direction from a rear portion 11a to a front portion 11b. The pig body 11 is generally elongate in

the longitudinal direction.

[0028] The pig 10 comprises an outlet diffuser 20 forming part of the rear portion 11a and a

heating chamber 17 (which is preferably cylindrical) within which is housed a heater 16.

[0029] The pig 10 preferably comprises a forming tool 72 at the rear end of the rear portion 11a
for forcing the heated liner sleeve radially outwardly into the surface of a pipe or duct. The forming
tool 72 has a generally cylindrical radially outer surface with a larger diameter than the pig body
11.

[0030] Preferably, a shroud 70 around the pig main body 11. The shroud is tubular and generally
cylindrical. As shown in Figure 4, in some embodiments, the shroud 70 may comprise
longitudinally extending members 178 spaced around its outer circumference. The longitudinally

extending members 178 are resilient and so are arranged to centre the shroud 70, 170 within a

pipe.

[0031] In this way, the longitudinally extending members 178 can axially align the pig main body
11 within the pipe.

[0032] Moreover, the longitudinally extending members 178 are spaced apart and so form a
flow path between the shroud 70 and the pipe through which fluid (for example, exhaust heating

gas) can escape through the pipe ahead of the pig 10.
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[0033] The front portion 11b of the pig is preferably formed with a tapered nose 11e. The tapered
nose 11e has an outer diameter 11d. The shroud preferably has either a plurality of spacers 75,
175 spaced around its inner perimeter or a singular annular spacer 175. The inner diameter of

the spacer(s) 75, 175 is/are less than the outer diameter 11d of the nose 11e.

[0034] As can be seen from Figure 4, the spacer(s) 175 preferably have a tapered surface that

is shaped so as to be substantially complementary to the outer surface of the nose 11e.

[0035] In use, the liner sleeve may pass between the shroud 70 and the pig main body 11. The
liner has a thickness X. As the pig main body 11 passes through the liner, the liner pushes the
shroud 70 forward and the shroud 70 centres the pig body 11 via force transmitted through the

liner.

[0036] The contact between the nose 11e, the liner, and the shroud 70 can create a seal that
prevents heated gas ejected from the diffuser 20 from passing forward within the sleeve ahead

of the pig main body 11.

[0037] The shroud 70, 170 has an axial length such that its rear end 79, 179 does not overlap
with the outlets 9 of the diffuser 20. Preferably, the shroud rear end 79, 179 is axially spaced from
the outlets 9 of the diffuser 20.

[0038] Optionally, there may be provided a cable duct for housing power cables to power the

heater 16 and/or thermocouple signal lines.

[0039] The heater 16 is preferably formed from a plurality of annular coiled heating elements 1
to 6 all arranged around the common longitudinal axis 7. The pig 10 has a gas supply port 8 for
supplying gas to the heating chamber 17, and heated gas leaves the pig 10 in a radial direction
via a series of apertures 9 in an outlet diffuser 20 at the rear end 11a of the pig 10. Thus, the
heating chamber 17 forms a flow channel in the pig body 11 from a gas supply port 8 to the outlet
diffuser 20.

[0040] Optionally, the gas supply port 8 is radially offset from the axis 7.

[0041] Gas delivered by the gas supply port 8 may be directed through a tree diffuser 15 to
deliver gas to the heating chamber 17. The tree diffuser 15 comprises branch pipes extending
radially out from a central trunk portion that is in communication with inlet tube 8. Preferably, at

least a portion of the branch pipes extend in a plane perpendicular to the longitudinal axis 7.

[0042] Gas flow through the heating chamber 17 and thereby the heating efficiency of the pig
10 may be assisted by the use of baffles 19 to 23 and a central core 56 on which the baffles 19

to 23 are mounted and which extends through apertures in the baffles 19 to 23 and through the
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central apertures of the coiled heating elements 2 to 6. The central core 56 ensures that the gas
flow through the heating chamber 17 passes across the coiled heating elements 2 to 6, rather

than passing through their aligned central apertures.

[0043] Preferable forms of the baffles 19 to 23 are shown, respectively, in Figures 3a to 3j, as

described below.

[0044] An outlet diffuser 20 in accordance with the invention is shown in more detail in

Figures 2a to 2c.

[0045] The outlet diffuser 20 has a generally cylindrical radially outer surface, preferably either
with a smaller diameter (see Figure 1) or the same diameter (see Figure 4) than the pig body 11
for providing a space, between the liner sleeve and the outlet diffuser 20, into which heated gas

may flow.

[0046] The diameter of the pig body 11 is of course related to that of the pipe in which it is to be
used. However, the outer diameter of the pig body 11 may be 50mm to 60mm less than inner

diameter of the cylindrical part of the shroud 70.

