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ABSTRACT

A silo de-bridging device (100}, comprising: a rotary shaft (11) and at least one
de-bridging unit (10) connected to the rotary shaft (11); each de-bridging unit (10) includes a
fixed sleeve (101), a movable sleeve (102) and at least one de-bridging arm (103) connected to
the movable sleeve (102), and a cam structure is formed between two end surfaces of the
movable sleeve (102) and the fixed sleeve (101) adjoining each other. The silo de-bridging
device can de-bridge the materiel in the silo effectively.
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SILO DE-BRIDGING DEVICE
Technical Field

The present invention relates to a silo for storing material, and particularly, to a silo
de-bridging device.

Background
When a silo outputs the stored material to the outside, a bridged camber surface having a

dome shape will be easily formed in the silo, which presents the material from flowing
downwards and hinders the normal output of the material. How to de-bridge so that the matenial
can be outputted smoothly is always a difficulty attracting people’s attention. Current existing
de-bridging devices mainly adopt the modes such as vibration de-bridging and pneumatic
de-bridging. The vibration de-bridging activates the material in the silo through the vibration of a
vibrator, so as {o reduce the shear stress between the materials and the friction between the
material and siio walls, thereby promoting the flow and the output of the material. The pneumatic
de-bridging mounts some compressed air nozzles in the silo, aligns them with the areas where a
bridge is easily formed, and sprays the compressed air towards the bridged material so that it
collapses, thereby achieving the object of de-bridging. The two modes have a certain de-bridging
effect on the dry powder material or the material having a good dispersion. However, for a
matenal having a high humidity or viscosity, such as the biologic material, the bridging of the
matenal will be more solid after the vibration. In addition, the pneumatic de-bridging produces a
weak power while providing much air into the silo, which also cannot really produce the
de-bridging effect.

Therefore, it is necessary to provide a silo de-bridlging device, so as to overcome the defects
of the existing de-bridging devices, and meet the de-bridging requirements of various materials.

summary
The object of the present invention is to provide a silo de-bridging device capable of

performing an effective de-bridging of the material in the silo, so that the material in the silo flows
smoothly.

The above object of the present invention can be achieved through a silo de-bridging device,
comprising: a rotary shaft rotatably supported in a silo and disposed in an axial direction of the
silo, having an input end connected to a drive mechanism and driven by the drive mechanism to
rotate; and at least one de-bridging unit connected to the rotary shaft, each de-bridging unit
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comprising: a fixed sleeve fixedly sieeving on the rotary shaft and being driven by the rotary shaft
to rotate; a movable sleeve moveably sleeving on the rotary shaft, wherein one of two end
surfaces of the movable sleeve and the fixed sleeve adjoining each other is formed as an end
surface cam contour, and the other is provided with an abutting member that abuts against the
end surface cam contour, the end surface cam contour coordinates with the abutting member to
constitute an end surface cam structure, so that the movable sleeve is moveable to and fro in the
axial direction of the silo when the fixed sleeve and the movable sleeve rotate relative to each
other; and at least one de-bridging arm having one end connected o the movable sleeve, and
the other end extending to a position close to an inner wall of the silo in a radial direction of the
silo.

In an optional example of the present invention, the two end surfaces of the movable sleeve
and the fixed sleeve adjoining each other may be formed as end surface cam contours
concave-convex fitted with each other, and a protrusion of one of the end surface cam contours
may be formed as the abutting member.

In another optional example of the present invention, the abutting member may be a contact
protrusion protruding from the end surface of the movable sleeve or the end surface of the fixed

sleeve.

in still another optional example of the present invention, the abutting member may be a
roller structure.

In an optional example of the end surface cam contour of the present invention, the end
surface cam contour may be a sine curve of at least one cycle after being deployed.

In another optional example of the end surface cam contour of the present invention, the
end surface cam contour may include at least one V-groove contour.

In an optional example, the axial direction of the silo may be a vertical direction, and the
movable sleeve may be located above the fixed sleeve.

In an optional example of the present invention, each de-bridging unit may be further
provided with an elastic pushing device applying to the movable sleeve a pushing force towards
the fixed sleeve.

In a specifically embodied structure of the above example, the elastic pushing device may
comprise a fixed retainer connected to the rotary shaft, and an elastic member abutting between
the fixed retainer and the movable sleeve.

In a specific exampie, the elastic member may be a compression spring.

22402366 .1
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For the silo de-bridging device having at least two de-bridging units, the sub arms at the

ends of the de-bridging arms of the neighboring de-bridging units may be disposed alternatively

in the radial direction of the silo.

The rotary shaft of the silo de-bridging device of the present invention may be rotatably
supported in the silo through a rotary shaft centering frame.

In the silo de-bridging device of the present invention, when the silo outputs a material to the
outside, the fixed sleeve of the de-bridging unit is driven by the rotary shaft to rotate. When the
material encounters a small resistance, no relative movement occurs between the movable
sleeve and the fixed sleeve, and the movable sleeve drives the de-bridging arm thereon to rotate
along with the fixed sleeve. When the resistance to the material increases, the rotation of the
movable sleeve is hindered, a relative movement occurs between the movable sleeve and the
fixed sleeve, and the movabie sleeve moves to and fro in the axial direction under the action of
the end surface cam structure between the movable sleeve and the fixed sleeve, so as to drive
the de-bridging arm thereon to move to and fro, thereby disturbing the material in the axial
direction of the silo. Thus in the silo, due to the to-and-fro movement of the de-bridging arm in the
axial direction, the material cannot be supported by the silo wall to form a bridged camber
surface, thereby achieving an effective de-bridging of the silo. As compared with the existing
vibration de-bridging and pneumatic de-bridging, the de-bridging device of the present invention
has a simple structure and a low cost, and it is not limited by the humidity and viscosity of the
material, so as to effectively achieve the effective silo de-bridging of many materials, particularly
the biologic material.

