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- Description TRACK BUSH NG HAVI NG LASER CLADDI NG END TREATMENT FOR' PREFEI/ED
¥ ABRASI'ON AND CORROSI ON RESI STANCE, AND A 5 _
PROCESS Technical Field The present invention relates generally to 10
track bushings for the endl ess trackﬁeg ripki k-type vehicle, and nore
particularly to a track bushing having—éag%T‘gﬁadding end treatnment for
| mproved abrasi on and corrosion resistance and a process for making the

same. 15 Backgrpuiek Aﬁﬁsifﬁct#ﬁfu&ugﬁsﬁﬁscﬂﬁﬁﬁ%ka ERD &gﬁg&gg@ ,@r
linking the trac | NKS_Tor e_endress track_of a_trac pe_vehicle, such
as an eart hnovi ngEMRROYER ABRAGEON ANDCORRQBION, RESISTANCE o AND: A severe
operating environnment. The ends of thepRoge#sbushing and the inner surface
of the track bushing adjacent its two ends are the nmain bearing surfaces
that respectively slide against the track seal and the track pin. The 25
dirt and debris tend to wear the ends of the track bushings sliding against
the sealing supfaggiehiartieddgk seal. This happens because the dirt and
debris particles ge odge et ween the seal and_the bushing _end surface
and eventual |y wear a gr%B?ePFﬁFSthéngﬁntﬂP§cKeﬂé§ﬁ§n§%§ﬁfallﬂu§qcwnation
of a wear 1@y ooygagRUBAShENYst EoreheOvhdlbskheraicks) @fnta axaikbitydeeadi ng
to an eventual fgilgre ol qthe joint, .1t ,is,degirable t%i rQyide a track
bushi ng t hat hagh3c 8ryaﬂgr3? i&ﬁF&lgggFSQVb S EsivEPS Jﬁﬁ%ting on its
ends that protkavinghtaseacklhdsingg eaddsreadmendr fosi dmpadrest osi on. |t
's also very dggbrably LAaPEAYkdR ida’ RS RUNNLARY Phokiss D

making the sane.

15 .

Background Art
The track bushings used in the track pins

for linking the track links for the endless track of a
track type vehicle, such as an earthmoving vehicle for

20 example, are subjected to a very severe operating
environment. The ends of the track bushing and the
inner surface of the track bushing adjacent its two
ends are the main bearing surfaces that respectively
slide against the track seal and the track pin. The

25 dirt and debris tend to wear the ends of the track
bushings sliding against the sealing surface of a
track seal. This happens because the dirt and debris
particles get lodged between the seal and the bushing?'
end surface and eventually wear a groove into the

30 track bushing end. The formation of a wear groove
causes 0il to leak out of the pin joint assembly .
leading to an eventual failure of the joint.

It is desirable to provide a track bushing

that has a very hard, highly corrosion resistant

35 coating on its ends that protects the track bushing
ends from corrosion and erosion. It is also very
desirable to provide a track bushing having very high



-2- resistance to groove formation on its ends when the ends are biased
“against a track seal. It is further desirable to deposit a hard coating
within a pre- forned groove in the track bushing end to provide 5
substantial inprovenent in the longevity of wear resistance. It is yet
further desirable to provide a process for2depositing a hard coating within
a pre- formed groove so that not only is there a very strong bond between
the substrate and the coating but that 10 there is a | east anount of
dilution of the substrate netal and the coatin desirabl e

metal. It is al
to provide a prBEEiStAREPEP JTRIVE LQEPA 'j°€ag?nbé §e FESS é’i‘elrh Granner
$ﬁsi red above méhasuhr_anbigspaeagabhstt amgackd seklt.he Ttudl riigjxlrr'ﬂ‘lqteed].c 15
e present invention,is directed.to_overgo ne _or. .nor.e pr ens o
heretof ore util ?ﬁﬁr?ngkqﬂugﬁP§§§%fSrﬁgrgcggﬁgﬁggvgﬁgﬁﬁ s% %ﬁggTosure of
the Invention 2formed groove lin the &xpekt bushing pnds&o pnevdds on, a
track bushi iy MBdEtEARyalCehorbiendRceidl €68 hoAGlvakyd e Al ypE

vehicle, is disclose track bushing conprises a_cylindrical, tubular
shape, a first ERELERANGSsecdld I8nyetTRErthESK I85ikARder i BECYIAHA ses a
25 first end bpabtegssiiviadepadizdent at hartl cobtdnd aMdhdnsecpre-end

" ot Teast oncTarRERcarPPYE 5% THAL ARy Soivads SREtthe velind E P bear | ng
surface. The cibondf betweeal theosubsiirate abd dbet koatimg dxitalthditr ecti on.
An abrasionq esifbpat jEBLER3Lt SndGRRSbECA Mol b€ thd SUPhad 2

metal and the coating metal. It is also desirable to

provide a process whereby a hard coating can be

deposited in a manner desired above without any

appreciable tempering of the bushing metal.

15 The present invention is directed to
overcome one or more problems of heretofore utilized
track bushings for track-type vehicles.

