TRACK SHOE ASSEMBLY FOR CONTINUOUS TRACK VEHICLES CROSS-REFERENCE TO
RELATED APPLICATIONS This application is related to, and claims priority from, United States
Provisional Application Serial No. 61/172,755, filed 26 April 2009, and United 5States Application
Serial No. 12%601206%iléd 30 December 2009, the disclosures of whiclramtisersginmorporated by
reference. STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH Not Applicable.
BACKGROUND OF THE INVENTION 10Continuous track vehicles (also known as 'track laying"
vehicles) are well known and widely used. The present invention relates to such vehicles and has
particular applicability to military tanks. The construction of military tanks and their tracks is well known
and is described for example in Cory, U.S. Patent No. 4,765,694, Kent, U.S. Patent No. 6,080,493,
Soucy et al, U.S. Patent No. 15 7,416,266, Gonzak]—,\z U.S. Patent No. 7,445,299, and Touchet et al,
U.S. Patent No. 5,264,290, the disclosures of all of which are hereby incorporated by reference.

Briefly, a miltary laniriyRise SHBE WM YR CORANBBHLACKIVE MRS, Each lrack has a

road-engaging side and an inner si es a 20 set of road wheels, as well as a drive
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BACKGROUND OF THE INVENTION
10 Continuous track vehicles (also known as “track laying” vehicles) are well
known and widely used. The present invention relates to such vehicles and has
particular applicability to military tanks. The construction of military tanks and
their tracks is well known and is described for example in Cory, U.S. Patent No.
4,765,694, Kent, U.S. Patent No. 6,080,493, Soucy et al, U.S. Patent No.
15 7,416,266, Gonzalez, U.S. Patent No. 7,445,299, and Touchet et al, U.S. Patent
No. 5,264,290, the disclosures of all of which are hereby incorporated by
reference.
Briefly, a military tank typically inciudes two tracks, one on each side of the
vehicle. Each track has a road-engaging side and an inner side which engages a
20 set of road wheels, as well as a drive sprocket at the forward or rearward end of
the vehicle, an idler wheel at the other end of the vehicle, and support roliers
along an upper reach of the track above the road wheels. The frack itself is
formed of track shoe assemblies. Each assembiy typically includes two track
shoes, spaced laterally from each other and separaied by a center guide which
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guides the track around the road wheels, drive sprocket, idler wheet and support
rollers. Each track shoe carries an elastomeric inwardiy-facing road wheel pad
bonded to its inner face and an elastomeric outwardly-facing road pad removably
mounted to its outer face. The pads are generally rubber, although composite
pads have also been proposed for the road pad.



25 guides the track around the road wheels, drive sprocket, idler wheel and support rollers Each track
shoe carries an elastomeric inwardly-facing road wheel pad bonded to its inner face and an
elastomeric outwardly-facing road pad removably mounted to its outer face. The pads are generally
rubber, altho&¢h aeripe™ite pads have also been proposed for the road padiuszeiézaehsirack shoe
assembly also includes two pin assemblies extending laterally across and beyond the track shoe
assembly. The pin assemblies hold the two track shoes of each shoe assembly together in alignment
with each other, and the ends of pin assemblies of adjacent shoe assemblies are 5 connected by end
connectors. In one modern arrangement, the center guide is mounted on the pin assemblies of
adjacent shoe assemblies, so that a projection part of the center guide straddles adjacent shoe
assemblies, rather than being centered between thetrack shoes of a single shoe assembly. Although
metal bushings have been used in tractor-type continuous track vehicles, as described 10 for example

by Wright, U.S. Patent:hg, §£¢k3353§ aé«remwgrw%ﬁegwmﬁleésw@f ﬁ ganks, have
used rubber bujﬁ?ﬁgﬂ\‘ In a military tank or the like, each pin assemb udes a hollow pin in the
il

form of a steel RSEPEtIANS reoes |¥§e\/6@8ﬁtgn9ﬁrI"t‘ﬁﬁ@rf’ﬂbfber%gﬁﬁﬁﬁeé‘?@“%m% to the
exterior of the pihe Bandiagkisstypizallygaaidaced bysenedsidngdibhanéldatigrihermubhiereanto the pin, and

then vulcanizing,he ruRer-Ehg aumitennf hushingsshawndn e natent Jtetatireds ggnerally two:

one for each track shoealsgrfractrce seven rubber ‘donuts" are bonded to the pin for each track shoe,

giving fourteen FOREFERMNIFGS RSBEER Bin AL¥SnBRISI AHAIERGEMEIR SHHRLOHPR Btz, U.S. Patent
No. 2,430,573. THigrerherythaem sdkandibe stiblliertot 2bemsyarebbcansbspacadbiagantdly (axially of the

pin) when the pig.assemblieindpinrsbiniuthifeshps.Asse il a&@ﬂrﬁrb‘eemﬂé\Vﬁ%OQé}H% has a nominal

hardness of about 75A on the Shore hardness scale before it is compressed by about forty percent
when pushed inf§ TEeAPEIESSI IS Rk SABBSZSBrBRIe RIeSFrese il viir LIS YRS B pin into the
shoe assembly keighirgs batttirpgetoLfy- trmrwazaipmcﬁtmnwrﬂy:yelarﬁemblesarmdwasstalbgbt that, "Such

compressiqp Myst keswficispt # it (here r%r@ﬂ;r%at'@eh@twnrékg g outer sleeve
portions or the prgwﬁon bendr he track during use.” (Cory, U.S. Patent No 4 840 438 at col. 2,

lines 9-12). This" ﬁ’esﬁ‘lgb?? }%@ (RS BRYRVE R HRAR HORE S veen [between the pin and the
track shoe] along the leregthilitgrihieninr3badkensahhigicensatiol nyletrstc idfoymiatiothef the resilient

bushing.” (Id. atsgeh of a steel shaft drilled out to reduce its weight. Multiple rubber bushings are
bonded to the exterior of the pin. Bonding is typically produced by injection

15 molding the rubber onto the pin, and then vulcanizing the rubber. The number of
bushings shown in the patent literature is generally two: one for each track shoe.

