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HOLLOW TIRE AND METHOD OF MAKING SAME

CROSS-REVERENCE TO RELATED APPLICATIONS
TREEEN This application claims priority to U.8. Provisional Patent Application Mo, 62/698,514

tiled on July 16, 2018, the entirely of which is incorporated herein in its entivety by reference.

BACKGROUND

HEEIP The present disclosure relates to the fleld of tives and wheels. Mote specifically, the

present disclosure relates to hollow tives and wheels, ncluding tires and wheels for planting and
agricultural equipment and implements.

{6063} Tives for wheels are generally known in the art. A tire is a ring or annular-shaped

covering that fits arcund a wheel to help protect the wheel and enbance wheel and overall machine

=

or vehicle performa

{60641 Tires for use with planting equipment are also known, These tives improve cerfain
performance characteristics. More specifically, in *no-till” planting cquipment, gauge or sceder tire
f 3 ; P

and wheels are used, for example, to help ensure a seed is planted at the correct depth. Such seeder
tires are generally provided on narrow gauge wheels.

IS Referring to FIG. 1, an example of a portion of prior ant no-till planting equipment is
Hlustrated. More specifically, sn example of a portion of a prior ant no-till planting

apparatus 188 using a seeder wheel 102 (s itlustrated. Planting equipment 188 includes a planter
aro 184, An opener gauge wheel or dise or knife 186 may be coupled w planter arm 184, Disc or
knife 186 is provided to engage and open soil, creating a furrow for the receipt of seeds. seedlings,
or other plants to be planted by no-till planting cquipment 188, Planter arm 164 may also include a
pressure adjustment arm 188 for adiusting the down pressure in which dise or knife 166 may
engage sotl to generate consistent seed plagement,

{60846} A seed firming wheel 118 may optionally be coupled to planter arm 184, Seed firming
wheel 118 may be configurod to gently pack a seed, seediing, or other plant 1o be planted at the
bottom of the furrow oreated by dise or knife 186, A packer wheel 112 may be coupled to planter
arm 184 in order to help close the furrow afler seed placement. A depth control assembly 114 may
be coupled to planter arm 184 and provided to make depth adjustments to seeding depth.

{BH87) A seraper 136 may be provided on a first side 1318 of disc 186, Scraper 116 may be
coupled to planter arm 184 and be provided to protect against plugging, while additionally acting

as a seed boot, creating a shelf 1or accurale seed placement in the furrow. Seader wheel 182 may



WO 2020/018450 PCT/US2019/041859

be provided on a second side 126 of disc 106, Seeder wheel 182 carries a known seeder
tive 122 which engages or rolls over the soif or ground. In addition, seeder tive 122 contacts

second side 128 of disc or knife 1886, creating a cleaning action o factiitate removal of debris
deposited on disc 186 (e.g., during planting operations). Known seeder tire 122 is a solid tire.
8T Due to requirements during no-till planting, typical traditional commercial gauge or
seeder tives are snhid tires. This ts largely due to wear requirements of such thrgs in no-till planting
equipment. For example, gauge or sceder tire 122 geverally has to withstand abrasive wear as it
rides against metal dise or kaife 186 configured to create channels or furrows for the receipt of seeds.

al
'
¥

As indicated above, gavge or seader tive 122 typically also has a secondary functionality of wiping
r cleaning material {e.g., dirt, mud or debris) buildup on metal disc or knife 106 during no-tili
planting.
M9 Gauge and seeder tire 122 is alzo subject to toughness and coarsengss of ¢rop stubble,
often due 1o gevetic modification. Therefore, tire 122 is typically solid to withstand greater cut and
fear conditions, as solid tives are known to tolerate or withstand such conditions.
{B0I8]  Howaever, selid tires have certain disadvantages when used in comection with planting
and agricultural equipment. For example, solid tives are unable to absorb trregularitios in the ground
over which the solid tire travels. Instead, solid tives experience a reactionary foree in a direction
other than the direction of travel, This results in transfer of force throughout the planting or
agricublural equipment caused by irregularities in the ground. This may lead to wear and/or damage
of the planting or agricultural equipment.
10611} I no-till planting equipment, this may also lead 1o a seed being planted at an incorrect
depth. In addition, solid tires require more material due o the solid nature of the tire, which also
increases tire mass and associated weight,
{2 Accordingly, hollow tires are also used, A known hollow channel tive 281 i3
Hlustrated in FIGS. 2-4 and disclosed in U8, Patent Mo, 9,642,454, the entirety of which is
incorporated herein by reference. Such a hollow chanmnel tire 281 can better absork rregularities in
the ground compared to solid tives, thereby better avoiding equipment damage, and leading to
more consistent seed planting depth. In addition, such a hollow channel gauge or seeder tire 201
iends to be lighter and require less material. In addition, such a known hollow channel tire 281
also tends to provide improved deflection on the fire crown in the radial direction, which can be

advantageous over solid tires in effectively “shinging”™ mud, dirt and debris from tive 201 during

use {e.g., in muddy or less than ideal weather conditions for seeding).
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JO61 3 Seeder wheel 123 carries sseder tive 281, Seceder tire 201 assists in the removal or
cleaning of dise or kuife 186 by facilitating removal of debris deposited on disc or kyufe 186 {e.g.,
during operation or, more specifically, planting operation).
4 FI(S. 3-4 turther iHustrate known seeder tire 281, Known seeder tire 281 meludes or
defines a hollow, open channe! 283 provided within seeder tive 201, Hollow channel 283 is
detined by a first sidewall 283 separated or spaced from a second sidewall 287 by a contact
arga 209, Contact area 209 or more specifically, a contact surface 218 of contact arca 289, is
pravided to contact the ground, soil, or other surface over which seeder tire 281 rolls or is adapted
or configured to roll. Opposing mounting vims 211a, 211b may be respectively connected to first
sidewall 288 and second sidewall 267 1o facilitate mounting upon a wheel rim.
IEEEIEH Hollow channe! 283 advantageously reduces tire mass, and redunces the amount of
material necessary to manufacture the tive, relative {o known solid tires. The lighter, reduced mass
struciure also advantageously offers ease of handling and reduced tractor foading.
D01 6] A dise contact portion 217 may include an amoont of tre material which extends
approximately perpendicular fo and projects away from second sidewall 287 and/or trom hollow
channel 283,
{8017 Referring again to FIG. 2, disc contact portion 217 15 adapted or configured to contact
or nearty contact dise or knife 186 of no-tl] seeder 108, Thus, as seeder tire 281 rolls, disc or
knife contact portion 217 provides a wiping or cleaning of material buildup on disc or
knife 16 {¢.g., during olanting).