[0047] The diameter of the forming tool 72 is preferably 20mm to 30mm less than the inner

diameter of the pipe in which it is to be used.
[0048] The outlet diffuser 20 preferably comprises a first member 51 and a second member 52.

[0049] The first member 51 has a generally cylindrical main section 55 with a first radius and a
protruding section 54 that extends centrally from the main section 55 along the longitudinal axis
7.

[0050] The protruding section 54 has a second radius, which is smaller than the first radius.
Preferably, the protruding section 54 is defined by a surface that curves gently away from the

cylindrical main section 55.

[0051] The second member 52 is generally annular and comprises an opening 57. Preferably,
the side of the second member 52 facing the first member 51 has a generally matching contour

extending from the radially outer edge to the rim of the opening 57.

[0052] The protruding section 54 extends into the opening 57 so as to define an annular space
therebetween. The second member 52 is also axially spaced from the main section 55 of the first
member 51. In this way, the first and second members 51 and 52 define an annular space

therebetween from an opening to the heating chamber 17 in the longitudinal direction facing
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forwardly with respect to the pig 10 to an opening to the exterior of the pig 10 in the radially

outward direction with respect to the longitudinal axis 7.

[0053] So as to improve the distribution of heated gas directed out of the pig 10 through the
outlet diffuser 20, and also advantageously to suppress rotational flow of heated gas around the
longitudinal axis of the pig 10, it has been found preferable to divide the annular space into

discrete channels. Accordingly, within the annular space there is provided a plurality of vanes 53.

[0054] Thus, the outlet diffuser 20 comprises a plurality of channels 60. Each channel 60
comprising an inlet 61 facing the front portion 11b of the pig 10 in the longitudinal direction and

an outlet 62 facing radially outwardly from the pig 10 perpendicular to the longitudinal axis 7.

[0055] Each channel 60 preferably includes a curved portion 64 joining two straight portions 63
and 65. The two straight portions 63 and 65 of each channel 60 include a straight inlet portion 65
and a straight outlet portion 63. Preferably, the inlet portion 65 is shorter than the outlet portion
63.

[0056] As can be most easily seen with reference to the shape of the vanes 53 in the exploded
view of Figure 2b, gas flowing through each channel 60 of the outlet diffuser 20 will enter through
the inlet 61, then pass through the straight inlet portion 65 to the curved portion 64 from which it
will flow to the straight outlet portion 63 and then on through the outlet 62.

[0057] As can be most easily seen from the schematic layout of Figure 2c, the vanes 53 extend,
in a plane perpendicular to the longitudinal axis 7, along radii extending outwardly from the
longitudinal axis 7. Thus, the distance between the vanes at the outlets 62 is greater than at the
inlets 61 (because these are radially inwardly thereof). As such, the radial dimension of the inlet
is greater than the axial dimension of the outlet. Preferably, the cross-sectional area of each

channel is either constant, or monotonically increases, along its length.

[0058] Preferably, the inlets 61 are equally spaced radially around the longitudinal axis.
Preferably, the outlets 62 are equally spaced radially around the radially outer circumference of
the outlet diffuser 20.

[0059] Itis preferred for a smooth flow path from the heating chamber 17 to the diffuser 20 that

the radially innermost edge of the inlets 61 is aligned with the outer edge of the central core 56.

[0060] The inventors have also learned that a pig with or without the tree diffuser 15 or outlet
diffuser 20 described above, or indeed in combination with any of the embodiments described
above, preferably has baffles separating a plurality of heating coils 1 to 6 within a heating chamber

17 having a central core 56 on which the baffles 19 to 23 are mounted and which extends through
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apertures in the baffles 19 to 23 and through the central apertures of the coiled heating elements

1 to 6, wherein the baffles are formed as shown in Figures 3a to 3;.

[0061] The baffles 19 to 23 are showing respectively in Figures 3a to 3j, all viewed face on from
the inlet side of the heating chamber 17. Each baffle has a central circular land and three arms
extending radially out from the central circular land to a circular rim. For instance, the baffle 19
has a central circular land 57 and three arms 58, 59 and 60 which connect the central land 57 to
a circular exterior rim 61. Each arm 58, 59 and 60 is cruciform in shape, with a cross bar extending
outwardly on both sides at a position approximately two thirds along the length of the arm,
beginning at the land. In Figure 3a the arm 58 has a cross bar 62, the arm 59 has a cross bar 63

and the arm 60 has a cross bar 64.

[0062] Also in Figure 3 it can also be seen that the rim 61 is provided with notches 65, 66, 67
and 68 which are designed to engage with the stems of the heating coils 1 to 6 (and also can
allow passage of sensor wiring). The heating coils 1 to 6 may be held in place by the stems

engaging in the baffle notches 65, 66, 67 and the baffles being locked on the central shaft.

[0063] The baffles 20, 21, 22 and 23 have features identical to the baffle 19, but the orientation
of the arms of each baffle when secured in place within the cylindrical heating chamber 17 is
different to the orientation of the arms of neighbouring baffles. For instance, looking at Figures 3a,
3b, and 3c it can be seen that the baffles 19 and 21 of Figures 3a and 3c have arms 58 and 58
approximately at the 11 o’clock position, while the arm 58 of the baffle 20 in Figure 3b is
approximately at the 1 o’clock position. In a similar way the arms 53 and 59’ of the baffles 19 and
21 are at the 3 o’clock position, whilst the arm 59” of the baffle 20 is at the 9 o’clock position.
Furthermore the baffle arms 64 and 64’ of the baffles 19 and 21 are at the 7 o'clock position,

whilst the arm 64” of the baffle 20 is at the 5 o’clock position.

[0064] The configuration of the baffles and their orientation with respect to each other are
selected so that the flow of gas along the cylindrical chamber 17 is directed by the baffles across

the coils of the coiled heating elements 1 to 6.

[0065] Whereas in Figures 3a to 3e the baffles 19 to 23 are all shown with a central land of a
first diameter 57 of 53mm, alternative baffles 19’, 20’, 21°, 22" and 23’ are shown in Figures 3f to
3j, with the baffles 19’, 20°, 21°, 22’ having a larger central land of a second diameter of 57mm
and the baffle 23" having a much larger central land of a third diameter of 75mm. This arrangement
of baffles 19, 20°, 21°, 22’ and 23’ could be used in place of the baffles 19 to 23 in certain situations
in order to achieve a different arrangement of gas flow through the cylindrical heating chamber
17. The baffle 23’ with the much larger central land could also be used with the baffles 19 to 22,
in place of the baffle 23.
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[0066] Modifications and variations such as would be apparent to the skilled addressee are
considered to fall within the scope of the present invention. The present invention is not to be
limited in scope by any of the specific embodiments described herein. These embodiments are
intended for the purpose of exemplification only. Functionally equivalent products, formulations
and methods are clearly within the scope of the invention as described herein. It will be
understood by those skilled in the art that various changes in form and details may be made
therein without departing from the spirit and scope of the invention as defined by the appended

claims.

[0067] Example embodiments are provided so that this disclosure will be thorough, and will fully
convey the scope to those who are skilled in the art. Numerous specific details are set forth such
as examples of specific components, devices, and methods, to provide a thorough understanding
of embodiments of the present disclosure. It will be apparent to those skilled in the art that specific
details need not be employed, that example embodiments may be embodied in many different
forms and that neither should be construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-known technologies

are not described in detail.

[0068] Such variations are not to be regarded as a departure from the disclosure, and all such

modifications are intended to be included within the scope of the disclosure.

[0069] The method steps, processes, and operations described herein are not to be construed
as necessarily requiring their performance in the particular order discussed or illustrated, unless
specifically identified as an order of performance. It is also to be understood that additional or

alternative steps may be employed.

[0070] Reference to positional descriptions and spatially relative terms), such as “inner,” “outer;’

“‘beneath”, “below”, “lower”, “above”, “upper” and the like, are to be taken in context of the
embodiments depicted in the figures, and are not to be taken as limiting the invention to the literal

interpretation of the term but rather as would be understood by the skilled addressee.

[0071] Although the terms first, second, third, etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms. These terms may be only used to
distinguish one element, component, region, layer or section from another region, layer or section.

Terms such as first,” “second,” and other numerical terms when used herein do not imply a
sequence or order unless clearly indicated by the context. Thus, a first element, component,
region, layer or section discussed below could be termed a second element, component, region,

layer or section without departing from the teachings of the example embodiments.
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[0072] It will be understood that when an element is referred to as being “on”, “engaged”,
“‘connected” or “coupled” to another element/layer, it may be directly on, engaged, connected or
coupled to the other element/layer or intervening elements/layers may be present. Other words
used to describe the relationship between elements/layers should be interpreted in a like fashion

(e.g., “between”, “adjacent”). As used herein the term “and/or” includes any and all combinations

of one or more of the associated listed items.

