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particular orientation relative to the ground and the direction of travel of the implement in order that forces acting on the assembly
due to movement of the blade through the soll are balanced such that there is little or no distortion of the coll spring relative to its
spring axis. This prevents an off-axis load from acting on the spring when the assembly Is In use and allows the blade to track
through the soll at a desired angle. Impact with obstacles, such as rocks, Is absorbed by deflection of the coll spring, thereby
mitigating damage to the assembly. Tillage implements comprising the blade assemblies are able to operate at higher speeds than
can usually be obtained for tillage implements, due to the absorption of impact energy by the spring.
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ABSTRACT

Disclosed are tillage blade assemblies comprising a coil spring with a horizontal
spring axis to permit upward deflection of a concave tillage blade in response to
iImpact with obstacles. The mounting assembly provides for mounting the tillage
blades in a particular orientation relative to the ground and the direction of travel of the
Implement in order that forces acting on the assembly due to movement of the blade
through the soil are balanced such that there is little or no distortion of the coil spring
relative to its spring axis. This prevents an off-axis load from acting on the spring
when the assembly is in use and allows the blade to track through the soil at a desired
angle. Impact with obstacles, such as rocks, is absorbed by deflection of the coil
spring, thereby mitigating damage to the assembly. Tillage implements comprising the
blade assemblies are able to operate at higher speeds than can usually be obtained
for tillage implements, due to the absorption of impact energy by the spring.
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SPRING MOUNTED BLADE ASSEMBLY AND TILLAGE IMPLEMENT THEREWITH

Field of the Invention

The invention relates to tillage blade assemblies for agricultural use that
comprise springs. In particular, the invention relates to individual tillage blade
assemblies comprising coil springs that permit the blade to deflect upwardly and tillage

Implements comprising the assemblies.

Background of the Invention

Tillage implements, such as disc harrows, are known in agriculture for working
the soil either following crop harvest or in preparation for spring planting. Typically,
tillage implements work the soil at a depth of 4-6” in an effort to turn over new soil ana
cover crop residue on the surface. This is sometimes known as conventional or

primary tillage and is in marked contrast to secondary or conservation tillage.

Disc harrows normaily comprise a plurality of concave disc shaped blades
mounted on a common gang shaft suspended beneath a tillage implement frame. The
entire shaft is mounted at an angle relative to the direction of travel of the implement.
By setting the angle, a different degree of tillage can be obtained. Attempts have been
made to mount these shaft using C-shaped springs in an effort to absorb impact from

obstacles present in the field. However, since the entire shaft is forced to move

upwardly and deflect when a single disc encounters and obstacle, the force
transmitted to the frame is still substantial. This can result in damage to the blades,
the shaft bearings, or the shaft mounting assemblies. As a result, farmers are

normally required to operate disc harrows at slower speeds in the range of 3-5 mph.

An additional problem with disc harrows is that, due to the close spacing of the
blades on the gang shaft, plugging of crop residue can occur between the discs. This
impedes operation of the implement and requires the farmer to stop and manually

clean out the space between the discs before continuing.
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A conservation tillage implement, designed to work the soil at shallow depths
has been designed with indiviaually mounted coulter wheel assemblies that are
staggered. This apparatus is described in a co-pending US patent application
published March 9, 2006 as US 2006-0048953. This implement is for minimum tillage,
not primary tillage, and comprises straight coulter wheels that do not engage with the

soll in order to turn fresh soll on to the surface, but rather cut through crop residue by

riding along paraliel to the direction of travel of the implement. The individually
mounted coulter wheel assemblies each comprise a coil spring having a horizontal
spring axis, as described in US patent 6,412,571, Attempts to place concave disc
blades suitable for use in turning the soil on this assembly have resulted in an off-axis
load being imparted to the colil spring. This causes the spring to deflect during normal
operation of the tillage implement and results in the blades adopting an orientation
more parallel with the direction of travel of the implement. This impedes the ability of
the blade to turn the soil, which generally requires an angle with respect to the

direction of travel.

As a result, there remains a need for an improved tillage blade mounting

assembly and for tillage implements comprising same.