SUMMARY
(8] it has been determined that known hollow chansel designs may offer or provide less
thant optimal deflection between sidewalls 208, 287, and/or the mounting rims 211a, 21ih, in the
tateral direction. Less than optimal deflection can cause potential issues, For example, such less
than optimal deflection can lead to insufficient pressure or even separation of the tire from the metal
dise, allowing mud, dirt or debris to build up on the dise. In addition, such deflection can cause
gapping between the tire and the wheel rim o which it is mounted, allowing debris, dirt, moisture,
etc. to enter the hollow channel cavity of the tire. While a solid tire could help resolve some or all
of these deflection and debris issues, as discussed above, the solid tive has its own shortcomings as
it does not allow for optimal radial deflection on the crown of the tive, requires more material, etc.
HU M There is a need for a seeder or gauge tive design that allows for more optimal crown
deflection for seeding when the wheel is compressed against the ground, and offers material savings

and reduced weight, while providing improved rigidity between the sidewalls and/or more optinal

Lad
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sidewall strength during use to reduce unwanted lateral deflection, as well as more optimal puneture
resistance. There 15 also a need for a tive design that helps prevent elements such as yud, debris,
and moisture from entering hollow channel of the tire. There is alse a need for a simple design that
does not require secondary operations during manufaciuring to produce or assemble the tire with,
for example, many components, fasteners, or tosls.

jB24; Accordingly, a tire design is disclosed which has more optimal crown deflection for
zeeding but reduced lateral deflection when the wheel is compressed against the ground. In various
embadiments, the tire inchides a hollow design for material savings and reduced weight, while
providing improved rigidity between the sidewalls, more optimal sidewall strength during use,
and/or preventing dirt, debris, moisture, ete. from entering hollow channel of the tire. In addition,
the tire offers more optimal puncture resistance and may be manufactured without unneccessary or
anacceptable secondary manufacturing operations,
HMIZY Accordingly, the present disclosure provides a tire comprising: 2 {irst sidewall spaced
apart from a sccond sidewall, whereby the first side wall has a base portion and an opposing end and
the second side wall has a base portion and an opposing end; a contact member extending from the
opposing end of the first sidewall to the opposing end of the second sidewall; a bridging member
extending from the base portion of the first sidewall to the base portion of the second sidewall; and
a disc contact portion extending outwardly away from the contact member and/or second side wall;
whereby the sidewalls, contact member and bridging member define s hollow channel; and whereby
the tire is made of one or more urethane compounds.
{622} Accordimgly, the present disclosure further wrovides a fire comprising a continpous
chanunel tive defined by a bridging member, spaced apart sidewalls, and a contact member coupled
to a dise contact portion, said tire being formed by rotational molding of a urethane and configured
for mounting oy a wheel rim.
{3231 Accordingly, the present disclosure fuirther provides a tire comprising spaced apart
sidewalls coupled at a first end 1o a bridging member and at a second end to a contact member

oupled to a dise contact portion, said tire having a homogeneous ong-picce construction.
{68244 These and other features and advantages of devices, systems, and methods according to
this Invention are described in, or are apparent from, the following detailed descriptions of various
examples of embodiments,

BRIEF DESCRIPTION OF DRAWINGS

{8a25] Various examples of embodiments of the systems, devices, and methods according to

=

this invention will be described in detail, with reference 1o the following figures, wherein:
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3526} FIG. 1 is an isometric view of an example of a portion of a known no-till planter which
includes a known solid seeder tire;
BeI7] FIG. 2 i3 an isometric view of an example of & portion of a known no-till planter carrving
a seeder wheel, the seeder wheel having a known hollow channed sceder tire:
FEELERA S FIG. 3 is an isometric view of the known sceder tive lustrated in FIG, 25
{38 FIG. 4 ts an isometric view of a cross-section of the known seeder tire of FIG. 35
HI30] FIG. 5 s a cross-sectional isometrie view of a seeder tire, according to one or more
various examples of embodiments;
{0031} FIG. 6 1s a cross-sectional perspective view of a seeder tire, according o one or mare
various examples of embodiments;
37 FIG, 7 illustrates a graph of deflection testing of konown tives angd disclosed tires,
according to various examples of embodiments;
AR FIG. 8 ilustrates a graph of hollow-tip puncture testing of known tires and disclosed
tives, according to various examples of embodiments; and
10834}] FIG. @ itlustrates a graph of sharp-tip puncture testing of known tires and disclosed tires,
according to various examples of embodiments.
188351 it should be understood that the drawings are not necessarily o scale. In certain
instances, details that are not necessary to the understanding of the invention or render other details
difficult to perceive may have been omitled. It should be understood, of course. that the invention
is not necessarily Hited 1o the particular embodiments ihustrated hevein.