In practice, seven rubber “donuts” are bonded to the pin for each track shoe,
giving fourteen rubber bushings for each pin assembly, in an arrangement simitar

to Krotz, U.S. Patent No. 2,430,573. This arrangement allows the rubber io

20 compress and spread laterally (axially of the pin) when the pin assembly is forced
inio the shoe assembly. The rubber conventionally has a nominal hardness of
about 75A on the Shore hardness scale before it is compressed by about forty
percent when pushed into the sleeve of the track shoe assembly. The force
required to push the pin into the shoe assembly requires a thirty- to fifty-ton

25 press. For many years, the art has taught that, “Such compression must be
sufficient so that there is no rotation between the bushing and the outer sieeve
portions or the pin upon bending of the track during use.” (Cory, U.S. Patent No.
4,840,438 at col. 2, lines 9-12). This arrangement insures that “relative rotation
therebetween [petween the pin and the track shoe] along the iength of the pin

30 assembly is controlled by elastic deformation of the resilient bushing.” {!d. at col.



-3- 13, lines 41-43). Because the rubber bushings are bonded to the pin, there has been no need to
machine the pin to close tolerances, and the pin may have a variation in diameter of as much as 0.5
mm (0.020) and may deviate substantially from being linear.Conventional pin assemblies incorporating
5compressedvoushivigsage disclosed in Knox et al, U.S. Patent No, 1,955 TAE2¢ian#3348.S. Patent No.
1,973,214, Knox et al, U.S. Patent No. 2,089,210, Knox, U.S. Patent No. 2,301,954, Saurer et al U.S.
Patent No. 2,332,976, Krotz, U.S. Patent No. 2,430,573, Reynolds et al, U.S. Patent No. 3,357,750,
Huhne et al, U.S. Patent No. 4,139,241, Fix, U.S. Patent No. 4,165,906, Ruddell, U.S. Patent 10 No.
4,195,887, and Wiesner, U.S. Patent No. 5,749,634, the disclosures of all of which are hereby
incorporated by reference.  Cory, U.S. Patent No, 4,840,438, discloses that the extreme
compression required by the conventional compreé%‘ed bushings creates assembly problems and also
"results in a greater resistance to the required bending during use and a 15 consequent greater power

requirement for giving; ofthe)assaciatednehisler JRmAleAisorablon Heqin MRidsArd bonds the
rubber bushing in situ to the pin and to aé)alr of sleeve SCFTCIIOI”IS havmgga(égosﬁmmngqyﬂange which fits

into a groove in Re"2R JGaTe] (MAdk SR JBARIB AT BRL ﬁ{@qgeéoﬁ{ﬁir B8N 88 And pressed

into the shoe asswiifEly. Thelbarajer apd groovepreseftrotatioIZY) thedpimassessiale with respect to
the shoe assemy|ysihiarghy AshrBrgNYHEIRUVE IRIEIG R the PR aheLEROG S ek algd by elastic
deformation of the rubber. %?‘%ES arrarnggénfjnt, h?wever, ad s ﬁﬁ%rcwsljjdttaral:;}gocorcrs}gIS(?%dst}/s and additional
manufacturing reJIFETER S HINED &L BEERR RN iitIRa S et B tHE rd ek
Lamb, U.S. Patent No. 1,873,214, Knox &t al, U.S. Patent No. 2,089,210, Knox,
U.8. Patent No. 2,301,954, Saurer et al U.5. Patent No. 2,332,876, Krotz, U.S.
Patent No. 2,430,573, Reynolds et al, U.S. Patent No. 3,357,750, Huhne et al,
U.S. Patent No. 4,139,241, Fix, U.S. Patent No. 4,165,906, Ruddeli, U.S. Patent
10 No. 4,195,887, and Wiesner, U.S. Patent No. 5,749,634, the disclosures of all of
which are hereby incorporated by reference.
Cory, U.S. Patent No. 4,840,438, discloses that the extreme compression
required by the conventional compressed bushirigs creates assembly problems
and also “resulls in a greater resistance 10 the required bending during use and a
15 conseguent greater power requirement for driving of the associated vehicle.” To
solve this probtem, Cory molds and bonds the rubber bushing in situ 1o the pin
and to a pair of sleeve sections having a positioning flange which fits into a
groove in the associated track shoe when the bushing is compressed about 5%
and pressaed into the shoe assembly. The flange and groove prevent rotation of
20 the pin assembly with respect to the shoe assembly, thereby insuring any relative
rotation of the pin and shoe is controlled by elastic deformation of the rubber.
Cory's arrangement, however, adds considerable complexity and additional
manufacturing requirements, thereby substaniially increasing the cost of the
track.
25 Particularly with heavy coniinuous track vehicles, such as military tanks,
the lifetime of the track is very short, frequently a few hundred miles of use.
When the track fails, the vehicle may become unusable. The failure of tank
tracks creates a huge financial cost and may cause logistical issues and
personnel safety issues. The problem is pariicularly acute with tanks of the size
30 of a Bradley Fighting Vehicle having a weight of greater than about twenty-five



25Particularly with heavy continuous track vehicles, such as military tanks, the lifetime of the track is
very short, frequently a few hundred miles of use. When the track fails, the vehicle may become
unusable. The failure of tank tracks creates a huge financial cost and may cause logistical issues and
personnel safety issues. The problem is particularly acute with tanks of the size 300f a Bradley
Fighting Vehiclgnbaingiasweighé @é@{eaﬁngmma@augmmwm abdoniiatond; 60 kattle tank having a

weight greater,foan ahaut B daBR AN 8! Blis Vol DRl Lankebaving aoneighigigater than about

fifty tons to abou seventy ve tons or more. The pro lem has long been known, as witnessed for
example by REE6RSIY VS st OnteE- 4 19 H98!EM;B2F 1978 Re?ﬁémp?és‘é’fwféﬁ‘?& MNear loads placed
on the elastoW@&aﬁwbmsd@éiameeéémicapamhgessf pileset@ 294 5Tomeosntasitivstand these loads

and the elastonpi%r [r’; nas \%%% %Httﬁg%;%ﬂéﬁ@ﬁ %q%% f)ar%%%eb’t% E’@&gg& Q. 4,840,438,

effectively filed e constantl iIncreasing wel eed of track |a |n vehicles has
resulted in a d@%%@%@trﬁfﬁ@%ﬁ%‘l@ ITfeVéEH&té% 8h9RcR30 &ﬁé‘&??@ﬁ”ﬁra% P¥&nance by either
repair or replagemenit)ad Kest,Hd.SpRateity,Neorg, 086,423 efil ¢db1 9B F8E oafiplditelyet of tracks for a

U5 Army 14 Apras (A CaR58% AR PUEE A0 IR000: e enf e 300 0 2000

miles."). The pro track life are two-fold. Although the inner road wheel ads apparently

exhibit little we@s fiseWHatbivgAPpEasele @Gﬂ@&kt@%ﬁﬁgtﬁrﬁﬂﬂ%&”ﬂﬁ??g‘ﬂ such as
puncturing. Ttharméhmwf@mamﬁabeMabweWMt JecoKdnandSnewesetusly, the rubber

bushings rapichy (sl iy Prpcliceote Lushipaaencreludal BRIbTs harRgdpadensh e entire rack is
frequently replace e ore the roa pads can be field replaced. Reé) %E’I%/Ithe entléfs—*j}g track requires

removing the ik 678 F@ﬁéﬁ%{ewﬁ? ) %1%Q%Pﬁe?%ﬂ?épé o MERRY HE INVENTION

Embodiments gifigae’ present invention seek to provide an improved track shoe assembly for a

continuous track vehigle.orop U GNGISRER! b s RESEI IAYRBUSR 8GHAJR RiRY Wegkpn mproved
track shoe assembly for g continuous track vehicle, the track shoe as g)/ t%%?F?ng apinand a
?ﬁ ﬁﬁjg (hs the

shoe, the shoePaggSRNEREN R R ‘@?z?ste'?ﬁé?‘r’eeﬂt?@qm%ﬁ
elastomeric tukebeing rotdiateisvithcre apeutriciwing. ofte pie thedckibre shade dndbdielg fixed with

respect to the glieroLiie RILAAR URSHOR, <endanallerasReTatifgpsEn aation, there i

provided a me assembling a track of a continuous track vehicle, the trac coglfrlsmg a plurality

of track shoes %tﬁ%tﬁﬁd%mm%iﬁﬁﬁﬁa%{?@ag?t\'%de?z?g%rﬁ%metﬁﬂg@ t5°%&4ch shoe, pushing
pins through thigeglasttynefiateb dsfardting idigdcpmire ctn e fielpireplesedidfediavthodtizst shoe with a

second pin aSS&ﬁI?é%W%%&?&QW?g the tank fo a repair facility via a tank carrier

vehicle.
BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention seek to provide an improved track
shoe assembly for a continuous track vehicle.

in one aspect of the present invention, there is provided an improved
track shoe assembly for a continuous track vehicle, the track shoe assembly
comprising & pin and a shoe, the shoe assembly comprising an elastomeric tube
through which the pin extends, the elastomeric tube being rotatable with respect
to one of the pin and the shoe and being fixed with respect to the other of the
pin and the shoe.

In another aspect of the present invention, there is provided a method
of assembling a track of a continuous frack vehicle, the track comprising a
plurality of track shoes, the method comprising mounting at least two
elastomeric tubes to each shoe, pushing pins through the elastomeric tubes, and
rigidly connecting one pin associated with a first shoe with a second pin

associated with a second shoe.



4da In yet another aspect of the present invention, there is provided an improved track shoe for a
continuous track vehicle, the track shoe comprising a road pad formed of polyurethane having good
abrasion and puncture resistance and having a S#wre hardness of about 90A to about 95A. In
accordance with an embodiment of the invention, the track shoe assembly includes a pin which is

rotatable relative to arshee gidhrirasksthas assenibniTinedpefarredisaeksbodassembly includes
two bushings; each bushing has a metal sleeve and an elast ] l?%é) r:f interior of the
sleeve. Each s'@g{/%/?;é?(sar%%- tnto a's ogzngfo the rtargl&/%s!ﬁ%é;‘ gmseszﬁ%%. e8 &pﬂg ﬂssggés ed through the

elastomeric tutieadari@th (R Rstatls FRbAIEIIRAG e SPEIECt 0o th 262818 LUBECHFR elastomeric

tube is preferaklyidemedal Rolviyatbpoe. nbihpsd\uirgibaremisemaegspodiments has a Shore
hardness of at least 60D; in other emhodim e har S | W, t 65D and about
700; in yet other emt?%ﬁr%cgﬁ%sa e ﬁ%rgrhagr%tﬁ%é%%ﬁ ggm%ﬂ%’%%%ﬁ%%%énﬁgﬁg% enerally, the

polyurethane igesaRey itrliaes axiewhichistoraisiRiprelstivees theltas, o duelamst BIaRl up substantial
heat as it is stressadmdmalepeserda seme siobadisaans, therles e ds uENYE(dsavin over mandrel)

steel tube and has 2 yall NckAgss. of g, B0 o BEK aign_g%a;tsqu%tgraﬁgf fabout 0.100°); in

other embodiments the sleeve has a wall thickness of 1.5 mm 20%. In an illustrative
embodiment, theatecFadiadae wdmbreedt Bteemrg 209 IResshre astsseniiehts Rk elastomeric
tube has a wallghigiressolighaw Sdsmnete abewtbdtimme(alout Grdsiyoribost@a50); in other
embodiments, the elastomeric tube has a wall thickness of 5.1 mm (0.2") 15%. Because
polyurethane, unlike rubber, internally relieves stresses, because the polyurethane is not prestressed
by forcing the bushing into the track shoe, because the bearing area of the polyurethane elastomer is
greatly increased as compared with conventional rubber donuts, and because the polyurethane does
not control the rotation of the pin with respect to the shoes by elastic deformation, the bushings of the
present invention will greatly outwear conventional rubber bushings. The decrease in differential stress
produced by the shoe assemblies of the present invention extends not only to the bushings but to the
pins and other components of the tracked vehicle, thereby increasing both performance and durability.
Because they do not limit rotation of the pin with respect to the shoe, the bushings of the embodiments
of the present invention are also expected to reduce the energy required to propel the vehicle, thereby
increasing performance and efficiency. The improvements produced by the present invention are more
remarkable in light of the long-standing belief that bonding of the bushings to prevent rotation with
respect to both the pin and the shoe of the track is essential to operation of the track. The success of
the present bushings also belies the belief that 6



rotatable mounting of the pins would lead to standing waves in the upper reaches of the continuous
track and early failure of the track. In accordance with another embodiment of the invention, the pin
~is machined, preferably centerless ground, to a tolerance of 0.0254 mm (0.001"), thereby permitting
the pin to be inserted into the bushings mounted in the shoes of the track shoe assembly with the use

of a hand-heldpaletRhRiesapel Fadikisdrelirrapy Mpadpinh3Aiateeds pepligaies and shot

peened for hardness, then drilled out to reduce its weight The bushing. of the odiments of the
present inventigﬁe"lg ?Qféﬁt%{hat%et%sgﬁ}s%?@e%o &%ﬁ%&g ignar%] %rﬁg}aéﬁgﬁ s?f ;n}?gg%pa és Patent Nos.

4,840,395 and iB, 988 reambesintistio i szhefahacanges e RahysaborperataPynefiedce. The modified

bushing of the pgpsanlén\eRiicsmberuerats rs SIReiolabacnh eensi@erapddy dhassngkilled in the art

as unusable in g frack shoe assembly,of a heavy. endless track vehicle. In_a nce with another
embodiment oftétﬁnl\élsgrﬂ‘ |6%,yth§?og i’buéato??ﬁelséh(g‘g 7S o?%lé % Séﬁadise%axsgt%%\g}%g good abrasion

and puncture resgeifee £l isalintpesSibreuiardn ssboratl et /10195 AlrersehaBDrovides far

longer life than-ghsaselber pade daapiighanisotfesianbystarexin/catmciasisiosahbeysteresis test is
currently relied n as the chief indicator, of ife. ccard [ 0 mbodiment of
the invention, tﬁltg)??otél %v%%deﬁ‘sa id %ﬁ;‘h'é’k&eg%%i?z'i Lghg%%vﬁ)éoa%%%%r\g%ﬁn %%go 95A to 105A,

having good hys8SREdmsatiest LL10Rki#s oeaerabpsinieets Hincslagetnse reyrltanie’ness ofhe foregoing
and other embadiments.apd advantages nbdhetivienitediasmethasipeeseanity=-pieiesied embodiments

ccompanying rau i L D SR R B T VR AL 61 E BF THEDRAWINGS In
the accompanyitigkarsinahgeahith raripareut Gk rspe@hestien: traboutighrs it REiew in side
elevation of a canventiens), e assemihciabysadn thellenicinesust Backaf a2 Vi1 3ank.

Because polyurethane, unlike rubber, internally relieves stresses, because
the polyurethane is not prestressed by forcing the bushing info the track shoe,
because the bearing area of the polyurethane elastomer is greatly increased as
compared with conventional rubber donuts, and because the polyurethane does
not control the rotation of the pin with respect to the shoes by elastic
deformation, the bushings of the present invention will greatly outwear
conventional rubber bushings. The decrease in differential stress produced by
the shoe assemblies of the present invention extends not only {o the bushings
but to the pins and other components of the tracked vehicle, thereby increasing
both performance and durability.

Because they do not limit rotation of the pin with respect to the shoe, the
bushings of the embodiments of the present invention are also expected to
reduce the energy required to propel the vehicle, thereby increasing
performance and efficiency. The improvements produced by the present
invention are more remarkable in light of the long-standing belief that bonding of
the bushings to prevent rotation with respect to both the pin and the shoe of the
track is essential to operation of the track. The success of the present bushings
also belies the belief that



Figure 2 is a view in side elevation of a pin and bushings of the present invention for use in the
continuous track of an M-1 tank. S5Figure 3 is a view in upper side perspective of two adjacent shoe
assemblies of the present invention. Figure 4 B a top plan view of two adjacent shoe assemblies of
the present invention showing their inner, road wheel pads. Figure 5 is a perspective view of a

blank for a bushiag ey mMeaniid shadpné Qanttitiaskichem angamnblemohd igpasshdhes  Figures 6A
and 6B are persn ctive and engavigws res efctil\é%yof%gé;gg& and machined-steel track shoe for use in

. Qrine continuou and ea i ) . .
the present invention, Defore onamg of a rgaa wheel pad 10 its top, installation of a road pad to its

bottom, and installatidnasEBigsieR) W TsBRRIAST7 §8'895ESHE Bl E'6idNY 1 iR 488pRH dF the present
invention.  higuiee@ArnetaR ahdaues raide, ateyatrnaatani:dZankandan V60 tank,

respecively, NWAIED SRadInGNts oL ReseIl INERLONMRNPRUSL m 1EYHEIPONCING

iIcate corresponding parts throughout the“several figures_of the drawings. 20
DESCRIPTIONIdE Tagk fRe peRREDVEIN B Bifeihand-held maliet or siedge. The pin

is preferably made of 4340 steel, heat treated and shot peened for hardness,
then drilled out to reduce its weight.

The bushing of the embodiments of the present invention is related to the
bushings described in my prior patents, United States Patent Nos. 4,840,385
and 5,988,614, the disclosures of which are hereby incorporated by reference.
The modified bushing of the present invention, however, has heretofore been
considered by those skilled in the art as unusable in a track shoe assembly of a
heavy endless frack vehicle.

In accordance with ancther embodiment of the invention, the road pad of
the shoe is formed of polyurethane having good abrasion and puncture
resistance and having a Shore hardness of about 90A to 95A. This pad provides
far longer life than the rubber pad, despite having inferior hysteresis
characteristics. The hysteresis test is currently relied upon as the chief indicator
of pad life.

in accordance with another embodiment of the invention, the road wheel
pad is made of polyurethane having a Shore hardness of 95A to 105A, having
good hysteresis characteristics, heat resistance, and puncture resistance.

The foregoing and other embodiments and advantages of the invention
as well as presently preferred embodiments thereof will become more apparent
from the reading of the following description in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

in the accompanying drawings which form part of the specification:



The following detailed description illustrates the invention by way of example and not by way of
limitation. The description clearly enables one skilled in the art to make and use the invention,
describes several embodiments, adaptations, variations, alternatives, and uses of the invention,
including whav{s25presently believed to be the best mode of carrying owtcthesesentimas ~ As shown
in Figure 8A, an Abrams M-1 tank 1 includes, on each side, road wheels 3, a drive sprocket 5 at the
rear of the vehicle, an idler wheel 7 at the front of the vehicle, and support rollers 9 along an upper
reach of the track above the road wheels. A continuous track 11 passes around these wheels,
30sprockets and rollers and drives the tank 1. The M-60 tank 1' shown in Figure 8B -8- is similar, but
has six road wheels 3' and has its drive sprocket 5' at its forward end. Because the M-60 tank lacks
the side armor of the M-1 tank, its support rollers 9"4re visible. The track 11 is made up of track shoe
assemblies 13. Each shoe 5assembly 13 includes two shoes 15 mounted side by side on pins 17.

In this embodiment, thegalas 14 A0R-ANAURMIETUR AT LBcAbIARAARh LA fdigeln diameter.

The pins are provided with flats 19 near their ends to accommodate standard track shoe assembly end

connectors 21. EHOA BTYURAERPOP LA T 4A%¥%: drilled out to reduce its weight. 10A center guide 23
is mounted on the pinfigradidsentshom askeriblEmsof a pin and bushings of the present

invention for use in the coniinuous track of an M-1 tank.
5 Figure 3 is a view in upper side perspeciive of two adjacent shoe
assembilies of the present invention.

Figure 4 is a top plan view of two adjacent shoe assemblies of the present
invention showing their inner, road wheel pads,

Figure 5 is a perspective view of a blank for a bushing for use with the pin

10 and track shoe assemblies of Figures 2-4.

Figures 6A and 6B are perspective and end views, respectively, of a cast
and machined-steel track shoe for use in the present invention, before bonding of
a road wheel pad to its top, installation of a road pad to its bottom, and
installation of bushings.

15 Figure 7 is a perspective view of a road pad of the present invention.

Figures 8A and 8B are views in side elevation of an M-1 tank and an M-60
tank, respectively, in which embodiments of the present invention may be used.

Corresponding  reference numerals indicate corresponding parts
throughout the several figures of the drawings.

20 DESCRIPTION OF THE PREFERRED EMBODIMENT

The following detailed description illustrates the invention by way of
example and not by way of limitation. The description clearly enables one skilled
in the art to make and use the invention, describes several embodiments,
adaptations, variations, aliernatives, and uses of the invention, including what is

25  presently believed to be the best mode of carrying out the invention.

As shown in Figure 8A, an Abrams M-1 tank 1 includes, on each side,
road wheels 3, a drive sprocket 5 at the rear of the vehicle, an idier wheel 7 at
the front of the vehicle, and support rollers 9 along an upper reach of the track
above the road wheels. A continucus track 11 passes around these wheels,

30 sprockets and rollers and drives the tank 1. The M-60 tank 1’ shown in Figure 8B



that a projection part 25 of the center guide straddles adjacent shoe assemblies, rather than being
centered between the track shoes of a single shoe assembly. As thus far described, the
construction is that of a standard military tank, well known in the art for many years. 15In the prior art
construction showridnBigere 1, a pin assembly includes a steel pin 17" wiihrfowsteemsssdaber donut
bushings 27 bonded to the pin 17'. In accordance with the present invention, the pin assembly which
has heretofore been pressed into the track shoes is replaced with bushings 31 pressed into the track
shoes and a modified pin 17 which is pushed through the bushings and 20rotates freely with respect to
the bushings during operation of the tank. Each bushing 31 is formed of an outer sleeve 33 and a
polyurethane tube 35 bonded to the inside of the sleeve 33. In some embodiments, in which side load
is expected, the end of the sleeve 33 may be turnetfinward sufficiently to prevent or restrain
movement of the polyurethane axially beyond the end of the 95 sleeve 33. The sleeve 33 is a DOM

(drawn over mapdgghylow carbansteel ¢ .e@@’ siﬁgr%gg%h&ﬁrlﬁ %;%%%éﬁ)gi%hﬂscm 9';%and has a wall

thickness of 1.9 mm (0.075") and an outer diameter of m oug RE wall t.hick_nes_s
of the sleeve 3338hoPEREESE, iR BRR rankrissts: Be thidsriaws aBiredMoséanto iiveiaomie-to-line fit with
a tubular openingliershe steoésild as 30 described below. The polyurethane tube 35 is formed and

bonded to the sieeve 1A 3%y SandhlaSNg G 9% SHi°e.aLiG lbe, applyina. bonding agent

and pouring quuidsp%(f)zlﬁ\ﬁurethane into the sleeve, around a central mandrel. The central'Opening in the

polyurethang tuBESRTAKA BAIFHSA(S S8O88 T 'eLEed 9eRdmneaks oningdifurethane material is

chosen to have low hystérestfiosiment, the pins 17 are about sixty-five em (25.5) iong and
38.1 mm {1.5") in diameter. The pins are provided with flats 19 near their ends to
accommodate standard track shoe assembly end connectors 21. Each pin is
formed of a steel shaft drilled out to reduce its weight.

10 A center guide 23 is mounted on the pins of adjacent shoe assemblies, so
that a projection part 25 of the center guide straddles adjacent shoe assemblies,
rather than being centered between the track shoes of a single shoe assembly.

As thus far described, the construction is that of a standard military tank,
well known in the art for many years.

5 In the prior art construction shown in Figure 1, a pin assembly includes a
steel pin 17" with fourteen rubber donut bushings 27 bonded to the pin 17". In
accordance with the present invention, the pin assembly which has heretofore
been pressed into the track shoes is replaced with bushings 31 pressed into the
track shoes and a modified pin 17 which is pushed through the bushings and

20 rotates freely with respect 1o the bushings during operation of the tank.

Each bushing 31 is formed of an outer sleeve 33 and a polyurethane tube
35 bonded to the inside of the sleeve 33. In some embodiments, in which side
load is expected, the end of the sleeve 33 may be turned inward suificiently to
prevent or restrain movement of the polyurethane axially beyond the end of the

25 sieeve 33. The sleeve 33 is a DOM (drawn over mandrel) low carbon steel tube.
The sleeve 33 has a length of 22.9 cm {97} and has a wall thickness of 1.9 mm
{0.075") and an outer diameter of 50.80 mm {2.000"). Although the wall
thickness of the sleeve 33 is not critical, the outer diameter of the sleave 33 is
chosen 1o give a line-to-line fit with a tubular opening in the shoes 15 as

30 described below. The polyurethane tube 35 is formed and bonded to the sleeve



5 internal heating with repeated stresses and releases) and an unstressed hardness of Shore 60D to
70D. A suitable material is sold by ITWC, Inc., Malcom, lowa, 50157, US, and is identified as ATRO
PLO7, having a hardness of 650. Another suitable material is sold by UET, LLC, Peoria, Arizona,
85345, as its"8DB1A82%0, having a hardness of 620. The PLO7 materidi(fa85BE€{43Refvn 10to have a
load-deflection curve similar to that of the rubber conventionally used in tank track bushings. The
track shoe 15 is conventionally made of a cast steel shoe body 37 having a lower face to which a road
pad is bolted and an upper face to which a road wheel pad is bonded. The body 37 includes a bolt
hole 39 for accepting a 15 bolt of the road pad and two cylindrical openings 41 which accept and hold
the pin assemblies of a conventional shoe assembly. The track shoe 15 of the invention is modified by
boring out the openings 41 to give them a true and uniform diameter of 5.090 cm (2.004"). Because
the openings 41 and bushings are 22.9 cm (9") long, the fit between them is tight, requiring on the

order of ten 20 s@ﬁ\/ﬂ@éﬁw B?éb?uﬁ’é msmﬁst@fut%t@i m@mw@mwg ingdiFeiatentbatween the
bushing and the shoe J[ _?l"s mad e of 4 40 steel heatOtreeiat nd shot peened

for hardness, aR8-GAfeld: P&'Vé‘dﬂc% | SIW |g &'6 tral cgan

& 6utdide didmeter of the pin 17 is machined by
centerless grind#mnyiaioopracdyiBéie mtvu(@tﬁammsn@mmmezsoatt&&%h@m £betR'0.0254 mm

(0.001"), therehy pesmitting e i iarpdnaeriahing éh@seﬁsiamg@énwmtmbg shees 15 of the
track shoe assembl with the se. of a h nd-held maII or sled he pin 7 entionally 64.8
AN AR e P-ahde B IR0

cm (25.5") r?)ngE ® fiAtE ¢ ﬁtgar 3% end- to ach:eeaStec rventional connectors 21 which

assemble the traakined®-of Shohe ﬁ@MdOam@ro:ﬁj ﬁd@@i lﬂ@ﬂt@tﬂd%é@f@ FoéT¥4Gs ffmed to the
same dimensiofgRs A, toRYestianalsgbher ikoadrangd BYSHYMESy oh polhguietranessaring good

abrasion and puIglug egistance and having & Gle(e A 1SS LAION SR, Tbiagal provides for

longer life than avin
its 8001-A-82%, havmg a hardness of 620, The PLO7 material has been shown

10 to have a load-deflection curve similar to that of the rubber conventionally used in
tank track bushings.
The track shoe 15 is conventionally made of a cast steel shoe body 37
having a lower face to which a road pad is bolted and an upper face to which a
road wheel pad is bonded. The body 37 includes a bolt hole 39 for accepting a
15 bolt of the road pad and two cylindrical openings 41 which accept and hold the
pin assemblies of a conventional shoe assembly. The track shoe 15 of the
invention is modified by boring out the openings 41 to give them a true and
uniform diameter of 5.090 cm (2.004"). Because the openings 41 and bushings
are 22.9 cm (97) long, the fit between them is tight, requiring on the order of ten
20 to twenty tons of pressure to install them and providing no rotation between the
bushing and the shoe 15.
" The modified pin 17 is made of 4340 steel, heat treated and shot peened
for hardness, and drilled out to reduce its weight. The outside diameter of the pin
17 s machined by centerless grinding, to exactly 38.1 mm (1.5") in diameter with
25 a tolerance of about 0.0254 mm {0.001"), thereby permiting the pin to be
inserted into the bushings mounted in the shoes 15 of the track shoe assembly
13 with the use of a hand-held mallet or sledge. The pin 17 is conventionally
64.8 cm (25.5" long and has flais 19 ground near each end, to accept
conventional connectors 21 which assembile the track.



5 inferior hysteresis characteristics. The hysteresis test is currently relied upon as the chief indicator of
pad life. The road wheel pad 53 bonded to each shoe 15 is made of polyurethane having a Shore
hardness of 95A to 105A, having good hysteresis characteristics, heat resistance, and puncture
resistance. 10Kuengrows sariations in the track shoe assemblies, bushingg;pagds:@ngspins of the
present invention, within the scope of the appended claims, will occur to those skilled in the art. Merely
by way of example, the elastomeric tube 35 could be bonded directly to the opening 41 of the shoe
and the sleeve 33 omitted. This arrangement would require more aggressive removal of the 15
elastomer, as by boring or burning, in order to rehabilitate the bushing, but would permit the wall of the
opening 41 to be made thicker if desired. The shoe 15 may be slightly enlarged, or the diameter of the
pin 17 may be slightly reduced in order to increase the thickness of the opening 41, of the elastomeric
tube 35, or of the sleeve 33. 20For use with track laying vehicles such as the Bradley Fighting Vehicle

System in which the pig,is.cRivepioRally legacg r, t lastomeric tube n be bonded to the
pin and made rotatable with respect to t % sleevé3 ﬁ\%’? t/glitégrcﬁﬁﬁ/%?m,%aﬁ é’ﬁ?&?gg%qﬁ A cross section

can be providedSAAHROBS AR PR R HinubRenyoasIipaRY Athsdisenegiviopdinimihesteeve over the

central 25part ohtving@ooendionaiopiand pAeasiossseines ahangengauithbie madssi the above
sﬁinten ed th; tﬁll matter contained

constructions wighgut geparing fram iescona s %d@ﬁ&?% it i, intend g er contained

in the above_description or shown in the aqcomPa ing drawings's SIS mtee_sr% 2
not in a limiting SERSY. "Wi8ro%is 61eseisasesr/ ke Dy roessdret is currently relied upon as

the chief indicator of pad lite.

The road wheel pad 53 bonded to each shoe 15 is made of polyurethane
having a Shore hardness of 95A to 105A, having good hysteresis characleristics,
heat resistance, and puncture resistance.

10 Numerous variations in the track shoe assemblies, bushings, pads, and
pins of the present invention, within the scope of the appended claims, will occur
to those skilied in the art. Merely by way of example, the elastomeric tube 35
could be bonded directly to the opening 41 of the shoe and the sleeve 33
omitted. This arrangement would require more aggressive removal of the

15  elastomer, as by boring or burning, in order to rehabilitate the bushing, but would
permit the wall of the opening 41 to be made thicker if desired. The shoe 15 may
be slightly enlarged, or the diameter of the pin 17 may e slightly reduced in
order to increase the thickness of the opening 41, of the elastomeric tube 35, or
of the sleeve 33.

20 For use with track laying vehicles such as the Bradley Fighting Vehicle
System in which the pin is conventionally non-circular, the elastomeric tube 35
can be bonded to the pin and made rotatable with respect to the sleeve 33,
Aliernatively, an enlarged circular-cross section can be provided on the central
part of the pin, as by utilizing a modified pin or fitiing a sieeve over the central

25 part of the conventional pin.

As various other changes could be made in the above constructions
without departing from the scope of the invention, it is intended that all matter
contained in the above description or shown in the accompanying drawings shall
be interpreted as illustrative and not in a limiting sense.



All patents and patent applications mentioned herein are hereby incorporated by reference. -12-
CLAIMS: 1. An improved track shoe assembly for a continuous track vehicle, the track shoe
assembly comprising a pin and a shoe, the shoe assembly comprising an elastomeric tube through
which the pinvesitengls;sthie elastomeric tube being 5rotatable with respectta/opefifiespin and the
shoe and being fixed with respect to the other of the pin and the shoe. 2. The assembly of claim 1
wherein the track shoe assembly comprises two track shoes, each shoe comprising a cylindrical
opening. 3. The assembly of claim 2 wherein the elastomeric tube is bonded to the 10interior of
a sleeve and in use rotates freely with respect to the pin. 4. The assembly of claim 3 wherein each
sleeve is force-fit into a shoe of the shoe assembly.

Al patents and pateni applications mentioned herein are hereby
incorporaied by reference.



5. The assembly of any of claims 1-4 wherein the elastomeric tube is made of polyurethane having a
Shore hardness of at least 65D. 156. A method of assembling a track of a continuous track vehicle, the
track comprising a plurality of track shoes, the method comprising mounting at least two elastomeric
tubes to eachwstieeippushing pins through the elastomeric tubes, and rigigiyeeapaEiRgNe pin
associated with a first shoe with a second pin associated with a second shoe. 207. The method of
claim 6 wherein the pin pushed through the elastomeric tube rotates freely in use with respect to the
elastomeric tube. 8. The method of claim 6 or 7 wherein the elastomeric tube is formed of
polyurethane having a Shore hardness of at least 650. 9. The method of any of claims 6-8
comprising a step, before pushing the 25pin through the elastomeric tube, of machining the pin.

10. The method of any of claims 6-9 wherein the pitis machined by centerless grinding. 11. An
improved track shoe for a continuous track vehicle, the track shoe comprising a road pad formed of
polyurethane hay|nggeod abrasion and 30 puncture resistance and having a Shore hardness of about

90A to about 95A.
1. An improved track shoe assembly for a continuous track vehicle, the

track shoe assembly comprising a pin and a shoe, the shoe assembly comprising
an elastomeric tube through which the pin extends, the elastomeric tube being
5  rotatable with respect to one of the pin and the shoe and being fixed with respect
to the other of the pin and the shoe.
2. The assembly of claim 1 wherein the track shoe assembly comprises
two track shoes, each shoe comprising a cylindrical opening.
3. The assembly of claim 2 wherein the elastomeric tube is bonded to the

10 interior of & sleeve and in use rotates freely with respect to the pin.

4. The assembly of claim 3 wherein each sleeve is force-fit into a shoe of
the shoe assembly.

5. The assembly of any of claims 1-4 wherein the elastomeric tube is
made of polyurethane having a Shore hardness of at least 65D.

15 6. A method of assembling a track of a continuous track vehicle, the track
comprising a plurality of frack shoes, the method comprising mounting at least
two elastomeric tubes to each shoe, pushing pins through the elastomeric tubes,
and rigidly connecting one pin associated with a first shoe with a second pin
associated with a second shoe.

20 7. The method of claim 6 wherein the pin pushed through the elastomeric
tube rotates freely in use with respect to the elastomeric tube.

8. The method of claim & or 7 wherein the elastomeric tube is formed of
polyurethane having a Shore hardness of at least 65D.
9. The method of any of claims 6-8 comprising a step, before pushing the

25 pin through the elastomeric tube, of machining the pin.,

10. The method of any of claims 6-9 wherein the pin is machined by
cenierless grinding.

11. Animproved track shoe for a continuous track vehicle, the track shoe
comprising a road pad formed of polyurethane having good abrasion and

30 puncture resistance and having a Shore hardness of ahout 90A to about 95A.



-13- 12. The shoe of claim 11 wherein the pad provides longer life, in use on a vehicle having a
weight in excess of twenty-five tons, than a conventional rubber pad having superior hysteresis
characteristics.

WO 2010/129218 PCT/US2616/032368

-13.

12. The shoe of claim 11 wherein the pad provides longer life, in use on a
vehicle having a weight in excess of twenty-five tons, than a conventional rubber
pad having superior hysteresis characteristics.