Summary of the Invention

According to an aspect of the present invention, there is provided a tillage blade
assembly comprising: a coil spring having a horizontal spring axis and first and second
ends, the first end having a first shank extending tangentially therefrom and the
second end having a second shank extending tangentially therefrom; the second
shank having an upper portion proximal the spring and a lower portion aistal from the
spring, the lower portion comprising a shank axis, the upper shank portion and the
lower shank portion offset from one another by an offset distance; the shank axis
having a shank axis angle relative to a vertical direction perpendicular to the horizontal
spring axis; the lower portion having mounted thereto a rotatable hub having a rotation
axis passing therethrough, the rotation axis perpendicular to the shank axis, the

rotation axis rotated about the lower shank axis by a rotation angle defined relative to
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the rotation axis being horizontal; and, a concave disc-shaped tillage blade attached

to the rotatable nub concentric with the rotation axis.

According to another aspect of the invention, there is provided a tillage biade
assembly comprising: a coil spring having a horizontal spring axis and first and second
ends, the first end having a first shank extending tangentially therefrom ana the
second end having a second shank extending tangentially therefrom; the second
shank having a shank axis; the shank axis having a shank axis angle relative to a
vertical direction perpendicular to the horizontal spring axis; the lower portion having
mounted thereto a rotatable hub having a rotation axis passing therethrough, the
rotation axis perpendicular to the shank axis, the rotation axis rotated about the lower
shank axis by a rotation angle defined relative to the rotation axis being horizontal; a
concave disc-shaped tillage blade attached to the rotatable hub concentric with the
rotation axis; and, the tillage blade, when in operation, having a point of intersection on
its circumference where it initially penetrates a soil surface, the point of intersection

being located between the first and second ends.

According to yet another aspect of the invention, there is provided a tillage
implement comprising: an implement frame; at least two rows of tilage blade
assemblies as previously described mounted to the frame; one row of tillage blade
assemblies comprising a first assembly with a coil spring that is wound clockwise; an
adjacent row of tillage blade assemblies comprising a second assembly with a coll
spring that is wound counter-clockwise; and, the concave sides of the blades of the

first and second assemblies facing one another.

The invention comprises tillage blade assemblies comprising a coil spring with a

horizontal spring axis to permit upward deflection of a concave tillage blade in

response to impact with obstacles. The mounting assembly provides for mounting the
tillage blades in a particular orientation relative to the ground and the direction of travel
of the implement in order that forces acting on the assembly due to movement of the
blade through the soil are balanced such that there is little or no distortion of the coill

spring relative to its spring axis. This prevents an off-axis load from acting on the
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spring when the assembly is in use and allows the blade to track through the soil at a
desired angle. Impact with obstacies, such as rocks, is desirably absorbed by

deflection of the coil spring, thereby mitigating damage to the assembly.

Tillage implements comprising the blade assemblies are able to operate at
higher speeds than can usually be obtained for tillage implements, due to the
apsorption of impact energy by the spring.  Typical operating speeds for such
implements may be from 6 to 14 mph or 8 to 12 mph. The tillage implements may
comprise a plurality of the blade assemblies in substantially matched left and right
hand pairs. The tillage implements may comprise two or more rows of the tillage blade
assemblies when seen In top view. There may be an even number of rows of the
tillage blade assemblies. There may be a substantially equal number of left and right
hand assemblies. One of the two rows may comprise one or more right hand

assemblies and the other may comprise one or more left hand assemblies. The left

and right hand assemblies may be provided in complementary pairs. The pairs may
be arranged with one assembly on one row and the complementary assembly on an
adjacent row. The assemblies may be arranged on the two rows such that the

concave sides of the tillage blades are oriented towards one another.

There may be additional field working tools, such as S-tines, C-shanks, or
coulter wheel assemblies (with a straight rather than concave blade) provided on the
rows. The additional field working tools desirably comprise a spring or other resilient

element in order to absorb energy from impact with obstacles.

Further features of the invention will be described or will become apparent in

the course of the following description.

