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Title: TRACK LINK ASSEMBLY FOR A MACHINE
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(57) Abstract: A track link assembly is disclosed for a machine. The track link assembly may include a first track link (202) having a
first thru hole (212) and a second track link (204) having a second thru hole (214) aligned with the first thru hole (212). The track
link assembly may further include a track pin (114) disposed within the tirst and second thru holes (212, 214). The track pin (114)
may have an end protruding from the first and second track links. The track link assembly may also include a ring-shaped flange
(300, 306) integrally formed from the end of the track pin (114) after insertion of the track pin (114) into the first and second track
links. The ring-shaped flange (300, 306) may have an outer diameter larger than a diameter of the first and second thru holes (212,
214).
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Description

TRACK LINK ASSEMBLY FOR A MACHINE

Technical Field

This disclosure relates generally to a track link assembly fora
5  machine and, more particularly, to a system and a method for forming a track

fink assembly.

Background
Track~-type machines are in widespread use in construction,

muning, forestry, and other similar industries. The undercarriage of such track-

10 type machines utilizes tracks, rather than wheels, o provide ground-engaging
propulsion. Tracks may be preferred in environments where creating sufficient
traction is problematic. The tracks include an endless loop of coupled track hink
assemblies, which support ground-engaging track shoes.

Typical track link assemblies include two pairs of track links

15 connected to each other by a track pin. The connections between the track links
and the track pin must be sufficient to retain the track pin within the track links
during operation of the machine. The loads that the connections must withstand
depend on numerous factors, such as a weight of the machineg, asize or a
material of the track links, a size or a material of the track pin, an environment in

20 which the machine s operating, characteristics of the ground surface engaged by
the shoes, and other factors. In addition, if appropriate track pin retention
mechanisms are not employed. the track pin may work iiself free from the track
links. ¥ the track pin were to release from the track link assembly, the track
could unroll quickly and pieces of the track pin may break off.

25 One exemplary pin retention mechanism 1s described in U.S.
Patent No. 4,141,125 (the '125 patent) filed by Blunier on December 6, 1977,
The 125 patent describes a track pin that has ends mounted 1o bores defined by
respective track links. The ends of the track pin are heated above the critical
temperature of the steel making up the track pin, and then quenched. The

30 strength of the metallurgical bond formed by this process prevent the track pin

from working itself free from the track links.
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Although the solution described in the “125 patent may be
acceptable for some applications, it may still be problematic. Tn particular,
typical track pins are made from materials having high strength and hardness
characteristics, and heating track pins above the critical temperature, as
suggested in the “125 patent, can be difficult to implement with such materials.
In addition, the process could change the matenal characteristics of the track pin
n an undesirable way.

The track link assemblies and methods of the present disclosure

are directed towards overcoming one or more of the problems set forth above.

In one aspect, the present disclosure 15 directed to a track link
assembly for a machine. The track link assembly mayv include a first track link
having a first thru hole and a second track link having a second thru hole aligned
with the first thru hole. The track link assembly mayv further include a track pin
disposed withan the first and secound thru holes. The track pin may have an end
protruding from the first and second track links. The track link assembly may
also mnclude a ring-shaped flange integrally formed from the end of the track pin
after insertion of the track pin mto the first and second track links. The ring-
shaped flange may have an outer diameter larger than a diameter of the first and
second thru hole.

In another aspect, the present disclosure 15 directed to a method of
forming a track link assembly. The method may mclude disposing a track pin
within a first thru hole of a first track link and within a second thru hole of a
second track link. The method may further include applying heat to sofien at
teast part of an end of the track pin that protrudes from the first and second track
links. The method may also nclude applying force to deform at least part of the
end into a ring-shaped flange.

In vet another aspect, the present disclosure s directed (o a
machine. The machine may mclude a power source configured to rotate a
sprocket, and a track coupled with the sprocket and including a plurality of track
tink assemblies. Each track hink assembly may include a first track link having a
first thru hole, a second track link having a second thru hole, a third track link

having a third thru hole, and a fourth track link having a fourth thru hole. The
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track link assembly may further include a track pin disposed within the first,
second, third, and fourth thru holes. The track pin may have a first end
protruding from the first and second track links, and a second end protruding

from the third and fourth track links. The track link assembly may also include

(¥2]

first ring-shaped flange, integrally formed from the first end of the track pin after
msertion of the track pin into the first and second track hnks, having a fivst outer
diameter larger than a diameter of the first and second thru hole. The track hink
assembly may also include a second ring-shaped flange, integrally formed from
the second end of the track pin after insertion of the track pin into the third and
10 fourth track hinks, having a second outer diarmeter larger than a diameter of the

third and fourth thru holes.

Brief Description of the Drawings

Fig. 11s a diagrammatic illustration of an exemplary machine
consistent with the disclosed embodiments;
15 Fig. 2 1s an exploded view of an exemplary track link assembly
that may be used in conjunction with the machine of Fig. 1;
Figs. 3A and 3B are cross-sectional views of the track link
assembly of Fig. 2, before and after the ends of a track pin are deformed;
Figs. 4A and 4B are top views of the track pin of Fig. 3A, before
20 and after deformation;
Fig. 5 includes diagrammatic illustrations of several exemplary
track pin designs before and after deformation; and
Fig. 6 is a flowchart showing an exemplary process for forming

the track link assembly of Fig. 2.

25 Detailed Descrintion

Fig. 1 schematically dlustrates an exernplary machine 100
consistent with the disclosed embodiments. In the example depicted in Fig 1,
machine 100G is a dozer. 1t is contemplated, however, that maching 100 may
embody other types of machines performing operations associated with an
30 industry such as mining, construction, farming, or any other industry known in
the art. For example, machine 100 may be an earth moving machine such as a

loader, an excavator, or another earth-moving machine.
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Machine 100 may include a power source 102 capable of driving
a iracked undercarriage 104 at a range of cutput speeds and torques. Power
source 102 may be an engine such as, for example, a diesel engine, a gasoline
engine, a gaseous fuel-powered engine, or any other suitable engine. Tracked
undercarriage 104 may include tracks 106 {only one shown in Fig. 1) driven by
power source 102 via sprockets 108 (only one shown in Fig. 1}. Tracks 106 may
include more than one track hink assembly 110. Each track link assembly 110
may include at least one pair of track links 112 connected to each other by a
track pin 114, In addition, each track hink assembly 110 may be connected to a
shoe 116, which is configured to engage a ground swrface under machine 100
When sprockets 108 are rotated by power source 102, they may engage and
transmt torque to track link assembly 110, resulting in movement of tracks 106
around sets of pulley mechanisms 118,

Fig. 2 is an exploded view of exemplary track link assernbly 110
that includes two pairs of track links 112, track pin 114, a bushing 200, and shoe
116. As shown in Fig. 2, the first patr of track links 112 (e.g ., a first track hink
202 and a second track link 204) may be a marror image of a second pair of track
links 112 (e.g., a third track link 206 and a fourth track link 208}. The two pairs
of track links 112 mav be disposed opposite to each other within track hink
assembly 110, such that the first pair of track hinks 112 forms one side of track
link assembly 110 and the second pair of track links 112 forms the opposite side
of track link assembly 110, When the components shown in Fig. 2 are assembled
with one another, track pin 114 may be used to connect all of track links 112.
Shoe 116 may be connected to first track link 202 and to third track link 206, and
another shoe (not shown) may be connected to second track link 204 and to
fourth track link 208. Although Fig. 2 shows specific examples of track links
112 and track pin 114, the present disclosure i1s not Himited to the specific types
of track hinks 112 and track pin 114 that are illustrated in Fig. 2. Tnstead, track
link assembly 110 may be used with anv types of track links 112 and track pin
114,

In some embodiments, bushing 200 may be disposed on track pin
114, such that bushing 200 may rotate relative to track pin 114. For example,
bushing 200 may be retained on track pin 114 by second track link 204 and

fourth track Hink 208 disposed on etther side of bushing 200. By this
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arrangement, one of the rotationally-driven sprockets 108 may engage bushing
200, and bushing 200 may rotate on track pin 114, Due to the force applied {o
bushing 200, track pin 114 may translate, resulting 10 movement of track link
assembly 110 around pulley mechanisms 118.