DETAILED DESCRIPTION
188361 Referring to FIGS, 5-6, various embodiments of a gauge or seeder tire for use on a gauge
or seeder wheel in planting equipment, including no-till planting equipment, 1s disclosed. While the
disclosure may specifically reference no~till planting equipment; however, #t should be appreciated
that the seeder tive may be used in association with other equipment, including other planting and
agriculiural equipment,
138371 it should alse be appreciated that, while seeder tives are disclosed in greater detail herein,
the tires and methods disclosed herein have broader applications and could be applied 1o other
special, narrow gauge andfor small size tives such as rally tires, motoreyele tives, bicycle tives, fork
11 tires, wheel chair tires, and the like, or larger tives incloding tires for passenger cars, tracks, buses
and the Like.
{3838} Referring more specifically to FIG. 5, a seeder tire 388 {c.g., semi-pneamatic seaded

tire) 1s provided acvording to various oxamples of embodiments. In various embodiments, seeder
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tive 38¢ inclades a first sidewall 385 and a sccond sidewall 3180 In various embodiments, first
sidewall 388 includes a base portion 318 and an opposing end 328, and first sidewall 308 includes
an L-shaped cross-section between base portion 318 and opposing end 328, In various embodiments,
second sidewall 319 includes a base portion 328 and an opposing end 338, and second sidewall 318
includes an L-shaped cross-section between base portion 3235 and opposing end 338, In various
gmbodiments, opposing end 328 of first side wall 385 and opposing end 338 of second side wall 318
are comected or coupled by a contact member 338, In various embodiments, tire 348 §s one pigee
or a single piece fire. In various embodiments, base portion 318 of first side wall 30§ and base
portion 328 of second side wall 314 are connected or coupled by 2 base or bridging member 346,
[B83%] In wvarious embodiments, contact member 335, or move specifically, a contact
surtace 345 of contact member 33§, is provided 1o contact the ground, soil, or other surface over
ich seeder tire 30€ rolls or is adapted or configured to roll. In various embodiments, contact
member 335 ts semi-circular in cross-section and extends, along with second sidewall 318, to a dise
contact portion 350 adapted or configured 10 engage a planting disc and/or wipe or clean the dise
while also fncreasing sidewall 310 abraston resistance. Disc contact portion 338 may fnclude a disc
or knife contact surface 355, A tapered. scalloped, or contourad portion 368 may lead from contact
member 335 to disc contact portion 358, The disclosed structure has various advantages, including
better tive wear hife. as tapered portion 368 way allow for a chanuel of buffer material during disc
wiping or cleaning, delaying contact with other portions of tire 308
40 i various embodiments, the seader tire {and/or the sidewalls and bridging member) also
includes a mounting or wall structore configured to allow for the tive to be wounted to a wheel rin
and more specifically a sphit-rim wheel.
0041} Seeder tire 308, according to various embodimments, substantially self-defines a holiow
tire structure, cavity, or channel 3658, {n various embodiments, secder tive 388 is ong-plece, and
contact member 335, sidewalls 388, 318, and base member 348 substantially or fully define a selt-
enclosed or substantially self~enclosed hollow or mostly hollow cavity or channel 368,
{80421 In vartous embodiments, seeder tre 380 cludes or defines selfenclosed or
substantially self~enclosed hollow or mostly holiow channel 368 provided within seeder tire 386, In
various embaodiments, channel 365 is tubular, In various examples of embodimants, hollow channel
365 is o tube defined by first sidewali 383 separated or spaced from second sidewall 318 by contact
member 335 and bridging member 348, Holow channel 363 {(and thermoset or thermoplastic

solyarethane compound as discussed below) individoally and collectively have various advantages,
« o
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incloding reduced or more optimal tive 388 mass. The reduced or optimal tire mass leads to reduced

cost, increased ease of handling, and redoced equipment loading.

HH043] Seeder tire 388, according to vartous embodiments, further includes contact member
338 cross-sectional length o sidewall 388, 318 cross-sectional height aspect ratiofs) ranging from

about 3:2 1o $:1. The disclosed aspect ratins) increases tire wear life by reducing the concentration
of tire stress when the seeder tire flexes, and reducing or avoiding siress points which can cause tire
failure. Flexing of seader tire 388 may occur dus o contact of an brregularity n the ground over
which seeder tive 3080 rolls, Sidewalls 388, 31¢ also help maintain rigidity, further preventing tire
30¢ from collapsing when uneven terrain is encountered.

{8044} in varipus embodiments, tire 300 is a substantially selfsupporting one-piece now-
preumatic hollow gauge tire defining 4 fully self-enclosed holiow or primanty bollow area 368 or
wubular area separated or offset from outside surfaces, such as contact surface 348, with material
having an offset thickness in range of at least 223 inches to .4 inches. In various embodiments, tive
300 has an offset thickness in range of at least .25 inches to 375 inches. In various embodiments,
the tire has an offset thickness of at least approximately, or approximately, 3125 inches. Having an
otfset between hollow area 368 and outside surfaces of wheel 368 with the disclosed thickness
prevents sidewall 363, 318 coliapse by better optimizing stdewall 308, 318 stiffness. In various
embodiments, base or bridging member 348 also helps provide more optimal sidewall stiftness. For
example, base or bridging member 348 provides support between sidewalls 343, 318 {and/or base
portion 318, 325 of sidewalls 388, 318) and prevenis excess or undesired deflection between
sidewalls %, 318, and/or base portion 318, 325,

[3045] In various embodiments, bollow or tubular channet 363 includes a variable, tapering, or
increasing channel width, distance or dimension between an troier surface 378 of fivst sidewall 385
and an inner surface 378 of second sidewall 318, More specifically, in various embodiments, the
widih of hollow channel 365 generally increases across chanpel 365 when traveling from bridging
member 348, or from contact member 335, towards a central axis 398 of tire 380.

18046} in various embodiments, hollow channel 368 includes a variable. apering. or increasing
channel height, distance, or dimension between an inner surface 388 of contact member 335 and
inner surface 385 of hase or bridging member 348, More specifically, in various embodiments, the
height of hollow channel 365 gengrally increases across vhannel 368 when traveling from sidewalls
305, 316 toward central axis 398 of tire 300,

{847 In various examples of embodiments, hollow channel 368 advantsgeousty reduces tire

308 mass, and reduces the amount of material necessary 1o manufacture tire 308, relative to known

~3
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solid tires, while providing lmproved rigidity and sidewall 385, 316 strengih relative fo known
hollow channel tires without any bridging member. The lighter. reduced mass structure may also
advantageously offer ease of handling and reduced tractor loading.