Brief Description of the Drawings

In order that the invention may be more clearly understood, embodiments
thereof will now be described in detaill by way of example, with reference to the

accompanying drawings, in which:
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FIG. 1A is a top view of a tillage blade assembly according to the invention;

FIG. 1B is a left side view of the tillage blade assembly shown in FIG. 1A;

FIG. 1C is a front view of the tillage blade assembly shown in FIG. 1A;

FIG. 1D is a view along the shank axis of the tillage blade assembly shown in
FIG. 1A;

FIG. 1E is a perspective view of the tillage blade assembly shown in FIG. 1A;

FIG. 2A is a top view of the tillage blade assembly of FIG. 1A mounted to a

frame portion of a tillage implement;

FIG. 2B is a top view analogous to FIG. 2A, showing an alternative mounting

configuration;
FIG. 2C is a front view of the tillage blade assembly of FIG. 2A;
FIG. 2D is a left side view of the tillage blade assembly of FIG. 2A;
FIG. 2E is a perspective view of the tillage blade assembly of FIG. 2A;

FIG. 2F is a detailed view of the mounting configuration for the tillage blade

assembly corresponding to the dashed circle identified in FIG. 2E;

FIG. 3A is a front view of a left side tillage blade assembly with a counter-

clockwise would spring;

FIG. 3B is a front view of a right side tillage blade assembly with a clockwise

wound spring;
FIG. 4A is a rear view of the tillage blade assembly of FIG. 3A;

FIG. 4B is a rear view of the tillage blade assembly of FIG. 3B;
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FIG. 5 is a perspective view of a portion of a tillage implement according to the

invention comprising tillage blade assemblies as shown in FIGS. 3A and 3B; and,

FIG. 6 I1s a top view of the tillage implement shown in FIG. 5.

Description of Preferred Embodiments

In describing the figures, like features are referred to by like reference
numerals. Although not all features indicated on a particular drawing are necessarily
described with reference to that drawing, all of the features are described with

reference to at least one of the drawings.

Referring to FIGS. 1A-1E, a tillage blade assembly comprises a coil spring 3
having first and second ends 1, 2 with first and second shanks 10, 20 extending
tangentially therefrom, respectively. The coll spring has a horizontal spring axis 4
passing concentrically therethrough. The second shank end 20 has an upper portion
21 and a lower portion 22 interconnected by an offset portion 23. The upper portion
21 is proximal the spring 3 and the lower portion 22 is distal from the spring 3. The
lower shank portion has a shank axis 5 passing concentrically therethrough. As can
be seen best with reference to FIG. 1B, the upper and lower shank portions are
parallel with one another in this embodiment, although that need not necessarily

always be the case.

The shank axis is provided at an angle A relative to a vertical direction 6 that is
perpendicular to the horizontal spring axis 4. Although the first shank 10 is shown

parallel with the vertical direction 6 in this embodiment, this choice of orientation for

the first shank 10 is for convenience of mounting only and need not necessarily be so

aligned in all embodiments.

A rotatable hub 24 is provided on the lower portion 22. The rotatable hub 24
has a rotation axis 7 passing through the center thereof. Referring to FiG. 1D, when

viewed along the shank axis 5, the rotation axis 7 is rotated about the shank axis 5 by
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an angle C, relative to when the rotation axis 7 is parallel with the horizontal spring

axis 4.

A concave disc-shaped tillage blade 25 is attached to the rotatable hub 24
concentric with the rotation axis 7. Referring to FIG. 1C, upon making initial contact
with the soil surface, indicated by horizontal plane 8, a single point F on the
circumference of the tilage blade 25 makes initial contact with the soil surface,
indicated by horizontal plane 8. When seen in front view, the distance between the
initial point of contact F and the midpoint M between the first and second ends 1, 2
along the horizontal spring axis 4 is represented by D. Although F may be located at a
number of desirable locations between the first and second ends 1, 2, in this
embodiment it is located between the midpoint M and the second end 2. The offset
distance B between the upper and lower portions 21, 22 is selected so as to provide
the desired location for the point of intersection F along the horizontal spring axis 4.
The distance B need not necessarily be the same as the distance D and is a function
of at least the length of the rotatable hub 24 and the shape or configuration of the
upper and lower portions 21, 22. The distance B determines the length and angular
orientation of the offset portion 23 relative to the upper and lower portions 21, 22. For
example, if the offset portion 23 is perpendicular to the upper and lower portions 21,
22, then its length is shorter in order to meet the desired distance B than if it is
provided at an angle, as in the embodiment shown in FIG. 1C. In alternative
embodiments, the upper and shank portions may be indistinguishablie from one
another, in which case there is no distance B provided and only the distance D is

reievant.

