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(57) ABSTRACT

A fastener includes a sleeve, a pin, and a visual indicator.
The sleeve includes a tubular body. The pin includes a
shank. At least a portion of the shank of the pin is configured
to extend through the tubular body of the sleeve and to facil-
itate deformation of a portion of the tubular body into a bulb
in response to a force applied to the tubular body of the
sleeve by the shank of the pin. The visual indicator is con-
figured to provide a visual verification of correct formation
of the bulb.
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FASTENERS WITH VISUAL INDICATION OF
CORRECT INSTALLATION AND METHOD
FOR FASTENING

PRIORITY

[0001] This application claims priority from U.S. Ser. No.
63/317,215 filed on Mar. 7, 2022.

FIELD

[0002] The present disclosure relates generally to fasten-
ers for securing workpieces together and, more particularly,
to one-sided installation fasteners that include a visual indi-
cation of correct installation.

BACKGROUND

[0003] One-sided fasteners, also referred to as blind fas-
teners, are commonly used to secure workpieces together
when it is difficult or impossible to access one side of one
of the workpieces. One-sided fasteners have wide applica-
tion in the aerospace industry.

[0004] Typically, such one-sided fasteners include a pin
and an expansion member. The workpiece that is accessible
by an end-user may be referred to as the accessible-side
workpiece and the workpiece that is inaccessible by the
end-user may be referred to as the blind-side workpiece.
During installation, the one-sided fastener is inserted into
an aperture, extending through the workpieces, from an
accessible side of the accessible-side workpiece. Applica-
tion of a force to the pin deforms the expansion member
radially outward and draws the expansion member into
engagement with an inaccessible side of the blind-side
workpiece. Upon complete expansion of the expansion
member, the workpieces are clamped together.

[0005] However, one problem with existing one-sided fas-
teners is that they do not provide a practical means to easily
determine if the fastener was installed correctly. Incorrect
installation, such as insufficient deformation or excessive
deformation of the expansion member after the expansion
member is drawn against the blind-side workpiece, may
limit the shear and/or tensile load capabilities of the fastener.
As such, after installation of the fastener, manual inspection
of the expansion member may be required, such as by mea-
suring the deformed expansion member. This inspection
process may be extremely time-consuming due to the num-
ber of fasteners used in some applications. Additionally, it
may be extremely difficult to physically access the expan-
sion member in a confined workspace.

[0006] Accordingly, those skilled in the art continue with
research and development efforts in the field of one-sided
fasteners.

SUMMARY

[0007] Disclosed are examples of a fastener, an assembly
secured together using a fastener, and a method for fastening
a first workpiece and a second workpiece together. The fol-
lowing is a non-exhaustive list of examples, which may or
may not be claimed, of the subject matter according to the
present disclosure.

[0008] In an example, the disclosed fastener includes a
sleeve, a pin, and a visual indicator. The sleeve includes a
tubular body. The pin includes a shank. At least a portion of
the shank of the pin is configured to extend through the tub-
ular body of the sleeve and to facilitate deformation of a
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portion of the tubular body into a bulb in response to a
force applied to the tubular body of the sleeve by the
shank of the pin. The visual indicator is configured to pro-
vide a visual verification of correct formation of the bulb.
[0009] In an example, the disclosed assembly includes a
first workpiece, a second workpiece, and a fastener. The first
workpiece includes a first-workpiece first side, a first-work-
piece second side, and a first aperture extending between the
first-workpiece first side and the first-workpiece second
side. The second workpiece includes a second-workpiece
first side, a second-workpiece second side, and a second
aperture extending between the second-workpiece first side
and the second-workpiece second side. At least a portion of
the second workpiece overlaps at least a portion of the first
workpiece and the second aperture is aligned with the first
aperture. The fastener is installed from first-workpiece first
side of the first workpiece for securing the first workpiece
and the second workpiece together. The fastener includes a
sleeve, a pin, and a visual indicator. The sleeve includes a
sleeve axis, a first sleeve end, a second sleeve end opposite
the first sleeve end along the sleeve axis, a sleeve head
located at the first sleeve end and seated in the first aperture
at the first-workpiece first side, a first tubular-body portion
extending from the sleeve head along the sleeve axis and
received within the first aperture and the second aperture, a
bulb extending from the first tubular-body portion along the
sleeve axis and engaged with the second-workpiece second
side, and a second tubular-body portion extending from the
bulb along the sleeve axis to the second sleeve end. The pin
includes a pin axis, a first pin end, a second pin end opposite
the first pin end along the pin axis, a pin head located at the
first pin end and seated in the sleeve head, and a shank
extending from the pin head along the pin axis to the second
pin end and received within the first tubular-body portion,
the bulb, and the second tubular-body portion. The visual
indicator is configured to provide a visual verification of
correct formation of the bulb.

[0010] In an example, the disclosed method includes steps
of: (1) aligning a first aperture of the first workpiece and a
second aperture of the second workpiece; (2) inserting a fas-
tener into the first aperture and the second aperture from a
first-workpiece first side of the first workpiece, wherein the
fastener includes a sleeve including a tubular body that is
received by the first aperture and the second aperture, a pin
including a shank that is received by the tubular body of the
sleeve, and a visual indicator located on at least one of the
tubular body of the sleeve and the shank of the pin; (3)
deforming a portion of the tubular body into a bulb that
engages the second-workpiece second side of the second
workpiece in response to a force applied to the tubular
body of the sleeve by the shank of the pin; and (4) providing
a visual verification of correct formation of the bulb using
the visual indicator.

[0011] Other examples of the disclosed fastener, assembly,
and method will become apparent from the following
detailed description, the accompanying drawings, and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic, elevation view, in partial
section, of an example of a fastener for securing workpieces
together, depicted in an initially installed state;

[0013] FIG. 2 is a schematic, elevation view, in partial
section, of an example of the fastener shown in FIG. 1,
depicted in an initially installed state;
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[0014] FIG. 3 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 2,
depicted in a completely installed state;

[0015] FIG. 4 is a schematic, elevation view, in partial
section, of an example of the fastener shown in FIG. 1,
depicted in an initially installed state;

[0016] FIG. 5 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 4,
depicted in a completely installed state;

[0017] FIG. 6 is a schematic, elevation view, in partial
section, of an example of the fastener shown in FIG. 1,
depicted in an initially installed state;

[0018] FIG. 7 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 6,
depicted in a completely installed state;

[0019] FIG. 8 is a schematic, elevation view, in partial
section, of an example of the fastener shown in FIG. 1,
depicted in an initially installed state;

[0020] FIG. 9 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 8,
depicted in a completely installed state;

[0021] FIG. 10 is a schematic, elevation view, in partial
section, of an example of the fastener shown in FIG. 1,
depicted in an initially installed state;

[0022] FIG. 11 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 10,
depicted in a completely installed state;

[0023] FIG. 12 is a schematic, perspective view of an
example of a portion of a sleeve of the fastener shown in
FIG. 10;

[0024] FIG. 13 is a schematic, elevation view, in partial
section, of an example of the fastener shown in FIG. 1,
depicted in an initially installed state;

[0025] FIG. 14 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 13,
depicted in a completely installed state;

[0026] FIG. 15 is a schematic, elevation view, in partial
section, of an example of the fastener shown in FIG. 1,
depicted in an initially installed state;

[0027] FIG. 16 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 15,
depicted in a completely installed state;

[0028] FIG. 17 is a schematic, elevation view, in partial
section, of an example of the fastener, depicted in a comple-
tely installed state;

[0029] FIG. 18 is a schematic, elevation view, in partial
section, of an example of the fastener, depicted in an initi-
ally installed state;

[0030] FIG. 19 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 18,
depicted in a completely installed state;

[0031] FIG. 20 is a schematic, perspective view, in partial
section, of the example of the fastener shown in FIG. 19;
[0032] FIG. 21 is a schematic, elevation view, in partial
section, of an example of the fastener, depicted in a comple-
tely installed state;

[0033] FIG. 22 is a schematic, elevation view, in partial
section, of an example of the fastener, depicted in an initi-
ally installed state;

[0034] FIG. 23 is a schematic, elevation view, in partial
section, of the example of the fastener shown in FIG. 23,
depicted in a completely installed state;

[0035] FIG. 24 is a schematic, sectional view of an exam-
ple of the fastener, depicted in an initially installed state;
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[0036] FIG. 25 is a schematic, sectional view of the exam-
ple of the fastener shown in FIG. 24, depicted in a comple-
tely installed state;

[0037] FIGS. 26A and 26B are schematic, sectional views
of an example of the fastener, depicting the fastener before
formation of a bulb and after formation of the bulb; and
[0038] FIG. 27 is a flow diagram of an example of a
method for fastening workpieces together.