{348} As discussed above, tapered or contoured portion 368 may be provided to connect or
couple dise or knife contact surface 385 with contact member 335 and/or second sidewall 314, In
various embodiments, an ouiside diameter of tire 309 af tapering portion 386 negrercontact arca 338
is greater or larger than an outside diameter of tire 388 further from contact area 335 or toward dise
or knife contact surface 388, Disc contact portion 388 may be provided on or near second sidewall
38¢ & an end portion of tapering portion 368 furthest from contact surface 38 In various
embaodiments, disc contact portion 338 includes an amount of tive material which extends or projects
away from second sidewall 318, Further, In varicus embodiments, dise contact portion 358 projects
away from hollow channel 365, In various embodiments, disc contact portion 38§ and/or dise or
knife contact surface 3385 is adapied or configured fo contact or pearly contact a dise or koife of a
no~till seeder. Thus, in varions embodiments, as seeder tire 388 rolls, disc or knife contact portior

358 and/or contact surface 338 provides a wiping or cleaning of material butldup on the disc or knife
{e.g.. during planting). I addition, it is not atypical for the tire material of disc contact povtion 388
to wear away or decrease over a period of tme of use, due o contact with the disc or knife or soil
{e.g., during planting). Accordingly, in various embodiments, dise contact portion 358 s provided
with suffictent material to allow for acceptable wear over time.

13048 Hollow channel 365, bridging member 348, and contact member 338 thickness of tire
366 at or about contact surtace 343 may belp reduce stress points which could coiiapse, damage or
otherwise modify tire 368 during its life or use, while helping maintain sufficient wear strength of
the contact surface with the ground.

EEB in various embodiments, and reforring now 1o FIG. 6, a tive 408 (e.g.. semi-pheumatic
tire) having a self- or fully enclosed cavity 465 s manufactured and/or produced using a rotational
malding process.

1851 ] Referring more speeitically to FIG. §, a sceder tire 488 i provided according to various
examples of embodiments.  In various embodiments, seeder tire 488 includes a first sidewall 498
and a second sidewall 418, In various embodiments, {irst stdewall 485 includes a base portion 418
and an opposing end 428, and first sidewsll 468 includes an L-shaped cross-section between base
portion 415 and opposing end 428. In various embodiments, second sidewall 418 includes a base
partion 428 and an opposing end 438, and second sidewall 418 includes an L-shaped cross-section

between base portion 425 and opposing end 438, In various embodiments, opposing end 428 of fivst



WO 2020/018450 PCT/US2019/041859

side wall 483 and opposing end 438 of second side wall 418 are connected or coupled by a contact
member 433, In various embodiments, tire 488 13 one pilece or a single plece tire.  In various
embodiments, base portion 418 of first side wall 408 and base portion 428 of second side wall 418
are connected or coupled by a base or bridging member 444,
3052] In various embodiments, contact member 435, or more specifically, a contact
surface 445 of contact member 438, is provided to contact the ground, soil, or other surface over
which seeder tire 488 rolls or is adapted or configured 1o roll. o various embodiments, contact
member 4358 is semi-cireular in cross-section and extends, along with second sidewall 410, to a disc
ontact portion 458 adapted or configured to engape a planting disc and/or wipe or ¢lean the disc
while also ngreasing sidewalt 418 abrasion resistance. Disc contact portion 458 may include a disc
or knife contact surface 488, A tapered, scalloped, or contoured portion 460 may lead from contact
member 438 1o dise contact portion 486, The disclosed structure has various advaniages. inchuding
better tire wear life, as tapered portion 468 mayv allow for a channe! of buffer material during dise
wiping or cleaning, delaying comtact with other portions of tire 408.
§€P{§f€3§ In various emboediments, the seeder tive {and/or the sidewalls and bridging member) also
welodes a monnting or wall structure configured to allow for the tire to be mounted {0 a wheel rim,
and more specifically a sphit-rim wheel.
1541 Seeder tire 488, according to various embodiments, substantially self-defines a holow
tire structure, cavily, or channel 485, In various embodiments, seeder tire 400 is one-piece, and
contact member 435, sidewalls 408, 418, and base member 448 substantially or fully define a self-
enclosed or substantially seif-enclosed holtow or mostly hollow cavity or channel 468,
{8855] In vartous embodiments, segder tive 408 imcludes or defings scif-enclosed or
substantiaily seifeenclosed hollow or mostly hollow channel 488 provided within seeder tive 438, In
various embodiments, channel 465 s tubular. In various examples of embodiments, hollew channel
465 15 a tube defined by first sidewall 483 separated or spaced from second sidewall 418 by contact
mernber 438 and bridging member 448, Hollow channel 468 (and thermoset and/or thermoplastic
potvurethane compound as discussed below) individually and collectively have various advantages,
including reduced or more optimal tive 460 ;mass. The recuced or optimal tire mass leads to reduced
cost, increased ease of handling, and reduced equipment foading,
{30561 Seeder tire 408, according to various embodiments, further includes contact member
433 cross-sections! length to sidewall 488, 418 cross-sectional height aspect ratiofs) ranging from
about 3:2 to 5:1. The disclosed aspect ratio(s} increases tire wear e by reducing the concentration

ot tire stress when the seeder tire flexes, and reducing or avoiding stress points which can cause tire

e
Sl
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fatlure. Flexing of seeder tive 488 may occur due to contact of an irregularity in the ground over
which seeder tire 408 rolls. Sidewalls 4088, 418 also belp maintain rigidity, further preventing tire
468 from collapsing when uneven terrain is encountered.