Each of track links 112 may include one or more of thru holes

(¥2]

210 configured to accept at least a portion of track pin 114, For example, first
track link 202 includes a first thru hole 212, second track hink 204 includes a
second thru hole 214, third track link 206 includes a third thru hole 216, and
fourth track hink 208 includes a fourth thru hole 218, Thra holes 210 may be

10 shaped, sized, positioned, and/or otherwise configured to accept track pin 114
and bushing 200.

In an exemplary embodiment, thru holes 210 may be sized to
provide a pressed {it between at least a portion of bushing 200 and the
corresponding track links 112, Specifically, thru holes 210 may have a diameter

15 slightly smaller than a corresponding diameter of bushing 200 to facilitate the
press fit. In further exemplary ernbodiments, bushing 200 may comprise more
than one outer diameter, and at least one of the outer diameters defined by
bushing 200 mayv correspond to the diameter of the respective thru holes 210 In
this way, bushing 200 may remain substantially stationary relative to the track

20 links 112 coupled thereto during use of tracks 106,

Additionally, each of track links 112 may further include one or
more openings 220, while each shoe 116 may include corresponding openings
222, By this arrangement, threaded fasteners, such as bolis (not shown}, may be
disposed within openings 220 and 222 to attach shoe 116 to track links 112.

25  Corresponding threaded fasteners, such as nuts {not shown), mayv be disposed on
the ends of the bolts.

As shown n Fig. 2, track pin 114 may have a {irst end 224 and a
second end 226. When the components shown in Fig. 2 are assermbled, track pin
114 is disposed within first thru hole 212 and second thru hole 214, and first end

30 224 may protrude from first track link 202 and second track link 204, Sinudarly,
when track pin 114 1s disposed within third thru hole 216 and fourth thru hole
218, second end 226 may protrude from third track link 206 and fourth track link
208. Consistent with embodiments of the present disclosure, a method is

provided for formung track link assembly 110, In some embodiments, the
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method includes defornmung protruding portions of first end 224 and second end
226 in a way that prevents track pin 114 from working itself free from track links
112,

Fig. 3A is a cross-sectional view of track link assembly 110
before deformation of first end 224 and second end 226, while Fig. 3B is a cross-
sectional view of track link assembly 110 after deformation of first end 224 and
second end 226. As shown 1o these figures, before the deformation, first end 224
protrudes from first and second track links 202, 204 by a distance L1, and
second end 226 protrudes from third and fourth track links 206, 208 by a
distance L2. In some embodiments, distance L1 roay have a value of about 5-50
mm {e.g.. about 10-45 mm)}. The value of distance L1 may be equal to the value
of distance L2, Alternatively, the value of distance L1 may be more or less than
the value of distance L.2.

After the deformation, each end may be reshaped to include a
ring-shaped flange. which may be an integral part of track pin 114. For example,
a first ring-shaped flange 300 1s made from first end 224. In the context of the
present disclosure, the term “defornung” means applying heat and force to
change the shape of at least part of track pin 114. First ring-shaped flange 300
may have an outer diameter larger than a diameter of track pin 114. For example,
the diameter of track pin 114 may be aboui 20-70 mm, and the outer diameier of
first ring-~shaped flange 300 may be about 0.5 ~-10% larger. Figs. 4A and 4B are
top views of track pin 114 before and after deformation, respectively, and may
provide a better understanding of the difference in diameters assoctated with first
end 224. Figs. 4A and 4B are discussed mn greater detail below.

The process of deforming first end 224 to make first ring-shaped
flange 300 is referred herewith as a warm-formed process, and is further
disclosed o detail with reference to Fig. 6. The warm-formed process has
several advantages over a process where no heat is applied prior to the apphance
of force (1.e., a cold-formed process). One advantage is that a side profile of first
ring-shaped flange 300 may include a single radial peak 302. In one example,
radial peak 302 may be located at a distance about a third of distance L1 closer
to the end surface of first track link 202. While the height of radial peak 302 may
be between 1.1-3.5 times the diameter of track pin 114, Another advantage of the

warm-formed process over the cold-formed process is that, by applying heat to at
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least part of track pin 114, the heated area is softened, which can make the area
easter {0 deform via pressing.

In some embodiments, structural differences may be observed
between first ring-shaped flange 300 formed by a warm-formed process and a

different ring-shaped element formed by a cold-formed process. For example,

(¥2]

first ring-shaped flange 300 may inchude an oxide layer that indicates that the
ring-~shaped flange was previously heated. Therefore, there may be color
differences i areas that were heated. In addition, areas that have been affected
by heat may be detected when performing micro-analysis on first end 224 (i.e.,

10 when looking at the nucrostructure of the steel) and measuring the hardness
below the surface of first end 224. For example, the hardness of an area affected
by heat may be non-uniform. In the example illustrated in Figs. 3A and 3B, first
ring-shaped flange 300 is shaped when heat and force are applied only to part of
the first end 224. Accordingly, first end 224 may have a particular oxidation

15 pattern and hardness characteristic. For example, the end of the track pin may
mclude an oxide laver on the ring-shaped flange and may include an oxide-free
area at a diameter smaller than the inner diameter of the ring-shaped flange.
Also, after deformation first end 224 and first ring-shaped flange 300 may have a
substantiatly uniform surface hardness of about 50 10 62 Riw C, for example, 54

20 Rbw .

Figs. 3A and 3B also depict a system 304 that has the capahilities
of deforming at least part of track pin 114. The heat and force applied by system
304 may depend on the type and size of track pm 114 that is being deformed. A
person skilled in the art will understand that deforming a track pin having a

25 diameter of 70 mm would require significantly more resources than deforming a
track pin having a diameter of 20 mm.

Systern 304 may be configured to concurrently {or subsequently)
apply heat to soften at least a part of first end 224 and to applv a pressing force
to deform the at least a part of first end 224, In addition, system 304 may be

30 configured to concurrently (or subsequently) deform first end 224 and second
end 226. The term "concurrently” means that the two processes occur during
coincident or overlapping time periods, either where one begins and ends during
the duration of the other, or where a later one starts before the completion of the

other. In a first example, a force used to press at least a part of first end 224 15
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applied while heat is still being applied. In a second example, first ring-shaped
flange 300 mav be shaped from first end 224 at the same time that second ring-
shaped flange 306 1s being shaped from second end 226, In some embodiments,
system 304 may include a ring-shaped element 308, a power supply 310, a press
312, a resistance heating apparatus 314, and a controller 316,

Ring-shaped element 308 may protrude from the surface of
system 304, such that system 304 may apply heat, force, or both to only a part of
first end 224, Distance L3 represents the space between the surface of first end
224 and the surface of system 304 after system 304 deforms first end 224, L3
may have any value larger than zero. The diameter of ring-shaped element 308
may correspond with the diameter of track pin 114, In the embodiment
tHustrated in Figs. 3A and 3B, ring-shaped element 308 has a round profile. In
another embodiment, ring-shaped element 308 may have a stepped profile.

Power supply 310 may be any type of power supply that is
capable of providing a variable supply of power, such as a battery, an AC power
supply, or a BC power supply such as a linear power supply, a switching power
supply, a DC-DC converter, a silicon controlled rectifier (SCR), or other type of
power supply. Power supply 310 may be directly or indirectly connected to press
312 and resistance heating apparatus 314 by way of controller 316. Thus,
depending on a desived set of conditions, controller 316 may regulate power
supply 310 1o alter a polarity. a current, a voltage, and/or other parameters of the
power directed to press 312 or resistance heating apparatus 314.

Press 312 mav be configured (o apply a linear force to at 1zast one
end of track pin 114 In some embodiments, press 312 may
include a force sensor configured to measwye 3 reaction force at first end 224
Crata refated to the reaction force and deformation mav be used by controlier 316
to determine the force applied to first end 224, Press 312 may be fitted with an
end tochng or ring-shaped element 308, gs shown in Figs. 34 and 38, The type
of profile ring-shaped element 308 may affect how force from press 312 1s
applied to track pin 114, In a first example, a round profile (as shown in Figs. 3A
and 3B) may cause more force to be apphied at a perimeter of first end 224 than
at the inner diameter of first ring-shaped flange 300. In a second example, a

stepped profile may cause force to be applied wniformiy.
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Resistance heating apparatus 314 may include a pair of electrodes
electrically connected to power supply 310. When power is supplied to the pair
of electrodes, current flows hetween a portion of first end 224 in contact with the
pair of electrodes and heat is generated. The temperature in the portion of first

end 224 may be below the critical temperature of the material of track pin 114

(¥2]