Disclosure of the Invention

20 In one aspect of the present invention, a
track bushing made from steel, for an endless track of
a track-type vehicle, is disclosed. The track bushing
comprises a cylindrical tubular shape, a first end and
a second end. The track bushing further comprises a

25 first end bearing surface adjacent the first end and a
second end bearing surface adjacent the second end. A
circumferential groove is formed in at least one of
the first end bearing surface and the second end
bearing surface. The circumferential groove has a

30 depth in an axial direction. An abrasion resistant
material is deposited within the circumferential
groove and metallurgically bonded to the bushing at a
bond interface. The abrasion resistant material at
the bond interface is diluted with no greater than 5%



groove and netallurgically bonded to the bushing at a bond interface. The
“abrasion resistant material at the bond interface is diluted with no
greater than 5% -3- by weight track bushing steel material. |In another
aspect of the present invention, a process for nmaking a corrosion resistant
track bushing for an endless track of a tre®k-type vehicle 5 is disclosed.
The process conprises the follow ng steps. A track bushing having a
cylindrical tubular shape, a first end and a second end, a first end
bearing surface adjacent the first end and a_second,end bearing surface

adj acent the seddhdvehdght| tragk bpsghingdsteal pateriatential groove is
formed in at |east one of theahbthéreaspbedrbPotherpresentidinkenteonnd end

bearing surface,_the circugferenﬁ'al roove havin a.dg t? Ln an axi al
direction. An abt &8 SFeTEsTOE dMt¥hiTer: SPLT RS HEoRr T EaCAIERFR2FRe 15
circunferential businimg fdheanbendlessrtraskanf antrackttipebwelddleo the
bushi ) b . b ; . i :
ushing at agbo 'g%&&iégéd.y 'i?ﬁéeg;f»&@égé”Qo#\ﬁgtgg%ﬁgéggngoiiéﬁkfxgus ng 1's

formed wherein the rasion resista mat eri a nd Interface is
diluted with no $¢eRSer Ahbracks byshing,hayingt pae¥lbndricalstubnlatterial .

Brief DescriptioghQbelhs Pisutnafarhf 4 s8cendcefant hcehiraw dhagram of the
process of the presept inve s_sectional side

view of a track BERRIRG ﬁ?rg%éggégggﬁFnangﬁtF%ﬁ?EL%%gl%n?saasggep onal

si de view of theehdab&abingi sgroéceél &djhaent thal sagonrdgagdpeds with a

track 10 provided. A circumferential groove is formed in at
least one of the first end bearing surface and the
second end bearing surface, the circumferential groove
having a depth in an axial direction. An abrasion
resistant material is deposited within the

15 circumferential groove. The abrasion resistant
material is bonded to the bushing at a bond interface
by laser welding techniques. A track bushing is
formed wherein the abrasion resistant material at the
bond interface is diluted with no greater than 5% by

20 weight track bushing steel material.

Brief Description of the Drawings
FIG. 1 is a schematic flow diagram of the

process of the present invention;
25 FIG. la is sectional side view of a track
bushing of the present invention;

FIG. 2 is a sectional side view of the track
bushing of FIG. 1a in sealing engagement with a track
seal affixed within a track link; and

30 FIG. 3 is a sectional side view of an
enlarged portion of a bearing end of the track bushing
of FIG. 1a; and '

FIG. 4 is a magnified view of the detail A-A
shown in FIG. 3, showing the detail of the bonding



seal affixed within a track link; and 30 FIG 3 is a sectional
side view of an enlarged portion of a bearing end of the track bushi ng of
FIG la; and FIG 4 is a magnified view of the detail A-A shown in FIG 3,

&

showi ng the detail of the bonding -4- interface, according to one
enbodi nent of the present invention. Best4kMbde for Carrying Qut the
I nvention 5 - Referring to Fig. 1 which shows a schematic of a

process for making a corrosion resistant track bushing for an endl ess track
of a track-type vehicle, and Fig. |a which shows a track bushing, the
process i ncl uddsterfagegpaceorsing dinene enkadimeiy of theaenessMy a
cyliindrical tuhwhentsbape, a first end 20 and a second end 30, a first end
beari ng surface 22 and a second end bearing surface 32 adjacent the
respective first and second ends 20, 30. The process also includes the step
of form ng a cBestnMede al Carawingl Dut) the [Iyewentdion of the first end
bearing surdace 22 and t d rign a P , the
ci rcunf eren";f ial groove iS o%%ng'gi% %Iab(#ﬁ%a't ﬁ'eg’fhls'f';% asgxﬁo and gs‘%%:%ﬁl%bieé/nd

beari ng surfac®f asPFRERss Fox gaking i qardasdcay n8sighantalrack 13.