{8057 In various embodiments, tire 468 is a substantially self-supporting one-piece non-

pneumatic hollow gauge tire defining a fully self-enclosed hollow or primarily hollow ares 468 or

tubular area separated oy offset from outside surfaces, such as comtact surface 448, with material
having an offset thickness in range of at least 228 inches to 4 inches. In various embodiments, tire
488 has an offset thickness in range of at least 29 inches t0 375 inches, In various embodiments,
the tire has an oftset thickness of at least approximately, or approximately, 3125 inches. Having an
offset and/or average between hollow area 46% and outside surfaces of wheel 408 with the disclosed
thickness prevents sidewall 4838, 418 collapse by better optimizing sidewall 488, 418 stitthess. In
varicus embodiments, base or bridging member 448 also helps provide more optimal sidewall
stiffniess. For example, base or bridging member 448 provides support between sidewalls 488, 418
{and/or base portion 418, 425 of sidewalls 405, 418 and provents excess or undesived deflection
between sidewalls 408, 418, and/or base portions 418, 428,

{058] in various embodiments, holiow or tubular channel 465 includes g variable, tapering, ot
jncreasing channel width, distance or dimension between an inner surface 478 of first sidewall 463
and an inner surface 475 of second sidewall 418, More specifically, iy various embodiments, the
width of holfow channel 465 generally increases across channel 465 when traveling from bridging
member 448, or from contact member 435, towards a central axis 498 of tire 408,

{0059} In various embodiments, hollow channel 463 includes a variable, tapering, o increasing
channel height, distance, or dimension between an nner surface 488 of contact member 4338 and
inner surface 485 of hase or bridging member 448, More specifically, in various embodiments, the
height of hollow channel 465 generally increases acroas channel 465 when wraveling from sidewalls
408, 418 toward central axis 476 of tire 468,

{0068} In various examples of embodiments, hollow channel 463 advantageously reduces e
488 mass, and reduces the amount of material necessary to manufactire tive 488, relative to known
solid tires, while providing improved rigidity and sidewall 488, 41 strength relative to known
hollow channel tires without any bridging member. The fighter, reduced mass structure may also
advantageously offer ease of handling and reduced tractor foading.

HEESH it should be appreciated that the hollow channel does not need {o be continuously or

completely hollow. [n various embodiments, hollow channel 365/465 is primarily or sabstantially
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hollow. In various examples of embodiments, it may also be broken up into multiple hollow sections
by, for example, one or more gussets, walls, dividers, protrusions, ridges, etc.
el As discussed above, tapered or contoured portion 468 may be provided to connect or
coaple disc or knife contact surface 485 with contact member 438 and/or second sidewall 418, In
various embodiments, an outside diameter of tire 40§ at tapering portion 468 nearer contact arca 448
is greater or larger than an outside diamster of tive 408 further from contact area 448 or toward disc
or knife contact surface 488, Disc contact portion 488 may be provided on or near secoud sidewall
418 at an end portion of tapering portion 468 furthest from contact surface 448, In various
embodiments, disc contact portion 458 includes an amount of tire material which extends or projects
away from second sidewall 418, Further, in various embodiments, disc contact portion 488 project
away from hollow channel 463, In various embodiments, dise contact portion 43¢ and/or dise or
kaife comtact surface 455 is adapted or configured to contact or nearly contact a disc or knife of a
no-till seeder. Thus, in various embodiments, as seeder tire 480 rolls, dise or knife contact portion
458 and/or contact surface 458 provides a wiping or cleaning of material buildup on the disc or knile
(8., during planting). In addition, 1t is not atypical for the tire material of disc contact portion 458
1o wear away or decrcase over a period of time of use, due to contact with the disc or knife or soi
{e.g.. during planting). Accordingly, ir various embodiments, dise contact portion 458 is provided
with sufficient material to allow for acceptable wear over time.
{0063} Holow channel 468, bridging member 448, and contact member 433 thickness of tive
408 at or about contact surface 445 may help reduce stress points which could collapse, darmage or
otherwise modify tive 480 during is life or use, while helping maintain sufficient wear strength of
the comtact surface with the ground.
{64} According to various embodiments, the present disclosure also includes a process of
molding or rotationally molding 8 one-pigce, one laygr, tive or seeder tive, {n varions embodiments,
the tire is substantially bomogeneons. Howsver, the tive may be comprised of multiple substantially
homogeneous layers. The tire may also be comprised of one or more reinforced homogenous layers
{e.g., reinforcing material provided within ong or more homogeneous layers. The tire may be
manufactured of any material, such as a synthetic material for example. during a molding process
such as rotational molding. In this process a heated hollow mold is filled with a charge or shot
weight of material.  The tank is then slowly rotated (usually simultanecusly around two
perpendictar axes) causing the softened material to disperse and stick to the walls of the mold. To
achieve optimal and relatively even thickness throaghout the tive, in various embodiments, the mold

continues to rotate at all times during the hesting phase and 1o avoid sagging or deformation during

i
oot
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the cooling phase. The rotational molding process may be a high-temperature, low-pressure plastic~

D

e

forming process that uses heat and biaxial rotation {(Le., angular rotation on two or more axes) to
produce hollow, one-piece parts, The disclosed process does have distinet advantages, Rotational
molds are significantly cheaper than other fypes of molds. Very little material 5 wasied using this
rptomolded process, and excess material can ofien be re-used, making H a very economically and

environmentally viable manufacturing process.

REIHSS The rotational molding process may include three phases:
{065} i. Preparing and loading a measured quantity of synthetic material, such as a thermoset

or thermoplastic polyurethane compound, or a mixture of a thermoset or thermoplastic polyurethane
compound and one or more additives into a mold.

{8867} 2. Rotating the mold {e.g., biaxially} at predetermined RPMs until the compound or
mixture including the compound has sufficiently polymerized to retain the mold’s shape. The mold

may be heated and cooled during rotation.
e st

{B068] 3. Removal of the tire from the mold.
RIS During the process, the air temperature and the internal pressure in the mold may be

1

momniiored, allowing the tire to be removed from the mold at g time 1o achieve desirable properties
of the molded synthetic material.