Brief Description of the Drawings
In order to more clearly describe the technical solutions in the prior art or the embodiments

of the present invention, the drawings to be used in the descriptions of the prior art or the
embodiments are briefly introduced as foliows. Obviously, the foliowing drawings just illustrate
some embodiments of the present invention, and a person skilled in the art can obtain other
drawings from these drawings without paying a creative effort.

Fig. 1 is a structure diagram of a silo de-bridging device according to Embodiment 1 of the
present invention;

Fig. 2 is a top-viewed structure diagram of the silo de-bridging device according to
Embodiment 1 of the present invention: |

22402366.1
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Fig. 3 is a schematic diagram of an end surface cam structure of a movable sieeve and a
fixed sleeve according to Embodiment 1 of the present invention, wherein end surface cam

contours of the movable sleeve and the fixed sleeve are completely concave-convex fitted with
each other;

Fig. 4 is another schematic diagram of the end surface cam structure of the movable sleeve
and the fixed sleeve according to Embodiment 1 of the present invention, wherein the movable
sleeve has moved axially after the movable sleeve and the fixed sleeve rotate relative to each
other;

Fig. 5 is a deployed diagram of a cam contour of an end surface cam structure of a
de-bridging unit according to Embodiment 1 of the present invention:

Fig. 6 is a schematic diagram of a fitting condition of another end surface cam structure of
the de-bridging unit according to Embodiment 1 of the present invention:

Fig. 7 1s a schematic diagram of another fitting condition of the another end surface cam
structure of the de-bridging unit according to Embodiment 1 of the present invention;

Fig. 8 is a schematic diagram of a fitting condition of still another end surface cam structure
of the de-bridging unit according to Embodiment 1 of the present invention:

Fig. 9 is a schematic diagram of another fitting condition of the still another end surface cam
structure of the de-bridging unit according to Embodiment 1 of the present invention;

Figs. 10-13 are schematic diagrams of several other end surface cam structures of the
de-bridging unit according to Embodiment 1 of the present invention:

Fig. 14 is a structure diagram of a silo de-bridging device according to Embodiment 2 of the
present invention;

Fig. 15 is a schematic diagram of a fitting condition of an end surface cam structure of a
de-bridging unit according to Embodiment 2 of the present invention:

Fig. 16 is a schematic diagram of another fitting condition of the end surface cam structure
of the de-bridging unit according to Embodiment 2 of the present invention:

Fig. 17 is a schematic diagram of a fitting condition of another end surface cam structure of
the de-bridging unit according to Embodiment 2 of the present invention;

Fig. 18 is a schematic diagram of another fitting location of the another end surface cam
structure of the de-bridging unit according to Embodiment 2 of the present invention;

Figs. 19-22 are schematic diagrams of several other end surface cam structures of the
de-bridging unit according to Embodiment 2 of the present invention;

22402366.1
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Figs. 23-24 are schematic diagrams of two other modifications to Embodiment 2 of the
present invention.

Description of the Embodiments

The technical solutions of the embodiments of the present invention will be clearly and
completely described as follows with reference to the drawings. Obviously, those described
herein are just parts of the embodiments of the present invention rather than all the
embodiments. Based on the embodiments of the present invention, any other embodiment
cbtained by a person skilled in the art without paying any creative effort shall fall within the
protection scope of the present invention.

As tllustrated in Figs. 1-22, the present invention provides a silo de-bridging device 100
disposed in a silo 2. The de-bridging device 100 includes a rotary shaft 11 and at least one
de-bridging unit 10 connected thereto, wherein the rotary shaft 11 is rotatably supported in the
silo 2 and disposed in an axial direction of the silo 2, having an input end connected to a drive
mechanism 3 and driven by the drive mechanism 3 to rotate. The at least one de-bridging unit 10
IS connected to the rotary shaft 11, and moveable up and down or rotatable along with the
rotation of the rotary shaft 11. Each de-bridging unit 10 includes a fixed sleeve 101, a movable
sleeve 102 and at least one de-bridging arm 103. In which, the fixed sleeve 101 fixedly sleeves
on the rotary shaft 11 and being driven by the rotary shaft 11 to rotate, and the movable sleeve
102 moveably sleeves on the rotary shaft 11. One of two end surfaces of the movable sleeve 102
and the fixed sleeve 101 adjoining each other is formed as an end surface cam contour 104, and
the other is provided with an abutting member 105 moveable along the end surface cam contour
104. The end surface cam contour 104 coordinates with the abutting member 105 to constitute

an end surface cam structure, so that the movable sleeve 102 is moveable to and fro in an axial
direction of the silo 2 when the fixed sleeve 101 and the movable sleeve 102 rotate relative to

each other. The de-bridging arm 103 has one end connected to the movable sleeve 102, and the
other end extending to a position close to an inner wall of the silo in a radial direction of the silo 2.
When the silo 2 outputs a material to the outside, the fixed sleeve 101 of the de-bridging unit
10 is driven by the rotary shaft 11 to rotate. When the material encounters a small resistance, no
relative movement occurs between the movable sleeve 102 and the fixed sleeve 101, and the
movable sieeve 102 drives the de-bridging arm 103 thereon to rotate along with the fixed sleeve
101. When the resistance to the material increases, the rotation of the movable sleeve 102 is
hindered, a relative movement occurs between the movable sieeve 102 and the fixed sleeve
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101, and the movabile sleeve 102 moves to and fro in the axial direction under the action of the
end surface cam structure between the movable sleeve 102 and the fixed sleeve 101, so as to
drive the de-bridging arm 103 thereon to move in the axial direction of the silo. Thus in the silo 2,
the de-bridging arm 103 moves in the axial direction of the silo, and the material cannot be
supported by the silo wall to form a bridged camber surface, thereby achieving an effective
de-bridging of the silo.