DETAILED DESCRIPTION

[0039] Referring generally to FIGS. 1-25, 26A and 26B,
by way of examples, the present disclosure is directed to a
fastener 100. The fastener 100 is a structural one-sided, or
blind, fastener for securing or compressively connecting at
least two workpieces together. Upon complete installation
(e.g., as shown in FIGS. 3, 5, 7, 9, 11, 14, 16, 17, 19-21,
23, 25 and 26B), the fastener 100 is designed to create a
clamping force to hold the workpieces together. The fastener
100 is particularly useful in the assembly of components
where access to an interior surface of one of the workpieces
is not practical or possible, such as in the assembly of a wing
box of an aircraft or space vehicle. This application is typi-
cally known as a “blind” application. The fastener 100 also
provides a visual indication that the fastener 100 has cor-
rectly been completely installed.

[0040] Referring generally to FIGS. 1-25, 26A and 26B,
by way of examples, the present disclosure is also directed
to an assembly 200. In one or more examples, the assembly
200 includes a first workpiece 202 and a second workpiece
210. The assembly 200 also includes the fastener 100. The
first workpiece 202 and the second workpiece 210 are
secured together using the fastener 100.

[0041] The assembly 200 may take the form of any
assembled structure or a structural component of another
structure. In one or more examples, the assembly 200 is a
portion of a wing, such as a wing box, of an aircraft. In these
examples, the first workpiece 202 is a skin panel and the
second workpiece 210 is an interior support structure, such
as a spar, a rib, or a stringer, that is coupled to an interior
surface of the skin by one or more of the fasteners 100.
[0042] Referring to FIGS. 1-11, 13-25, 26A and 26B, in
one or more examples, the first workpiece 202 includes a
first-workpiece first side 204 (e.g., surface) and a first-work-
piece second side 206 (e.g., surface). The first-workpiece
first side 204 and the first-workpiece second side 206 face
in opposite directions. The first workpiece 202 also includes
a first aperture 208 that extends through the first workpiece
202, for example, inclusively, between the first-workpiece
first side 204 and the first-workpiece second side 206.
[0043] In one or more examples, the second workpiece
210 includes a second-workpiece first side 212 (e.g., sur-
face) and a second-workpiece second side 214 (e.g., sur-
face). The second-workpiece first side 212 and the second-
workpiece second side 214 face in opposite directions. The
second workpiece 210 also includes a second aperture 216
that extends through the second workpiece 210, for exam-
ple, inclusively, between the second-workpiece first side
212 and the second-workpiece second side 214.

[0044] For the purpose of the present disclosure, items
facing in opposite directions, for example, referring to a
first side and a second side facing in opposite directions,
refers to the items being approximately or substantially par-
allel but not necessarily exactly parallel to each other.
[0045] In one or more examples, at least a portion of the
first workpiece 202 and at least a portion of the second
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workpiece 210 are planar (e.g., have a generally flat profile).
However, the first workpiece 202 and/or the second work-
piece 210 are not limited to planar shapes. In one or more
other examples, at least a portion of the first workpiece 202
and at least a portion of the second workpiece 210 are
curved (e.g., have a contour, one or more nonplanar por-
tions, or a complex shape).

[0046] In one or more examples, at least a portion of the
second workpiece 210 overlaps at least a portion of the first
workpiece 202. At least a portion of the first-workpiece sec-
ond side 206 and at least a portion of the second-workpiece
first side 212 are in contact with each other. The second
aperture 216 is aligned with the first aperture 208.

[0047] For the purpose of the present disclosure, apertures
being aligned with each other, for example, referring to a
first aperture being aligned with second aperture, refers to
the apertures being properly positioned relative to each
other for insertion and/or installation of a fastener (e.g., the
fastener 100) through the apertures, such as a central bore
axis of each one of the apertures being at least approxi-
mately parallel to or coincident with each other.

[0048] The examples shown in FIGS. 1-11, 13-25, 26A
and 26B illustrate only a portion of the assembly 200 in
which a portion of the first workpiece 202 and a portion of
the second workpiece 210 are secured together by a single
instance of the fastener 100. However, the assembly 200
may include any number of fasteners 100.

[0049] In the illustrated examples, the first workpiece 202
is accessible by an end-user and may be referred to as the
accessible-side workpiece. Therefore, the first-workpiece
first side 204 is, and may be referred to as, the accessible
side of the assembly 200. The second workpiece 210 is inac-
cessible by the end-user and may be referred to as the blind-
side workpiece. Therefore, the second-workpiece second
side 214 is, and may be referred to as, the inaccessible side
of the assembly 200.

[0050] In one or more examples, the fastener 100 is
installed through the first aperture 208 and the second aper-
ture 216 from the first-workpiece first side 204 (e.g., the
accessible side) of the first workpiece 202 (e.g., the acces-
sible-side workpiece) for securing the first workpiece 202
and the second workpiece 210 together.

[0051] In one or more examples, the first workpiece 202
and the second workpiece 210 are made of materials com-
monly used in the aerospace industry, such as, but not lim-
ited to, aluminum, metallic alloys, composite materials, and
the like. While two workpieces are shown in the illustrated
examples, the assembly 200 is not limited to two work-
pieces. For example, a third workpiece (e.g., one or more
additional workpieces) may be situated between the first
workpiece 202 and the second workpiece 210 (e.g., in con-
tact with the first-workpiece second side 206 and the sec-
ond-workpiece first side 212) such that a third aperture is
aligned with the first aperture 208 and the second aperture
216. In these examples, the fastener 100 is installed through
the first aperture 208, the third aperture (e.g., one or more
additional apertures), and the second aperture 216 from the
first-workpiece first side 204 of the first workpiece 202 for
securing the first workpiece 202, the third workpiece, and
the second workpiece 210 together.

[0052] Referring to FIGS. 1-25, 26A and 26B, in one or
more examples, the fastener 100 includes a sleeve 102, a pin
106, and a visual indicator 112. The sleeve 102 includes a
tubular body 104. The pin 106 includes a shank 108. At least
a portion of the shank 108 of the pin 106 is configured to be
received by and extend through the tubular body 104 of the
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sleeve 102. At least a portion of the shank 108 of the pin 106
is configured to facilitate deformation of a portion of the
tubular body 104 into a bulb 110 (e.g., as shown in FIGS.
3,5,7,9,11, 14, 16, 17, 19-21, 23, 25 and 26B) in response
to a force applied to the tubular body 104 of the sleeve 102
by the shank 108 of the pin 106. The visual indicator 112 is
configured to provide a visual verification of correct and/or
complete formation of the bulb 110.

[0053] For the purpose of the present disclosure, the
phrases correct formation of the bulb 110, complete forma-
tion of the bulb 110, correct installation of the fastener 100,
and like phrases refer to a condition, configuration, arrange-
ment, or state of the fastener 100 in which the bulb 110 has
been properly formed from a portion of the tubular body 104
of the sleeve 102, the bulb 110 has a desired or proper shape
and/or geometry, and/or the bulb 110 is properly seated
against the second-workpiece second side 214. As such,
the visual indicator 112 enables the correct formation of
the bulb 110 to be inferred, estimated, or otherwise verified
based on a clearly and easily perceptible visible element or
feature of the fastener 100. In other words, the visual indi-
cator 112 provides a visual cue that signals or indicates the
correct formation of the bulb 110 without requiring physical
inspection of the bulb 110. Conversely, lack of the visual cue
provided by the visual indicator 112 signals or indicated
incorrect installation or incomplete formation of the bulb
110.