The term “critical temperature” i3 defined herewith as the teroperature af which
phase change occurs. For example, when the matenial of track pin 114 15 SAE
1040 steel or AISE 1050 steel, the critical temperatures may range from
approximately 1400°F o approximately 1600°F . In this case, at least a portion of
10 first end 224 may be heated below 1400°F, for example, to a temperature of
about 400-1300°F.
Controlier 316 may embody a single microprocessor or multiple
microprocessors that include a means {or controlling an operation of system 304,
Nuroerous conunercially available nucroprocessors may perform the functions
15 of controller 316. Controller 316 may include or be associated with a memory
for storing data such as, for example, an operating condition, design bimits,
performance characteristics or specifications of syster 304 or operational
mstructions. ¥Various other known circuits may be associated with controlier 316,
including power supply circuitry, signal-conditioning circuitry, communication
20 croutry, and other appropriate circuitry. Moreover, controller 316 may be
capable of communicating with other components of system 304 via etther wired
or wireless transmussion and, as such, controller 316 may be disposed in a
location remote from system 304, if desired.
Fig. 4A is atop view of track pin 114 before deformation, while
25  Fig 4B is atop view of track pin 114 after deformation. The perimeter of track
pin 114 1s marked with a continuous line and the perimeter of thru holes 210 is
marked with a dashed line. As shown in Fig. 4A, before deformation, an outer
diarneter di of track pin 114 is substantially the same size as a diameter d2 of
thru holes 210. As mentioned above, heat, force, or a combination of both may
30 be applied only to part of first end 224, For example, first end 224 may include a
peripheral area 400 and a central area 402, and applying heat and/or force to
deform the at least part of the end of the track pin may include applying heat

and/or force to peripheral area 400 and not to central area 402,
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The warm-formed process may deform first end 224, such that
diameter di of track pin 114 increases. In some embodiments, the new size of
outer diarneter di is about 0.5-15% larger than the onginal size of outer diameter
di. In other words, first ring-shaped flange 300 has an outer diameter (i e, outer
diameter d1) larger than a diameter of thra holes 210 (i.e., diameter d2). For
example, the outer diameter of first ring-shaped {lange 300 mway be about 2.5-
12% larger than the diameter of thru holes 210. First ring-shaped flange 300 also
has an inner diameter (i.e., diameter d3) smaller than the diameter of thru holes
210 (i.e., diameter d2). Consistent with some embodimenis of the present
disclosure, ring-shaped element 308 of systern 304 is applied only to peripheral
area 400, and first ring-shaped flange 300 is formed from material only under
peripheral area 400.

Fig. 5 mcludes diagrammatic itlustrations of several exemplary
designs of track pin 114 before and after deformation. In some embodiments,
first end 224 may have a flat surface and system 304 may include a ring-shaped
element 308 that protrudes from its surface. First design 300 and second design
502 llustrate exemplary designs of track pin 114 according to these
embodiments. The shape of the first ring-shaped flange 300 may be affected by
the profite of ring-shaped element 308. In other embodiments, first end 224 may
mnclude a have an uneven surface and systerm 304 may include a flat surface. For
exarnple, first end 224 may include a ring-shaped element 504, Third design 506
and fourth design 508 illustrate exemplary designs of track pin 114 according to
these embodiments. The shape of the first ring-shaped flange 300 may be
affected by the profile of ring-shaped element 504. In all of the illustrated
designs applving heat and/or force to deform the end of track pin 114 may
include applving heat and/or force to a peripheral area and not to a central area.
The {ollowing discussion, with reference to Fig. 6, provides an exemplary

process 600 for formung track link assembly 110,

Industrial Applicabiliy

The disclosed track link assembly may be applicable 1o any
machine having a tracked undercarriage that includes track links connected by
track pins. The track link assernbly described herein provides robust pin

etention, with reduced number of components. Thus, the disclosed track link
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assembly may be reliable and low cost. In addition, the disclosed track link
assembly may improve durability of the associated tracked undercarriage by
eliminating walking out of the track pin during use.

At step 602, track pin 114 may be disposed within thru holes 210
of the track links 112, which may be aligned with one another. For example, one
end of track pin 114 may be disposed within first thru hole 212 of first track hink
202 and within second thru hole 214 of second track link 204, while the other
end of track pin 114 may be disposed within third thru hole 216 of third track
hink 206 and within fourth thru hole 218 of fourth track link 208. Track pin 114
may be inserted within thru holes 210 in any way known in the art. Bushing 200
may be disposed on track pin 114 prior to insertion of track pin 114 within thry
holes 210. Regardiess of when it is disposed on track pin 114, bushing 200 may
rotate relative to track pin 114 and thru holes 210 even afler assembly is
complete. In accordance with embodiments of the present disclosure, track pin
114 may be disposed within thru holes 210 such that part of track pin 114
protrudes from thru holes 210. For example, first end 224 may protrude from
first track link 202 and second track hink 204, and second end 226 may protrude
from third track link 206 and fourth track link 208,

At step 604, heat 15 applied to soften at least part of the ends of
the track pin 114, By way of example, the discussion of this step will be directed
to first end 224, However, heat mav be similarly applied to second end 226 with
the necessary modifications. Heat may be applied to soften at least part of the
ends of the track pin 114 according to any method known in the art. For
example, heat may be applied using a laser beam or using electrical induction.
Alternatively, heat may be applied by an electrode using a low-voliage, high-
current pulsing power supply that may be incorporated in system 304 {e.g..
power supply 310} The pulsing electrical current that passes through track pin
114 may resistively heat at least part of first end 224. This heating ray slightly
soften part of first end 224, thus making 1t easier to shape first end 224 to a
larger diameter. In some embodiments, applving heat to first end 224 may
include applying heat to all of the surface of first end 224. Alternatively,
applying the heat to first end 224 may include applying heat only to an area
adjacent outer diameter d1. In a first example, the part of first end 224 that is

heated may be peripheral area 400. In a second example, the part of first end 22
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that is heated may be only a portion of peripheral area 400. In one embodiment,
step 604 includes heating the part of first end 224 below the critical temperature
of the material of track pin 114,

At step 606, force may be applied to deform parts of track pin 114

into ring-shaped flanges (300 and 306). The discussion of this step will also be

(¥2]

directed 1o fivst end 224, However, force may be similarly applied to second end
226 with the necessary modifications. The force may be applied by press 312
Press 312 may deform at least part of the first end 224 axially sutward over the
edges of thru holes 210, thereby forming first ring-shaped flange 300, In some

10 embodiments, applying force o first end 224 mayv include applying force to all
of the surface of first end 224. In other embodiments, applyving the force to first
end 224 may include applying force only to peripheral area 400, for example, by
using ring-shaped element 308, In addition, the force may be applied aniformily
to all of peripheral area 400. Alternatively, more force may be applied at a

15 perimeter of first end 224 than at an inner diameter first end 224. Consistent with
some embodiments, process 600 may be concurrently executed at both ends of
track pin 114 to form ring-shaped flanges at both sides (i.e., first ring-shapec
flange 300 and second ring-shaped flange 306). When both flanges have been
formed, track pin 114 may be secured in track link assembly 110.

20 Although process 600 describes forming track hink assembly 110
with track pin 114, 1t will be apparent to those skilled n the art that various
modifications and variations can be made fo process 600. For example, process
600 could be scaled up in size to or down in size to include a number of other
pin joints {e.g. hinge pin or bogie pins). Other embodiments will be apparent to

25  those skilled m the art from consideration of the specification and practice of the
disclosed system. 1t is intended that the specification and examples be
considered as exemplary only, with a true scope being mdicated by the following

claims and their equivalents.
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Claims

I. A track link assembly (110) for a machine, comprising:

a first track hink (202) having a first thro hole (212},

a first track hink (204) having a second thru hole (214) aligned
with the first thru hole (212);

a track pin (114} disposed within the first and second thru holes
(212, 214), the track pin (114) having an end protruding {rom the first and
second frack links; and

a ring-shaped flange (300, 306}, integrally formed from the end of
the track pin (114) after insertion of the frack pin (114) into the first and second
track links, having an outer diameter larger than a diameter of the first and

second thru holes (212, 214).

2. The track hink assembly of claim 1, wherein the outer
diameter of the ring-shaped flange (300, 306) is at least 0.5% larger than the

diameter of the first and second thru holes (212, 214).

3. The track link assembly of claim |, wherein the ring-shaped

flange (300, 306} includes an oxide layer.

4. The track hink assembly of claim 1, wherein the ring-shaped
flange (300, 306) has an inner diameter smaller than the diameter of the first and

second thru holes (212, 214).

5. The track link assembly of claim 4, wheren:
the end of the track pin {114} includes an oxide layer on the
ring-shaped flange (300, 306); and
the end of the track pin (114) includes an oxide-{res area at a

diameter smaller than the imer diameter of the ring-shaped flange (300, 306).

&, The track link assembly of claim 1, wherein a side profile of

the ring-shaped flange (300, 306) includes a single radial peak.

~

7. The track link assembly of claim 1, further including:
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a third track link (206) having a third thru hole;
a fourth track tink (208} having a fourth thru hole (218);
the end of the track pin {114} s a first end; and

the track pin (114} is disposed within the third and fourth thru

(¥2]

holes (216, 218) and includes a second end that protrudes from the third and
fourth track links (206, 208).

% The track ink assembly of claim 7, wherein the ring-shaped
flange (300, 306) 15 a first ring-shaped flange (300, 306) and the rack hink
10 assembly further includes a second ring-shaped flange (300, 306), integrally
formed from the second end of the frack pin (114) after insertion of the track pin
{114} into the third and fourth track links (206, 208), having an cuter diameter

targer than a diameter of the third and fourth thru holes (216, 218).

15 9. A method of forming a track link assembly, comprising:
disposing a track pin (114) within a first thra hole (212) of a first
track link (202) and within a second thru hole (214) of a second track link;
applying heat to soften at least part of an end of the track pin
{114} that protrudes from the first and second track links; and
20 applying force to deform at teast part of the end of the track pin

(114) into a ring-shaped flange (300, 306).

1€ The method of claim 9, wherein applving heat to soften the
at least part of the end of the track pin (114) includes applving heat below a

25  critical temperature of a material of the track pin.

i1, The method of claim 9, wherein the end of the track pin
(114} mcludes a peripheral area and a central area, and applying force to deform
the at least part of the end of the track pin (114) includes applying force to the

30 peripheral area and not to the central area.

12, The method of claim 11, wherein applying force to the

peripheral area includes applying force uniformly to all of the peripheral area.
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13, The method of claim 11, wherein applying force to the
peripheral area includes applving more force at a perimeter of the end of the

track pin (114) than at the inner diameter.

(¥2]

14 A machine, comprising:

a power source configured to rotate a sprocket;

a track coupled with the sprocket and including a plurality of
track link assemblies, each track link assembly includes:

a first track hink (202) having a frst thru hole (212);
10 a first track bink (204) having a second thru hole;

a third track link (206) having a third thru hole;

a fourth track hink (208) having a fourth thru hole (218),

atrack pm {114} disposed within the first, second, third, and
fourth thru hole (218)s, the track pin (114) having a first end protruding from the

15 first and second track links and a second end protruding from the third and
fourth track hinks {206, 208},

a first ring-shaped flange (300, 306), mtegrally formed from the
first end of the track pin (114) after insertion of the track pin (114) into the first
and second track links, having a first owler diameter larger than a diameter of the

20 furst and second thru hole; and

a second ring-shaped flange (300, 306), ntegrally formed from
the second end of the track pin {114} after insertion of the track pin (114) into
the third and fourth track links {206, 208}, having a second outer diameter iarger

than a diameter of the third and fourth thru holes (216, 218).

15, The machine of claim 14, wherain the first outer digmeter of
the first ring-shaped flange (300, 306) is at least 0.5% larger than the diameter of
the first and second thru holes (212, 214) and the second outer diameter of the
second ring-shaped flange (300, 306} 1s at least 0.5% larger than the diameter of

30 the third and fourth thru holes (216, 218).
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X 602
disposing a track pin within the thru holes of the track links
l 604
applying heat to soften at least part of an end of the track pin that //
protrudes from the track links

applying a force to the end o deform the at least part of end into a )/
ring-shaped flange
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