{8676} The mold is typically clamped 10 a holding fixture, or spider, and mounted on
rotational molding eguipment. The rotational molding equipment simultaneously rotates the mold
about a major and minor axis. In various embodiments, the mold is manufactured from silicone.
Using the rotational molding equipment and a silicone back cast of a solid cross-section gauge
wheel, tire 380/480 molded a5 a single or one-piece tire, or as one piece of rolationally molded
material, may be produced. It should be appreciated, however, that the rotationally molded tire

may include multiple pieces {e.g., half tires, quarter tives, ete.). In addition, it should be
appreciated that the tire disclosed herein may be molded or otherwise produced in other ways such
as blow molding.

HIT1 By reducing the mass of the seeder tive relative to known solid tires through Introduction
of the self- or fully enclosed hollow channel, less material 1s necessary 1o manufacture improved
seeder tire. This also advantageously allows for use of a urethane compound as the manufacturing
material of which the seeder tive s made. The urethane compound is an engineered elastomer which
typically has a higher cost than commercial elastomeric material used in known tives but may be
made more affordable because of the overall reduction in needed material relative to known solid

fires.
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{8872 Tire 304, 400, accmdia&g to various embadiments, s typically manufactured for or with
one or more urcthane compounds (e.g, thermoplastic and/or thermoset polyursthane). compounds.
Polvurethane genevally has a preferable hardness, tear strength, elasticity. and specific gravity as
further described herein.  In various embodiments, the tire material offers fow surface energy.
reducing mud and material deposit on the tire. In various embodiments, the material also may
provide preforential wear characteristics for tire 388, 400 and expected or typical conditions.
16873} ln vanous embodiments, the polyurethans compound 1s 8 thermoset polyurethane, In
various gmbodiments, the polyurethane compound s a thermoplastic polvurethane. The compound
may be produced in a variety of ways (e.g., using a blocked catalyst, a blocked tsocyanate, and/or
blocked curative system).  In various examples of embodiments, the preferred polyurethane
compound for use in sgeder tire 304, 4890 preferably has a hardness of approximately &0 1o 100 Shore
A, and more preferably approximately 93 Shore A, In addition, i various cmbodiments, the
polyurethane compound preferably has a tear strength {in units of KN/m) using ASTM 1624 (Die
CY of approximately 100 to 150 kKN/m, and more preforably approximately 120 KN/m, and using
ASTM B-1938 (Trouser Tear) of approximately 30 to B0 kN/m, and more preterably approximately
65 kiN/m. In various embodiments, the polyurethane compound also preferably includes a 1%
secant modulas of 10 to 13 MPa, and more preferab’iy around 115 MPa. Further, in various
embodiments, the cured molded part has a specific gravity of 1.2 to 1.4 glee, and more preferably
around 1.3 gmi/ce.  In varicus embodiments, one or more other polyurethanes or other moldable
products {&.g.. polvoletin elastomers), or combinations thereof, such as a thermoplastic pobyurethane
may be utilized 10 produce the tive.

1744 in one or more examples of embodiments of seeder tire 388, 400 disciosed herein, one
or more additives may be introduced to the polvurethane(s) to adjust the surface energy. More
specificatly, one or more additives may be introduced to the polyursthane(s) to lower surface energy.
Examples ot such additives may include, but are not limited to, silicone pﬂi\»mers and/or
fluoropolymers.  An example of a commercially available silicone polymer includes DABCG I3C
sold by Alr Products and Chemicals, Inc. of Allentown, PA. An example of a commercially
available fluoropolymer includes DUPONT FLUOROGUARD sold by E. L du Pont de Nemours
and Company of Wilmington, DE.

{8875] In various embodiments, the polyurethane compound offers advaniages over traditional
materials used in solid tires. For exampie, the polyurethane compound may offer fow surface energy
which redyces material sticking to the tive thereby giving a cleaner and more consistent surface for

placing seeds in furrows. In addition, the polyurethane compound may offer improved abrasion,
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out, and tear resiatance, Improving the tire’s fongevity in applications pasticularly with genetically
modified erops. Further, in various embodiments, the polyurethane compound offers improved wear
charagteristios for the seeder tire to work m contact with the steel disc or kaife blade that produces
the furrow for seed planting.

HMIT6] in one or more examples of embodiments of seeder tire 388, 408 disciosed herein, one
or more additives may also be introduced to the polyurethane(s) (o improve tear strength. Examples
of such additives may include, but are not limited to, fiberglass, carbon fiber, or Keviar. In various
embodiments, the additive may comprise more than five percent but less than twenty percent of the
tire compound.

{077 The technical effects and technical problems in the specification are exemplary and a
not limiting. | should be noted that the embodiraents deseribed in the specification may have other
technical effects and can solve other technical problems and other advantages may also be oblained.
For example, the tires in various examples of embodiments can more optimally meet or exceed the
desired or known amount of wheel deflection and/or puncture resistant of various known wheels
{e.g., gauge wheels).

{0678] The following nonexclusive examples ilustrate features of the present invention

079 EXAMPLE L

RE R Testing was undertakien o better determine variation in deflection among a known
Amerityre brand hollow rubber tire for a gauge wheel, and a known solid TDI ester polyurethane
tire, having & hardoess of 93 Shore A, and the disclosed hollow tire 488 according to various
embodiments made using 3.5, 4, 4.5, and § pounds of MIM polycapolactone polvurethane matertal,
having a hardness of 93 Shore A, respectively. This testing was also undertaken to better understand
what material coroposition{s) may also help, hinder or prevent any excess mud packing on the gauge
whegl tire outside diameters. From the tost data, ® was determined that varying {e.g.. adding ar
subtracting} material used to make varicus erabodiments of the disclosed tires can vary the desired
amount of deflection. The varying cross-section and MD polveapolactons material had acceptable
deflection and great wear properties for the given application. An objective of the testing was fo
deflect various disclosed embodiments of hollow polvurethane gauge wheels and tives and compare
the data to the “benchmark” bollow rubber gauge whee! and tire. The resuits of the testing also
helped show which compound(s) or material(s) and cross section{s) will more optimally releass
packed on mud during operation.

