
Description TRACK BUSHING HAVING LASER CLADDING END TREATMENT FOR IMPROVED
ABRASION AND CORROSION RESISTANCE, AND A 5
PROCESS Technical Field The present invention relates generally to 10
track bushings for the endless tracks of a track-type vehicle, and more
particularly to a track bushing having laser cladding end treatment for
improved abrasion and corrosion resistance and a process for making the
same. 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 oil 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- formed groove in the track bushing end to provide 5
substantial improvement in the longevity of wear resistance. It is yet
further desirable to provide a process for depositing 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 least amount of
dilution of the substrate 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%    -3- by weight track bushing steel material. In another
aspect of the present invention, a process for making a corrosion resistant
track bushing for an endless track of a track-type vehicle 5 is disclosed.
The process comprises the following 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
adjacent the second end, is 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. la 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. la; and FIG. 4 is a magnified view of the detail A-A shown in FIG. 3,
showing the detail of the bonding    -4- interface, according to one
embodiment of the present invention. Best Mode for Carrying Out the
Invention 5            Referring to Fig. 1 which shows a schematic of a
process for making a corrosion resistant track bushing for an endless track
of a track-type vehicle, and Fig. la which shows a track bushing, the
process includes the steps of providing a track bushing 10 10 having a
cylindrical tubular 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    -5-
the track bushing material and preferably the abrasion-resistant material
is diluted with the track bushing material in an amount no greater than 5%
by weight abrasion-resistant material in track bushing 5 material. The term
"bond interface" as used herein means the interface between the track
bushing substrate and the abrasion-resistant material. This bond interface
is formed when the abrasion-resistant 10  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[err] 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    -6- embodiment of the present invention, the
process includes laser welding parameters such as the power density of a
laser welder, laser optics, laser scan frequency and amplitude of the scan
frequency such 5 that there is a minimum dilution of the clad material or
the abrasion-resistant material with the base material or the track bushing
material. In the preferred embodiment, the laser welding method includes
the steps of providing a laser 10  welder having a power density rating and
desirably in 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[err] laser
15  having a power density in the range of about 6 kW to about 20 kW. In
the best mode, the laser used is a CO[err] 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 embodiment, the laser
welding method includes the step of adjusting a laser cladding speed in the
range of about    -7- 5 inches per minute to about 100 inches per minute
and preferably a processing speed of about 30 inches per minute when a 6 kW
CO[err] laser source is used. In the preferred embodiment, the above 5
parameters set forth for the laser welding method are desired so as to keep
the dilution of the cladded abrasion resistant material with the bushing
base material such that the dilution is no more than 5 percent by weight
cladded material in the track 10 bushing material. 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    can be fused with the track
bushing and such materials can be selected from ferrous, nickel or cobalt
based materials or even chromium nitride. However, it is preferred to use
steel and is further preferred to use 5  martensitic steel as an
abrasion-resistant material. In the preferred embodiment, the martensitic
steel material deposited in the groove has a Rockwell C hardness at least
greater than RC 52 and preferably in the range of RC 58 to RC 60. 10
It has been found by the Inventors that the 



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[err]F. It is important not to 15  expose or
subject the track bushing to temperatures greater than 400[err]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    -9- abrasion-resistant material
is diluted with the track bushing steel material in an amount no greater
than 5 percent by weight abrasion-resistant material in track bushing steel
material. Preferably, the abrasion- 5 resistant material is diluted with no
greater than 3 percent by weight track bushing steel and even more 



preferably no greater than 1 percent by weight of track bushing steel. In
the preferred embodiment, the abrasion-resistant material is desirably
stainless 10 steel and preferably martensitic 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 engagement between the track
bushing and the track seal occurs at the corrosion and abrasion-resistant
-10- cladding of the track bushing end. Referring now to Fig. 3 which shows
a magnified sectional side view of the second bearing 



end having the laser cladded abrasion-resistant steel 5 material, the
bonding between the cladding and the track bushing is defined at the
bonding interface 38. Referring to Fig. 4 which shows a magnified section
of Fig. 3, the bonding interface 38 desirably has a composition which is a
mixture of the track 10  bushing 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. In 15
this manner, the abrasion-resistant cladding 15 has a composition 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    



-11- this invention can be obtained from a study of the drawings, the
disclosure and the appended claims.    Claims 1.   A track bushing made
from steel, for an endless track of a track-type vehicle, comprising: 5
a cylindrical tubular shape, a first end and a second end; a first end
bearing surface adjacent said 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.    -13- 5.   The track bushing, as
set forth in claim 4 , wherein said abrasion resistant material is
martensitic stainless steel. 5            6.  The track bushing, as set
forth in claim 5 , wherein said abrasion resistant 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    -14- cylindrical tubular shape, a
first end and a second end, a first end bearing surface adjacent said first
end and a second end bearing surface adjacent said second end; 5
forming a circumferential groove 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 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 abrasion 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 of said laser welder in the range of 30 about 6
cycles per second to about 45 cycles per second; and adjusting amplitude of
said scan frequency to a value at least greater than the width of said
circumferential groove.    -15- 11. The process, as set forth in claim 10,
wherein said laser welder is a Nd:YAG laser having a power density rating
in the range of about 2 kW to about 3 kW. 12. The process, as set forth in
claim 10, wherein said laser welder is a CO[err] laser having a power
density rating in the range of about 6 kW to about 25 kW. 10
13.  The process, as set forth in claim 10, 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 9, 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 includes 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,    -16- 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    