[0054] The pin 106 includes any suitable elongated mem-
ber that is received by the sleeve 102 and that is configured
to deform a portion of the sleeve 102 upon application of a
force to the pin 106. The pin 106 may take the form of, or
may also be referred to as, a bolt, a screw, a spindle, a stem,
a rod, or a mandrel. The sleeve 102 includes any suitable
elongated tubular member that receives at least a portion
of the pin 106 and that is configured to deform and/or to
expand radially outward in response to application of a
force to the pin 106. The sleeve 102 may take the form of,
or may also be referred to as, an expansion member, a bush-
ing, a nut, or a swaging body.

[0055] As illustrated in FIGS. 1, 2, 4, 6, 8, 10, 13, 15, 18,
22, 24 and 26A, during initial installation of the fastener
100, the tubular body 104 of the sleeve 102 is inserted
through the first aperture 208 and the second aperture 216
such that a portion of the tubular body 104 extends past the
second-workpiece second side 214. The pin 106 is received
by the sleeve 102 such that shank 108 of the pin 106 extends
through the tubular body 104 and a portion of the shank 108
engages a portion of the tubular body 104.

[0056] As illustrated in FIGS. 3,5,7,9, 11, 14, 16, 17, 19,
20, 21, 23, 25 and 26B, installation of the fastener 100 is
completed by application of a force to the pin 106, which
results in application of a force to the tubular body 104 by
the shank 108 at an engaging interface between the shank
108 and the tubular body 104. Application of the force to the
tubular body 104 by the shank 108 compresses the tubular
body 104 and causes a portion of the tubular body 104 to
deform (e.g., expand radially outward) into formation of the
bulb 110 against the second-workpiece second side 214.
Upon complete formation of the bulb 110 (e.g., expansion
of the portion of the tubular body 104), the first workpiece
202 and the second workpiece 210 are clamped together.
[0057] For the purpose of the present disclosure, the terms
“initial installation,” “initially installed state,” and similar
terms refer to a condition, configuration, arrangement, or
state of the fastener 100 in which the sleeve 102 is received
by (e.g., inserted through) the first aperture 208 and the sec-
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ond aperture 216 and the pin 106 is received by the sleeve
102, but prior to formation of the bulb 110 (e.g., as shown in
1,2,4,6,8, 10, 13, 15, 18, 22, 24 and 26A).

[0058] For the purpose of the present disclosure, the terms
“complete installation,” “completely installed state,” and
similar terms refer to a condition, configuration, arrange-
ment, or state of the fastener 100 in which a portion of the
tubular body 104 of the sleeve 102 has been deformed, for
example, in response to application of a force to the pin 106,
to form the bulb 110 (e.g., as shown in FIGS. 3,5, 7,9, 11,
14, 16, 17, 19, 20, 21, 23, 25 and 26B).

[0059] The visual indicator 112 provides a means to
visually inspect and verify that the fastener 100 has been
completely and/or correctly installed in a quick and efficient
manner. In one or more examples, the visual indicator 112
enables visual verification that the bulb 110 has been cor-
rectly formed, that the shape of the bulb 110 is correct,
and/or that the bulb 110 is properly seated against the sec-
ond-workpiece second side 214. The visual indicator 112
facilitates inspection of the fastener 100 on the blind side
of assembly 200 without requiring the end-user to physi-
cally inspect (e.g., manually measure) the bulb 110 or to
enter a confined space defined, at least partially, by the
blind side of the assembly 200. In one or more examples,
visual inspection of the fastener 100 on the blind side of the
assembly 200 may be performed manually without physi-
cally accessing the blind side of the fastener 100, such as
by using a telescopic mirror, a borescope, or other inspec-
tion camera to view the visual indicator 112. In one or more
examples, visual inspection of the fastener 100 may be per-
formed automatically, such as by an automated machine-
vision inspection system that is configured to access the
blind side of the assembly 200.

[0060] Referring to FIGS. 1-17, in one or more examples,
the visual indicator 112 includes at least one reference mark
114. At least the one reference mark 114 is located on at
least one of the shank 108 of the pin 106 and the tubular
body 104 of the sleeve 102. In one or more examples, at
least the one reference mark 114 is not visible before forma-
tion of the bulb 110 and at least the one reference mark 114
is visible after the correct formation of the bulb 110.

[0061] As illustrated in FIGS. 2-7, in one or more exam-
ples, the reference mark 114 is located on the shank 108 of
the pin 106. Upon initial installation of the fastener 100 and
prior to formation of the bulb 110 (e.g., as shown in FIGS. 2,
4 and 6), the reference mark 114 is not visible. In these
examples, the term not visible refers to the reference mark
114 being covered or otherwise obscured by a portion of the
tubular body 104 of the sleeve 102. After complete installa-
tion of the fastener 100 and following formation of the bulb
110 (e.g., as shown in FIGS. 3, 5 and 7), at least a portion of
the reference mark 114 is visible. In these examples, the
term visible refers to at least a portion of the reference
mark 114 being exposed by (e.g., uncovered) from the tub-
ular body 104 of the sleeve 102 due to the deformed shape of
the tubular body 104 (e.g., formation of the bulb 110). As
such, at least a portion of the reference mark 114 being visi-
ble indicates that the tubular body 104 has sufficiently chan-
ged its shape to infer correct formation of the bulb 110.
[0062] As illustrated in FIGS. 10-14 and 17, in one or
more examples, the reference mark 114 is located on the
tubular body 104 of the sleeve 102. Upon initial installation
of the fastener 100 and prior to formation of the bulb 110
(e.g., as shown in FIGS. 10, 12 and 13), the reference mark
114 is not visible. In these examples, the term not visible
refers to the reference mark 114 being obscured due to the
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initial shape of the tubular body 104 of the sleeve 102. After
complete installation of the fastener 100 and following for-
mation of the bulb 110 (e.g., as shown in FIGS. 11, 14 and
17), at least a portion of the reference mark 114 is visible. In
these examples, the term visible refers to at least a portion of
the reference mark 114 being exposed due to the deformed
shape of the tubular body 104 of the sleeve 102 (e.g., for-
mation of the bulb 110). As such, at least a portion of the
reference mark 114 being visible indicates that the tubular
body 104 has sufficiently changed its shape to infer correct
formation of the bulb 110.

[0063] As illustrated in FIGS. 8, 9, 15 and 16, in one or
more examples, the reference mark 114 is located on the
tubular body 104 of the sleeve 102. The reference mark
114 has a first position before formation of the bulb 110.
The reference mark 114 has a second position after the cor-
rect formation of the bulb 110. For example, upon initial
installation of the fastener 100 and prior to formation of
the bulb 110 (e.g., as shown in FIGS. 10, 12 and 13), the
reference mark 114 is in the first (e.g., an initial) position
due to the shape of the tubular body 104 of the sleeve 102.
After complete installation of the fastener 100 and following
formation of the bulb 110 (e.g., as shown in FIGS. 11, 14
and 17), the reference mark 114 is in the second (e.g., com-
pleted) position due to the deformed shape of the tubular
body 104 of the sleeve 102. As such, the position of the
reference mark 114 indicates that the tubular body 104 has
sufficiently changed its shape to infer correct formation of
the bulb 110.

[0064] Referring to FIGS. 18-21, in one or more exam-
ples, the visual indicator 112 includes at least one reference
mark 114. The one reference mark 114 is located on the
tubular body 104 of the sleeve 102. The reference mark
114 is visible before formation of the bulb 110. The refer-
ence mark 114 is not visible after the correct formation of
the bulb 110. For example, upon initial installation of the
fastener 100 and prior to formation of the bulb 110 (e.g.,
as shown in FIG. 18), the reference mark 114 is visible. In
these examples, the term visible refers to the reference mark
114 being exposed due to the initial shape of the tubular
body 104 of the sleeve 102. After complete installation of
the fastener 100 and following formation of the bulb 110
(e.g., as shown in FIGS. 19 and 20), the reference mark
114 is not visible. In these examples, the term not visible
refers to the reference mark 114 being covered or otherwise
obscured due to the deformed shape of the tubular body 104
of the sleeve 102 (e.g., formation of the bulb 110). As such,
the reference mark 114 being not visible indicates that the
tubular body 104 has sufficiently changed its shape to infer
correct formation of the bulb 110.

[0065] Referring to FIGS. 2-7, 17 and 21, in one or more
examples, the sleeve 102 includes a sleeve axis 116. The
sleeve 102 includes a first sleeve end 118 and a second
sleeve end 120 that is opposite the first sleeve end 118
along the sleeve axis 116. The visual indicator 112 includes
a shank reference mark 122 that is located on the shank 108
of the pin 106. In these examples, the shank reference mark
122 is an example of the reference mark 114. The correct
formation of the bulb 110 is established by a location of
the second sleeve end 120 relative to the shank reference
mark 122. Before formation of the bulb 110, the shank refer-
ence mark 122 is covered by the tubular body 104 of the
sleeve 102 (e.g., as shown in FIGS. 2, 4 and 6). After for-
mation of the bulb 110, at least a portion of the shank refer-
ence mark 122 being exposed by the second sleeve end 120
visually indicates the correct formation of the bulb 110 (e.g.,
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as shown in FIGS. 3, §, 7 and 17). As an example, the sec-
ond sleeve end 120, for example, a second edge of the tub-
ular body 104 at the second sleeve end 120, being located
within a region of the shank 108 that includes the shank
reference mark 122 (e.g., as shown in FIG. 3) indicates
that the tubular body 104 is sufficiently compressed and
deformed to infer correct formation of the bulb 110. Con-
versely, after formation of the bulb 110, the shank reference
mark 122 being covered by the second sleeve end 120
visually indicates the incorrect and/or incomplete formation
of the bulb 110.

[0066] For the purpose of this disclosure, the term
“along,” in reference to extending along an axis, means
coincident with or parallel to that axis.

[0067] Referring to FIG. 2, in one or more examples, the
shank reference mark 122 includes at least one of an annular
recess 124 formed in the shank 108 of the pin 106 and a
physical characteristic of an annular portion 126 of a surface
128 of the shank 108 of the pin 106. In one or more exam-
ples, the annular portion 126 of the surface 128 of the shank
108 is formed or defined by the annular recess 124 formed in
the shank 108, such that the annular portion 126 of the shank
108 has a cross-sectional dimension (e.g., diameter) that is
less than a cross-sectional dimension (e.g., diameter) of a
remaining portion of the shank 108.

[0068] In one or more examples, the physical characteris-
tic of the annular portion 126 of the surface 128 of the shank
108 of the pin 106 includes surface color. For example, a
first surface color of the annular portion 126 of the surface
128 of the shank 108 is different from a second surface color
of a remaining portion or directly adjacent portion of the
surface 128 of the shank 108 such that the first surface
color is visibly distinct and easily discernible from the sec-
ond surface color.

[0069] In one or more examples, the physical characteris-
tic of the annular portion 126 of the surface 128 of the shank
108 of the pin 106 includes surface texture. For example, a
first surface texture of the annular portion 126 of the surface
128 of the shank 108 is different from a second surface tex-
ture of a remaining portion or directly adjacent portion of
the surface 128 of the shank 108 such that the first surface
texture is visibly distinct and easily discernible from the sec-
ond surface texture. For example, the annular portion 126 of
the surface 128 of the shank 108 may be knurled, cross-
hatched, or include other surface characteristics or appear-
ances, and the remaining portion or directly adjacent portion
of the surface 128 of the shank 108 may be smooth,
threaded, or include different surface characteristics or
appearances.

[0070] In one or more examples, the physical characteris-
tic of the annular portion 126 of the surface 128 of the shank
108 of the pin 106 includes surface reflectivity. For example,
a first surface reflectivity of the annular portion 126 of the
surface 128 of the shank 108 is different from a second sur-
face reflectivity of a remaining portion or directly adjacent
portion of the surface 128 of the shank 108 such that the first
surface reflectivity is visibly distinct and easily discernible
from the second surface reflectivity. For example, the annu-
lar portion 126 of the surface 128 of the shank 108 may have
a relatively high reflectivity, and the remaining portion or
directly adjacent portion of the surface 128 of the shank
108 may have a relatively low reflectivity.

[0071] In one or more examples, the physical characteris-
tic of the annular portion 126 of the surface 128 of the shank
108 of the pin 106 includes another surface characteristic
such that the annular portion 126 of the surface 128 of the
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shank 108 is visibly distinct and easily discernible from the
remaining portion or directly adjacent portion of the surface
128 of the shank 108. For example, the annular portion 126
of the surface 128 of the shank 108 may be fluorescent or
phosphorescent, and the remaining portion or directly adja-
cent portion of the surface 128 of the shank 108 may not be
fluorescent or phosphorescent.

[0072] In one or more examples, the physical characteris-
tic of the annular portion 126 of the surface 128 of the shank
108 of the pin 106 includes a combination of at least two of
surface color, surface texture, and surface reflectivity.
[0073] Referring to FIGS. 2-7, in one or more examples,
the pin 106 includes a pin axis 130. The shank reference
mark 122 includes a first shank-reference-mark end 132
and a second shank-reference-mark end 134 that is opposite
the first shank-reference-mark end 132 along the pin axis
130. The first shank-reference-mark end 132 is located at a
minimum limit for the correct formation of the bulb 110.
The second shank-reference-mark end 134 is located at a
maximum limit for the correct formation of the bulb 110.
After formation of the bulb 110 (e.g., as shown in FIG. 3),
the second sleeve end 120 of the sleeve 102 being located
between the first shank-reference-mark end 132 and the sec-
ond shank-reference-mark end 134 visually indicates the
correct formation of the bulb 110.

[0074] For example, upon application of a force to the pin
106, the shank 108 of the pin 106 applies a force to the
tubular body 104 of the sleeve 102 that compresses the tub-
ular body 104 along the sleeve axis 116 (e.g., draws or urges
the second sleeve end 120 toward the first sleeve end 118)
and deforms a portion of the tubular body 104 to form the
bulb 110 (e.g., as shown in FIG. 3). The minimum limit for
the correct formation of the bulb 110 refers to a position of
the second sleeve end 120 along the shank 108 that indicates
or infers a lower limit for sufficient compression and/or
deformation of the tubular body 104 for correct formation
of the bulb 110. As such, the second sleeve end 120 being
between the first shank-reference-mark end 132 and the sec-
ond pin end 176 (e.g., the shank reference mark 122 being
completely covered by the tubular body 104) visually indi-
cates insufficient compression and/or deformation of the
tubular body 104 and, thus, incomplete or incorrect forma-
tion of the bulb 110. The maximum limit for the correct
formation of the bulb 110 refers to a position of the second
sleeve end 120 along the shank 108 that indicates or infers
an upper limit for sufficient compression and/or deformation
of the tubular body 104 for correct formation of the bulb
110. As such, the second sleeve end 120 being between the
second shank-reference-mark end 134 and the first pin end
174 (e.g., the shank reference mark 122 being completely
exposed by the tubular body 104) visually indicates over
compression and/or over deformation of the tubular body
104 and, thus, excessive or incorrect formation of the bulb
110.

[0075] Referring to FIGS. 4 and §, in one or more exam-
ples, the shank reference mark 122 includes a first shank-
reference-mark portion 136 and a second shank-reference-
mark portion 138. The first shank-reference-mark portion
136 extends between the first shank-reference-mark end
132 and the second shank-reference-mark end 134. The sec-
ond shank-reference-mark portion 138 extends from the first
shank-reference-mark end 132 along the pin axis 130. After
formation of the bulb 110 (e.g., as shown in FIG. 5), at least
a portion of the second shank-reference-mark portion 138
being exposed by the second sleeve end 120 visually indi-
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cates that formation of the bulb 110 is beyond the minimum
limit for the correct formation of the bulb 110.

[0076] In one or more examples, the first shank-reference-
mark portion 136 includes a first physical characteristic. The
second shank-reference-mark portion 138 includes a second
physical characteristic. The first physical characteristic and
the second physical characteristic are different such that the
first shank-reference-mark portion 136 is visibly distinct and
easily discernible from the second shank-reference-mark
portion 138. For example, the first shank-reference-mark
portion 136 includes at least one of a surface color, a surface
texture, a surface reflectivity, or other surface characteristic,
and the second shank-reference-mark portion 138 includes
at least one of a different surface color, a different surface
texture, a different surface reflectivity, or different surface
characteristic.

[0077] Referring to FIGS. 6 and 7, in one or more exam-
ples, the shank reference mark 122 includes the first shank-
reference-mark portion 136 and a third shank-reference-
mark portion 140. The first shank-reference-mark portion
136 extends between the first shank-reference-mark end
132 and the second shank-reference-mark end 134. The
third shank-reference-mark portion 140 extends from the
second shank-reference-mark end 134 along the pin axis
130. After formation of the bulb 110 (e.g., as shown in
FIG. 7), at least a portion of the third shank-reference-
mark portion 140 being exposed by the second sleeve end
120 visually indicates that formation of the bulb 110 is
beyond the maximum limit for the correct formation of the
bulb 110.

[0078] In one or more examples, the first shank-reference-
mark portion 136 includes the first physical characteristic.
The third shank-reference-mark portion 140 includes a third
physical characteristic. The first physical characteristic and
the third physical characteristic are different such that the
first shank-reference-mark portion 136 is visibly distinct
and easily discernible from the third shank-reference-mark
portion 140. For example, the first shank-reference-mark
portion 136 includes at least one of a surface color, a surface
texture, a surface reflectivity, or other surface characteristic,
and the third shank-reference-mark portion 140 includes at
least one of a different surface color, a different surface tex-
ture, a different surface reflectivity, or different surface
characteristic.

[0079] Referring still to FIGS. 6 and 7, in one or more
examples, the shank reference mark 122 includes the first
shank-reference-mark portion 136, the second shank-refer-
ence-mark portion 138, and the third shank-reference-mark
portion 140. The first shank-reference-mark portion 136
extends between the first shank-reference-mark end 132
and the second shank-reference-mark end 134. The second
shank-reference-mark portion 138 extends from the first
shank-reference-mark end 132 along the pin axis 130. The
third shank-reference-mark portion 140 extends from the
second shank-reference-mark end 134 along the pin axis
130, opposite the second shank-reference-mark portion
138. After formation of the bulb 110 (e.g., as shown in
FIG. 7), at least a portion of the second shank-reference-
mark portion being exposed by the second sleeve end 120
visually indicates that formation of the bulb 110 is beyond
the minimum limit for the correct formation of the bulb 110.
After formation of the bulb 110 (e.g., as shown in FIG. 7), at
least a portion of the third shank-reference-mark portion 140
being exposed by the second sleeve end 120 visually indi-
cates that formation of the bulb 110 is beyond the maximum
limit for the correct formation of the bulb 110.
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[0080] In one or more examples, the first shank-reference-
mark portion 136 includes the first physical characteristic.
The second shank-reference-mark portion includes the sec-
ond physical characteristic. The third shank-reference-mark
portion 140 includes the third physical characteristic. In one
or more examples, the first physical characteristic, the sec-
ond physical characteristic, and the third physical character-
istic are different, such that the first shank-reference-mark
portion 136, the second shank-reference-mark portion 138,
and the third shank-reference-mark portion 140 are visibly
distinct and easily discernible from each other. In one or
more examples, the first physical characteristic is different
than the second physical characteristic and the third physical
characteristic, such that the first shank-reference-mark por-
tion 136 is visibly distinct and easily discernible from the
second shank-reference-mark portion 138 and the third
shank-reference-mark portion 140.

[0081] Referring to FIGS., 8-14 and 17, in one or more
examples, the visual indicator 112 includes a sleeve refer-
ence mark 142 that is located on the tubular body 104 of the
sleeve 102. In these examples, the sleeve reference mark
142 is an example of the reference mark 114. The correct
formation of the bulb 110 is established by a location of
the sleeve reference mark 142 relative to the bulb 110.
Before formation of the bulb 110, the sleeve reference
mark 142 is at least partially obscured and/or is initially
positioned due to the initial shape of the tubular body 104.
After formation of the bulb 110 (e.g., as shown in FIGS. 9,
11, 14 and 17), the sleeve reference mark 142 being
exposed, being located along a middle of the bulb 110 and/
or being perpendicular to the sleeve axis 116 visually indi-
cates the correct formation of the bulb 110.

[0082] Referring generally to FIGS. 3, 5,7, 9, 11, 14, 16,
17, 19-21, 23, 2S5 and 26B, upon correct formation of the
bulb 110, the bulb 110 has a desired geometry. It can be
appreciated that the geometry of the bulb 110, when cor-
rectly formed, may vary depending on the type of the fas-
tener 100 and/or configuration of the tubular body 104.
[0083] AsshowninFIGS.3.5,7,9, 11, 14, 16, 17, 23, 25
and 26B, in one or more examples, the bulb 110 has a gen-
erally torus shape that circumscribes and extends outward
from the sleeve axis 116. In one or more examples, when
correctly formed, the bulb 110 is at least approximately
symmetric about the sleeve axis 116. In one or more exam-
ples, when correctly formed, the bulb 110 is at least approxi-
mately symmetric about an axis that is perpendicular to the
sleeve axis 116.

[0084] Referring briefly to FIG. 9, in one or more exam-
ples, when correctly formed, the bulb 110 includes a first
bulb side 194 (e.g., first surface), a second bulb side 196
(e.g., second surface), and a third bulb side 198 (e.g., third
surface). In one or more examples, the first bulb side 194 is
at least approximately planar and is in contact with the sec-
ond-workpiece second side 214. The second bulb side 196
(e.g., second surface) is spaced away from the first bulb side
194 along the sleeve axis 116. In one or more examples, the
first bulb side 194 and the second bulb side 196 are at least
approximately parallel to each other and/or at least approxi-
mately perpendicular to the sleeve axis 116. However, in
other examples, the first bulb side 194 and the second bulb
side 196 may be oblique to each other and/or oblique to the
sleeve axis 116 (e.g., as shown in FIG. 26B). The third bulb
side 198 extends between the first bulb side 194 and the
second bulb side 196. In one or more examples, the third
bulb side 198 is convex or is curved outward relative to an
axis that is perpendicular to the sleeve axis 116 (e.g., as
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shown in FIGS. 3, 5,7, 9, 16, 25 and 26B). In one or more
examples, the third bulb side 198 is concave or is curved
inward relative to an axis that is perpendicular to the sleeve
axis 116 (e.g., as shown in FIGS. 11, 14 and 17).

[0085] Referring again to FIGS. 8-14 and 17, for the pur-
pose of the present disclosure, the middle of the bulb 110
refers to a portion of the third bulb side 198 that is at least
approximately centrally located between the first bulb side
194 and the second bulb side 196. Accordingly, upon forma-
tion of the bulb 110 (e.g., as shown in FIGS. 9, 11, 14 and
17), the sleeve reference mark 142 being at least approxi-
mately centrally located between the first bulb side 194 and
the second bulb side 196 and/or being at least approximately
perpendicular to the sleeve axis 116, when viewed in a
direction perpendicular to the sleeve axis 116, visually indi-
cates the correct formation of the bulb 110. Conversely,
upon formation of the bulb 110, the sleeve reference mark
142 being non-centrally located (e.g., being closer to one of
the first bulb side 194 and the second bulb side 196 than the
other) and/or being non-perpendicular to the sleeve axis 116,
when viewed in a direction perpendicular to the sleeve axis
116, visually indicates the incorrect formation of the bulb
110.

[0086] Referring to FIGS. 8-12, in one or more examples,
upon initial installation the sleeve reference mark 142 is
annular, circumscribes the sleeve axis 116, and/or extends
circumferentially around a portion of an external surface
146 of the tubular body 104. As an example, the sleeve
reference mark 142 is an annular portion 144 (e.g., a strip)
of the external surface 146 of the tubular body 104 of the
sleeve 102 (e.g., as shown in FIG. 8). As another example,
the annular portion 144 of the external surface 146 of the
tubular body 104 is formed or defined by an annular recess
218 formed in the tubular body 104, such that the annular
portion 144 of the external surface 146 of the tubular body
104 has a cross-sectional dimension (e.g., diameter) that is
less than a cross-sectional dimension (e.g., diameter) of a
remaining portion of the external surface 146 of the tubular
body 104 (e.g., as shown in FIGS. 10 and 12). In these
examples, upon correct formation of the bulb 110, the sleeve
reference mark 142 is annular, circumscribes the sleeve axis
116, and extends circumferentially around a portion of the
third bulb side 198 of the bulb 110 of the sleeve 102 (e.g., as
shown in FIGS. 9 and 11).

[0087] Referring to FIG. 8, in one or more examples, the
sleeve reference mark 142 includes a physical characteristic
of the annular portion 144 of the external surface 146 of the
tubular body 104 of the sleeve 102.

[0088] In one or more examples, the physical characteris-
tic of the annular portion 144 of the external surface 146 of
the tubular body of the sleeve 102 includes surface color.
For example, a first surface color of the annular portion
144 of the external surface 146 of the tubular body 104 is
different from a second surface color of a remaining portion
or directly adjacent portion of the external surface 146 of the
tubular body 104 such that the first surface color is visibly
distinct and easily discernible from the second surface color.
[0089] In one or more examples, the physical characteris-
tic of the annular portion 144 of the external surface 146 of
the tubular body of the sleeve 102 includes surface texture.
For example, a first surface texture of the annular portion
144 of the external surface 146 of the tubular body 104 is
different from a second surface texture of a remaining por-
tion or directly adjacent portion of the external surface 146
of the tubular body 104 such that the first surface texture is
visibly distinct and easily discernible from the second sur-
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face texture. For example, the annular portion 144 of the
external surface 146 of the tubular body 104 may be
knurled, cross-hatched, or include other surface characteris-
tics or appearances, and the remaining portion or directly
adjacent portion of the external surface 146 of the tubular
body 104 may be smooth, threaded, or include different sur-
face characteristics or appearances.

[0090] In one or more examples, the physical characteris-
tic of the annular portion 144 of the external surface 146 of
the tubular body of the sleeve 102 includes surface reflectiv-
ity. For example, a first surface reflectivity of the annular
portion 144 of the external surface 146 of the tubular body
104 is different from a second surface reflectivity of a
remaining portion or directly adjacent portion of the exter-
nal surface 146 of the tubular body 104 such that the first
surface reflectivity is visibly distinct and easily discernible
from the second surface reflectivity. For example, the annu-
lar portion 144 of the external surface 146 of the tubular
body 104 may have a relatively high reflectivity, and the
remaining portion or directly adjacent portion of the exter-
nal surface 146 of the tubular body 104 may have a rela-
tively low reflectivity.

[0091] In one or more examples, the physical characteris-
tic of the annular portion 144 of the external surface 146 of
the tubular body 104 of the sleeve 102 includes another sur-
face characteristic such that the annular portion 144 of the
external surface 146 of the tubular body 104 is visibly dis-
tinct and easily discernible from the remaining portion or
directly adjacent portion of the external surface 146 of the
tubular body 104. For example, the annular portion 144 of
the external surface 146 of the tubular body 104 may be
fluorescent or phosphorescent, and the remaining portion
or directly adjacent portion of the external surface 146 of
the tubular body 104 may not be fluorescent or
phosphorescent.

[0092] In one or more examples, the physical characteris-
tic of the annular portion 144 of the external surface 146 of
the tubular body of the sleeve 102 includes a combination of
at least two of surface color, surface texture, and surface
reflectivity.

[0093] Referring to FIGS. 10 and 11, in one or more exam-
ples, the sleeve reference mark 142 includes a first sleeve-
reference-mark end 148 and a second sleeve-reference-mark
end 150 that is opposite the first sleeve-reference-mark end
148 along the sleeve axis 116. After formation of the bulb
110 (e.g., as shown in FIG. 11), the first sleeve-reference-
mark end 148 and the second sleeve-reference-mark end
150 being at least approximately parallel to each other
and/or at least approximately perpendicular to the sleeve
axis 116 visually indicates the correct formation of the
bulb 110.

[0094] Referring to FIGS. 11 and 12, in one or more exam-
ples, the sleeve reference mark 142 includes a first sleeve-
reference-mark portion 152, a second sleeve-reference-mark
portion 154, and a third sleeve-reference-mark portion 156.
The second sleeve-reference-mark portion 154 extends from
the first sleeve-reference-mark portion 152. The third
sleeve-reference-mark portion 156 extends from the first
sleeve-reference-mark portion 152, opposite the second
sleeve-reference-mark portion 154.

[0095] As illustrated in FIGS. 10 and 12, in one or more
examples, prior to formation of the bulb 110, the first sleeve-
reference-mark portion 152 is the annular portion 144 of the
external surface 146 of the tubular body 104 formed or
defined by the annular recess 218. The second sleeve-refer-
ence-mark portion 154 is a first annular shoulder portion of
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the tubular body 104 that extends from the first sleeve-refer-
ence-mark portion 152 approximately perpendicular to the
sleeve axis 116. The third sleeve-reference-mark portion
156 is a second annular shoulder portion of the tubular
body 104 that extends from the first sleeve-reference-mark
portion 152 approximately perpendicular to the sleeve axis
116.

[0096] As illustrated in FIG. 11, after formation of the
bulb 110, the first sleeve-reference-mark portion 152, the
second sleeve-reference-mark portion 154, and the third
sleeve-reference-mark portion 156 expand outwardly such
that the second sleeve-reference-mark portion 154 extends
from the first sleeve-reference-mark portion 152 along the
sleeve axis 116 and the third sleeve-reference-mark portion
156 extends from the first sleeve-reference-mark portion
152 along the sleeve axis 116, opposite the second sleeve-
reference-mark portion 154. In one or more examples, the
first sleeve-reference-mark portion 152, the second sleeve-
reference-mark portion 154, and the third sleeve-reference-
mark portion 156 are at least approximately parallel to each
other and/or at least approximately perpendicular to the
sleeve axis 116. In one or more examples, the first sleeve-
reference-mark portion 152, the second sleeve-reference-
mark portion 154, and the third sleeve-reference-mark por-
tion 156 are located on the third bulb side 198 of the bulb
110.

[0097] In one or more examples, before formation of the
bulb 110 (e.g., as shown in FIGS. 10 and 12), the second
sleeve-reference-mark portion 154 and the third sleeve-
reference-mark portion 156 are not visible, for example, in
a direction perpendicular to the sleeve axis 116. For exam-
ple, the second sleeve-reference-mark portion 154 and the
third sleeve-reference-mark portion 156 are obscured due to
the first annular shoulder, upon which the second sleeve-
reference-mark portion 154 is located, and the second annu-
lar shoulder, upon which the third sleeve-reference-mark
portion 156 is located, being perpendicular to the sleeve
axis 116. After formation of the bulb 110 (e.g., as shown
in FIG. 11), the second sleeve-reference-mark portion 154
and the third sleeve-reference-mark portion 156 being
exposed; the first sleeve-reference-mark portion 152, the
second sleeve-reference-mark portion 154, and the third
sleeve-reference-mark portion 156 being at least approxi-
mately parallel to each other; the first sleeve-reference-
mark portion 152, the second sleeve-reference-mark portion
154, and the third sleeve-reference-mark portion 156 being
at least approximately perpendicular to the sleeve axis 116;
and/or the first sleeve-reference-mark portion 152, the sec-
ond sleeve-reference-mark portion 154, and the third sleeve-
reference-mark portion 156 being located on (e.g., extend-
ing circumferentially around) the third bulb side 198 of the
bulb 110 visually indicates the correct formation of the bulb
110.

[0098] In one or more examples, the first sleeve-reference-
mark portion 152 includes a first physical characteristic. The
second sleeve-reference-mark portion 154 includes a second
physical characteristic. The third sleeve-reference-mark
portion 156 includes a third physical characteristic. In one
or more examples, the first physical characteristic is differ-
ent than the second physical characteristic and the third phy-
sical characteristic, such that the first sleeve-reference-mark
portion 152 is visibly distinct and easily discernible from the
second sleeve-reference-mark portion 154 and the third
sleeve-reference-mark portion 156. In one or more exam-
ples, the first physical characteristic, the second physical
characteristic, and the third physical characteristic are dif-
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ferent, such that the first sleeve-reference-mark portion 152,
the second sleeve-reference-mark portion 154, and the third
sleeve-reference-mark portion 156 are visibly distinct and
easily discernible from each other.

[0099] Referring to FIGS. 13 and 14, in one or more
examples, the visual indicator 112 includes the sleeve refer-
ence mark 142 and a second sleeve reference mark 192. The
second sleeve reference mark 192 is located on the external
surface 146 of the tubular body of the sleeve 102. In these
examples, the correct formation of the bulb 110 is estab-
lished by a combination of the location of the sleeve refer-
ence mark 142 relative to the bulb 110 and a location of the
second sleeve reference mark 192 relative to a break 158
between a portion of the tubular body 104 and the bulb
110. After formation of the bulb 110 (e.g., as shown in
FIG. 14), a combination of the sleeve reference mark 142
being located along the middle of the bulb 110 and/or
being perpendicular to the sleeve axis 116 and the second
sleeve reference mark 192 being located along the break
158 between the portion of the tubular body 104 and the
bulb 110 visually indicates the correct formation of the
bulb 110. Conversely, after formation of the bulb 110, at
least one of the sleeve reference mark 142 not being located
along the middle of the bulb 110 and/or not being perpendi-
cular to the sleeve axis 116 and/or the second sleeve refer-
ence mark 192 not being located along the break 158
between the portion of the tubular body 104 and the bulb
110 visually indicates the incorrect formation of the bulb
110.

[0100] For the purpose of the present disclosure, the break
158 between a portion of the tubular body 104 and the bulb
110 refers to a bend, crease, or fold formed in the tubular
body 104 that is formed upon expansion of a portion of the
tubular body 104 and delineates the portion of the tubular
body 104 (e.g., a second tubular-body portion 186) and the
bulb 110 (e.g., the second bulb side 196).

[0101] In one or more examples, second sleeve reference
mark 192 is annular, circumscribes the sleeve axis 116, and/
or extends circumferentially around a portion of an external
surface 146 of the tubular body 104. As an example, the
second sleeve reference mark 192 is an annular portion
(e.g., a strip) of the external surface 146 of the tubular
body 104 of the sleeve 102 that is located toward between
the sleeve reference mark 142 and the second sleeve end 120
(e.g., as shown in FIG. 13).

[0102] Referring to FIGS. 15 and 16, in one or more
examples, the visual indicator 112 includes only the second
sleeve reference mark 192. The second sleeve reference
mark 192 is located on the tubular body 104 of the sleeve
102. The correct formation of the bulb 110 is established by
the location of the second sleeve reference mark 192 relative
to the break 158 between a portion of the tubular body and
the bulb 110. After formation of the bulb 110 (e.g., as shown
in FIG. 16), the second sleeve reference mark 192 being
located along the break 158 between the portion of the tub-
ular body 104 and the bulb 110 visually indicates the correct
formation of the bulb 110. Conversely, after formation of the
bulb 110, the second sleeve reference mark 192 not being
located along the break 158 between the portion of the tub-
ular body104 and the bulb 110 visually indicates the incor-
rect formation of the bulb 110.

[0103] Referring generally to FIGS. 1-16 and particularly
to FIG. 17, in one or more examples, visual indicator 112 of
the fastener 100 includes a combination of or a plurality of
the different types of reference marks 114, as described
herein above, that provide the visual verification of correct
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formation of the bulb 110 (e.g., as shown in FIG. 17). Thus,
in one or more examples, the visual indicator 112 provides a
multi-dimensional indication or a plurality of different
visual cues to signal correct and/or complete formation of
the bulb 110.

[0104] In one or more examples, the sleeve 102 includes
the sleeve axis 116, the first sleeve end 118, and the second
sleeve end 120. The visual indicator 112 includes the shank
reference mark 122 that is located on the shank 108 of the
pin 106. The visual indicator 112 also includes the sleeve
reference mark 142 that located on the tubular body 104 of
the sleeve 102. The visual indicator 112 further includes the
second sleeve reference mark 192 that is located on the tub-
ular body 104 of the sleeve 102. The correct formation of the
bulb 110 is established by the location of the second sleeve
end 120 relative to the shank reference mark 122, the loca-
tion of the sleeve reference mark 142 relative to the bulb
110, and the location of the second sleeve reference mark
192 relative to the break 158 between a portion of the tubu-
lar body and the bulb 110. After formation of the bulb 110
(e.g., as shown in FIG. 17), at least a portion of the shank
reference mark 122 being exposed by the second sleeve end
120, the sleeve reference mark 142 being located along the
middle of the bulb 110 and being perpendicular to the sleeve
axis 116, and the second sleeve reference mark 192 being
located along the break 158 between the portion of the tub-
ular body 104 and the bulb 110 visually indicate the correct
formation of the bulb 110. Conversely, after formation of the
bulb 110, at least a portion of the shank reference mark 122
not being exposed by the second sleeve end 120, the sleeve
reference mark 142 not being located along the middle of
the bulb 110 and/or not being perpendicular to the sleeve
axis 116, and/or the second sleeve reference mark 192 not
being located along the break 158 between the portion of the
tubular body 104 and the bulb 110 may visually indicate the
incorrect formation of the bulb 110.

[0105] Referring to FIGS. 18-20, in one or more exam-
ples, the tubular body 104 includes a first external cylindri-
cal surface 160 (e.g., a first cylindrical portion) that extends
along the sleeve axis 116. The tubular body 104 also
includes an external tapered surface 162 (e.g., a tapered por-
tion) that extends from the first external cylindrical surface
160 along the sleeve axis 116. The tubular body 104 further
includes a second external cylindrical surface 164 (e.g., a
second cylindrical portion) that extends from the external
tapered surface 162 along the sleeve axis 116. In these
examples, the visual indicator 112 includes the sleeve refer-
ence mark 142 that is located on at least a portion of the
external tapered surface 162 of the tubular body of the
sleeve 102. In one or more examples, the sleeve reference
mark 142 is located on an entirety of the external tapered
surface 162. In one or more examples, the sleeve reference
mark 142 is located on a portion of the external tapered sur-
face 162. The correct formation of the bulb 110 is estab-
lished by a location of the sleeve reference mark 142 relative
to the bulb 110. Before formation of the bulb 110 (e.g., as
shown in FIG. 18), the sleeve reference mark 142 is visible.
After formation of the bulb 110 (e.g., as shown in FIGS. 19
and 20), the sleeve reference mark 142 being not visible
visually indicates the correct formation of the bulb 110.
[0106] As shown in FIGS. 19-21, in one or more exam-
ples, the bulb 110 has a generally hemispherical or frustoco-
nical shape that circumscribes and extends outward from the
sleeve axis 116. In one or more examples, when correctly
formed, the bulb 110 is at least approximately symmetric
about the sleeve axis 116.
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[0107] Referring briefly to FIG. 19, in one or more exam-
ples, when correctly formed, the bulb 110 includes the first
bulb side 194 (e.g., first surface) that is at least approxi-
mately planar and that is in contact with the second-work-
piece second side 214. For example, after compression of
the tubular body 104 and formation of the bulb 110, the
external tapered surface 162 forms at least a portion of the
first bulb side 194. The bulb 110 includes the second bulb
side 196 (e.g., second surface) that extends from the first
bulb side 194 along the sleeve axis 116. In one or more
examples, the second bulb side 196 is convex or is curved
outward relative to an axis that is perpendicular to the sleeve
axis 116. As such, upon correct formation of the bulb 110,
the sleeve reference mark 142 is hidden between the bulb
110 (e.g., the first bulb side 194) and the second-workpiece
second side 214 (e.g., as shown in FIG. 20).