{081} In the testing, all gauge wheels and tires tested were bolted 1o an identical stamped plate

split rim. The gauge wheels were then placed in an Instron brand compression testing apparatus and

ped
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run through a deflection program. The deflection test parameters wtilized are Hustrated in Table |
Axs indicated in Table 1, a Hwut was incorporated into the deflection program so that the Instron
testing apparatus would discontinug compression if g tire were to exceed ¥ deflection or at 10,000

b Due o the mothod of testing, the tire and wheel experienced deflection on the top and bottom

surfaces. The values recorded were 2 combination of deflcetion amounts for both sides/surfaces,
{8082} Table 1. Deflection Test Parameters

Max. Deflection 1727 %

incremental Deflection Riktii

Beflection Limit 3447

Load Limit 13000 6T
{80831 Using a known hollow rubber tire as a benchmark for testing, the disclosed hollow tire

I

designs demonstrated deflection values during testing that ranged from greater to less than that of

i,

for the bonchmark holiow rubber tire, indicating that deflection of various embodiments of the tire
diselosed herein may be varied based on the amount of material used in making the tire as, for
example, material amount differences help create different cross sections for the disclosed hollow
design. {See FIG. 7.

{60841 Based on this deflection festing, and as Hustrated 1 FIG. 7, the 4.5 pound hollow tire
disclosed herein tested comparable to the Amerityre brand hollow rubber tire with a difference of
about only 26.86 1bf force. However, in the field, optimal or desired deflection tends to vary by
application, and the tires and methods disclosed herein allow for tuning or adjustment of a tire’s
deflection as desired to produce a wheel that 1z more optimal for the user or application.

[008S5) EXAME

D86} Testing was also undertaken to better understand the amount of comparative force it

may take to puncture varions cross-sectioned gange wheel tires, including known tires and disclosed
embodiments. The testing was also undertaken to better understand how the disclosed embodiments
of polyurethane gauge wheel tives and wheels compared to a known rubber Amerityre hollow gauge
wheel and tire

1087} A holiow and a sharp-tipped device or fixture were each created to simulate g broken
soy bean stalk, and separate tests were conducted with each. The hollow or cupped tip testing resulis
indicated that the punctare resistance of the disclosed hollow tive designs exceeded that of the knows

rubber tivg by about 30 pounds of force. The sharp tip fest results indicated that, depending on the

A
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amount of material used in the disclosed tire design, the disclosed hollow tire designs were able to
withstand aboat 5-20 pounds of force more than the known Amerityre brand hollow rubber tire
tested. Boih sets of testing resulis indicated that the disclosed hollow tires will last as long as or
longer than known tives tested, under typical operating conditions.
{3888 The objsctive of the testing was 1o puncture various embodiments of the disclosed
hollow polyurethane gauge wheel tires and compare the determined punciure resistance data 1o a
known “benchmark” Amerityre brand hollow rubber gauge wheel tire. The results ot the testing
helped better determine which compound(s) and cross-section{s)y would more optimally endwe o
otherwise function in no-till planting conditions,
{8089} The first step in the testing was o determsine and set testing parameters. [t was
determined that one of the bigger concerns in typical gauge wheel apphication was soybean stalks
puncturing and tearing the gauge wheel tires, as it drastically reduces the wear life of known gange
wheed tirves. No-till planting s done over corn, sovbean, and cotton stalks., All of these stalks ina
no-till operation rapidly wear down known tives including the Amerityre brand rubber hollow gauge
wheel tives.
15098} For the testing, test devices or fixtures were designed and mamufactured to simulate a
seevbean stalk, Because typical stalks b the ficld are cither hollow or are left with a sharp point after
harvesting, punctuning test devices were designed and created to simulate a hollow and a sharp stalk.
{03 A base was also created on which to place the sample picce of gauge wheels was also
prepared. The base used was a 2.57 inside diameter tubg on which the parts sat for the testing. The

s

height of the base was 175 and thickness of the base material was 257, Test preces were cut from
an Arserityre brand rubber gauge wheel, a known solid TDI ester polyurethane tive, and 3.5, 4, 4.5,
5 pound embodiments of the disclosed tire design made using MDI polycapolactone polyurethane.
Except for the known solid TDI ester polyvurethane tive piece, a “window” was cut in the inside
diameter portion of each sample piece for testing the puncture resistance of the outside diamieter
portion of each sample.

{80921 After the sample pleces were prepared, the puncturing fixture and base were attached to
the arm and base respectively of an Instron brand compressor testing apparatus. A program was
developed for the Instron testing apparatus to incrementally press a test dovice into a sample piece
and retract once peak load was reached. If the puncture device were to travel 147, the progran
would have the arm retract to avoid damaging the test devices. The samples were placed on top of
the base fixture, the puncturing device was manually lowered to the sample, and the Instron program

was zeroed in order o calculate deflection depth, While the test program was running, materials
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deflection and puncturing were visible during the separate testing {e.g., using hollow & sharp
devices).
{6931 Each sample was punctured three times during both tests and, from that, an average

puncturing force was determined. While the sample was being punctured, the amount of deflection

of the material at the moment of punciure was also recorded.