The angles A and C and the distance D (which Is used to determine the
distance B, where applicable) are carefully selected in combination with one another in
order {0 balance the forces transmitted through the tillage blade assembly such that
they are substantially perpendicular to the horizontal spring axis 4. In other words,
they are selected so as to impart little side loading to the second shank 2. Side

loading is detrimental in that it causes the coil spring 3 to distort, making it less able to
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absorb impact from obstacies and making the orientation of the blade relative to the
soil uncertain as the axial rigidity of the spring is reduced. Since it is important that the
concave disc-shaped blade 25 is presented to the soil at an angle relative to the
airection of travel of the implement, so that the soil can be turned over to bury surface
crop residue, the side loading that would normally be imparted to the assembly by this
configuration needs to be abated by careful selection of the angles A, C and the
distance D. These angles are a function of the concavity of the disc blade 25, the
diameter of the disc blade 25, the number of coils, the stiffness of the coils in the coll
spring 3 (measured by Rockwell C hardness), the desired working depth and working

speed of the implement and the soil conditions.

Through experimentation, it has been determined that combinations of A, C and
D suitable for operation across a range of these variables are as follows. The angle A
may be from 130 degrees to +/- 15 degrees, preferably +/- 10 degrees, more
preferably +/- 5 degrees. The angle C may be from 20 degrees to +/- 10 degrees,
preferably from 22 degrees to +/- 5 degrees, more preferably +/- 3 degrees. The
distance D may be from 1” to +/- 0.75", preferably from 0.75” to +/- 0.5”, more
preferably from 0.5” to +/- 0.25”. Where applicable, the distance B may be from 0" to
37, trom 0.25” to 2.75”, or from 0.5" to 2.5”, depending on the distance D, as described
above. The concavity of the disc blade 25 may be from 730 mm +/- 50mm. The
diameter of the disc blade 25 may be from 16" to 24", preferably from 17" to 23", more
preferably from 18” to 227, yet more preferably from 197 to 21”. The spring may have a
Rockwell C hardness of from 30 to 55, preferably from 35 to 50, more preferably from

40 to 45. The number of coils in the spring, as seen in front view, may be from 3 10 6,

preferably 4 to 5. The desired working depth may be from 2” to 8", preferably 3" to 77,
more preferably 4” to 6”. The desired operational speed of the tilage implement may

be in excess of 6 mph, preferably from 8 to 14 mph, more preferably 10 to 12 mph.

Referring to FIG. 2A, a mounting configuration is shown wherein the horizontal
spring axis 4 (hidden beneath the frame member 30) is substantially parallel with the

frame member 30 and therefore perpendicular to the direction of travel 9 of the
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implement. Thus, the shank axis 5 Is perpendicular to the frame member 30 and
parallel with the direction of travel 9. In an alternative mounting configuration, shown
in FIG. 2B, the spring axis 4 is not aligned with the frame member 30, thus the shank
axis 5 is at an angle E relative to the direction of travel 9. This configuration would of
course require different angles A, C and distance D, as compared with FIG. 2A. The

angle E may be from 15 degrees to +/- 10 degrees, preferably +/- 5 degrees.

Referring additionally to FIGS. 2C to 2F, the mounting configuration employed
utilizes a clamp 31 to secure the first shank 10 to the frame member 30. This clamp
31 secures the first shank 10 in a fixed orientation relative to the frame member 30 by
means of a bolt 32 passing through the first shank 10. Other embodiments are
contemplated wherein the shank is permitted to swivel about a vertical axis aligned
with the first shank 10 by securing it within bushings, as described in US 2006-
0048953. Since the forces on the assembly are balanced, it is contemplated that this
type of mounting configuration would allow the blade 25 to travel through the soll at an
angle sufficient to turn the soil, without castering freely to a parallel orientation with the
direction of travel 9. This would allow the implement to be turned at the end of the
field without raising the implement, which is normally not possible without damaging

the implement or causing large ruts to be formed in the soll.

Referring to FIGS. 3A and 3B, a front view of a pair of tillage assemblies
according to the invention is shown. FIG. 3A shows a left hand tillage assembly 40
with a spring 3 that is would counter-clockwise, whereas FIG. 3B shows a
complementary right hand tillage assembly 41 with a spring 3 that is would clockwise.
The open or concave faces of the disc blades 25 are oriented towards one another.
This allows any soil that is thrown in one direction to be thrown back in the opposite
direction by the complementary assembly, thereby leveling the soil better than
compared with conventional non-opposing disc harrows. Referring to FIGS. 4A and
4B, the same pair of assemblies 40, 41 is shown in rear view. It can be seen that both
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disc blades 25 are angled relative to the direction of travel, which is into the page in

this view, and relative to vertical.

Referring to FIGS. 5 and 6, a portion of a tillage implement 35 is shown
comprising opposing pairs of left hand 40 and right hand 41 tillage assemblies
according to the invention. The assemblies are oriented in pairs with the concave
sides of the blades 25 facing one another. There are at least two rows 50, 51 of
assemblies with at least a left hand assembly 40 and a right hand assembly 41 on
each row. The assemblies on the first row 50 are laterally staggered relative to the
assemblies in the adjacent row 51. There may be additional field working tools
provided on the implement, such as coulter wheel assemblies 60, C-shanks 61 and/or
S-tines 62. These additional field working tools preferably comprise a spring mounting
means. This allows all of the field working tools 60, 61 or 62 to also absorb impact
with obstacles and thereby prevent damage to the tools or the implement 35 when

operated at speeds in excess of 6 mph and preferably in the range of 8-14 mph.

It will be appreciated by those skilled in the art that there are many types ot
concave disc blades 25 suitable for use with the invention. In particular, concave
blades 25 having a wavy edge, a serrated edge or a notched edge may be used

depending on the soil conditions and desired degree of tillage.

Other advantages which are inherent to the structure are obvious to one skilled
in the art. The embodiments are described herein illustratively and are not meant o
imit the scope of the invention as claimed. Variations of the foregoing embodiments
within the scope of the description as a whole will be evident to a person of ordinary

skill and are intended by the inventor to be encompassed by the following claims.
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Claims:
1. A tillage blade assembly comprising: a coil spring having a horizontal spring

axis and first and second ends, the first end having a first shank extending tangentially
therefrom and the second end having a second shank extending tangentially
therefrom: the second shank having an upper portion proximal the spring and a lower
portion distal from the spring, the lower portion comprising a shank axis, the upper
shank portion and the lower shank portion offset from one another by an offset
distance; the shank axis having a shank axis angle relative to a vertical direction
perpendicular to the horizontal spring axis; the lower portion having mounted thereto a
rotatable hub having a rotation axis passing therethrough, the rotation axis
perpendicular to the shank axis, the rotation axis rotated about the lower shank axis by
a rotation angle defined relative to the rotation axis being horizontal; and, a concave
disc-shaped tillage blade attached to the rotatable hub concentric with the rotation
axis, wherein the offset distance, the shank axis angle and the rotation angle are
selected so as to balance the forces transmitted through the assembly to be
substantially parallel to the horizontal spring axis when the assembly is In use on a

tillage iImplement.

2. The tillage blade assembly according to claim 1, wherein the upper shank
portion and fower shank portion are paraliel to one anotner.

3. The tillage blade assembly according to claim 1 or 2, wherein the offset

distance is horizontal.

4. A tillage implement comprising: a) an implement frame; b) at least two rows of
tillage blade assemblies according to claim 1 or 2 mounted to the frame; ¢) one row of
tilage blade assemblies comprising a first assembly with a coil spring that is wound
clockwise: d) an adjacent row of tillage blade assemblies comprising a second
assembly with a coil spring that is wound counter-clockwise; and, e) the concave sides

of the blades of the first and second assemblies facing one another.
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5. The tillage blade assembly according to any one of claims 1 to 3, wherein the
offset distance is from 0" to 3", the shank axis angle I1s from 130 degrees to +/-15

degrees and the rotation angle is from 20 degrees to +/-10 degrees.

6. The tillage blade assembly according to any one of claims 1-3 or 5, wherein the

disc blade has a concavity of from 730 mm+/-50 mm.

/. The tillage blade assembly according to any one of claims 1-3 or 5-6, wherein
the diameter of the disc blade Is from 16" to 24",

8. The tillage blade assembly according to any one of claims 1-3 or 5-7, wherein
the spring has a Rockwell C hardness of from 30 to 55.

9. The tillage implement according to any one of claims 1-3 or 5-8, wherein the

number of coils in the spring, as seen in front view, is from 3 to 6.

10.  The tillage implement according to claim 4, wherein the working depth is from 2"
to 8".

11. The tillage implement according to claim 4 or 10, wherein the desired

operational speed of the tillage implement is in excess of 6 mph.

12. The tillage implement according to claim 4, 10 or 11 wherein the tillage blade
assembly comprises: a coil spring having a horizontal spring axis and first and second
ends, the first end having a first shank extending tangentially therefrom and the
second end having a second shank extending tangentially therefrom; the second
shank having an upper portion proximal the spring and a lower portion distal from the
spring, the lower portion comprising a shank axis, the upper shank portion and the
lower shank portion offset from one another by an offset distance; the shank axis
having a shank axis angle relative to a vertical direction perpendicular to the horizontal
spring axis; the lower portion having mounted thereto a rotatable hub having a rotation
axis passing therethrough, the rotation axis perpendicular to the shank axis, the
rotation axis rotated about the lower shank axis by a rotation angle defined relative to

the rotation axis being horizontal; and, a concave disc-shaped tillage blade attached to
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the rotatable hub concentric with the rotation axis, wnerein the offset distance, the
shank axis angle and the rotation angle are selected so as to balance the forces
transmitted through the assembly to be substantially parallel to the horizontal spring

axis when the assembly is in use on a tillage implement.

13.  The tillage implement according to claim 12, wherein the offset distance is from
0" to 3", the shank axis angle is from 130 degrees to +/-15 degrees and the rotation
angle is from 20 degrees to +/-10 degrees.

14.  The tillage implement according to claim 12 or 13, wherein the diameter of the
disc blade Is from 16" to 24",

15.  The tillage implement according to any one of claims 12 to 14, wherein the
spring has a Rockwell C hardness of from 30 to 55.

16.  The tilage implement according to any one of claims 12 to 15, wherein the

number of coils In the spring, as seen In front view, is from 3 to ©.

17. A tillage blade assembly comprising: a coil spring having a horizontal spring
axis and first and second ends, the first end having a first shank extending tangentially
therefrom and the second end having a second shank extending tangentially
therefrom; the second shank having a shank axis; the shank axis having a shank axis

angle relative {o a vertical direction perpendicular to the horizontal spring axis; the

lower portion having mounted thereto a rotatable hub having a rotation axis passing
therethrough, the rotation axis perpendicular to the shank axis, the rotation axis
rotated about the lower shank axis by a rotation angle defined relative to the rotation
axis being horizontal; a concave disc-shaped tillage blade attached to the rotatable
hub concentric with the rotation axis; and, the tillage blade, when in operation, having
a point of intersection on its circumference where it initially penetrates a soil surface,
the point of intersection being located between the first and second ends, wherein the
point of intersection is between the midpoint between the first and second ends along
the horizontal axis and the second end, and wherein the distance between the point of

intersection and the midpoint, the shank axis angle and the rotation angle are selected
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so as to balance the forces transmitted through the assembly to be substantially
parallel to the horizontal spring axis when the assembly is in use on a tillage
implement.

18. A tillage implement comprising: a) an implement frame; b) at least two rows of
tillage blade assemblies according to claim 17 mounted to the frame; ¢) one row of
tillage blade assemblies comprising a first assembly with a coil spring that is wound
clockwise; d) an adjacent row of tillage blade assemblies comprising a second
assembly with a coil spring that is wound counter-clockwise; and, e) the concave sides

of the blades of the first and second assemblies facing one another.

19. The tillage blade assembly according to claim 17 or 18, wherein the distance
between the point of intersection and the midpoint is from 1" to +/-0.75", the shank
axis angle is from 130 degrees to +/-15 degrees and the rotation angle is from 20

degrees to +/-10 degrees.

20. The tillage implement according to claim 17 or 18, wherein the distance
between the point of intersection and the midpoint is from 1" to +/-0.75", the shank
axis angle is from 130 degrees to +/-15 degrees and the rotation angle is from 20

degrees to +/-10 degrees.



CA 02688846 2014-12-12

dl 9Olid

J
K""‘“‘U

G¢

Vi 'Oid

B

1R
~—G




CA 02688846 2014-12-12

J¢ Old

4Z 9ld @
/\%M -
UL [
\ @ L e . ﬁ
| | \/ off jlo

‘ £
/ <YARI P Edm O_n_\lcm
Om)o_\/ walF b 0e— gdEiERN
3Z 'Ol _ - ULk

: f;l,..\@ 5 ‘G
ol .
m\\

0¢ /,,,. \\



CA 02688846 2014-12-12

dbv Ol3

¥ Old

Vv "Ol4d

Ve Old



CA 02688846 2014-12-12




CA 02688846 2014-12-12

Cedass 2."«;

L, N L B A A S A AL

n = >
-7 -,

.x -
3

T2
o e

DG
“.
..}ll.l.in.l-\.‘\-.‘lw‘-

_yroviilia

svrvdevvraned.,

wedduududs

‘p ™Y
........ AR A A ..................n...........d

R 08,000 0 5 0 AL HIDN N AR D D ALE YD LTET
" LS

A A I AP 25 8 PPN PP S BID 5 PP g o A I AD IS PP BB PP PPN P e P B8

nenaanARARRRREY LY

- ——

!

St

AHALMARAR LA NA VAR \ARE AR AL ARSATARRA LY

seahabbbbBRanN

i

v
\\R\suu.
Y L Ll L

sy,

T A B et et

7.

o
vg - . e
t ey Mmt‘(\\\t;\t\\_\\_\_\ e LY.

------

Co o

SN
4 *\‘s\\\.\\.\\( r "’
o )
W = s ;e - S
. Ll . -
- N
P R B BIRHIA WA A WA Sl O 284 7R DY) % . . K
K
A

2,

i Sesmins

40

fassmassasararsevaséiundasNies

ARARAAARAARY Y,

) .
SRR Y Y

-
- 'F-.\mxms.\x-.u
.h

SEsAssARRRYTAYY

'y

ug\\!}g,\z\i\\\u«v\ v

e \\\\(\\\\.....oﬁ-.”N‘ e
\“Ma..s..s.nx O
.................... Yy o %‘ f e u.'“.”..u.“.nnu..u...s. e
w D grinsacBoisasss:

v AN I RWARLV AN AW

i.“q-‘qm\ (NCRNN T LT TN LanaAAAT TRLAY

Naa o an

N A S 4 77 N o NN AN 5 8 R BN LN A

* . pfer y
N .
‘v =N S 4
B .
. . .oy o !
o 8 eeR
.

_-.x_s‘
:

Ny

x- k.

.-
ANaas I nansrddAdNApA RN BRRAppanans rreanndrraddidbsisippapunnnpnasanmarsariBRsiscAtdimavd®

AP LA LIS PP PN AAPPEEEIN CF OO0 A ISSPLPLIP S PSS -:OSQV.\".X\\

T
ey :
:

PoLLTEINNRY.

“
o

O

T
S &,\?

\
- —
.

PSRRI e ananmay L
:
8. 7 . .
i :
3 .

.
& . . :
i = ooy i
{ s . i " .
4o o
- . o (s
N . : /
vur« - .W‘.M.{. e 24
Y p L P2 dddcrad] e -..-\.\-\\‘(.V(-.\(b\‘rh\‘s-.
.

i R DL
2 2 BE . ~ b «

&on

0
)

Prrrearadrwn. 1.%..







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