DESi r abl Y, th?b&@h_iﬁigr FoH A RinAlesd PEHRK b B3 trerdediype | veriyes 2 _dept h
in an axial directiqgn. The noce%§¥gurth§{ i ncl.udes, t he %iep of depositing
an abr asi on- r e8P&t Ed8 - md@e MRHCh, SRS & rc,aiq]%lm’fsg’rlé}ﬂ'i YIRS 2, 13.
Desirably, theiablagieenthesistepd ofipaowlding & tHitick oubleig 10 ckel ,

cobalt or ﬁ&rogh%qua%E%§¥fn %ﬁ%%jtubular shape, a first end 20 and

a second end 30, a first end bearing surface 22 and a

second end bearing surface 32 adjacent the respective
first and second ends 20,30. The process also
includes the step of forming a circumferential groove

15 in at least one of the first end bearing surface 22
and the second end bearing surface 32. Preferably,
the circumferential groove is formed in both the first
end and second end bearing surfaces as shown in Fig.
la and indicated by numerals 12,13. Desirably, the

20 circumferential grooves 12,13 respectively have a
depth in an axial direction. The process further
includes the step of depositing an abrasion-resistant
material within the circumferential grooves 12,13.
Desirably, the abrasion-resistant material is either

25 steel, nickel, cobalt or chromium based alloys and
preferably, the abrasion-resistant material is a
martensitic stainless steel.

In the preferred embodiment of the present

invention, the process further includes the step of

30 bonding the abrasion-resistant material to the bushing
at a bond interface by laser welding techniques.
Desirably, at the bond interface, the abrasion-
resistant material is diluted with the track bushing
material in an amount no greater than 10% by weight of



preferably, the abrasion-resistant material is a martensitic stainless
steel. In the preferred enbodi nent of the present invention, the process
further includes the step of 30 bonding the abrasion-resistant material to
t he bushing at a bond interface by |aser welding techniques. Desirably, at
the bond interface, the abrasion- resista® material is diluted with the
track bushing material in an anmbunt no greater than 10% by wei ght of -5-
the track bushing material and preferably the abrasion-resistant nateri al

is diluted wit Qh%h%ga@c&\gﬁwg%}l atﬁrﬁala’{dj%l%?%% NGdreater than 5%

by wei ght abrasion-resistant tn trac 5 nmaterial. The term

"bond inter f acebrasigerardstiantramtenind iin diflatedstiidethadrackk -
bushing subst r ah@ndkd Eﬂaﬁte%qraqS!iQﬁ-arrﬁ%{ﬁxﬁm B iffdatler WHan oIy Nt erface

is formed when the_ abrasion-resistant material, Is deﬁ§S|ted,in t he

0 |
ci r cunf er ent i aedEbdy @REAF I RS tAnth material dm Faagly RNt e. The

term"di |l uted" matexdad .herein neans that there is a conpositional change

bet ween the track bushing,.sulstrat it he rasi Qn- r.esi st terial.
The 15 conpositi onal chg‘ﬁ’geet{oeccur@og}r&jtlhnre% n m%e%r fuasiée(_i.S %%mt he bond
i nterface conpoeamisorthiendintegif aceribatweprofthehdnacik buakingig material and
the abrasion-r geishedtled Wy itfle aBlias HnGbUMAN dk:fa e fopy
interface is referred to as diJution and 20 it 1s an aspect of this

i nvention to kboRd Hintexifiane o Lormad when fhesighrasiontrgsisiant

predom nanfg material is deposited in the circumferential groove
and is fused with the track bushing substrate. The
term "diluted" as used herein means that there is a
compositional change between the track bushing
substrate and the abrasion-resistant material. The

15 compositional change occurs at the bond interface.
Thus, the bond interface composition includes a
mixture of the track bushing material and the
abrasion-resistant material. This mixed composition
of the bond interface is referred to as dilution and

20 it is an aspect of this invention to keep this
dilution as small as possible so that the predominant
composition of the abrasion-resistant material
deposited in the circumferential groove is that of the
abrasion-resistant material.

25 The term "laser welding techniques" as used
herein means any high energy sources such as a CO, or
Nd:YAG lasers for fusing the abrasion-resistant
materials to the bushing ends. As one skilled in the
art will appreciate, the materials to be deposited can

30 be deposited by either pre-placing a powder in the
laser beam path or injecting a powder into the laser
beam and/or into the melt pool. The deposited and -
bonded abrasion-resistant material is called a laser-
cladded bushing end treatment. In the preferred



conp05|t|on of the abrasion-resistant nmaterial deposited in the
“circunferential groove is that of the abrasion-resistant material. 25