{894 Referring now to FIG. &, the hollow tip test resulted in the TDH ester polyurethane sobid
whesel taking the highest load before puncture {51619 bf), followed by the disclosed five-pound
wheed (202.72 1bf}. Al tested disclosed tire embodiments abaorbed or tolerated wmore force than the
Amerityre brand rubber hollow tire before punciuring. Referring now to FIG. 9, the sharp-tip test

esulled i the fested solid TDI ester polyurethane wheel taking the highest load before puncture,

s,

followed by the tested disclosed hollow tire embodiments which did not make the full 757 detlection
but did require larger forees 1o puncture than the tested Ameritvre brand rubber tire which failed at
R0.82 b

1B0E] The results of the puncture testing indicated tha the disclosed embodiments of hollow
gauge wheel tires will more optimally withstand a no-tilt application compared to other known
holiow tires. In addition, the punciure testing indicated that the disclosed embodiments of the hollow
tives n a typical gauge wheel will tend 1o fast as long if not longer than known Amerityre brand’s
hollow rubber tires,

LRI

{3896] As utilized herein, the terms “approximately,” “about,” “substantially.” and stmilar
terms are intended to have a broad meaning in harmony with the common and accepted usage by
those of ordinary skill in the art to which the suhject matter of this disclosure pertains. 1t should be
understood by those of skill in the art who review this disclosure that these terms are intended to
atlow a description of cerialn featiwes desoribed and claimed without resiricting the scope of these
teatures 1o the precise numerical ranges provided. Accordingly, thess terms should be interpreted
as indicating that insubstantial or inconsequential modifications or alteratioms of the subject matter
described and claimed are considered 1o be within the scope of the invention as recited in the
appended claims,

{00971 it shouid be noted that reforences to relative positions {c.g., “top” and “bottom™} in this
description are merely used fo identity various elements as are oriented m the Figures. t should be
secognized that the orientation of particular components may vary greatly depending on the
application in which they are used.

{13981 Forthe purpose of this disclosure, the term “coupled”™ means the joining of two members

directly or indirectly to ong another. Such joimng may be stationary in nature or moveable in nature.

17
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Such joining may be achisved with the two members or the two members and any additional
ntermediate members being integrally formed as a single uritary body with one another or with the
two members or the two members and any additional intermediaie members being attached fo ong
another. Such joining may be permanent in nature or may be removable or releasable in nature.
{6089} it 15 also Important to note that the construction and arrangemeant of the system, methods,
and devices as shown in the vatious examples of embodiments is illustrative only. Although onlv a
fow embodiments have been described in detail in this disclosure, those skilled wthe art who review
this disclosure will readily appreciate that many modifications are possible (e.g., variations in sizes,
dimensions, structures, shapes and proportions of the various elements, values of parameters,
mouniing arrangements, use of materials, colors, ortentations, etc.) without materially departing
from the novel teachings and advantages of the subjoct matter recited. For example, elements shown
as fotegrally formed may be constructed of multiple parts, or elements shown as multiple parts may
be integrally formed, the operation of the mterfaces may be reversed or otherwise varied, the length
or width of the structures and/or members or connector or other elements of the system may be

varied, the nature or number of adjustment positions provided between the elements may be varied

{e.2

.., by variations in the number of engagement slots or size of the engagement siots or {ype of

engagement). The order or sequence of any process or method steps may be varied or re-sequenced
according to alternative embodiments. Gther substitations, maodifications, changes and omissions
may be made in the design, opersting conditions and arrangement of the various examples of
emmbodiments without departing from the spivit or scope of the present inventions.

{E14HE While this invention has been deseribed in conjunction with the examples of
embodiments outhined above, vartous alternatives, modifications, variations, improvements and/or
substantial equivalents, whether known or that are or may be presently foreseen, may hecome
apparent to those having at least ordinary skill in the art. Accordingly, the examples of embodiments
of the nvention, as set forth above, are intended fo be illustrative, not Bmiting. Various changes
may be made without departing from the spirit or scope of the invention. Therefore, the invention
is intended to embrace all known or garlier developed alternatives, modifications, variations,

improvements and/or substantial equivalents.
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We claim:

(o)

L

~3

CLAIMS

A tire comprising:
a first sidewall spaced apart from a second sidewall, whereby the first side wall bas a base

portion and an opposing end and the second side wall has a base portion and an

a contact member extending from the opposing end of the first sidewali fo the opposing
end of the second sidewall;
a bridging member extending from the base portion of the first sidewall o the base porlion
of the second sidewall; and
a dise contact portion extending outwardly away from the contact member and/or second
side wall;
wheteby the sidewalls, contact member and bridging member define a hollow channel;
whereby the tire s made of one or more urethane compounds.
The tive of claim 1, whereby the tire is formed by rotational molding.
The tire of claim 1, whereby the tire is made of one or more polyurethane compounds.
The tire of claim 3, whereby the tire is made of one or more thermoset polyurethane
compounds.
The tive of claim 1, whereby the tive is made of one or more thermoplastic uretha
compounds.
The tire of clatm 1, whereby the first sidewall, second side wall. contact member and
bridging member have varied thicknesses.
The tire of claim 1, whereby the first sidewall, second side wall, contact member and
bridging member have thicknesses of at feast 31235 inches.
A tire comprising a continuous chasne! tire defined by a bridging member, spaced apart
sidewalls, and a contact member coupled to a dise contact portion. said tire being

19
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s
Lot

14,

formed by rotational molding of a polyurethane and configured for mounting on &
wheel rim.

The tire of clainy &, whereby the tive comprises one or more urethane compounds.

The tive of claim B, whereby the tire comprises one or more polyurethane compounds.

The tire of claim 9, whereby the tire comprises a thermoset polyurethane compound.

The tire of clatm 9, whereby the tire comprises one or more thermoplastic urethane
compounds.

The tive of claim 8, whereby the first sidewall, second side wall, contact member and
bridging member have varied thicknesses.

The tire of claim 8, whereby the first sidewall, second side wall, contact member and
bridging member have thicknesses of at Ieast 3125 inches.

A tive comprising spaced apart sidewalls coupled at a first end o a bridging member and
at a sceond end {o a contact member coupled to a disc contact portion, said tire having
a homogeneous ong-picce construction.

The tiee of claim 15, wherchy the tire is formed by rotational molding of one or more
urethane compounds.

The tire of elaim 16, whereby the tire comprises a thermoset polvurethans compound.

The tive of claim 16, whereby the tire comprises a thermoplastic urethans compound.

The tive of claim 15, whereby the first sidewall, second side wall, contact niember and
bridging member have varied thicknesses.

The tire of claim 15, whereby the first sidewall] second side wall, contact raemsber and

bridging member have thicknesses of at least 3123 inches.

2
i
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FIG. 9



	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings

