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(57) Abstract

The inventive saddle pads (20) are for placement between
a saddle (20) and a horse’s back, or between a saddle (20) and
the rider, for therapeutic and cushioning protection for the horse
and for the rider. The saddle pads (20) incorporate a perforated
honeycomb cellular structure (44) which contours to the horse’s
back and/or the saddle (20) to provide uniform load distribution.
The honeycomb cells (52) of the pad (20) are aligned perpendicular
to the horse’s back and flex with movement to reduce shear forces
against the horse’s skin. The ability of the honeycomb (44) to
contour and flex with the movement help keep the pad (20) security
in place, eliminating rubbing and chafing.
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SADDLE PAD AND METHOD OF MAKING SAME

FIELD OF THE INVENTION

This invention relates to saddle pads for therapeutic and cushioning protection for
the horse and for the rider.

The saddle pads of the present invention incorporate a perforated honeycomb
cellular structure which contours to the horse’s back and/or the saddle and provides

uniform load distribution. The cellular structure relieves pressure by distributing it away

13

from "hot spots.” As a result, bony areas of the horse and/or the rider "feel" the same

pressure as the surrounding anatomy.

When compressed when they are between the saddle and the horse, the honeycomb
cells Iine themselves perpendicular to the horse’s back and flex with movement to reduce
sheer forces against the horse’s skin. The ability of the honeycomb to contour and flex
with movement helps keep the pad securely in place, eliminating rubbing and chaffing.

In accordance with one embodiment of the present invention, the honeycomb
structures are incorporated within a surrounding fabric or leather pad portion.

In accordance with other embodiments of the present invention, the honeycomb
pad 1s shaped and utilized to be placed independently between the saddle and the horse or
between the saddle and the rider.

In accordance with another embodiment of the present invention, the portion of the
pad that 1s positioned over the horse’s shoulders at the withers is provided with
honeycomb cells that are more rigid than the honeycomb cells in the remainder of the pad.
This provides greater protection to the horse where greater pressure is normally applied to
the horse in situations such as a working cowboy standing in the stirrups and securing
his/her position on the horse by pressing with the inside of his/her legs against the horse’s
shoulders.

In accordance with still another embodiment of the present invention, the pad is
formed with a self-supporting contour. Preferably, the contour placed in the region of the
horses shoulders and withers is curved upwardly more than the contour at the rearward
end of the pad. This pad is made by molding the pad as is conventional with other
embodiments but then folding the pad over on itself and pressure sealing the folded pad in

a substantially arcuate line of the pad and core adjacent the folded edge so the pad itself

PCT/US00/04818
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establishes a curved contour. With this embodiment, the pad can be switched back and
forth so that either of the two broad surfaces can form the upper or outwardly exposed
surface of the pad. With this construction in one embodiment of the present invention, the
color of the different sides of the same pads can be selected to conform with the color
traditionally used for different types of horse show riding such as white for dressage and
black tfor hunter-jumper.

Since the pad in the present invention is made from a biomaterial which is not _
affected by moisture or sweat, it is anti-bacterial, anti-fungal and odor resistant. Both the
honeycomb core and the covers are machine washable and dryer safe.

In accordance with still another embodiment of the present invention, the saddle
pad is made of a honeycomb core that has a single perforated thermoplastic elastomeric
facing and the opposite face of the pad is covered with a cloth material such as stretch

nylon which provides even greater ventilation for the horse.

DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a plane view of a saddle bag in accordance with one embodiment of the

present invention.

Fig. 2 1s a perspective view with the top cover sheet partially broken away in the
toreground and with the position of the walls of the honeycomb core illustrated in
phantom 1n the far rear background.

Fig. 3 1s a schematic view illustrating the equal pressure characteristics of the
saddle pad of the present invention when partially or highly compressed.

Fig. 4 1s a schematic elevational view illustrating how the cells of the saddle pad

flex to diffuse lateral forces.

Fig. 5 1s a side elevational view of a western saddle pad incorporating aspects of

the present invention.

Fig. 6 1s a side elevational view of an English saddle pad incorporating aspects of

the present mvention.

Fig. 7 1s a side perspective view illustrating a close contact show pad

incorporating aspects ot the present invention.

Fig. 8 1s a side elevational view of a dressage pad incorporating aspects of the

present 1nvention.
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Fig. 8A is an enlarged perspective view of the end of the structure shown in Fig.
8, with the saddle pad with a perforated honeycomb insert portion partially withdrawn

from 1ts normal position.

Fig. 9 1s a side elevational view of a bare-back and training pad incorporating

features of the present invention.
Fig. 9A 1s an enlarged perspective view of a portion of the structure shown in Fig.
9, with the honeycomb insert partially removed from its storage position.

Fig. 10 1s an alternative embodiment of the present invention incorporating cellular

honeycomb of different flexibilities.

Fig. 11 1s a plane view of the initial formation of a saddle pad for producing a

contoured pad.

Fig. 12 is a view showing the structure of Fig. 11 folded in position for molding

to establish a contour.

Fig. 13 is a plane view of the rib in a mold to establish a curved edge to the

folded pad shown in Fig. 12, which produces a contoured pad.

Fig. 14 1s a side elevational view of the pad formed from the sequence of use of
Figs. 11-13.

Fig. 15 is a front view taken along line 15-15 of the structure shown in Fig. 14.

Fig. 16 1s a rear elevational view taken along line 16-16 of the structure shown in
Fig. 14.

Fig. 17 is an elevational sectional view of a portion of a saddle pad in accordance

with the another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Fig. 1, there is shown a plane elevational view of a saddle pad
20 made 1n accordance with the present invention having two side panel portions 22, each
containing a perforated honeycomb structure consisting of a perforated cellular core and
perforated cover panels wherein the cover pahels are thermal compression bonded around
the periphery 26 of the pad and along a separation portion 28 centrally and longitudinally
of the pad where the pad will fold over the top of the horse’s back.

Fig. 2 illustrates a section 44 of the honeycomb material that makes up each of the
panels 22 of the pad 20. The honeycomb section 44 is formed with a perforated

honeycomb core 48 and perforated facing sheets 49 and 50. The dashed lines 51 illustrate
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the normal full coverage of the top facing sheet 49. At the periphery of each panel

portion 22 and at the separation portion 28 the edges of the sheets 49 and 50 are pressed

down and thermal bonded together around the periphery 26 of the pad.

The honeycomb core 48 is made from sheets of a selected grade thermoplastic

elastomeric material that has been pre-formed such that a matrix of small holes 59 exists

throughout. The sheets are compression bonded together in spaced intervals staggered
between alternating sheets as described in U.S. Patents 5,039,067, 5,180,619 and
5,617,595 and incorporated herein by reference. The resulting stack is then cut into strips
which when expanded create a honeycofnb network of elongated generally hexagonal-
shaped cells 32.

Each cell 52 of the honeycomb core 48 is defined by four generally S-shaped wall
segments, each interior wall of which is shared by an adjacent cell. The wall segments of
each cell 52 include a single thickness wall portion 54 and a double thickness wall portion
56.

The upper and lower taces 58 and 60 of the walls forming several cells are
deformed during a planerization operation as disclosed in the referenced patents to stabilize
the honeycomb core and prevent the expanded strip stock from collapsing. The facing
sheets 49 and 50, cut from sheets of resilient thermoplastic material, are then compression
bonded to the upper and lower faces 58 and 60. The addition of the facing sheets 49 and
50 strengthens the core.

By pertforating both the honeycomb core and the facings, the weight of the
material 1s reduced while the resiliency and flexibility is increased. The weight is reduced
because perforations reduce the overall quantity of the material comprising the honeycomb
and facing. Similarly, the flexibility is increased because there is less material to constrain
each segment of the material from bending. The resiliency, or ability of the structure to
spring back to its original form from being compressed, is also enhanced by virtue of the
additional passages through which air can return to fill the cells. It will be appreciated
that the resilient but damped restorative characteristics of the structure make it an excellent
absorber ot shock waves.

Fig. 3 illustrates how the honeycomb cellular structure contours to the horse’s
back and provides uniform load distribution, and Fig. 4 illustrates how the honeycomb

celis align themselves perpendicular to the horse’s back and flex with movement to reduce

sheer torces against the horse’s skin.
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Fig. 5 illustrates a western saddle pad provided on each side with a zippered panel
50 which contains a removable honeycomb insert. The underside is lined with breathable
wool that works with the ventilated honeycomb to keep the horse’s back cool. The top
line of the pad 1s split and connected with breathable wool to further promote ventilation.
Ample honeycomb in the rear ot the pad easily accommodates the extra weight of saddle
bags. In accordance with one embodiment of the present invention, in a western saddle
pad as shown 1n Fig. 5, each of two separate panels of honeycomb are sealed on their
perimeters on three sides and then the two unsealed perimeter portions of the two panels
are heat sealed together to provide a single panel with a middle center seal.

Fig. 6 discloses an English saddle pad embodiment of the invention preferably

- made from plush, ultrasuede that is both durable and machine washable. The zippered

cover 60 contains two removable honeycomb panel inserts that are anatomically-shaped to
Insure maximum protection for the horse. Breathable wool on the underside of the pad
works with the ventilated honeycomb to wick away moisture and minimize sweat. In
accordance with an embodiment of the present invention, in an English saddle pad a single
honeycomb panel is sealed around its perimeter and one of the facing sheets of the
honeycomb panel is cut along the middle of the panel. The panel is then folded along the
facing sheet cut, and the folded panel is thermally sealed along the center cut.

| In the embodiment of Fig. 7, a close contact show pad 70 has a concealed zipper
72 1n the rear of the pad which contains a removable honeycomb panel. The cover is
made of high-quality wool fleece with the underside being a breathable cotton quilt. Both
the honeycomb and the cover are machine washable and dryer safe. In accordance with
another embodiment of this invention, the honeycomb panel of the show pad is provided
on one side with a fabric that is heat sealed around the periphery of the pad.

Fig. & illustrates a dressage pad which contains two removable honeycomb inserts
1In a cover made of natural, cotton quilt. Both the honeycomb and the cover are machine
washable and dryer safe. Fig. 8A illustrates the honeycomb insert 80 partially removed
from its normal position.

Fig. 9 illustrates a bare-back and training pad, and Fig. 9A illustrates the
honeycomb panel partially removed.

Retferring now to Fig. 10, there is an alternative embodiment of the present
ivention wherein the separation portion 28’ of the saddle pad 20’ is open near the front of

the pad where the withers of the horse would be located. The front portion 24A of the

PCT/US00/04818
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pad 20° adjacent the open separation 28’ i1s formed of honeycomb cells that are more rigid
than the honeycomb cells 1n the remainder of the pad. This construction provides greater
protection to the shoulder area ot the horse when a rider is in working position clamping
the rider’s legs to the horse for stability. In an alternative embodiment of saddle pad
shown in Fig. 10, the front portions 24A of the panel or other portions and/or the entire
panel are made stiffer by applying a thing denser and/or stiffer perforated honeycomb
layer having an outer perforated facing sheet is applied on top of the facing sheet of the
honeycomb panel.

Figs. 11-16 1llustrate the manutfacture of a selt-supporting contoured pad 100
resulting theretrom. This pad 1s made by molding a pad 102 shown in Fig. 11 as is
conventional with other embodiments but with a wider section in the middle of the pad
toward the front end of the pad. This pad 102 is then folded along a center line as shown
in Fig. 12 and then placed in a sealing mold as shown in Fig. 18 with an arcuate thermal
sealing ridge 130 to form an arcuate seal at the position designated 120 in Fig. 12, and
wherein the excess portion of the foam pad to the right of the line 120 in Fig. 12 is
trimmed to leave the contoured pad as shown in Figs. 14-16. Because this self-supporting
contoured pad 100 is reversible with the identical contour, one face sheet can be made of
white material for use in dressage and the other face sheet can be made of black material
for hunter-jumper shows. A single pad can then be used for different shows.

A cross-sectional view of a final embodiment of the present invention is shown in
Fig. 17, wherein the honeycomb panel contains only one face panel thermal compression
bonded to the core. The cells are open at the other face which is then covered with a
breathable, stretch nylon fabric. This pad with the nylon fabric placed against the skin of
a horse provides a higher degree of ventilation to the horse’s skin. The honeycomb panel
of this embodiment without the second facing sheet is more flexible and drapes easier than
the honeycomb panel with two facing sheets.

As will be appreciated from the foregoing description, many of the embodiments
include the saddle pad contained in a pocket in another pad or saddie. Other embodiments
include the pad as a separate element that can be positioned between the saddle and the
back of the horse. Additionally, the same or a similar pad can be placed on top of the

saddle underneath the rider to provide cushioning and therapeutic features for the rider.
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What 1s claimed is:

1. A saddle pad comprising:

a honeycomb core formed of resilient thermoplastic material and including cell
walls having a plurality of perforations and defining a plurality of contiguous regularly
shaped cells, the opposite extremities of said cell walls forming first and second core
faces on opposite sides of said core,

a first facing sheet formed of resilient thermoplastic material having a plurality of
perforations and being thermal compression bonded to one of said core faces for
maintaining said core in an expanded configuration so that it can isotropically flex to
stabilize and spread a load applied thereto,

a second facing sheet formed of resilient thermoplastic material having a plurality
of perforations and being thermal compression bonded to the other of said core faces,

said core and said facing sheets being thermal compression bonded together
around the perimeter thereof to define the outer edges of said pad, said pad being folded
along a longitudinally extending central portion to define equal portions thereof, said
portions being thermal compression bonded together along an arcuate bond line
extending proximate to and in the direction of the fold, the portion of said folded pad
between said arcuate bond line and the fold being trimmed away leaving first and second
pad sides joined together along said arcuate bond line such that the pad will conform to
the back of a horse with said first and second pad sides respectively draping over
opposite sides of the back of the horse and the central portion of the pad extending along
the fold line will be bowed upwardly at each extremity.

2. A saddle pad as recited in claim 1 wherein one end of said arcuate bond line has a
greater curvature than the other end to provide a greater curvature to the pad at the

withers of a horse.
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3. A saddle pad comprising:

a honeycomb core formed of resilient thermoplastic material and including cell
walls having a plurality of perforations and defining a plurality of contiguous regularly
shaped cells, the opposite extremities of said cell walls forming first and second core
faces on opposite sides of said core,

a first facing sheet formed of resilient thermoplastic material having a plurality of
perforations and being thermal compression bonded to one of said core faces for
maintaining said core in an expanded configuration so that it can isotropically flex to
stabilize and spread a load applied thereto,

a second facing sheet formed of resilient thermoplastic material having a plurality
of perforations and being thermal compression bonded to the other of said core faces,

said core and said facing sheets being thermal compression bonded together
around the perimeter thereof to define the outer edges of said pad, and being configured
to fold along a longitudinally extending, arcuately shaped bond line which defines equal
side portions that are thermal compression bonded together along the bond line such that
the pad both folds laterally along the bond line to drape over the sides of the horse, and at
the same time deforms along the length of the bond line to curve upwardly at each

extremity and conform to the slightly bowed shape of the backbone of the horse.

4, A saddle pad as recited in claim 3 wherein one end of said arcuate bond line has a

greater curvature than the other end to provide a greater curvature to the pad at the

withers of a horse.



CA 02364241 2001—08—24

WO 00/50336 PCT/US00/04818

FIG. 10



CA 02364241 2001-08-24

WO 00/50336 PCT/US00/04818
210




CA 02364241 2001-08-24

WO 00/50336 PCT/US00/04818
3/10

(
Relatively

Equal
Pressures

Partially Compressed Highly Compressed

FIG. 3

%: 7500

Cells Flex to Diffuse Lateral Forces

riG. 4



CA 02364241 2001-08-24

WO 00/50336 PCT/US00/04818
410

l

rlG. 5

i

FlG. 6



CA 02364241 2001-08-24

WO 00/50336 PCT/US00/04818
5/10

) FiG. 7



WO 00/50336

CA 02364241 2001-08-24

6 /10

-
e .

PCT/US00/04818




CA 02364241 2001-08-24

WO 00/50336 PCT/US00/04818

—_~

FIG. 9

FIG. 94



CA 02364241 2001-08-24

WO 00/50336 PCT/US00/04818

8/10
102
S o\ /
OO Ooo O O
O O O O O
O O O OO O

O O
oo o o /
o0 " /
o © o /
o © /
@ [

f
| 120 190

riG. 12 riG. 13



WO 00/50336

L]

*
L

L
*
-

I.-blﬁﬁt..ﬁ.”‘.""ooﬁO."ﬁ...h.....DbbtbblD&..COQOG.QG..OQ.IQ&..O...& -
.ODG.O.&0.0#ODh....l.".ﬁ.OF‘DD%Q.O#.lhh....DIQQQODOO...G..'¥.bh.ﬁ.$00.G.

L B L O R BN N IR T SN N N 00o...O0.o...ﬁt&.-0-5..Q.Q'-..L.t...oo-..Lo..’-..;;.t&‘,.

9.totthﬁ.hbobboovbtoo..ﬁouooolbttﬁtot&ho.’s-l&.ootoooobﬁ..&bo.s.aoyotp-
O‘.....h...FOQ&OIC’0.0...QQ.O..l‘t’h*c.‘tl‘t..b...0‘.00.....‘0.&60.&.0#
-

0DGOIQ&‘.GGOQODDQC.....ﬁ.0&&..&00.#...‘.0&..r...b.....bQ.h&b..Q.....&.

* b & e e

»

-l

-
5600&00000b.b6‘QQb..t.Q..s..lbt.tobtss.&h..s.too.o...L’..ﬁo.;s.’y.’.t

CA 02364241 2001-08-24

»
0“..“..&............QL...O..L..Q&..‘-............"..-.".
*

-

»

.l...G..t.......Mdb....h...ﬁ’lﬁ&.Oﬁ...I”h.‘....l.L..ﬁ..&”b.'ﬁ&

000.btbhh....s...QﬁOOQQQQQQCOtOObh.0;.0.00600.llltt"tﬁ.ﬁ&.. -
h’.ﬁ...b..&O...DDCOO00..&.‘05‘0’0..&..t&..ht...tl..lh..’b..‘&..‘.
*.Q’..behﬁ‘......00&0."0.&.‘0’..&&‘-0.....O....III‘..‘Q..LQOOQ
G.Ohﬁ0.Qllbo0OODbs...Ab.soo.@‘gooo.bo...-o..to..;..ln...t..;soo [N
OO&OOGQIDCOOODDDOQOﬁo05&00&00OGOOOGOOOOODDDQAOQQQDBp.00600&00. ]
DOGQOOO.IGSOOOOOOO..b..5.0‘%&COO..GDOC&..&IDQ.Olt.llt.t‘..t&l.ﬁ L 3
.oQtQOQGQDGQOOUDQ.C.&Q0&&06&00000OOGOOGDODDODQQQQQDDLA‘0«00.5.0‘
osoohh000005500blDOOQ.b..tothCCOOOOhQOOOD.booQOOOQQDQGOOtQOGQQOOOO

b e esAre e

LR L R S N A N I S I S N G o POy
2 B OB AS GRS S E RS

L

P;"’.G‘....‘...*.’....F.OO‘.‘GGQ.&..OO.&OQ..O.I‘.OQ...%J

OOODDGGOIGIOOOOQOCCGSQQQQQLtostoocwoot

'&...ﬁﬁﬁ‘ﬁ..0‘0...I§OOG00.&..*t..“..‘...

Sl .t ¢
LA N

L R N N N R E R E Y

Gll&t.bhl..#000..GA...O.LOOOGOOGQOOQOOO
.bth..bsl0000000000;5000&‘.&&00&.......

l‘t..h.d‘......i..lblb.h...bt‘h..t&..b.b....‘
Otﬁobbl..ooooAQG.i’bblh....o.h‘.o..ooo..... »
tl’ﬁOOLOOOOOOQOOOOIth004...&.0&..sootsot..-..o
O0%*00&0000000..t.9hbb.ﬁoooﬁootttobDQGQDQOQOQD
-}

OCUQGQQOOOOOCDAAmO--lbtoooocsosssacbs..o-...0..
’soosooooooossoo;..oo.;oo;soogo.....p......;..

L] *.0.&‘..0.'.QOG'.ﬁ&b#‘...’..&&ll&b.b“.Otllblh

*«

QOOQQOOOOOOOOOODQGItboootﬁbotonosobtcoosll&bot
0**""00006.ttootLDO$OOOCOQ-tts¢b..ttb.;llt..y

-«
L

ﬁ..GCQOOOOOOQQOQ.ﬁ’..‘..b&b.‘tl.b..&‘..t..&’.‘.

»
d OOQLOQOOOOODbo..o&btb&bo&bb.ptsoblblooboﬁlslttooL
» GOOQQOOOOODQGGOOLLIthoootco...o.s.ttoc.oroooocooh

&..GOOOOOOO0.‘.0&&00....505“.I&l.....t‘l’...‘.

ﬁ‘..ﬁ.b‘....l.h.“”P..LQ..‘..&GCO..l...lb...’.’l...ﬁﬁ
- ..6......055550’ﬁ’.ﬁﬁ..ﬁhllbbtottlﬁ0.l.tot’.bt.‘
b&tooOtAb..!rItlAQQOQDQQQQst-QQQQoo.ooo-oogqo‘..s

v ..OOOOCGOOtIDii.QOOCEOOQOIlbl‘t000$00’.0.§v&bo..ﬁo

L OOOODOGOOO!'bi¢$6#055000005hb0$¢0000000000ooGlQQ *
o 0.GOODQ.0OQQ-lt.htoobooﬁﬁstﬁioﬁQt.400...6000...0 ES
- OOOODDOOOOClblOGGOOUOOOGOObethtooooQoaooﬁos;.ot *

GOOQOIDQOOOQQIIO.t..tb..ht’tb.t.“tﬁ..ci“t......bﬁ‘
-

..$.D00OO.OID.CthOBIOOGOOQDOQh.ﬁb.....os“b...‘u.
FPserLttR bt Ers Rttt btenntatrrnaasnt ittt anntonnnnald
hsoososooooooouoonsoo--ooooo..o.m.oo..ooo.........

[ Y
bhbbﬁ..l....Cbﬁbotﬁ‘.tbllhh"’...L.Qb...’..‘..ﬁb..& =
bhotbtbbloooottoot&t)ts..aa;y..os-t.ooooooooooosss [ 3
»-souoo.ssloooosooatt&.s.u;ooooo.stoto.ooooooooo--o L
-

lb&tbtlllﬂtOtotth‘Ot‘obtcOQQOOG-QOQOOQQQQQQQQQ§. >
itlOGOODODD.O.000I.h.00006“05.OOGDCQOOOOQQGQOQQQDQDD
- btﬁooos.batbbo.bb-btobi..Obt.lbt’b.....tlll.&fo.

»
ICCOCQil’.O.§‘DQOQ0460006Qh.0#.0.".006.....000:1.
S..OOO.l..O.&..&Q.DGCO’&..ﬁ“..m...l.....l...ﬁ‘.b.l
Dbtbocli..G00..&00.&0#.60t%.olbt.t.....b.b.&ttf.

hIOIbOQQCiO0.0hOOtybt&QQOQcAAA.os.oo..t.oorbblottttr
2

DDEOQOOOQOGIQO...ODCQO.GO..ﬁOOOQOO.lt...ltb'...’h »
&h..b..’.ﬁoo..h..hb.ssto.ﬁ.o&ﬁ.....olll...or..bt.&ﬁ
b.‘.‘..”ﬁﬂ.....’.b.lIﬁ.’#t..ﬁ..0&..&.5‘.006.....’@
bbtlbbbboOOOO.GOOr..lctbbtobﬁhttb..bll.hotto.o&..ﬁﬁ
= .I‘..OCO..QCG..lb.i’ﬁ...‘..b..l...&lO...O.......ﬁ
-~

90500000000Qh.Obmo.G000¢0lshotfooo-lo000.o-.uooﬁﬁ

00&0500000000’00-ttohttotoons.tt..bo&;..bosobcooﬁso

L oDODOQOUOODQGOObt-bG&00bolscooto.ss&l..boonbhotﬁﬁ -
[ 2 0050500000.00.00&.tlQ’bb&t.n.bhho.nsobototﬁolooo&ot
L .llb...‘....G.O&&.l‘.b.ﬁ...ﬁ..ﬁ...l..l...&.lhi.‘ﬁ &
>

GQLDQOOOOOOOQQObhbll$t0¢c0-s-.0h..no.scoo.sssoo.ho -
DGQOODDCQOOOOO.GQO&&.'0.0.&0.0..00...9..5.00.’.&0.&‘00
ll.bsOQQOOQOOooooouoooot’hto..o.Qooosoo-scoﬁorbo.o.o L
ooc35000000.--ssﬁﬁa.seoobtoor-oofbos..o.ooo;;--.o;;oof
.F’.ﬂ.lQ’OO0..0.l.&‘OOQOOﬁGOOFIQQGQ.b..blb.#.DD.OQ&. -
b&ﬁ.QGIQQOOO.t.DQthOOOOCOQOOU#IQ&O000600.00.tltooﬁﬁtb
Oﬁ.&ﬁ...........l.ﬁ......ﬁ&...b.’ﬁ..‘..ll..&.’b.l.ﬁ.
ﬁtbt.QQQQQOOOOOIOGODOOQQGOOOGQOQQ00000'.00.‘0......
66000500000.000bQ&.QOQOQL&Q..O..QQ.&QOlb...b.ﬁ..cotot
Qobb...o..ooootbsoooﬁooohootos.sasoosoooooootooc.poto
.QQhOOQQQQOOOOODQQQoosooﬁboﬁut.osQ0¢005500500500...0h
bsoQGOOQcctooo.oohﬁootooosbouts.ca00000950009000.0..

L

-
&0G&.Q..Qb‘....bsh..btooco..b.s.&btcooro.th‘tb...t.. o
"
»

6‘00500000OOOOGOShht.tOOOQDAGQOQQQopoo.;s..cag.oo...tg

.G‘.G.Q.........l.&..Qﬁ...b..ﬁ...b..‘.."..ﬁ.‘ﬁ...ﬁ.’ -

QQQQLOQOOOOQQ.Q...bl”&..ﬁ&lQLOC.&’I&Q’OOOOG..QOOOQQD

-
-00&&..&00000050.GOOODDlﬁ...@b.hoo0&0[..0000.00.0‘.0&#.. -
& fﬁ..LOOOOOOOO.‘..OOO.‘§0.tb..hOQ.&0..0.0.0.60.&...&.. -

- &

A
T

L
ﬁ.o&bttt...oOQOCQODQQQQQGQQIQQQQQO.Q.......oll.‘tpoo&h..&.
ODOOGOOOOODI.0000ODOOGOQOOItb.Qttbt.&.0..000..&.AQQ.....QQ..
oo.osssotoousooootsoo..oou.;ono.h$..s.-oo.o..ssooomoo.boo&.oy
..O...b..h‘........’...‘...ﬁ..b&..h...‘....O....‘I.“‘Q‘l.ﬁ&.

obtﬁtt&tclbooobrro0t&.0.-5.&0‘o@o.b..oc;osooooooo.al;.ogﬁoosbooﬁ »
..OGQ.O.IQG.OQQQl..."..L...Otﬁﬁﬁ.Ob.b.h..b.lQOQOQQIIQQOQQOQQQO‘O
- e LB B I B R

bOOGOQﬁOQOQOQQQAQQ..gsscbooo.rb-bgooct.ooooo.;o;c...&.-ss

0“..&.‘......‘b.ﬁﬁﬁloﬁ...ﬁl.-ﬁﬁttﬁlQO..Q’.....h..ﬁﬁ.l -

QGG..OQOOOOOG.QQQQGQDOGO..Ol'h‘..t.b....OOOOQQOQD.ﬁ&..

L 2
00#0.5000.0..5555006.Do&..&bl56000Q00¢0000..t0c¢...o..:lc
OthOOCGOOOOOODIOHOOQQQOBSOOOOODDO0.'0000t000oo..n005t..b0

0‘6.05000000550OOQOQQQOQQQQhQOOC.0&.0’060.0.‘..650.&." -
.0*000#0000005b050044005.OOG..&UOOGOOOOOOQQOOOOOQIh.&.’b.b
c;tootooo...pbbbscb&oooblonﬁooo.oosttsooo.ooooo.sbnoooh‘o
.Q&‘..Q......l’lb.‘%‘..bl..GOOQQQQOQOOOOOOCOOOOOUDlﬁ&.ﬁb

-
OCQOO¢OOOQIQ05rrbbtﬁoo.bsbbﬁbtobnoh-as.o..oo&o.@.r.hoobt

*

-

GQQQIDQQQ.ﬁ.IQ‘..Q...‘0.&&..0......0.0..ll‘..ﬁ&......@’

'..QQQ.bb..‘.b’b.t....iOt&otlh.&ﬁtolbtlthotb..0‘90@.lb...ﬁ..ﬁ&b.ﬁ.t.
o05050&0OGQQDGOOQODOODO&OOcctt&toooopoot.ﬁoousooo

{.

LB I BB R R U N SR NI NN S NS

t.ltﬁ..&t’.Q..000’0o.ﬁttt...ﬁtQQt...Q..Q..s.....ooo..G..Qt.o;...&.’

Dbﬁ.ﬁ............Q...ﬁ..lﬁ...bl.LG‘OG.O.........“‘;’.D

-

blﬁbbtﬁh.00.0.&0.00000t000tObbb.ﬁ...oblh.f.ootﬁ"b’oop’Q&...Qbhhh‘.&o..&
L B BN N N Y

-
Q..b.b..DOO.‘&.l&&..h.....bh..’ﬁlDIQ0.0DOOQt.t.lbb.hﬁ.o.GOO.:\b
.DQDG.Q‘O..ﬁOQHDOOQQ.....‘.’bl'&..’&.l.ﬁ.QODDDLQQOQQQGI.Q...&..bﬁ..‘.‘.

- a,s
OOQOQSbQQOQOottclpoootsoosQm.sobl.&..oubbuﬁoooo-DQQQQQQ--ocﬁsoﬁuss&.oocoonu;u
oynoLhooﬁobrhc’&.toooocshhos55000&000000&090.050.0000&;.otusltbsus.o&.ootbo4
..‘.......‘..ﬁ.....00.‘....‘...&..Q......p.‘....I.....QQ.Q.‘...*.‘“...Q..L‘
..‘I.-..‘b.I.‘..ﬁ.‘.....‘..‘l’..“...&...&...&..h..‘...h..’...b..“..ﬁ.." ]
..t..b.00&00’#.0&0#‘0.t"Qﬁ..bb..;......&h..’...Q............g..gﬁ......;g
ooto.hbotttbOtocsboooooO-tbtto‘DDOGOOtbbt&ooo.on&ooo.ochsttos.&ssﬁtb.to..&
00&00.bbltﬁoUQOOOGOOOO9OGOOhtoﬁbbb$000b50&000&o.!QO...o.oooo-buboﬁtooosoos
000.00‘.00&0t.Qo.soqvoooo..t.o.&ps;.o‘.b..s..o;.......oopogyys-.s.u;..m...

Gh-oooocot‘O.toootsﬁoos..h.ootbb0&0.&05“0...0&0.
&G*JQDOCOCQ0.0.&50‘&09..oohton&othooooob000.-ll

- h & l\&%;;;r....Q&Q’.D..‘h.”.ﬁhﬁ.’#..’..‘b
L K

L el R T R R N N R N S O N S S,

.Qﬁ..t“ﬁ‘;&;;;;.ﬁﬁ”ﬁ."ﬁ..ﬁh“..
* b & -t e Lan o B o S ot 3 Y

- b >
- &

i B I

+
*

PCT/US00/04818

FIG. 14



CA 02364241 2001-08-24

PCT/US00/04818

WO 00/50336

& ¢

* 4 & & & 0
$ & 4 & 4 4 &

&4 d 4

T
.// .oooc
4 Q/o/oo

N

* W, *

F2N

L) * 4 e

\\ (3N I IR I
Y. 4V X I I I N
o\o\oogo‘o
'Y AW AN NI N
W adasssesaee
e ¢ 4 o 4 0 b b o
4 a bo o bae
& & ¢ b 02
20 0k bt e b

[N I I B I B N

.\'
& & P I I I I I I

Ky

.\.ooo
4 ¢ ¢

45 ¢ 4 45 0 H
4 4 45 ¢ 8 3 b s
U I B I B I B
4 4 44 4 44
a0 a b b
‘T EEEERE

¢ o
.\
) 4 ¢ 6 ¢ 6 64 4 444

[ @

44 6 64 2t 4

o\sh\-.soocco-o
+ PR EEEEREEEEENN
*\s\&\&ﬁ&ttttttrt

$ o 5 5 b b

s A

Y &L
7,
>
¢\0\ dé 44 b bbb
o\\o o 4 6010 88000
k]
4

& 4 4 ¢ ¢ 0 a a s

4 YN EEREEEN)
\ & % %0 % 322 0 b
4 d &6 &3 03 34 » 42

4 d & ¢ ¢ ¢ 9% % & 443

d 4 44 44044002
.\o..s.oo.oooc.

¢+
®
c\\\o--.o.oooooo.
d L] ¢ & 4 d & 4 bbb

.\ooo.-.-.oooooo

® S0 0 4 ad 4 ddaes
[ B B R I I I I
[N B I B R R B I B B B R
4 4 ¢ 46 6469 20 0 08 aa

[ ] ¢ & 2 4 B ¢ 3 ¢ %3 0 0 0 4
;\......;;.....;;

7 G\G.L.-thbttocboo
é

d &9 & & ¢4 a a b o 4 a0

& & 4 0 % & A b a b b P baw e

4 ¢ ¢ 2 0 00 0 2 a4

RN EEE NN

d 63 02 ba s s ds s

0 0 0 04 4B s b oo
0 0 & 4 4 0@ 20 @ b b

® 9 & 4 43 & 2é b bt O 4

0 0 % ¢ 00 b b L bh A s

I EEREEEEEEEEEERE

& P o s b b S 6t £ 4 an

CEE B B B BN B B B R B N RN 2

& & 6 4 4 5 44 0 0s & ba

& J 4 4 64 4 % ¢ ¢8>0 4 o0
0/0 4 6 &4 4 %48 8% 04 6o

0/0 d & £ &6 & ¢ 39 3 & 42
N d 4 dadead i

“\

4 /QAQCO.......QA

IS BN IR N R

4 d da s adddii

S b s s b d e oo
¢4 4 444600840

4 ¢ 4 40 3 48020
4+ g ¢ ¢ 4 64443444

/./.t.a..ooooo

¢ 3 3 4 9 e b s e

* 4
ﬁ/ulﬁﬁoﬁoo¢;¢¢o
4
4

/&c.hﬁttttttt
W s 022868069

L 4 4 ¢ 4 45 5

~/~ PIPEP IR
L L 2

LN B

4 4 46 464 4 46 64

4 &

V.....O....Q

4

+
00
s 44

$ 46 & & 3 & 9 ¥ B

* 2 b o b 6 646 b 0

./oooooooooooo
odlooooooooo.

\

NN dg bbbt b daaa
S A EEEEEEEEY]

N

L »

&

*
+
&
\

4 @4 » & 568 &3

& % 4 ¢4 4 &4 as

4+ 4 4 =

a & 4 4 & 9

*» 7 94 4 4 4 4 4 4

¢ 2 % 0 4 4 a0

¢ 4 4% 8 a2 ah 4

N Y1

0/0 ¢ 4 ¢80 080
./oﬁ
.

N\

4 40 0200 00
44 4 d 4 ddd Qi

4 % 3 4 4 44 4o
e 4 4 4 4 4 d 4
4 ¢ 4 % 9 0 &0

A A N
¢ 3 4 44 04
AT

44 a 4 4aa

4
> *® 4 40 a0 &
*

FIG. 15

LI BE BN BRI B B AN

d & 4 P 3 0,0 0

¢ & ¢ as

4 éd s s éd
¢4 568648 8fm s
" EERE IR N
4 4o dédédd it
b4 60444yl

*

N EEEEEER)
¢ 6 54 4 6 40
B EEEEREEE) 4 &
20 6 6 64 & 4%
oooo.oo’o

e & 3 4 0
d 44 4 414
U B B I

s 4aa
4 4 4 4

¢ ¢
4

.,....\...

SN

444 44
4 40 00

4 4 a0 ¢ a
4 b d e 4

4« 4 89 44
B
*

*
o‘oooo

P IR
'EEEEE
"EEEE

4 4 4 44443

d 444 4da4d4

Yy W
22 6 6 64 4

* e
oe/sscosea
4 4 43 44
434444443
¢4 4 0440

é

so s 40

* s ot 0 e

® 9 24 040

aNg e s s aa
Hﬁooo.ooaa

R "EEEREEE

4 44 4 424
e« N o0 b 4a

4 o
4 2
¢ 3 &
s 00 4
4 ¢ 9 4 4

....;..l...
d & 4 & 4 4 2
«a 4 4 ¢ 0

'FERE K. é i

"WEEEEREEREE,
s’ooooo.

d 4 b dbd
T3 N R

-.-.-.-...‘0&%
cas e N o

46 463 4

& »

4400y
d a4 ¢ 434

L

¢ b é 4 449

]
[ )

e 5 & 4

é 4 4

¢ 4440
aZa s oo

b @

t//.. h &4

. o0 0 44

EEEERL N

* a b &P
a6 b bd

¢ 4 44
¢ 4 0 s
¢ ¢ 4 0

¢ &4 4 4 4 [ ]

® & § & 4 & 4

® 9§ 4 a # ]
4404 d )
e e o 0 a &

é 4 2 u e L I ) ]
& & h 4 4 40 0 *
* * 0 40
¢ & % 0 0
' N
a & » %
00000\0
d & 4 2 L N
4
)
[ ]
b
4 0
[ I B B I * +*
& 4 4 0 b é L ]
& & &a » 9 L ]
d & &0 ¢ 40
td 4+ 443 4
b H 4 60 0/
> e 5 5 &
* & o 4 0 L ] L ]
$ & 6 & ¢ * ¢ »
B 4

o.t.tt/ﬁ.
'Y EEREY R

s 64888V

* & 4 &0

&

144 444
4d & ¢ o
G

4 444

FIG. 16



e . s S

70



	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 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - abstract drawing