The term "l aser wel ding techni ques"” as used herein nmeans any hi gh energy
sources such as a CJerr] or Nd: YAG | asers for fusing the
abrasion-resistant materials to the bushisbg-ends. As one skilled in the art
W || appreciate, the materials to be deposited can 30 be deposited by
either pre-placing a powder in the |aser beam path or injecting a powder
into the | aser beamand/or into the nelt pool. The deposited and bonded

abr asi on- re5|st%mh°¢mm%mta¢f|theapreaeatlasﬁenttbaddbuebpghCﬁgSend

treatment. |In UieRigder 18der vefaiRgbRstiRBeet LENPRESEHE bBYERLION, the

_process |ncludes | aser wel di ng parangters such power density of a
| aser wel der, 19RR$1EHiPEs2 1aSeF @E&ﬂe¥reﬁﬁéﬁﬁy°ﬁﬁ6°§npF?FGHeSGPnthe scan

f L equgncy_ Such fréd@éndyeandi sxlnplﬂtﬁaauaf dthyt ‘sﬁanofrléﬁﬁeﬁbﬁd sm@helr( | gl ﬁr
t he abrasio i st mat eri a e_mater Q e_trac ushi ng
material . | éb a?@??%dlﬁn%oﬁfﬁéﬂ?m ghguf388r°§ekﬁﬁn§iﬁ§tﬁ8§ Fﬁgﬁudes
t he steps of pwqmwtnmgahraasen-1651abadbrmhherﬁglawpbhethéebasey rating and
desirably in t 027 of a@RHtt3a5¥VBﬁs§ étmg§egyngES|rably, t he | aser

wel der is a Nd: AG aser aV|n ower é rating in the range of
about 2 kWto about 3 kvvﬁﬂdtb¢eP§P§B¥§e@h€mbﬁ émeﬁﬁbdﬁheléa&GGI{err] | aser

15 having a IOQV@Idﬂ&E‘théﬁhb& ihe1h488¢etRé §’eey£-. éfki&bela%tjt aZQaEWr I'n
t he best nDde t he Iaservuge |s°3 errlt a§g£lnavgng de51rabg 1n
rating. Inl he‘%ﬁ%ﬁ%ﬁr%ﬂ ing a power density 9 4
the range of about 2 kW to about 25 kW. Desirably,
the laser welder is a Nd:YAG laser having a power
density rating in the range of about 2 kW to about
3 kW and preferably the laser welder is a CO, laser
15 having a power density in the range of about 6 kW to
about 20 XW. In the best mode, the laser used is a CO,
laser having a 6 kW power rating. In the preferred
embodiment, the laser welding method includes the step
of adjusting the laser optics to provide a defocused
20 laser beam for melting the abrasion-resistant
material. The process also includes adjusting scan
frequency desirably in the range of about 6 cycles to
about 45 cycles per second. Preferably, the scan
frequency is about 12 cycles per second. The process
25 also includes adjusting amplitude of the scan
frequency to a value at least greater than the width
of the circumferential groove. Further, in the
preferred embodiment, the abrasion~resistant material
is in the form of a powder desirably having a particle
30 size smaller than -30 mesh size and preferably having
a particle size in the range of about ~100 mesh size
to about +325 mesh size. In the preferred embodimént,
the laser welding method includes the step of
adjusting a laser cladding speed in the range of about



.enbodi nment, the |aser welding nethod includes the step of adjusting the

| aser optics to provide a defocused 20 |aser beamfor nelting the
abrasion-resistant material. The process al so includes adjusting scan
frequency desirably in the range of about_.6 cycles to about 45 cycles per
second. Preferably, the scan frequency is ‘about 12 cycl es per second. The
process 25 also includes -adjusting anplitude of the scan frequency to a
val ue at |least greater than the width of the circunferential groove.

Further, in the gy zerfm;uﬁ@rtt.o Aﬁ&@biwmbﬁwlﬁéﬁ%lﬁ@teraﬁa is in
the formof a pomder 3%9;rabl havi hg a icl'e 30  size,smaller than -30°

mesh size and EHIH i %e i%% 3RPYh3Q HRERe® BBBUt - 100
mesh size to alnmrtute’s’&ﬂwre@ &ikse.con Iémemrmxmazecb.sendmddnent t he | aser

wel di ng nmet hod i ncl udes t speed in the
HE S ple U Lo FUARE] EhEEh 00

range of about -7- 5 inches m nu es per mnute

and pref er abl ypélmﬂm rﬁf%pféétﬂbff%cﬁhe 3@$¢?&H&1®mgrﬂlﬂhﬁh@dm1§ﬂ a 6 kw

Cderr] laser (UHiGRd SR td kddls el &1 1106k SOl FROt c1488e@boVeE 5
parameters set forth for the |aser weldjng nethod are desired so as to keep

the dilution oRRUASIOMFRILSIANS RS t"é#th el rPUFhIRY PRE’ bushi ng
base material staferiEl sduh diHat itlite idinwcien eid hed Mopertiean Sy wei ght

o added Tt <1 | Saidhntd by YRS SBMGE ARLELLE) A bRt el
abr asi on- r #8i sttasthirg emdtariai + he gr oove by preplacing the material in
In the preferred embodiment, the process
includes the step of depositing the abrasion-resistant
material in the groove by preplacing the material in
the groove and then scanning a laser beam over the

15 preplaced material. Alternatively, the abrasion-
resistant material can be deposited by delivering the
material into the laser beam in an off-axis manner.

In the preferred embodiment, the martensitic steel
abrasion-resistant material is delivered and deposited

20 in the circumferential groove by delivering the steel
powder into the laser beam in a co-axial manner.
Preferably, the steel powder is preheated to
facilitate a smoother flow of the powder.

The terms "off-axis" and "co-axial"

25 delivery, as used in conjunction with the laser
welding techniques described above, are well known to
those skilled in the art of laser welding and need not
be described in any further detail given that the
critical processing parameters such as the laser power

30 density, the scan frequency, the amplitude of the scan
frequency and the cladding speed and powder particle
size have already been set forth above.

In the preferred embodiment, the process
includes depositing abrasion-resistant materials that



_the groove and then scanning a | aser beam over the 15 preplaced material.
Alternatively, the abrasion- resistant material can be deposited by
delivering the material into the |laser beamin an off-axis manner. In the
preferred enbodi nent, the martensitic steel abrasion-resistant material is
delivered and deposited 20 in the circudsrential groove by delivering the
steel powder into the |aser beamin a co-axial manner. Preferably, the
steel powder is preheated to facilitate a snoother flow of the powder. The
terns "off-axis" and "co-axial" 25 delivery, as used in conjunction with

the |aser wel digRp the Hiispid wvidds dhe deragloushing \and  s¢euater hals

skilled in the @if K dasstere! fhdip) LarAeed MDEKEE skessobPEE basaay
further detail given that the critical, procgssj %.p%ianeters such as the
?&g npl

| aser power 30 3ls (e <M B Vil RECDE thelScan
frequency and tpgrefdmnrksi g spsedstesl pavdlels phultitdre pretelwvad voraady been
set forth apov . e | '

deposi ting gbr g“sﬁ%%é%gtlg% aéntf%émf;'?ag{%Fgéﬁ%%iOﬁblg%%{%ggﬁﬁs%%eémygﬁif he track
bushi ng and sudin rkhe e fenred ruked buent, {hennartensitie ckbeedr cobalt

based materi al spaiferoMeN JdPEHTE £ER NA FEKIE. g ONPY SHas 14 Réciy€iereed to use
steel and is further preferred to use 5 mmartensitic |

steel as an \

abr asi on-r esi st¥HRRT A Least (Feeher Hhay RaoAi tPrederakiyet®itic

steel material tirpasdra ofh ROsPHriowvRe he@. a Rockwel | C hardness at | east

greater th RC 52 and preferably in fhe nge, ,of 58 to 60.,.10

't has bee 8found by the:f$ cﬁé@?réﬁu?%gby tie fiventors that tne
process of the present invention allows for the
abrasion-resistant cladding to be bonded to the track

bushing without exposing the track bushing to a

temperature higher than 400°F. It is important not to
15 expose or subject the track bushing to temperatures

greater than 400°F to minimize any tempering of the
track bushing.
Referring now to Fig. 2, in another

embodiment of the present invention, one end of a

20 track bushing made from steel for an endless track of
a track-type vehicle is shown in sealing engagement
with a track seal. Fig. 2 shows such an arrangement
11 which includes a track bushing 10 having an
abrasion-resistant material 15 deposited in a

25 circumferential groove 13 at one of the bearing ends
32. The track bushing 10 has a first end 20, a second
end 30 and a first end bearing surface 22 and a second
end bearing surface 32 adjacent respective first and
second ends. Preferably, the track bushing has

30 abrasion-resistant material 14,15 deposited in
circumferential grooves. 12,13 respectively adjacent
respective ends 22,32. The track bushing includes the
abrasion-resistant material being metallurgically
bonded to the bushing at a bond interface and the



process of the present invention allows for the abrasion-resistant cladding
to be bonded to the track bushing w thout exposing the track bushing to a
tenperature higher than 400[err]F. It is inportant not to 15 expose or

subj ect the track bushing to tenperatures greater than 400[err]F to

m nimze any tenpering of the track bushing- Referring nowto Fig. 2, in
anot her_ enbodi nent of the present invention, one end of a 20 track bushing
made from steel for an endless track of a track-type vehicle is shown in
seal ing engagenent with a track seal. Fig. 2 shows such an arrangenent 11
whi ch includes abraséenbuehisgant mavernjaidnisbdidintedr witht &he raweki al 15
deposited in a Béshfh?CEEESﬂ.eﬂk’téirlg'iOQYleai‘13aﬂlbu BEngf g&:@%t@%a gnds 32.

The track bushin as a first , a secon Irst end

beari ng surfacéPQEC%HH BYs886ﬁ8teﬁHrB§&PPﬁ§e§&FF§EE sateyiadedn §ﬁ@bt|ve

first and seconBushiiig Eteé&rﬁbtarthe tPQ@kebH&hYDgthaSa&&asxon—

abr asi on-resi st ant . ng I al t14 Z pgsg gddln rcuntere tlal o%yes

12,13 respect |v£?§li Htefit Fﬁgﬁ ctPvELata§9 Y153 NPhETERAE g .

i ncl udes the abpescentrbygi weaghtmarackabubhing steeulangleabhynhunded to

t he bushi ng at erfa t S b8 St materi a
9 ﬂrﬁ?&gab'ﬂ% gE ﬁ’éeéﬁ@;{:eg n 1 e?er?QB@ % §Jht Y

Is diluted with e trac In a no greater
than 5 percent EyaﬁklBﬁﬁhabga§F§ﬁlresF§t5hﬁ Rﬁeﬁerapd|ﬁmbpaemewﬁshﬁm@ st eel

material . Pref easb&amixhe.egagesmenma’éeﬁsns&anaegakabwl staidhledsed Wi th no

reat er than 3 rc nt [ rack bushi,ng steel, and even nore
g gt 8yprefg y marten51t9c stainless steel

having a composition by weight percent comprising:

carbon 0.06 maximum
chromium 11.0 to 12.5
nickel 4.0 to 5.5
15 molybdenum 0.4 to 0.7
manganese 1.00 maximum
silicon 0.90 maximum
phosphorous 0.04 maximum
sulfur 0.03 maximum
20 copper 0.75 maximum
iron balance.

In the preferred embodiment, the abrasion-

resistant material is metallurgically welded to the
25 track bushing by laser welding means.

Referring again to Fig. 2 which shows the
track bushing in sealing engagement with a track seal,
Fig. 2 shows a track bushing 10 wherein the abrasion-
resistant material 15 deposited in groove 13 is in

30 sealing engagement with a seal 90 having a sealing lip
91. The seal 90 is fixed in a track link 80. As can
be seen from Fig. 2, it is desirable that the sealing
engagenent between the track bushing and the track
seal occurs at the corrosion and abrasion-resistant



preferably no greater than 1 percent by weight of track bushing steel. In
the preferred enbodi nent, the abrasion-resistant material is desirably
stainless 10 steel and preferably nmartensitic stainless steel having a

conposition by weight percent conprising: carbon 0. 06 maxi mum
chrom um 11.0 to 12.5 ni ckel ~-10~ 4.0 to 5.5 15

nol ybdenum 0.4 to 0.7 manganese 1. 00 - maxi mrum silicon

0. 90 maxi mum phosphor ous ~0.04 maxi mum sul f ur 0. 03 maxi mum 20
copper 0. 75 maxi mum i ron bal ance. In the preferred

enmbodi nent, t heclagtdisiaret rdee steack nbushing ¢mdaetal | urgically welded to

the 25 track bushi ng by |RsférMehd i RSy "BENPig Red SiRicW S86kd 40 Fig. 2
whi ch shows t he track bUShI ﬂ I n Seal L ng g&g%%ﬁnent with a track seal, Fig

2 shows a trackhasgishi Rah $ideapt thefesomd hBeREingd| 15
deposited in grémi/axabzm@ tBneSDaseﬂlcr:D@d@@@a@emiomwsﬁssmt gPebaving a

sealing li 91 The s 0 is fixed be seen

fron1F?g 2 ?E??&% Teé#% $ﬂ%§§?%éb§%§? aé%%g%g%%gﬁ?gb% Sthe track

bushi ng and thd:ltacacIbtssiain@cmréeﬁine@eatothesbmdm titexfaner 38 st ant

-10- cl addi ng of the ”acC#ePé‘PPiH? @ﬁ (ng@r Péh”%&é’ glﬂagﬁi%'é&h shows
cond

a magni fied secti onal VI ew
section of Fig. 3, the bonding 1nterface 38 desirably

has a composition which is a mixture of the track
10 Dbushing material and the abrasion-resistant material.
Desirably, the bonding interface has a thickness no
greater than 5 percent of the circumferential groove
depth and preferably no greater than 3 percent of the
thickness of the circumferential groove depth. 1In
15 +this manner, the abrasion-resistant cladding 15 has a
conposition distinct from the bond interface 38
composition.
In the preferred embodiment, the laser
cladding is free of defects such as cracks, entrapped
20 slag or porosity and has a polished surface having a
Rockwell C hardness of about RC 60 and the process of
the present invention is useful for manufacturing new
track bushings or for refurbishing used track
bushings.
25 Industrial Applicability
The present invention is particularly useful
for improving the abrasion and corrosion resistance of
track bushings used with the track pins for linking
the track links for the endless track of a track type
30 vehicle, such as an earthmoving vehicle for example.
The present invention is expected to increase the
useful service life of these track bushings by as much
as 500% or more.
Other aspects, objects and advantages of



end having the | aser cl added abrasion-resistant steel 5 material, the
‘bondi ng between the cladding and the track bushing is defined at the
bonding interface 38. Referring to Fig. 4 which shows a magni fied section
of Fig. 3, the bonding interface 38 desirably has a conposition which is a
m xture of the track 10 bushing materiakignd the abrasion-resistant
material. Desirably, the bonding interface has a thickness no greater than
5 percent of the circunferential groove depth and preferably no greater
than 3 percent of the thickness of the circunferential groove depth. In 15
this manner, tHhabrioswentiasicamnbe cdbbtialingd 16rdmsaastadpostttha di stinct
fromthe bond i o) { L] t p. pment, the

| aser cl addi ng %ﬂ%ﬁgbﬁ% ef&eqc) éié%}%ﬁe aésqucrg% s%gé%{“?%gpgggg’gg'sl ag or
porosity and has a polished surface having a Rockwell C hardness of about
RC 60 and the process of the present invention is useful for manufacturing
new track bushings or for refurbishing used track bushings. 25 Industrial
Applicability The present invention is particularly useful for inproving

t he abrasion and corrosion resistance of track bushings used with the track
pins for linking the track links for the endless track of a track type 30
vehi cl e, such as an earthnoving vehicle for exanple. The present invention
is expected to increase the useful service life of these track bushings by
as nmuch as 500% or nore. Ot her aspects, objects and advant ages of



-11- this invention can be obtained froma study of the draw ngs, the

di scl osure and the appended cl ai ns. Cains 1. A track bushing nade
fromsteel, for an endless track of a track-type vehicle, conprising: 5
a cylindrical tubular shape, a first end and a second end; a fiTst end

bearing surface adjacent said first end ang-a second ™ ce
adj acent said second end; 10 a circunf ereﬁ mqﬂﬁﬂg;la din
at |east one of said first end bearing surface and sal € secanduened beari ng
surface, said circunferential groove having a depth in an axial direction;
and an abrasion resistant material depofladmsi5 - within said
circunferential groove and netallurgically bonded to said bushing at a bond

interface, said abrasion resistant nmaterial at said bond interface being
diluted with no greater than 5% byagEi BHEhipdcragashray steel.n&osr @@ . 20

2. The track émshéﬁs,t_ﬂackebffQrtbabl&-ﬁir@énié_é?ibmgieme@QiiQiﬁBI’:aSi onh
396 by wel ghe 1 ack busni ng SYLEParsEal”loiTal) pHaRE, ) 158 0end, Angl,
in claim?2, wherebecendidendiyasi on resistant material at said bond interface
is diluted with no greateg EpaselegnQypuairgny LhRekcBUsljagenteghia

first end and a second end bearing surface adjacent

said second end;

10 a circumferential groove formed in at least
one of said first end bearing surface and said second
end bearing surface, said circumferential groove
having a depth in an axial direction; and

an abrasion resistant material deposited

15 within said circumferential groove and metallurgically
bonded to said bushing at a bond interface, said
abrasion resistant material at said bond interface
being diluted with no greater than 5% by weight track
bushing steel material.

20

2. The track bushing, as set forth in
claim 1, wherein said abrasion resistant material at
said bond interface is diluted with no greater than 3%
by weight track bushing steel.

25

3. The track bushing, as set forth in
claim 2, wherein said abrasion resistant material at
said bond interface is diluted with no greater than 1%
by weight track bushing steel.

30

4. The track bushing, as set forth in
claim 1, wherein said abrasion resistant material is
stainless steel.



.30 4.  The track bushing, as set forth in claiml1l, wherein said abrasion
‘resistant material is stainless steel. -13- 5. The track bushing, as
set forth in claim4 , wherein said abrasion resistant material is -
martensitic stainless steel. 5 6. The trac

forth in claim5 , wherein said abrasion resistant matgmuﬂlml "Hmmﬂyl ic

stainl ess steel having a conposition by wgiaght percent, *conprtsing:s

car bon 0. 06 maxi mum chrom um 11.0 to 12.5 nicke

4.0 to 5.5 nol ybdenum 0.4 to 0.7 manganese 1. 00 maxi mum 15
silicon 0. 90 maxi mum phosphor ous 0. 04 maxi mum sul fur

0. 03 maxi num copper 5. O0THEé tmackubushing, as set fobshadme. 20 7.

The track bushi age1@sssolyherblnl Gaghobiible MCLEREsPRNY ARERLGH fgoT Stan
e aiprior Bl4Sy

material is netallurglca to eac sal rst en earing
surface and saJEF%E%EﬁHtéﬁdsBéaﬁlﬁgssﬁteaée 25 8. The track bushlng, as
set forth in claiml, wherein said abrasion resistant naterial S

b
retal [urgicgl Iy wel ded togsai d,fragk BUSIng.BY 135°T o poren 4n

claim 5 , wherein said abrasion re51stant material is
martensitic stainless steel having a composition by
weight percent, comprising:

10 carbon 0.06 maximum
chromium 11.0 to 12.5
nickel 4.0 to 5.5
molybdenum 0.4 to 0.7
manganese 1.00 maximum

15 silicon 0.90 maximum
phosphorous 0.04 maximum
sulfur 0.03 maximum
copper 0.75 maximum
iron balance.

20

7. The track bushing, as set forth in
claim 1, wherein said abrasion resistant material is
metallurgically welded to each of said first end
bearing surface and said second end bearing surface.

25
8. The track bushing, as set forth in
claim 1, wherein said abrasion resistant material is
metallurgically welded to said track bushing by laser
welding means.
30

9 A process for making a corrosion
resistant track bushing for an endless track of a
track-type vehicle, comprising the steps of:

providing a track bushing having a



weiding means. 30 9. A process for nmaking a corrosion resistant track
" bushi'ng for an endl ess track of €, conprising the steps
of : providing a track bushi ng hayi JEET | ndr i eal—tuabut-ar shape;”

first end and a second end, a fifst e face a
end and a second end bearing surftag T ~said secondﬂ!mﬂ HII]“LI“I”“W
formng a circunferential groove in at | eagt one o earl
surface and said second end bearing surface, said circunferential groove
having a depth in an axial direction; and depositing an abrasion resistant
material 10 within said circunferential groove; bonding said abrasion

resi stant matergglindrieall tushlag shapepoadfinstréndeabg Rasercond! di ng
nmet hod; and for g hayi r n st ant
material at sai oﬁ%a%#kéﬁfgégb%e?%gg% ?M%P%c a%ﬁj;éeﬁ?eg?e? Fﬁ§%£5@6by
wei ght track bu§ﬂ1ﬁg“ﬁﬁie$$%9ndlendThéaELBGeégrféﬁesééjﬁﬁﬁﬂﬁ sAiflaim 9 ,
20 wherein sai gd@sed & di ng nethod includes the steps of: providing a

| aser wel der, having a pomer density ratin n the range of ,about .2 kWto
about 25 kWP 25 EorBiast, AUPUBLerOBticl S00pvayideay 1east

one of said first end bearing surface and said second
end bearing surface, said circumferential groove
having a depth in an axial direction; and

depositing an abrasion resistant material
10 within said circumferential groove;
bonding said abrasion resistant material to
said bushing at a bond interface by laser welding
method; and
forming said track bushing having said
15 eabrasion resistant material at said bond interface
being diluted with no greater than 5% by weight track
bushing material.

10. The process, as set forth in claim 9,
20 wherein said laser welding method includes the steps
of:
providing a laser welder having a power
density rating in the range of about 2 kW to about 25
kw; . *?
25 adjusting laser optics to provide a
defocused laser beam for melting said abrasion
resistant material;
adjusting scan frequency in the range of
about 6 cycles per second to about 45 cycles per
30 second; and
adjusting amplitude of said scan frequency
to a value at least greater than the width of said
circumferential groove.
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def ocused | aser beamfor neltin T i:élé sistant material ;

adj usting scan frequency of sai Ias§£%§%§% ﬁ“ the range of 30 about 6
cycl es per second to about 45 Oye bond; and-fwhinnlﬂT”'ainltude of
said scan frequency to a val ue at | east greater than t ﬂml
circunferential groove. -15- 11. The process, as setjmm@ 'ﬂum‘“ 0,
wherein said |laser welder is a Nd: YAG | agg~ having a p emsi ty ?alﬁng
in the range of about 2 kWto about 3 kW 12. The process, as set forth in
claim 10, wherein said |aser welder is a CJerr] |aser having a power
density rating in the range of about 6 kWto about 25 kW 10

13. The process, as set ifortThenprbaessiOaswaetefarthi dnscdaimr d8uency is
about 12 cycl apnfili 3°6R18 1dder TDE1ALECESSa NE: 286 1ALER hAvERG B9 15

wherein said abrasion resistant material 1s a martensitic stee The
process, as SeROYRF (FeRityFatinguher Eha sandeapfaabsnts 8sk ot naterial
Is in a 20 povglesut O nkdravi ng a particle size in the range of about -100
mesh size to about +325 nesh size. 16. The process, as set forth in claim9
, |nclud|n§ the step of adjusting a | aser cladding speed 25 in the range
of about 5 inches per ni Adte Theappote&8) ascket perthi dnt elaih 1The
process, as sebylolil £0:6' 8L WBSAEE":18%h0ch! Fadlr d6R0BhY 29pb0Er
density rating in the range of about 6 kW to about 25

kw.

10 13, The process, as set forth in claim 9,
wherein said scan frequency is about 12 cycles per
second.

14. The process, as set forth in claim 9,
15  wherein said abrasion resistant material is a
martensitic steel.

15. The process, as set forth in claim ¢,
wherein said abrasion resistant material is in a
20 powder form having a particle size in the range of
about =100 mesh size to about +325 mesh size.

16. The process, as set forth in claim 9,
including the step of adjusting a laser cladding speed”
25 in the range of about 5 inches per minute to about 100
inches per minute. “

17- The process, as set forth in claim 9,
wherein said step of depositing the abrasion resistant
30 material in said groove include pre-placing said
abrasion resistant material in said groove and
scanning a laser beam over said pre-placed material.

18. The process, as set forth in claim 9,

This Sheet Has Been Re’i
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36 Thpterial in said groove includes pre-placing said abrasion resistant
material in said groove and scanning a | aser beanmoveﬁ—saLd—pLeLpLaeed
material. 18. The process, as set forth in cl

step of delivering said abrasion resistant rrat erl alum ﬂﬁm ”ll ﬁ beam in
an off-axis manner. 19. The process, as set forth | udi ng
the step of delivering said abrasion res+séant materi al |nto sal | aser
beamin a co-axial manner. 10

including the step of delivering said abrasion
resistant material into said laser beam in an off-axis
manner.
19.. The process, as set forth in claim 9,
5 including the step of delivering said abrasion
resistant material into said laser beam in a co-axial
manner.

10

")