in an optional example of the silo de-bridging device of the present invention, i.e.,
Embodiment 1 of the silo de-bridging device as illustrated in Figs. 1-13, the axial direction of the
silo 2 may be a vertical direction, and correspondingly the rotary shaft 11 is vertically disposed in
the silo 2. In the embodiment, the movable sleeve 102 is disposed above the fixed sleeve 101 in
each de-bridging unit, so that the abutting member 105 of the end surface cam structure
between the movable sleeve 102 and the fixed sieeve 101 always abuts against the end surface
cam contour 104 under the gravity, thereby enabling the movable sleeve 102 to be movabie up
and down along with the variation of the end surface cam contour 104. Thus when the movable
sleeve 102 and the fixed sleeve 101 rotate relative to each other, the movable sleeve 102 is
movable up and down under the action of the end surface cam structure, thereby driving the
de-bridging arm 103 connected to the movable sleeve 102 to move up and down to disturb the
matenal in the silo up and down. Particularly, under the disturbance of the de-bridging arm 103,
the maternial close to the inner wall of the silo cannot be supported by the inner wall of the silo and
thus can not be bridged, so that the matenal can flow smoothly, and an effective de-bridging of
the silo can be achieved.

As illustrated in Figs. 14-22, in another optional example of the silo de-bridging device of the
present invention, i.e., Embodiment 2 of the silo de-bridging device, each de-bridging unit 10 is
further provided with an elastic pushing device 106 that applies to the movable sleeve 102 a
pushing force towards the fixed sieeve 101, so that through an elastic pushing from the elastic
pushing device 106 to the movable sleeve, the abutting member 105 of the end surface cam
structure between the movable sleeve 102 and the fixed sleeve 101 always abuts against the
end surface cam contour 104, and the movable sleeve 102 is movable to and fro in the axial
direction of the silo 2 along with the varnation of the end surface cam contour 104. Thus, when
the movable sleeve 102 and the fixed sleeve 101 rotate relative to each other, the movable
sleeve 102 can drive the connected de-bridging arm 103 to move to and fro in the axial direction
of the silo 2 to axially disturb the material in the silo 2. Particularly, under the axial disturbance of
the de-bridging arm 103, the material close to the inner wall of the silo cannot be supported by

22402366.1
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the inner wall of the silo and thus can not be bridged, so that the material can flow smoothly, and
an effective de-bridging of the silo can be achieved.

The embodiment 2 of the present invention ensures abutment between the abutting member
of the end surface cam structure and the end surface cam contour through the elastic pushing
device, without utilizing the gravity, thus as illustrated in Figs. 14-22, it can be applied in the silo 2
whose axial direction is the horizontal direction, or a silo having its axial direction in a certain
angle with the horizontal direction, e.g., a silo placed on a transport vehicle. In addition,‘ the silo
de-bridging unit 10 having the elastic pushing device 108 may also be applied in a situation
where the axial direction of the silo 2 is the vertical direction, the material bears a very large
resistance, and it is difficult for the abutting member of the end surface cam structure to always
abut against the end surface cam contour 104 under the gravity, as illustrated in Fig. 23. As
llustrated in Fig. 24, the silo de-bridging unit 10 having the elastic pushing device 106 may also
be applied in an example where the axial direction of the silo 2 is the vertical direction and the
movable sleeve 102 is located below the fixed sleeve 101.

In a specific example of the elastic pushing device 106 of the de-bridging unit 10 of the
present invention, the elastic pushing device 106 may include a fixed retainer 1061 connected to
the rotary shaft 11, and an elastic member 1062 abutting between the fixed retainer 1061 and the
movable sleeve 102. The elastic member 1062 specifically may be a compression spring.

As illustrated in Figs. 3-5 and 15-16, in an optional example of the end surface cam structure
of the present invention, two end surfaces of the movabie sleeve 102 and the fixed sleeve 101
adjoining each other are formed as end surface cam contours concave-convex fitted with each
other, and a protrusion of one of the end surface cam contours is formed as the abutting member
105 of the end surface cam structure.

As illustrated in Figs. 3-7, 12-13 and 15-16, as an optional example of the end surface cam
contour 104 of the end surface cam structure of the present invention, the end surface cam
contour 104 may be a sine curve of at least one cycle after being deployed. The end surface cam
contour 104 using the sine curve enables the end surface cam structure formed between the
fixed sleeve 101 and the movable sieeve 102 to move stably during the rotation of the rotary
shaft 11. The cycle of the sine curve actually reflects the concave-convex variations on the end
surface cam structure, i.e., the number of times of the to and fro movements of the movable
sleeve 102 in the axial direction once the rotary shaft 11 rotates for a circle, and the number of
the cycles may be selected according to the material condition, the silo size, etc.

22402366.1
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As illustrated in Figs. 9-11 and 21-22, as another optional example of the end surface cam
contour 104 of the end surface cam structure of the present invention, the end surface cam
contour 104 may include at least one V-groove contour. The structure of such end surface cam
contour 104 is easy to be machined with a low cost.

Although only a few examples of the end surface cam contour 104 are given above, a
person skilled in the art shall appreciate that the above examples are just exemplary, and the end
surface cam contour 104 is not limited thereto, provided that the end surface cam contour 104
enables the movable sleeve 102 to be moveable to and fro in the axial direction of the silo 2
when the movable sleeve 102 and the fixed sleeve 101 rotate relative to each other. The present
invention may be implemented using many existing end surface cam contours, which are omitted
herein.

As illustrated in Figs. 6-9, 11-12 and 17-19, as an optional example of the abutting member
105 of the end surface cam structure of the present invention, the abutting member 105 may be
a contact protrusion protruding from the end surface of the movable sleeve 102 or the end
surface of the fixed sleeve 101. An end of the contact protrusion abuts against the end surface
cam contour 104, so that the movable sleeve 102 moves to and fro in the axial direction of the
stlo 2 along with the variation of the end surface cam contour, when the movable sleeve 102
rotates relative to the fixed sleeve 101.