[0073] The terminology used herein is for the purpose of describing particular example

embodiments only and is not intended to be limiting. As used herein, the singular forms “a”, “an”

and “the” may be intended to include the plural forms as well, unless the context clearly indicates

otherwise. The terms “comprise”, “comprises,” “comprising,” “including,” and “having,” or
variations thereof are inclusive and therefore specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, elements, components, and/or groups

thereof.
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CLAIMS:

1. A pig for fitting a liner to the inside of a pipe, comprising:

a pig body defining a longitudinal axis in a longitudinal direction from a front portion to a
rear portion;

a gas supply port in the front portion;

a gas outlet diffuser forming part of the rear portion;

a heating chamber in the pig body forming a flow path from a fluid inlet to the outlet
diffuser; and

a heater within the heating chamber;

wherein the outlet diffuser comprises a plurality of channels, each channel comprising
an inlet facing the front portion in the longitudinal direction and an outlet extending radially

outwardly from the longitudinal axis.

2. The pig of claim 1, wherein each channel includes a curved portion between the inlet
and outlet.
3. The pig of claim 1 or claim 2, wherein each channel includes a straight outlet portion

between the curved portion and the outlet.

4. The pig of claim 3, wherein:

each channel includes a straight inlet portion between the curved portion and the inlet;
and

the inlet portion is shorter than the outlet portion.
5. The pig of any preceding claim, wherein the cross-sectional area of each channel is

constant or monotonically increases along its length.

6. 6. The pig of any preceding claim, wherein the inlets are spaced radially from and

circumferentially around the longitudinal axis.

7. The pig of claim 6, further comprising a central core extending along the longitudinal axis
to the outlet diffuser, wherein a radially innermost edge of the inlets is aligned with an outer edge

of the core.

8. The pig of any preceding claim, wherein the outlets are spaced around an outer

circumference of the outlet diffuser.

9. The pig of any preceding claim, wherein the pig body has a greater diameter than the

outlet diffuser.
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10. 10. The pig of any preceding claim, wherein the outlet diffuser has a generally cylindrical

radially outer surface.

11. The pig of any preceding claim, wherein the channels are defined by a plurality of vanes
extending between a first member of the outlet diffuser and a second member of the outlet

diffuser.

12. The pig of claim 11, wherein:

the first member has a generally cylindrical main section with a first radius and a
protruding section that extends centrally from the main section along the longitudinal axis, the
protruding section having a second radius, the second radius being smaller than the first radius;
and

the second member is generally annular and surrounds the protruding section so as to

define a space therebetween in which the vanes are located.
13. The pig of any preceding claim, further comprising a shroud, surrounding the pig body.

14. The pig of claim 13, wherein the shroud comprises a plurality of members on its outer

surface for contacting the inner surface of a pipe.

15. The pig of claim 14, wherein the members are elongate and extend longitudinally for

defining a flow path therebetween.

16. The pig of any one of claims 13 to 15, wherein the pig main body has a tapered nose
portion and the shroud has one or more spacers on its inner surface, the spacer(s) having a

complementary shape to the tapered surface of the nose.



WO 2019/158950 PCT/GB2019/050441
1/6

el vﬂ'ﬂ
R .
- e O
T ”
:: b @j i § B
N E ~gN
» 3 \-.._,x""
/; ;{‘ I -
s v
N P 7 —
¥4
) )
1}
£
% =
W
\(, o0
/
-
A - g
AR
f‘
]
-
P~ ~
™ N2IN
N A
SRR
N R
n i
NE R N
|

SUBSTITUTE SHEET (RULE 26)



WO 2019/158950 PCT/GB2019/050441
2/6

.. 54

53 8

FIG. 2¢

SUBSTITUTE SHEET (RULE 26)



WO 2019/158950 PCT/GB2019/050441
3/6

0

FIG. 3b

SUBSTITUTE SHEET (RULE 26)



WO 2019/158950 PCT/GB2019/050441
4/6

FIG. 3e

SUBSTITUTE SHEET (RULE 26)



WO 2019/158950 PCT/GB2019/050441
5/6

.

FIG. 3g FIG. 3h

Gi%g

SUBSTITUTE SHEET (RULE 26)




WO 2019/158950 PCT/GB2019/050441
6/6

| e s,

‘/,/ \.\‘
sW/ﬁ\ £
AN
o %

& %
. b7 - I ;
\ iz |
o \ /

e

G
‘\\ <
=

ZNNNNNN

9

\
% i
-
<r
m AEO00CO!
o~ L
i
% /f ¥
4 / N -
N’ / N et
éi"‘r I| A’;ﬁ \ >
R Y
11 &
e} N \""E
r\'».._./; f
o E N .
\ ) O
3 o -
N\ -
2

SUBSTITUTE SHEET (RULE 26)



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

