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(54) TIE RIVET FOR SAW CHAIN

(57) Embodiments provide a tie rivet
(100,500,600,700,800) with a body
(102,204,220,502,602,702,802) that is configured to ride
on a rail of a guide bar, and an integrated rivet
(108,508,608,708,808) extending from an inner surface
(104,218,504,604,704,804) of the body
(102,204,220,502,602,702,802). The integrated rivet
(108,508,608,708,808) may include a draft angle that

varies over a circumference of the integrated rivet
(108,508,608,708,808). Additionally, or alternatively, the
tie rivet (100,500,600,700,800) may include an undercut
portion (130) around at least a portion of the integrated
rivet (108,508,608,708,808). The undercut portion (130)
may be recessed from the inner surface
(104,218,504,604,704,804) of the body
(102,204,220,502,602,702,802).
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Description

Cross Reference to Related Applications

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 62/110,328, filed Jan-
uary 30, 2015, entitled "TIE RIVET FOR SAW CHAIN,"
the entire disclosure of which is hereby incorporated by
reference.

Technical Field

[0002] Embodiments herein relate to the field of saw
chains, and, more specifically, to tie rivets for saw chains.

Background

[0003] Saw chains for chainsaws typically include a
plurality of links, such as cutter links, drive links, and tie
straps, coupled to one another by rivets. The rivets are
typically manufactured separately from the links, and the
rivets can come loose during operation of the saw chain.
Furthermore, for small saw chains, the small rivets and
links can be difficult to manipulate.

Brief Description of the Drawings

[0004] Embodiments will be readily understood by the
following detailed description in conjunction with the ac-
companying drawings and the appended claims. Embod-
iments are illustrated by way of example and not by way
of limitation in the figures of the accompanying drawings.

Figure 1A illustrates a top view of a tie rivet in ac-
cordance with various embodiments.

Figure 1B illustrates a side view of the tie rivet of
Figure 1A in accordance with various embodiments.

Figure 1C illustrates a cross-sectional view of the tie
rivet of Figure 1B along the line K-K shown in Figure
1B, in accordance with various embodiments.

Figure 1D illustrates a cross-sectional view of the tie
rivet of Figure 1B along the line L-L shown in Figure
1B, in accordance with various embodiments.

Figure 1E is a perspective view of the tie rivet of
Figure 1A, in accordance with various embodiments.

Figure 2A illustrates a side view of a saw chain in
accordance with various embodiments.

Figure 2B illustrates a top view of the saw chain of
Figure 2A in accordance with various embodiments.

Figure 2C illustrates a front view of the saw chain of
Figure 2A in accordance with various embodiments.

Figure 2D illustrates a cross-sectional view of the
saw chain of Figure 2A along the line A-A shown in
Figure 2A, in accordance with various embodiments.

Figure 2E illustrates an expanded view of the portion
marked B in Figure 2D, in accordance with various
embodiments.

Figure 3 illustrates another cross-sectional view of
the tie rivet of Figure 1B along the line K-K shown in
Figure 1B, in accordance with various embodiments.

Figure 4A illustrates another cross-sectional view of
the saw chain of Figure 2A along the line A-A shown
in Figure 2A, in accordance with various embodi-
ments.

Figure 4B illustrates an expanded view of the portion
marked C in Figure 4A.

Figure 5A illustrates a side view of another tie rivet
in accordance with various embodiments.

Figure 5B illustrates a cross-sectional view of the tie
rivet of Figure 5A along the line A-A shown in Figure
5A, in accordance with various embodiments.

Figure 5C illustrates a cross-sectional view of the tie
rivet of Figure 5A along the line B-B shown in Figure
5A, in accordance with various embodiments.

Figure 6A illustrates a perspective view of another
tie rivet in accordance with various embodiments.

Figure 6B illustrates a side view of the tie rivet of
Figure 6A, in accordance with various embodiments.

Figure 6C illustrates a cross-sectional view of the tie
rivet of Figure 6B along the line C-C shown in Figure
6B, in accordance with various embodiments.

Figure 6D illustrates a cross-sectional view of the tie
rivet of Figure 6B along the line D-D shown in Figure
6B, in accordance with various embodiments.

Figure 7A illustrates a perspective view of another
tie rivet in accordance with various embodiments.

Figure 7B illustrates a side view of the tie rivet of
Figure 7A in accordance with various embodiments.

Figure 7C illustrates a bottom view of the tie rivet of
Figure 7A in accordance with various embodiments.

Figure 7D illustrates a cross-sectional view of the tie
rivet of Figure 7B along the line E-E shown in Figure
7B, in accordance with various embodiments.
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Figure 7E illustrates a cross-sectional view of the tie
rivet of Figure 7B along the line F-F shown in Figure
7B, in accordance with various embodiments.

Figure 8A illustrates a perspective view of a cutter
tie rivet in accordance with various embodiments.

Figure 8B illustrates a front view of the cutter tie rivet
of Figure 8A, in accordance with various embodi-
ments.

Figure 8C illustrates a bottom view of the cutter tie
rivet of Figure 8A, in accordance with various em-
bodiments.

Detailed Description of Disclosed Embodiments

[0005] In the following detailed description, reference
is made to the accompanying drawings which form a part
hereof, and in which are shown by way of illustration em-
bodiments that may be practiced. It is to be understood
that other embodiments may be utilized and structural or
logical changes may be made without departing from the
scope. Therefore, the following detailed description is not
to be taken in a limiting sense, and the scope of embod-
iments is defined by the appended claims and their equiv-
alents.
[0006] Various operations may be described as multi-
ple discrete operations in turn, in a manner that may be
helpful in understanding embodiments; however, the or-
der of description should not be construed to imply that
these operations are order dependent.
[0007] The description may use perspective-based de-
scriptions such as up/down, back/front, and top/bottom.
Such descriptions are merely used to facilitate the dis-
cussion and are not intended to restrict the application
of disclosed embodiments.
[0008] The terms "coupled" and "connected," along
with their derivatives, may be used. It should be under-
stood that these terms are not intended as synonyms for
each other. Rather, in particular embodiments, "connect-
ed" may be used to indicate that two or more elements
are in direct physical or electrical contact with each other.
"Coupled" may mean that two or more elements are in
direct physical or electrical contact. However, "coupled"
may also mean that two or more elements are not in direct
contact with each other, but yet still cooperate or interact
with each other.
[0009] For the purposes of the description, a phrase in
the form "A/B" or in the form "A and/or B" means (A), (B),
or (A and B). For the purposes of the description, a phrase
in the form "at least one of A, B, and C" means (A), (B),
(C), (A and B), (A and C), (B and C), or (A, B and C). For
the purposes of the description, a phrase in the form
"(A)B" means (B) or (AB) that is, A is an optional element.
[0010] The description may use the terms "embodi-
ment" or "embodiments," which may each refer to one or
more of the same or different embodiments. Further-

more, the terms "comprising," "including," "having," and
the like, as used with respect to embodiments, are syn-
onymous, and are generally intended as "open" terms
(e.g., the term "including" should be interpreted as "in-
cluding but not limited to," the term "having" should be
interpreted as "having at least," the term "includes"
should be interpreted as "includes but is not limited to,"
etc.).
[0011] With respect to the use of any plural and/or sin-
gular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular
to the plural as is appropriate to the context and/or ap-
plication. The various singular/plural permutations may
be expressly set forth herein for sake of clarity.
[0012] Embodiments herein provide apparatuses, sys-
tems, and methods related to a tie rivet for a saw chain.
Embodiments further provide a saw chain that includes
a plurality of links coupled to one another in a chain, in-
cluding one or more tie rivets. The tie rivet may include
a body portion (also referred to as tie strap portion) that
has a length configured to couple adjacent links, such as
drive links, of a saw chain to one another. The tie rivet
may further include one or two rivets that extend from
the body of the tie strap. The rivets may be disposed in
and/or engage with a rivet hole of a connecting link (e.g.,
a drive link) to couple the connecting link to another link.
In some embodiments, the rivets may further couple the
tie rivet to an opposing tie strap on the other side of the
connecting link.
[0013] In various embodiments, saw chain may be con-
figured to be driven on a guide bar of a chain saw. The
guide bar may extend from a body of the chain saw and
may generally include a pair of elongate portions running
from a proximal end of the guide bar (closer to the body)
to a distal end of the guide bar (further from the body).
The elongate portions may be straight or may have a
slight curvature. In some embodiments, the elongate por-
tions may include a pair of rails, with a groove disposed
between the rails.
[0014] The guide bar may further include a sprocket at
the proximal and/or distal end to drive the saw chain
around the ends of the guide bar. For example, the guide
bar may include a drive sprocket at the proximal end of
the guide bar and a nose sprocket at the distal end of the
guide bar. The sprocket may include a spur with a plurality
of pockets to engage respective links of the saw chain.
In some embodiments, the sprocket may further include
a pair of rims with outer edges that define rails. The spur
may be sandwiched between the pair of rims. Other em-
bodiments of the sprocket may not include rims.
[0015] In various embodiments, the saw chain may in-
clude a plurality of links coupled to one another in a chain.
For example, the saw chain may include one or more
cutter links, drive links, and/or tie straps. The cutter links
may include a sharpened cutting edge for cutting a work-
piece (e.g., wood). In some embodiments, the cutter links
may further include a depth gauge to control a depth of
cut of the cutter link. For example, the depth gauge may
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be disposed in front of the cutting element (e.g., in the
direction of travel of the saw chain).
[0016] In various embodiments, the drive links may be
center links configured for riding in the groove of the guide
bar and/or to engage with one or more sprockets of the
guide bar. For example, the drive links may include a
tang that extends downward from a body of the drive link
to ride in the groove of the guide bar and/or engage a
pocket of the sprocket.
[0017] Additionally, or alternatively, some embodi-
ments may provide a saw chain including cutter links in-
tegrated into a drive link. Such a link may be referred to
as a cutter drive link. The cutter drive link may include a
body with a tang extending downward from the body, and
a cutting element and depth gauge extending upward
from the body. Some embodiments may provide a saw
chain including a plurality of cutter drive links coupled to
one another by tie rivets as described herein. In some
embodiments, the saw chain may include only cutter
drive links and tie straps, and some or all of the tie straps
may be tie rivets as described herein.
[0018] In other embodiments, the saw chain may in-
clude tie strap cutter links (e.g., a tie strap with an inte-
grated cutting element and depth gauge). One or more
of the tie strap cutter links may be a tie rivet as described
herein. Accordingly, the tie strap cutter links may include
one or more integrated rivets, a cutting element, and a
depth gauge. The tie strap cutter links may be coupled
to an opposing tie strap and connecting drive links. The
opposing tie strap and connecting drive links may be non-
cutting links.
[0019] As discussed above, the tie rivet may include a
body and at least one rivet extending from the body. The
body may include an outer surface and an inner surface.
The outer surface may generally face away from a con-
necting link to which the tie strap is coupled, and the inner
surface may generally face the connecting link. The one
or more rivets may extend from the inner surface. In some
embodiments, the body may be substantially flat. For ex-
ample, the outer surface and/or inner surface of the body
may be substantially flat (e.g., planar). In some embod-
iments, the outer surface and inner surface may be sub-
stantially parallel to one another.
[0020] The tie rivet may ride on one of the rails of the
guide bar. For example, the tie rivet may include a pair
of foot portions on a bottom surface of the body. The foot
portions may contact the rail as the tie rivet traverses the
guide bar. The foot portions may be separated on the
bottom surface of the body or may be included in a con-
tinuous portion of the bottom surface.
[0021] In some embodiments, the tie rivet may further
include a second pair of foot portions on a top surface of
the body. This may allow the tie rivet to be reversible.
[0022] In various embodiments, the integrated rivet of
the tie rivet may include a shoulder and a hub. The shoul-
der may be configured to be disposed in a rivet hole of
the connecting link (e.g., drive link). The hub may be con-
figured to be disposed in or engage with a rivet hole of

the opposing tie strap. In various embodiments, the
shoulder may provide a gap between the opposing tie
straps to provide clearance for the connecting links be-
tween the tie straps. In some embodiments, a radius of
the shoulder may be greater than a radius of the hub
(e.g., as measured from a common center line) to facili-
tate the gap. For example, the radius of the shoulder may
be greater than a radius of the rivet hole in the opposing
tie strap.
[0023] In some embodiments, the rivet hole in the op-
posing tie strap may extend completely through the body
of the opposing tie strap. Alternatively, the rivet hole may
be defined by a depression in the body of the opposing
tie strap that is recessed from the inner surface of the
body. The hub of the tie rivet may engage with the rivet
hole in the opposing tie strap to keep the tie rivet con-
nected to the opposing tie strap.
[0024] For example, in some embodiments, a rivet
head may be formed by spinning the hub, such as by a
spinning anvil. Alternatively, the rivet may include a con-
cavity in the end of the rivet that may be struck with an
implement to spread the end of the rivet to form a rivet
head. In other embodiments, the rivet head may be a
crushed head. In yet other embodiments, the rivet head
may be a flush head that has a same or similar radius to
the hub. The flush head may be joined to the rivet hole
of the opposing tie strap, such as by resistance welding,
laser welding, ion-beam welding, or another non-me-
chanical joining process.
[0025] In various embodiments, the integrated rivet of
the tie rivet may include a variable draft angle along a
circumference of the side surface of the tie rivet. The draft
angle may refer to an angle of the side surface of the
rivet with respect to a center line through the axial center
of the rivet. The rivet may have a non-zero draft angle
over at least a portion of the surface of the tie rivet to
facilitate removal of the tie rivet from a mold that is used
to manufacture the tie rivet.
[0026] For example, the side surface of the rivet may
have a draft angle with a first value over a first portion of
the circumference of the side surface, and may have a
draft angle with a second value over a second portion of
the circumference of the side surface. The second value
may be greater than the first value. The side surface may
further include transition portions between the first por-
tion and the second portion. The draft angle of the side
surface may change from the first value to the second
value (e.g., substantially continuously) over the transition
portions. In one example, the first value may be about 0
degrees (e.g., the side surface may be substantially par-
allel with the center line), and the second value may be
about 1 to about 5 degrees (e.g., about 2 degrees).
[0027] It will be apparent that other values of the draft
angle may be provided in other embodiments. For exam-
ple, in some embodiments, the first value and the second
value may both be non-zero. Alternatively, in some em-
bodiments, the draft angle may continuously change over
the entire circumference of the side surface of the rivet,
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or over the entire circumference apart from the first por-
tion.
[0028] The first portion, second portion, and/or transi-
tion portions may cover any suitable portion of the cir-
cumference of the side surface. For example, in some
embodiments, the first portion may cover about 90 de-
grees to about 180 degrees (e.g., about 120 degrees) of
the circumference, the second portion may cover about
120 degrees to about 240 degrees (e.g., about 180 de-
grees) of the circumference, and/or the transition portions
may individually cover about 15 degrees to about 45 de-
grees (e.g., about 30 degrees) of the circumference.
[0029] In various embodiments, the first portion of the
side surface (e.g., with the lower draft angle) may be
disposed in a contact region of the rivet. The contact re-
gion may be a region of the side surface that is subjected
to the greatest contact force with the connecting link. For
example, in some embodiments, the contact region may
be an inner region of the rivet that faces the other rivet
of the tie rivet (or the rivet of the opposing tie strap in
embodiments in which the tie rivet includes a single in-
tegrated rivet). The lower draft angle (e.g., 0 draft angle)
of the first portion may facilitate contact between the side
surface of the rivet and the rivet hole of the connecting
link. Additionally, the higher draft angle of the second
portion may facilitate manufacturing of the tie rivet. Fur-
thermore, the tie rivet with variable draft angle as de-
scribed herein may allow the tie rivet to be manufactured
with less costly (e.g., less strict) tolerances, with less ex-
pensive tools, and/or using simpler induction heat treat
coils than prior saw chain links.
[0030] In some embodiments, the integrated rivet of
the tie rivet may include a variable draft angle over only
a portion of the length of the side surface. For example,
in some embodiments, the rivet may include a variable
draft angle over all or a portion of the shoulder of the
rivet, and may include a substantially constant draft angle
over the hub of the rivet.
[0031] Conventional rivets typically include a 0 draft
angle over the entire circumference of the shoulder of
the rivet. This is required since the separate rivet is not
oriented with respect to the tie strap until the saw chain
is assembled. Additionally, the rivet may rotate with re-
spect to the tie strap over time, e.g., if the mechanical
interference between the spun rivet hub and the rivet hole
of the tie strap is insufficient. However, the integrated
rivets of the tie rivet disclosed herein have a fixed orien-
tation with respect to the tie strap portion (body), which
allows the portions of the side surface having different
draft angles to be properly oriented.
[0032] Figures 1A-1E illustrate a tie rivet 100 in accord-
ance with various embodiments. Figure 1A is a top view
of the tie rivet 100, and Figure 1B is a side view of the
tie rivet 100. Figure 1C shows a cross-sectional view of
the tie rivet 100 along the line K-K shown in Figure 1B,
and Figure 1D shows a cross-sectional view of the tie
rivet 100 along the line L-L shown in Figure 1B. Figure
1E is a perspective view of the tie rivet 100.

[0033] Tie rivet 100 includes a body 102 with an inner
surface 104 and an outer surface 106. Tie rivet 100 fur-
ther includes integrated rivets 108 that extend from the
inner surface 104. The integrated rivets 108 form a uni-
tary piece with the body 102, as opposed to a separate
tie strap and rivets. The integrated rivets 108 include a
shoulder 110 and a hub 112. The shoulder 110 is dis-
posed between the body 102 and the hub 112, and has
a diameter that is larger than a diameter of the hub 112.
[0034] As best seen in Figure 1B, the circumference
of the rivet 108 is divided into a first portion 114, a second
portion 116, and transition portions 118a and 118b dis-
posed between the first portion 114 and the second por-
tion 116. As shown in Figure 1C, over the first portion
114, the surface of the shoulder 110 has a draft angle of
0 degrees with respect to an axial center line 120 dis-
posed through the axial center of the rivet 108. Addition-
ally, as shown in Figure 1D, over the second portion 116,
the surface of the shoulder 110 has a draft angle of 2
degrees with respect to the center line 120. The draft
angle may gradually increase from 0 degrees to 2 de-
grees over the transition portions 118a-b.
[0035] The hub 112 is shown in Figure 1B with a draft
angle of 0 degrees over an entire circumference of the
hub 112. In other embodiments, the hub 112 may include
a non-zero draft angle over all or a portion of the circum-
ference of the hub 112.
[0036] As shown in Figure 1B, the first portion 114 may
cover 120 degrees of the circumference of the rivet 108,
the second portion 116 may cover 180 degrees of the
circumference of the rivet 108, and the transition portions
118a and 118b may each cover 30 degrees of the cir-
cumference of the rivet 108. The radial lengths of the first
portion 114, second portion 116, and transition portions
118a-b, as well as the values of the draft angles of each
portion, are presented as examples. It will be apparent
that other radial lengths and/or draft angles of the first
portion 114, second portion 116, and/or transition por-
tions 118a-b may be used in other embodiments.
[0037] As discussed above, the lower draft angle (e.g.,
0 draft angle) of the first portion 114 may facilitate contact
between the surface of the shoulder 110 and the rivet
hole of the connecting link. Additionally, the higher draft
angle (e.g., 2 degree draft angle) of the second portion
116 may facilitate manufacturing of the tie rivet.
[0038] The first portion 114 of the rivet 108, with the 0
draft angle, may be disposed in a contact region of the
rivet 108. The contact region may be a region of the side
surface of the rivet 108 that is subjected to the greatest
contact force with the connecting link. For example, as
shown in Figure 1B, the contact region may be an inner
region of the rivet 108 that faces the other rivet 108 of
the tie rivet 100.
[0039] Figures 2A-2E illustrate a portion of a saw chain
200 that includes the tie rivet 100 in accordance with
various embodiments. Figure 2A illustrates a side view
of the saw chain 200, Figure 2B illustrates a top view of
the saw chain 200, and Figure 2C illustrates a front view
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of the saw chain 200. Figure 2D illustrates a cross-sec-
tional view of the saw chain 200 along the line A-A shown
in Figure 2A. Figure 2E illustrates an expanded view of
the portion marked B in Figure 2D.
[0040] The saw chain 200 includes two drive cutter
links 202 coupled to one another by the tie rivet 100. The
drive cutter links 202 include a body 204 with a tang 206
that is configured to ride in a groove of a guide bar (not
shown) between the rails of the guide bar. The drive cutter
links 202 further include a pair of rivet holes 208 extend-
ing through the body 204. Additionally, the drive cutter
links 202 include a sharpened cutting edge 210 and a
depth gauge 212 extending upward from the body 204.
[0041] The rivets 108 of the tie rivet 100 extend through
respective rivet holes 208 of the drive cutter links 202 to
couple the drive cutter links 202 to one another. The rivet
holes 208 are disposed around the shoulder 110 of the
rivets 108.
[0042] The saw chain 200 further includes an opposing
tie strap 214 opposite the tie rivet 100. As best seen in
Figure 2E, the tie strap 214 includes a pair of rivet holes
216 to receive respective rivets 108 of the tie rivet 100
(e.g., to receive the hubs 112 of the respective rivets
108). The rivet holes 216 are recessed from an inner
surface 218 of a body 220 of the tie strap 214, but do not
extend all the way through the body 220. In other em-
bodiments, the rivet holes 216 may extend all the way
through the body 220.
[0043] The rivet holes 216 have a diameter that is
greater than the diameter of the hubs 112 of the rivets
108, but less than the diameter of the shoulders 110 of
the rivets 108. The hubs 112 may engage with the rivet
holes 216 to hold the connection between the tie rivet
100 and the tie strap 214. For example, the hubs 112
may form an interference fit with the rivet holes 216, or
may be joined to the rivet holes 216 by resistance weld-
ing, laser welding, ion-beam welding, or another non-
mechanical joining process.
[0044] As best seen in Figure 2E, the shoulder 110 of
the rivet 108 has a draft angle of 0 degrees on the first
portion 114 of the shoulder 110 and has a draft angle of
2 degrees on the second portion 116 of the shoulder 110.
The 0 degree draft angle on the first portion 114 of the
shoulder 110 may facilitate contact between the shoulder
110 and the rivet hole 208 of the drive cutter link 202 in
the first portion 114 of the shoulder 110. The increased
draft angle on the second portion 116 of the shoulder 110
may facilitate manufacture of the tie rivet 100.
[0045] In various embodiments, in addition to or in-
stead of a variable draft angle, the tie rivet described
herein may have an undercut portion disposed around
all or part of the integrated rivets. The undercut portion
may be defined by a region of the tie rivet which is re-
cessed from the inner surface of the body (e.g., toward
the outer surface of the body). In some embodiments,
the undercut portion may be curved (e.g., radiused) to
form a continuous curved surface between the inner sur-
face of the body and the rivet.

[0046] The undercut portion may facilitate the fit be-
tween the connecting links (e.g., drive links) and the tie
rivet. For example, the undercut portion may provide
clearance for the drive link (e.g., the edge of the rivet hole
of the drive link) to get closer to the inner surface of the
tie rivet. Additionally, or alternatively, the undercut portion
may allow a tighter fit between the rivet hole of the drive
link and the rivet of the tie rivet (e.g., may allow the drive
link to have rivet holes that have a width that is closer to
the width of the corresponding rivet of the tie rivet). Fur-
thermore, the undercut portion may increase fatigue
strength of the tie rivet.
[0047] Accordingly, the undercut radius may allow the
saw chain to have smaller gaps between adjacent con-
necting links (e.g., drive links). Additionally, droopiness
of the saw chain may be reduced by tighter fits between
the rivet holes of the connecting links and the rivets of
the tie rivet.
[0048] In some embodiments, the tie rivet may include
the undercut portion on only a portion of the circumfer-
ence of the rivet. For example, the undercut portion may
be included in the contact region of the rivet. As discussed
above, the contact region may be the portion of the cir-
cumference of the rivet that is subjected to the greatest
contact force with the connecting link. For example, in
some embodiments, the contact region may be an inner
region of the rivet that faces the other rivet of the tie rivet
(or the rivet of the opposing tie strap in embodiments in
which the tie rivet includes a single integrated rivet).
[0049] In some embodiments, the tie rivet may include
an undercut portion in a first portion of the circumference
of the rivet, and may not include an undercut portion in
a second portion of the circumference of the rivet. The
tie rivet may further include transition portions between
the first and second portions over which a depth of the
undercut portion gradually changes from the depth of the
undercut portion in the first portion to the depth of the
undercut portion (e.g., 0 depth) in the second portion.
The first portion, second portion, and transition portions
may or may not correspond to the first portion, second
portion, and transition portions discussed above with re-
spect to the variable draft angle.
[0050] In other embodiments, the tie rivet may include
the undercut portion around the entire circumference of
the rivet.
[0051] Referring again to Figures 1A-1E, the tie rivet
100 includes undercut portions 130 disposed around the
base of the rivets 108. Figure 3 illustrates another cross-
sectional view of the tie rivet 100 along the line K-K shown
in Figure 1B. The undercut portion 130 is recessed from
an innermost portion of the inner surface 104. For exam-
ple, as shown in Figure 3, a depth of the undercut portion
130 is about 0.002 inches from the innermost portion of
the inner surface 104. Other embodiments may include
another suitable depth of the undercut portion 130.
[0052] Additionally, the undercut portion 130 is curved
to provide a continuous smooth surface between the in-
ner surface 104 and the rivet 108. For example, as shown
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in Figure 3, a radius of the undercut portion 130 is about
0.006 inches. Other embodiments may include another
suitable radius of the undercut portion 130.
[0053] The undercut portion 130 may extend around
the entire circumference of the rivets 108. In other em-
bodiments, the tie rivet 100 may include an undercut por-
tion with a first depth over the first portion 114 of the
circumference of the rivets 108, and the tie rivet 100 may
not include an undercut portion over the second portion
116 of the circumference of the tie rivets 108. Additionally,
the depth of the undercut portion may gradually decrease
over the transition portions 118a-b from the first portion
114 to the second portion 116. Alternatively, the tie rivet
100 may have a non-zero undercut portion in the second
portion 116 with a depth that is less than the depth of the
undercut portion 130 in the first portion 114.
[0054] Figure 4A illustrates another cross-sectional
view of the saw chain 200 along the line A-A shown in
Figure 2A, similar to Figure 2D. Figure 4B illustrates an
expanded view of the portion marked C in Figure 4A.
[0055] As best seen in Figure 4B, the undercut portion
130 of the tie rivet 100 allows the drive cutter link 202 to
be close (e.g., in contact with) the inner surface 104 of
the tie rivet 100. Additionally, undercut portion 130 may
allow the rivet hole 208 of the drive cutter link 202 to have
a width that is relatively close to the width of the shoulder
110 of the rivet 108, thereby facilitating the fit between
the rivet 108 and the rivet hole 208.
[0056] The tie rivet described herein may be manufac-
tured using any suitable manufacturing process. For ex-
ample, in some embodiments, the tie rivet may be formed
using machining, casting, hot or cold forging, progressive
forming, powder metal injection, metal injection molding,
three-dimensional (3D) additive manufacturing process-
es, laser welding of the rivet to the tie strap body, or an-
other forming process.
[0057] Figures 5A-5C illustrate a tie rivet 500 in accord-
ance with various embodiments. Figure 5A illustrates a
side view of the tie rivet 500. Figure 5B illustrates a cross-
sectional view of the tie rivet 500 along the line A-A shown
in Figure 5A, and Figure 5C illustrates a cross-sectional
view of the tie rivet 500 along the line B-B shown in Figure
5A.
[0058] Tie rivet 500 includes a body 502 with an inner
surface 504 and an outer surface 506. Tie rivet 500 fur-
ther includes integrated rivets 508 that extend from the
inner surface 504. The integrated rivets 508 form a uni-
tary piece with the body 502, as opposed to a separate
tie strap and rivets. The integrated rivets 508 include a
shoulder 510 and a hub 512. The shoulder 510 is dis-
posed between the body 502 and the hub 512, and has
a diameter that is larger than a diameter of the hub 512.
[0059] The outer surface 506 includes a recession 540
in an area that corresponds to a location of the rivet 508.
The outer surface 506 further includes a draft angle that
slopes down away from the recession 540.
[0060] Additionally, the inner surface 504 includes a
draft angle that slopes away from the rivets 508. The

recession 540 and/or draft angles of the outer surface
506 and/or inner surface 504 may facilitate manufacture
of the tie rivet 500.
[0061] Figures 6A-6D illustrate another tie rivet 600 in
accordance with various embodiments. Figure 6A illus-
trates a perspective view of the tie rivet 600, and Figure
6B illustrates a side view of the tie rivet 600. Figure 6C
illustrates a cross-sectional view of the tie rivet 600 along
the line C-C shown in Figure 6B, and Figure 6D illustrates
a cross-sectional view of the tie rivet 600 along the line
D-D shown in Figure 6B.
[0062] Tie rivet 600 includes a body 602 with an inner
surface 604 and an outer surface 606. Tie rivet 600 fur-
ther includes integrated rivets 608 that extend from the
inner surface 604. The integrated rivets 608 form a uni-
tary piece with the body 602, as opposed to a separate
tie strap and rivets. The integrated rivets 608 include a
shoulder 610 and a hub 612. The shoulder 610 is dis-
posed between the body 602 and the hub 612, and has
a diameter that is larger than a diameter of the hub 612.
[0063] The outer surface 606 includes a recession 640
in an area that corresponds to a location of the rivet 608.
The outer surface 606 further includes a draft angle that
slopes down away from the recession 640. The recession
640 and/or draft angle of the outer surface 606 may fa-
cilitate manufacture of the tie rivet 600.
[0064] Figures 7A-7E illustrate another tie rivet 700 in
accordance with various embodiments. Figure 7A illus-
trates a perspective view of the tie rivet 700, Figure 7B
illustrates a side view of the tie rivet 700, and Figure 7C
illustrates a bottom view of the tie rivet 700. Figure 7D
illustrates a cross-sectional view of the tie rivet 700 along
the line E-E shown in Figure 7B, and Figure 7E illustrates
a cross-sectional view of the tie rivet 700 along the line
F-F shown in Figure 7B.
[0065] Tie rivet 700 includes a body 702 with an inner
surface 704 and an outer surface 706. Tie rivet 700 fur-
ther includes integrated rivets 708 that extend from the
inner surface 704. The integrated rivets 708 form a uni-
tary piece with the body 702, as opposed to a separate
tie strap and rivets. The integrated rivets 708 include a
shoulder 710 and a hub 712. The shoulder 710 is dis-
posed between the body 702 and the hub 712, and has
a diameter that is larger than a diameter of the hub 712.
[0066] The outer surface 706 includes a recession 740
in an area that corresponds to a location of the rivet 708.
Additionally, the shoulder 710 of the rivet 708 includes a
variable draft angle, with a 0 degree draft angle over a
first portion 714 of the circumference of the rivet 708 and
a non-zero draft angle over a second portion 716 of the
circumference of the rivet 708. Furthermore, the shoulder
710 has a greater radius over the first portion 714 than
the second portion 716 of the circumference.
[0067] Although the tie rivets 100, 500, 600, and 700
are illustrated in the Figures as non-cutting tie rivets, it
will be apparent that any of the tie rivets 100, 500, 600,
and 700 may be cutter tie rivets in some embodiments.
The cutter tie rivets may include a cutting edge and a
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depth gauge that extend up from the body of the cutting
tie rivet.
[0068] For example, Figures 8A-8C illustrate a cutter
tie rivet 800 in accordance with various embodiments.
Figure 8A illustrates a perspective view of the tie rivet
800, Figure 8B illustrates a front view of the tie rivet 800,
and Figure 8C illustrates a bottom view of the tie rivet 800.
[0069] Cutter tie rivet 800 includes a body 802 with an
inner surface 804 and an outer surface 806. Tie rivet 800
further includes integrated rivets 808 that extend from
the inner surface 804. The integrated rivets 808 form a
unitary piece with the body 802, as opposed to a separate
tie strap and rivets. The integrated rivets 808 include a
shoulder 810 and a hub 812. The shoulder 810 is dis-
posed between the body 802 and the hub 812, and has
a diameter that is larger than a diameter of the hub 812.
The cutter tie rivet 800 further includes a cutting element
814 and a depth gauge 816 that extend up from the body
802.
[0070] In accordance with various embodiments, the
shoulders 810 of the rivets 808 include a variable draft
angle. For example, the shoulders 810 are shown in Fig-
ures 8A-8C with a 0 degree draft angle over a first portion
818 of the circumference of the rivet 808 and a non-zero
draft angle over a second portion 820 of the circumfer-
ence of the rivet 808. Transition portions 822 are dis-
posed between the first portion 818 and second portion
820 and have a draft angle that transitions from the 0
degree draft angle of the first portion 818 to the non-zero
draft angle of the second portion 820.
[0071] Although certain embodiments have been illus-
trated and described herein, it will be appreciated by
those of ordinary skill in the art that a wide variety of
alternate and/or equivalent embodiments or implemen-
tations calculated to achieve the same purposes may be
substituted for the embodiments shown and described
without departing from the scope. Those with skill in the
art will readily appreciate that embodiments may be im-
plemented in a very wide variety of ways. This application
is intended to cover any adaptations or variations of the
embodiments discussed herein. Therefore, it is manifest-
ly intended that embodiments be limited only by the
claims and the equivalents thereof.

Claims

1. A tie rivet, comprising:

a body having an inner surface and an outer
surface; and
an integrated rivet extending from the inner sur-
face of the body, wherein a side surface of the
integrated rivet includes a variable draft angle
over a circumference of the integrated rivet,
wherein the draft angle is measured as an angle
between the side surface of the integrated rivet
and an axial center line of the integrated rivet.

2. The tie rivet of claim 1, wherein the integrated rivet
includes:

a hub configured to engage a rivet hole of an
opposing tie strap; and
a shoulder disposed between the hub and the
body, the shoulder configured to engage a rivet
hole of a connecting link, wherein the shoulder
includes the variable draft angle.

3. The tie rivet of claim 1, wherein, to include the vari-
able draft angle, the side surface of the integrated
rivet includes:

a first draft angle over a first portion of the cir-
cumference of the integrated rivet; and
a second draft angle over a second portion of
the circumference of the integrated rivet, where-
in the second draft angle is greater than the first
draft angle.

4. The tie rivet of claim 3, wherein the first draft angle
is substantially 0 degrees.

5. The tie rivet of claim 3, wherein the first portion of
the circumference of the integrated rivet is an inner
portion of the rivet that faces another rivet of the tie
rivet or an opposing tie strap.

6. The tie rivet of claim 3, further comprising a transition
portion between the first portion and the second por-
tion, wherein the side surface of the integrated rivet
includes a draft angle that varies from the first draft
angle to the second draft angle over the transition
portion.

7. The tie rivet of claim 1, wherein the integrated rivet
is a first integrated rivet, and wherein the tie rivet
further includes a second integrated rivet extending
from the inner surface of the body.

8. The tie rivet of claim 1, further including an undercut
portion that is disposed between an innermost por-
tion of the inner surface and the integrated rivet,
wherein the undercut portion is recessed from the
innermost portion of the inner surface.

9. A saw chain including the tie rivet of claim 1, and
further including a drive link having a rivet hole dis-
posed around the integrated rivet of the tie rivet, and
optionally wherein the drive link is a drive cutter link
having a sharpened cutting element and a tang.

10. A tie rivet, comprising:

a body having an inner surface and an outer
surface;
an integrated rivet extending from the inner sur-
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face of the body; and
an undercut portion that is disposed between an
innermost portion of the inner surface and the
integrated rivet, wherein the undercut portion is
recessed from the innermost portion of the inner
surface.

11. The tie rivet of claim 8 or claim 10, wherein the un-
dercut portion completely surrounds the integrated
rivet.

12. The tie rivet of claim 8 or claim 10, wherein the un-
dercut portion is disposed around only a portion of
a circumference of the integrated rivet, and optionally
wherein the portion of the circumference of the inte-
grated rivet includes an inner portion that faces an-
other rivet of the tie rivet or an opposing tie strap.

13. The tie rivet of claim 8 or claim 10, wherein the un-
dercut portion is curved to provide a continuous
smooth surface from the inner surface to the inte-
grated rivet.

14. The tie rivet of claim 1 or claim 10, wherein the outer
surface includes a recession in an area that corre-
sponds to a location of the integrated rivet, and op-
tionally wherein the outer surface angles away from
the recession to form a draft angle.

15. The tie rivet of claim 1 or claim 10, wherein the inner
surface angles away from the undercut portion to
form a draft angle.
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