As lllustrated in Figs. 10, 13 and 20-22, in another optional example of the abutting member
105 of the end surface cam structure of the present invention, the abutting member 105 may be
a roller structure, whose roller abuts against the end surface cam contour 104, so that the
movable sleeve 102 moves to and fro in the axial direction of the silo 2 along with the variation of
the end surface cam contour, when the movable sleeve 102 rotates relative to the fixed sieeve
101.

Aithough only a few examples of the abutting member 105 are given above, a person skilled
iN the art shall appreciate that the above examples are just exemplary, and the abutting member
105 is not limited thereto, provided that the abutting member 105 abuts against the end surface
cam contour 104, so that the end surface cam structure enables the movable sleeve 102 to be
moveabile to and fro in the axial direction of the silo 2 when the movable sleeve 102 and the fixed
sleeve 101 rotate relative to each other. The specific structure of the abutting member 105 may
not be limited.

in optional examples of the end surface cam structure of the present invention, as illustrated
in Figs. 6-10, 17-20 and 22, the end surface cam contour 104 may be formed on the end surface

224023661



0 0 N O O b~ W N -

W W NN N N N NN N N N N O @ wd et el wd ok =2 o
- O O O ~N B N b W N = O O OO0 N O U b W N - O

)
N

CA 02822154 2013-06-18

CAApplication
Blakes Ref: 10216/00001
of the fixed sleeve 101, and the abutting member 105 may be formed on the end surface of the
movable sleeve 102. Or, as illustrated in Figs. 11-13 and 21, the abutting member 105 abutting
against the end surface cam contom 104 may be formed on the end surface of the fixed sleeve
101, and the end surface cam contour 104 may be formed on the movable sleeve 102.

As Hllustrated in Figs. 1 and 14, an end of the de-bridging arm 103 close to the inner wall of
the silo may be further provided with a sub arm 1031 extending in the axial direction of the silo 2.
sO as to improve the de-bridging effect. Upon the actual demand, the de-bridging arm 103 may
be provided with a plurality of sub arms 1031 extending in the axial direction, so as to improve
the de-bridging effect.

In the present invention, in an optional example, the de-bridging arm 103 may be fixedly
connected to the movable sleeve 102. In another optional example, the de-bridging arm 103 may
be hinged to the movable sleeve 102, and provided with a limiting structure for limiting the action
angle of the de-bridging, e.g., limiting that the de-bridging arm 103 shall act in a range not more
than 15 degrees.

For the silo de-bridging device 100 having at least two de-bridging units 10, the sub arms
1031 at the ends of the de-bridging arms 103 of the neighboring de-bridging units 10 may be
disposed alternatively in the radial direction of the silo 2, so as to prevent friction between the
sub arm 1031 and the inner wall of the silo due to the uneven wall surface of the silo 2.

In the present invention, the number of the de-bridging units 10 and the number of the
de-bridging arms 103 in each de-bridging unit may be selected upon demand according to
height, diameter and material condition of the silo.

As illustrated in Figs. 1-2, the rotary shaft 11 of the silo de-bridging device 100 of the present
invention may be rotatably supported in the silo 2 through a rotary shaft centering frame 107.

The examples shown in Figs. 1-24 just illustrate a few embodiments, and the present
invention is not limited thereto. Upon demand, 3 person skilled in the art may obtain various
different embodiments through permutation and combination of different features, such as the
positions of the end surface cam contour 104, the abutting member 105 of the end surface cam
structure, and the movable sleeve 102 and the fixed sleeve 101 in the de-bridging device, the
axial direction of the silo 2, the arrangement of the elastic pushing device 106, which are omitted
herein.

The above descriptions of the present invention are just exemplary, thus various
modifications not deviating from the main idea of the present invention shall fall within the scope

22402366 .1
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WHAT IS CLAIMED IS:

1. A siio de-bridging device, comprising:

a rotary shaft rotatably supported in a silo and disposed in an axial direction of the silo,
having an input end connected to a drive mechanism and driven by the drive mechanism to
rotate; and

at least one de-bridging unit connected to the rotary shaft:

wherein each de-bridging unit comprising:

a fixed sleeve fixedly sleeving on the rotary shaft and being driven by the rotary shaft to
rotate:

a movable sleeve moveably sleeving on the mtary shaft, wherein one of two end
surfaces of the movable sleeve and the fixed sleeve adjoining each other is formed as an end
surface cam contour, and the other is provided with an abutting member that abuts against the
end surface cam contour; the end surface cam contour coordinates with the abutting member to
constitute an end surface cam structure, so that the movable sleeve is moveable to and fro in the
axial direction of the silo when the fixed sleeve and the movable sleeve rotate relative to each
other; and

at least one de-bridging arm having one end connected to the movabie sleeve, and the
other end extending to a position close to an inner wall of the silo in a radial direction of the silo.

2. The silo de-bridging device according to claim 1, wherein the two end surfaces of the
movable sleeve and the fixed sleeve adjoining each other are formed as end surface cam
contours concave-convex fitted with each other, and a protrusion of one of the end surface cam
contours is formed as the abutting member

3. The silo de-bridging device according to claim 1, wherein the abutting member is a
contact protrusion protruding from the end surface of the movable sleeve or the end surface of
the fixed sleeve; or the abutting member is a roller structure.

4. The silo de-bridging device according to claim 1, wherein the end surface cam contour is
a sine curve of at least one cycle after being deployed.

5. The silo de-bridging device according to claim 1, wherein the end surface cam contour
includes at least one V-groove contour.

11
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6. The silo de-bridging device according to claim 1, wherein the axial direction of the silois a
vertical direction, and in each de-bridging unit, the movable sleeve is located above the fixed
sleeve.

7. The silo de-bridging device according to claim 1, wherein each de-bridging unit is further
provided with an elastic pushing device applying to the movable sleeve a pushing force towards
the fixed sleeve,

8. The silo de-bridging device according to claim 7, wherein the elastic pushing device
comprises a fixed retainer connected to the rotary shaft, and an elastic member abutting between
the fixed retainer and the movabile sleeve.

9. The silo de-bridging device according to claim 8, wherein the elastic memberis a
compression spring.

10. The silo de-bridging device according to claim 1, wherein an end of the de-bridging arm
close to the inner wall of the silo is provided with a sub arm extending in the axial direction of the
silo.

11. The silo de-bridging device according to claim 10, wherein the silo de-bridging device
has at least two de-bridging units, and the sub arms at the ends of the de-bridging arms of the
neighboring de-bridging units are disposed alternatively in the radial direction of the silo.

12. The silo de-bridging device according to claim 1, wherein the rotary shaft is rotatably
supported in the silo through a rotary shaft centering frame.

12
22402366. 1



CA 02822154 2013-06-18

ALECLITEV SRS

-'_...4?\-.'
R :
' RENNN" ST
< sl ¥
O N B 5
i . . ’1:
] -
4' s I: . }
- . P} 4
? :
. -
'C.-.*.... o ;
rd { L P v
. - ‘.’ ’
) . AR & S L
- * . fes A mewwEme
.
-~ >
ana. B O e .
ssscruiis n{.uu e (Qidacecna % dlecpprs on
5 : !
: v > 1
C : :
L e ravtedrsacarapeavirtvrrrev caty ...un-:u’-.tu.ﬁﬁ'n.-’.-..-nvuu.u.f.r...“', : . :
. . s * ~
- . . H . 4
v s £ .
£ .

s o - smnt LR L I I I L LY

>
.

PONPNEVERFE T PP
L nnne hadkasaayy

:
:
i
:
§
;
;
3

£
%
é
+
:
%

< H
» -
-~ -
: . . .
‘ - . '
2 g .t/.. e coPgrg i lyap - -{.. et §
. K
’ 3 N
(L4 ?
. - R R "1
. - £ r g
: * s > S
i : s 2 e g
. . ~- ' t H
: : b \. > G ' o
: ' : .\ A o s I
.
H ] . v S 3 s
g H . ' ' S
. : ~ - . ~ s
: . - H - L .
: » < ' ! ”
' 3 - -~ Vi 7
- . - - -~ .
H s . - H - 4 '-(
5 . . [N . F .
3 ; i b ' . : P
- . - b :
. - ' . .
. H H . ' J - ’a
: K ' 4 . : N ¢
: g : : : s :
v .
: ! : 3 : . ; e A e
H : . N P - - LI
. 3 - - v " 3 s Wl
, . -
' . N e ’ 4 . - MCTTIERep
) ' . Y ¢ . -
: : 8 -. #
: H B A . H s
. > LY t v -
. H s 14 . H K
. . . -~ .
. a .
: . z--- A IREEE TR SN TR } ------- . Civvarien ..“.--.-.'...1..-.“.-.. smemeedivenseny e = ansis 1aaassd h’,,__“",..\,.,......,,qm.,.........;ym\ SRLEEE et LU LR CT
: el Name ’ b 3 % ' ! .
. - H I - 3 4 . v
. .
; ¢ ! t : i x] . :
. L . t : s 4 - ¢ .
: i 3 : : : } 3 3 : :
4 . . -~ % M4 - . ’
. . : K < < 4 > i 4 H
- ~ »
. . H s
H o N L SRR . - i .o B8 K - __,':“ oo oodee wgussndeccs s qequagssas 1.....,.,.. . } ‘e p—— . .. "3 TP EE B L R S . ,-'
. 4 ¢
. 4 . * . .
: ' | - : i
. H . H hat “ﬁ 4
' : V- sare et . H 1
. } . - . - > -
. . - - ]
. H ' ' .
' H . . -
. b . -
s .
H . 3 . . ’ {
. ¢ = TR O L TR A e . 4
. { ) 1 " e -
- ]
. - - L }
> v r -
: ! ; : L 3
. - H ar I
. ry . e
: ) : ' :
$ : oo 2
I B : =
N - 3 L -
H I - : PR . {
. v .
3 $ 3 : ot :
4 i v . " A i
R B : d §
L] - . -
. - . -
! [T 2T & o H
N 4 et TTR- . L F)
. wer ' ? : : et -
‘. . 4 - . AN .
i : ot -y - .
’ - L LT DL LAY T I chivéavid-vvs -:'M‘(v-‘---(-u.u‘v-'dpw PR NMLALBLEI s 22 me ad P D) g PP Dt s smymr g by 2 i AN AN G B AIAN, \ Ba & s & O PiPe s €1 ‘*“"‘m
" - . - - . .
\ s H : 2 et " : i
ML Y 4 : < 3 - 3 .
v 1 ' o ug, > k] -
: > . TN, > 3 A Ll
' : g .. 7 e’
. - 3 “'.. " \-..0.
5. 1 i \._‘ 2 Ve
. < “a & ‘ ",_,4.‘('
: ‘ Z ~. : 1
‘. : H . < " . 2 o
3 . - . . v -
’ A PO .. : . o :
e, ; . ¢ . " - B AN et ...\................,;:.-.w., cintey
. r. - . . &~ .
hay [V H : ‘ :: N > e s AAAPII S i AR ATAZ AT Y A “0“'“1\\\."'-!M-.\h\‘i_*w;ﬂp,\“n- --u-nv--.-_\-u:
- .. . S ‘ 3 \” ‘). S
- K
Nenav. | } i ’ et
ST ; : H
. -4 - ) 1
. - -
. . A -y e s "
N ? 1 ‘e, " - : ) .M"ﬁ :
N H LL O LL TP ok e s 2 '
: | 37 P v ;
] - 2 3 -« 3 "‘-v;.,_'\. . M ~r" .
3 I PO, LA S 3 L et 3
H 1 . . 3 :---u------‘-m"'--n-o-'-f- PN EYT T it YR IS e I | L ASSLASEEEI bt adad e BamEIL '!“ P AR s s I NS S BRI ARSI R ABE. . "t A TREEERRT e ane e miessan
’ 3 . v ety v AAAALS® =t =A==+ A dAdARLARL S r d Pu b uTladunry ’ rrmandd Vel 0 s s AL P s B Y P AL bdprer b gy . aeye »
< - r
3 -
e 1 - . . "
“ i < - lf‘-’--'----"-u-l-u-“-- B LTS L L Y e -? CmmpEgE S rt W REAIATIY e e e ARAREEERT et WP ey gt sk N Al P ppy g S WA PAY STy ™ "
- . VL
- s PITTITEL TL o R H - .&.
_ [RURUUPUTIT U S0r. BT L g L :
smanah s nWEEA . ’ 2 . " H -
] - N : 1 .- - : :
. > ' ’ TR LL s i
. ! I ) 3
4 H N et N
: ; R Pt
‘ 1 1.....-........ L P
. . . 8
~ . e
E . e na AT -
. e . <
: -2! VR, o ‘ ? £
' ~ )
PR P e P ; -
. A ’ ;! : e A
. FESL) ' ‘,: 1 . : s g ‘
s ) - cevey e 4o .
i R 3 PG P f i - -
v .
: Py : P & ; . —_
. .
= N i edead h H L. r.
. i § R R R s « LA R R R L L L R R ey N L L L Y "Q‘ SN NRIEEEI I AL BN da i = memesmmmmm Rl Ry ._.......&; f/
N 4 H L A R PN SR 1A LA P e Vet AP I e Pt N an AN PI G2 PV NN AR nm e e H B el Ll e Lt L L L LI R T L L LY. LT T Y e J ’
) ' ) ' . ;
N " ' - s -
! HE : . .- :
H HE H ' N h
1 ' ' K ‘e . or A
2 ' .
R g g D L I T T EERERERER = R L T PP n’a--no-n-n-o...;lo--rns'lsi
N .
. ’ ‘
- P ¢
H ¢ 0t H
. I We AN Wy T
: ¢ $ :
d ' 3 -
: g ‘ c
N . ; . T
s . E s . cmsrmimm e en oS! :
] - O TSR EL EEE L bahle b > :
N M pns o Naews e ARA - VoW A e Y . -
s s e T o T L TRE o . [
- : : ? i o 'l
' - t . ] ‘
; 4 t ‘ :
: R T —— t 2 3
H : I ¢'4- seonsmrdeen . e L dedpbiais cemabbbysccic s mmmiypuunr itm = LR T TR LI R e Trweavves LT vanmsniar Ay -
. * H { U-TAA‘----val-'wwr ~v Ve AANMAT MAN Y s s = WAALART b g v‘.‘C.O'Q-'..nl"l’--nvvn-v'vn-Nl#d--d--n-(n-‘(l‘aaaaJllimhhﬂ_aouom~l‘/l +
v
? : : : B :
» s S - | : ! -
. . ’ \ v »
i oo : N 3 } i
] . H [ e L ... :
v : ’ ) oy a
. -
: bof ; § 0} i l
' - ’ '
- ’ r i .
. [ { ;e q
. - 4 i.s SEIIMAFIAS Sm et Ly MIEAEIE L o mcdqEEPRIia i cmdAdufepr gt mmprEgEEt s ety ---1-..1 P P I ¢ sesmaams e e R L L R R L T PR PR |
s . v v . .
>
. EE 4 (I | :
‘ I8 : $ s :
, - ’ . v o .
’ . - . o .
. - 2 b é i !
: Lo ¢ 3 ;
: : I ’ ¥ s
- : E H Faah Y s \ s
: T, : o i : H
: - = - 4 . ‘ .
€ - mammLTARL Y Y i = 3 i H -
. . . : < v ... ‘. NI et e NVEEPPadan caggEFEITAE. . ShisEPETIT  CaveEias S TORELEEEE R D DT R PP ECR Y PIREEL ) M '
: N ! e d" ThhedismdnnndddidurannnnnnadlyiiVa‘ssnn s s PR RS E s fra VAW AP Id s ren AL e aAVAAS LAY LY me b laRnnney in rpadpedgange s VY s e re ger VY VA r’. : :.
, N Ry 2 a ” 1 = [
' - - - - -
. - i 3 : :
. b = S M H
' . - A aand H ) L :
. ' . v
H - v ’ = ; E’
. Tl : AR H
. . > - ’ .
s . ’ - 4 0 .
. . ! H 14 , H
A e . s > % H
ul N . N < . D
: I : ¢ g £
o . - .
~ - H %-v‘--!o--u---c-u--"--u.-’.4-;----".-.\ Assdagicisser s dlatimenn ,.--u.u.lu,,u.\-mvuo.u..,*il.i".m“q“tu--p;,..“.....\u-nn.,“.....-u“"'. [P S amm=ps ceavy. Py
- . ’ LR ]
: O . r 2 H]
: = H ’ ; -~
H I O . i3 4
- .
: :ob : - : 2 4
r L -
: - : 3 = ok z
- . d . 34 .
. - L H 4 »
. - . - . .
. : dedens s rvm - < LN . . }
. : E > . Y R TP A W A A WA AT LS A RSB Ry e AN e AL L RLAS LSRR AR —— ey - v oy 3
. . : dgmanasags CrYde s P ot AU A v - vuruy AP P/ Py =R, - ,MM-M-‘-—-uogu-‘-‘—un-u-.-&.-’.’.u-q-—------uﬁJ.z-- -, ‘ H
S = *: Fi00f
g H E : : ¢ :
’ v . \ “ews . . .
: s N e ' - e b -4
- . . ’
. - ! . s . -
. N . . .
H H- 3 v K
: : E : g :
.
. H PP PI SN 4 ; v
H i H ¢ v
: : . g Y
i ‘ - H
’ . . : i s .
. v [ - s F
- - - M :
. - . .
- - . . . . _— o
= - ; - 4 menfrss kb vy A VAT T P T -
- -
: . 3 :
- . : 9 ¥
..' E !p\v——w-—nnnr- .
H - ek A L e o oy L el e u by g n gy
-
v -
. E»
. - .
. v i
v R ¢
. H .
H .
.
. -
o
i e
: . L
] R o :
H i 1 | :
A >
. v
: 1}
- +
H “
. .
- -
. L]
- :
. -
N ' l
. ' e
- '
s v
s -
N . H
. . ’
: i i s
. 4 .
- v -
} s :
- . » ‘
3 H -~
. i A
s i ¢ 3 1
:‘ 2 g—vm «
. v
K 3 4 ' !
; T} : :
- } H
N
: ¢ E §
: : 3 l
: : 3 :
: . ¥
: i |
¢
‘ i e :
.
' i .
‘ } .
a -
. .
4 < %
N ; b
v
: Vol PRSPPI
] v
4 b ; I g
’ -
. 3 i A
. <
~ J .
oy M= ar -
3 i £ 7
L $ . .
. . £
4 3 ; s
- N -
<
s 3 4
4 . H
-u-------n|s-nv-----oo-‘-‘l4-04-“v-odonuu-uhr-N-nvjfo.golwm-v-v todus s des . PV ua.-.-.ms--un_‘l//- Cww PR AN s AR 4 APSPAAA S, G B, b lidy s A A= w ey ae . vatsmmnE. A senn. i e EEgRy WEs.. mrs igaypesan. smesdlegevan. W
/
A
¢
4
Iy
4
>
.



CA 02822154 2013-06-18

l / 2
IN | 103
\ﬁk&t‘&

107\
N L

11 11

102 102
S 104, 105

;
101 101 ~4
§

RS ¢ oy it SIS SN ST

Fig 3 Fig 4

1031



CA 02822154 2013-06-18

102
104

101




CA 02822154 2013-06-18

L1

105

104

1/11



CA 02822154 2013-06-18

1
105
102
_104
101

11
105
102
104
101




CA 02822154 2013-06-18

11
\-/ >\-\W 105
I

102 ¥

3

%
| I
101 /
¢ 104
Fig 12
1
105
102 EE—
NI (
1. ‘g
101
® 8 04

Fig 13



-t

-

CA 02822154 2013-06-18

1

OIS A e wn SIS

sl s o Pl

SRV TR [ZC7HER

SN S

R .

e AN R ST e T e 3 OO ¢ P 0 s
W‘rv.. AT AR AN, LT L A AL L T T L AR B AT L AN T e a8 s AR L
3 .

'
.

'

'

. [

' -

R .

M .

N AP ARPAATN T4 o A & RS 8 8 g AR A AN S S PN AR e e T S A s e L S
B AP - PR VIIAA L AR e e A S AR A A VA A - AR AR Y, A e

-

.
-
"
‘s
~
.
.
'

A AR = e e A AT e e R VXA

1avqdfecen:
LI TIEE

.
h
v
r
WRaa. . essdviiaan T L L R N TILE PR
.u
Iy
h
i
'

Y

Ml A vERIas

e

-

vare

'
.
-
.
>
he
'
'
v
‘
‘
4
~
P
-
N
3
>

AANS
-

M
‘v

N oo

S L

A i vian st T

e
O TP TN
Fodunn

v

- FES e

-~

-
.

» dod AN

R R UTER Lo M A NI TR L L L A N R et RN e !
'

~ AL ARANARRAL ¢ 1 e e N RN ......”.x%l/c....“.... DL 7HHF S US ST

R L e I
. "-_-.
SLTTIES SR

R I LT

iadaan

B B N T T T

Peave sS4 7

NENI .

4PNV AT et AR e

B R LR TN S T P T TP

,.om., C PP AN,
PRk TP S N
A

10

DTl L A P . o E L R g 2 o b o it M S S A

WA NP A P e

l"aiqp

Fr
3
L4

4
¥
~

LA RN

curalyeae e e ca st
. i

A AR -

)
“ow
53
a4
r
7 .
V-.

PR

-
Nttt P R L T N R TR L LV T PO LY
ﬁl L S e o L L e N T b P Y b S L AR, Tl

PP TR

S dama saa

Ch Sty

e
R N L]

EEs

-

R A
O St

;
;

Adrarna T -

r
v
.
:
.
H
:

2

’

v

e

v

O R s o i e LIS

R A P

OO

s ede

SN cEmETs

P T T

e

N

. -.f4u-, LRI e e T T

L0 ~ "\'#.‘5‘“:" ‘.

B N R LY PP AT

SeedtSadt. . (R IR TRRN
R R L T N R A T PR S Y

R PR
..... ORI T a s EpARANN

BSOS L) YL

LEdd s a s K0 b

C PPN

I ALLAPOEN
=1 e, RARTRAAL S SEEE s ¢ L AAATIRRRYY 1 - MCARAARAAY Y r #1711 A K Ry Ty

cw Ardpad s

RTINS VA L M

R O L L I

Sttt

O P L I P O I N
tw g AV s g g NN o e L AR L v

A AAPONAN .\M\Mtﬁ

I AT APANNNNNY ! LI SN

N
.
.

v
N
HE-
:
-
H
:
- 3
" .
T '
e
-
v
" ‘.
oo
oy o
‘v."..
-
:
o
-f :
e
Laal
:

LA L P T

it~

R

duan
-
- -
M
' '
'

'

. “.
"

e

amat g

re

.~ e

l-

e At i b T o ot L e A 220 2 ..-.--il.-..-‘\\\\gﬁ .hw“ -
VAP A PN AR T L g ANV Ve AR AN Y Ay s [SAS S I . -

Ciavissan A vERerYYEY 1. .

RO Y TR

PN

ECTCINV

B T T

PR E AN T T AT TN

DR S

L L R N T T 1L

N TERELIE e B IV T AL A ANA S TN Y,

3
o
: m
§
5 3
> 2
.
s .
‘s .s.
..
.M h
4 T
. .
.
HE
HE
- 7
= o
s
B
.\
30
--l -
ol
o
. -
Y
.
'

PP TR Y XX A X
= dISdpe

-

. 3

)

. -

¥

0

z

z

4 -

z

w -

. o

~

>

c. N

A
'
“
¢

R S A Iy N S SV Y PR SR
B b & L O S )

SRREN

A AVA

RN TR D RN

L e o

-'-f.'

SRR A ANRRISSP RPN LA e P A

ade .S

AL TS

AT e e e NI Y P
TARREAIDL Sy N A i iy N VR B S N PR

B I TR L " S

e~ W

RN P

Kine boarpraspmban

R TRTCTUTR DUNE PP PPV P T

PEE CLET O PO

LTI

e

LT RN 2 L L O

ceeBit Pad e

e Rsgaanray YRS

R o e e e L L L A L LN

AR TR

.'_...w...'.'....

P L

srra=

<t
—




CA 02822154 2013-06-18

101

104. 105 1061
(01 1062
102 106

i
3.

. TEr A AN LI
“rae Y




CA 02822154 2013-06-18

101

104




CA 02822154 2013-06-18

) |
| |
/ ;
(

104
101 105 y

L . 1‘
4 ;'\‘

a .
[
.

10711

i1




CA 02822154 2013-06-18

106

101

102

B S VR P RTINS S .,‘

T e S LU IR LR R T TR L - A
."'l‘ﬁ,.,..,‘_’.-.."‘"_

- . bmmed P Amat ETEERT 2t Ll

)

F e evararrerr o eepmmAnt s oo ol

ass s e Eben. NS mmeAAmLal G myhedL
T N v el e e L iesaegy .
B A P R g

¥
LEARD PR AV AR s . maea L ane..

arrwrm=.y --nv.“-““‘.";.'.‘--‘.‘."N..'
L L] - =S PRSIENN et g, LR SN
quappdveri A 0ts o emwravandemnd oo o te
WA AN B4 eBani AR A, ...

A nagerardANANTDY

b

cevag..
I

Y AL e o ¥ A A S o

104

s e Y B PR b

e A detrle s n g ann - AN L L e
St wwraaat
erywAin.. ane Ll
andadadug .,y onan- v/Vvasvassvewdea
) e wwame st Anad
P gy ® ® ¥ VAVRA
B e D LT P PP SN
.
. wam

. . s AR P ’
e T T T T T

P
."‘"..“,,.“.MM

L I A L O e

cdndra
..-.',...u--v"“"m-v".“%. 1%2
B Ty R NN R SR OREE. SO
‘ s v,

. SRR LA R LI AR R T LA A AR AL R LT T} ares

11711

LAy -



i

1Q :
N é

N, y

Sa et

LT S S :

ey
.*‘\ BARTTTS
e

1091 oo
101 -

RLLLLER LU UL ML LALLM ]

L AP A AL A g (A AR A |
7 e AE

R I U L N LT LT E EE LN TT TRV

{A
|

S S N s

WAV AL e A AN

[

Al

i o sescsmescese BRRTRRT R R R AR Bt Bhee e

MHAAA cAA Acdaes W22

PN TTENT R

—
C4
|4
<

e e A

LT L

T P ey TR e v hiVwet
I f"
o 98 eedeand . ~» . R &) CEWRANIE . Vet e . ' ' \
a[. % ,.......,,......,T :
' i T L.
| 1
S P——— S — .1‘. £ ottt e onenedBEA S5 AL SARARILAES 50 VARTIIONEEO1SE B NeREs s 1OES8 Satene
1 i
» by ]
% i (“}
T i i i
Iigecsiviss " i o ] orma s AL S i ]

; :

;
E )

I b o1V

bravernirey

-
|

et
3 <.“ "’

AR A e

s s e e, --nlhuﬁ(..@

P

~e

AN o ey o g gt 7 o D e o g 1 P A

3
M

3

k.\. -
'
- .\
I
L
j .
'
L
'
.
3
. 1
: )
i !
! 1
H 3
{ :
- sran
. ""v ."“v"\\‘\‘.
1 e
3
:
e ." ----------- TN I WA RRRRREE R R AR RRREE R RRRRARREE REREEE e ’, ] " a !
f ; 1 ]
4 i !
- ; ..in. R ?N FTTTT. i . a%8iem ‘ancencaVa ) Sne nmiange n .!
Vv snmand, £
! i
: |
! PPN
3 3 e )
i ; L
Se cennee sonnet e
] ; it
H R
-
1 s
ST .
P T :
W, ;
3 TN H
Ny i
S -
Pay W
H N " .
""" vy e R ST P ¢
N\ ‘ ' onnnnanan Aannn 1 osa 8 oy 0 N o et gae
N FN s
% ‘A\ 1 L
4 . : ot
., LTI M, ! o ~ :
b, ~ b oA :
RLATDTOY ot <
]-. uaansaege [ )'. a
. grirageene s LI A S A L IR LU s e LU ol - T P T ~ i e sesssqpreses seme
H AN 0o -
K & I ——— SR o e SSONS ..* |
JPORTRIVR BUTTTEE :.5. st ® oy t .
PPETY, Lo H
! et i I
e :
] IPTLL :
! e I
T i
PO I B :
| |
4 -
....... - i |
. Ava “ TRV A M Lt A, -
AR P AoV - A e - Al
' 1 P)'gu 1“

100

107




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