[0108] Referring to FIG. 21, in one or more examples, the
visual indicator 112 includes the sleeve reference mark 142
that is located on the external tapered surface 162 of the
tubular body 104 of the sleeve 102 and the shank reference
mark 122 that is located on the shank 108 of the pin 106.
The correct formation of the bulb 110 is established by a
location of the sleeve reference mark 142 relative to the
bulb 110 and a location of the second sleeve end 120 relative
to the shank reference mark 122. Before formation of the
bulb 110, the sleeve reference mark 142 is visible and the
shank reference mark 122 is not visible (e.g., is covered by
the tubular body 104 of the sleeve 102). After formation of
the bulb 110 (e.g., as shown in FIG. 21), the sleeve reference
mark 142 being not visible and at least a portion of the shank
reference mark 122 being exposed by the second sleeve end
120 visually indicates the correct formation of the bulb 110.
Conversely, after formation of the bulb 110, a portion of the
sleeve reference mark 142 being visible and/or at least a
portion of the shank reference mark 122 being covered by
the second sleeve end 120 visually indicates the incorrect
formation of the bulb 110.

[0109] Referring to FIGS. 22 and 23, in one or more
examples, the visual indicator 112 includes or takes the
form of a reference feature 220 that changes shape or other-
wise deploys upon correct formation of the bulb 110. In one
or more examples, the reference feature 220 is a tapered,
conical spring collar that is positioned around the shank
108 of the pin 106 between an external surface of the
shank 108 and an internal surface of the tubular body 104.
The correct formation of the bulb 110 is established by
deployment of the reference feature 220. Before formation
of the bulb 110, the reference feature 220 is loaded between
the shank 108 and the tubular body 104 (e.g., as shown in
FIG. 22). After formation of the bulb 110, the reference fea-
ture 220 being deployed and/or being visible by the position
of the second sleeve end 120 visually indicates the correct
formation of the bulb 110 (e.g., as shown in FIG. 23). Con-
versely, after formation of the bulb 110, the reference feature
220 not being deployed and/or not being visible by the posi-
tion of the second sleeve end 120 visually indicates the
incorrect formation of the bulb 110.

[0110] Referring to FIGS. 24 and 25, in one or more exam-
ples, the sleeve 102 includes the sleeve axis 116, the first
sleeve end 118, and the second sleeve end 120 that is oppo-
site the first sleeve end 118 along the sleeve axis 116. The
sleeve 102 also includes a sleeve head 166 that is coupled to
the tubular body 104, for example, at the first sleeve end
118. The tubular body 104 of the sleeve 102 includes an
external cylindrical surface 168 that extends from the sleeve
head 166 along the sleeve axis 116. The tubular body 104
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also includes an internal cylindrical surface 170 that extends
from the sleeve head 166 along the sleeve axis 116. The
tubular body 104 further includes an internal threaded sur-
face 172 that extends from the internal cylindrical surface
170 along the sleeve axis 116. The pin 106 includes the pin
axis 130, the first pin end 174, and the second pin end 176
that is opposite the first pin end 174 along the pin axis 130.
The pin 106 also includes a pin head 188 that is coupled to
the shank 108, for example, at the first pin end 174, and that
is configured to be seated within the sleeve head 166 of the
sleeve 102. The shank 108 of the pin 106 includes a cylind-
rical surface 178 that extends from the pin head 188 along
the pin axis 130 and that is configured to be received within
the internal cylindrical surface 170 of the tubular body of the
sleeve 102. The shank 108 of the pin 106 also includes a
threaded surface 180 that extends from the cylindrical sur-
face 178 along the pin axis 130 and that is configured to
threadedly engage the internal threaded surface 172 of the
tubular body of the sleeve 102. The portion of the tubular
body 104 that includes the internal cylindrical surface 170 is
configured to deform into the bulb 110 (e.g., as shown in
FIG. 25) in response to a rotational force applied to the pin
106.

[0111] Referring still to FIGS. 24 and 28§, in one or more
examples, the visual indicator 112 includes the shank refer-
ence mark 122 that is located on the threaded surface 180 of
the shank 108 of the pin 106. The correct formation of the
bulb 110 is established by a location of the second sleeve
end 120 relative to the shank reference mark 122. Before
formation of the bulb 110 (e.g., as shown in FIG. 24), the
shank reference mark 122 is covered by the sleeve 102.
After formation of the bulb 110 (e.g., as shown in FIG.
25), at least a portion of the shank reference mark 122
being exposed by the second sleeve end 120 visually indi-
cates the correct formation of the bulb 110.

[0112] Referring still to FIGS. 24 and 25, in one or more
examples, the visual indicator 112 includes the sleeve refer-
ence mark 142 that is located on the external cylindrical sur-
face 168 of the tubular body 104 of the sleeve 102. The
correct formation of the bulb 110 is established by a location
of the sleeve reference mark 142 relative to the bulb 110.
After formation of the bulb 110 (e.g., as shown in FIG.
25), the sleeve reference mark 142 being located along the
middle of the bulb 110 and/or being perpendicular to the
sleeve axis 116 visually indicates the correct formation of
the bulb 110.

[0113] While not explicitly illustrated, the fastener 100
may include other configurations of bulb-type fasteners
and/or other mechanisms for causing deformation of the
tubular body 104 to form the bulb 110, such as a blind
rivet. In one or more examples, the pin 106 is a mandrel
and includes a mandrel head located at the second pin end
176. The cylindrical surface 178 (e.g., cylindrical portion)
of the shank 108 of the pin 106 extends from the first pin end
174 to the second pin end 176 (e.g., the shank 108 is non-
threaded). The sleeve 102 is compressed and a portion of the
tubular body 104 expands outwardly to form the bulb 110 in
response to a tension (e.g., pulling) force applied to the first
pin end 174.

[0114] Referring to FIGS. 26A and 26B, in one or more
examples, the fastener 100 includes a haptic indicator 182.
In one or more examples, the haptic indicator 182 is coupled
to the tubular body 104 of the sleeve 102 and is located
between the shank 108 and the internal surface of the tubular
body 104. The haptic indicator 182 is configured to provide
a haptic response upon the correct formation of the bulb 110.
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Generally, the haptic response or feedback provided by the
haptic indicator 182 takes the form of a change in condition
that is perceptible by the end-user, such as a reduction in
force required to rotate the pin 106 and compress the tubular
body 104 that can be felt by the end-use, a “pop” or “snap”
sound that is heard by the end-use, or the like.

[0115] As illustrated in FIG. 26A, in one or more exam-
ples, the haptic indicator 182 includes or takes the form of a
strip of frangible material that is coupled at each end to the
internal surface of the tubular body 104 along a portion of
the tubular body 104 that is deformed during formation of
the bulb 110. The strip has a proper geometry and sufficient
flexibility to permit compression of the tubular body 104
and expansion of the portion of the tubular body 104 during
formation of the bulb 110. Upon formation of the bulb 110,
the strip is configured to break or snap, thus providing the
haptic response indicating complete formation of the bulb
110.

[0116] As illustrated in FIG. 26B, in one or more exam-
ples, the haptic indicator 182 includes or takes the form of a
sphere of frangible material that is located in an open region
between the internal surface of the tubular body 104 and the
shank 108 along a portion of the tubular body 104 that is
deformed during formation of the bulb 110. The sphere has
a proper geometry to permit compression of the tubular
body 104 and expansion of the portion of the tubular body
104 during formation of the bulb 110. Upon formation of the
bulb 110, the sphere is configured to break or pop, thus pro-
viding the haptic response indicating complete formation of
the bulb 110.

[0117] Referring now to FIGS. 3, 5, 7. 9, 11, 14, 16, 17,
19-21, 23, 25 and 26B, which illustrate the completed
assembly 200 in which the fastener 100 is completely
installed to secure the first workpiece 202 and the second
workpiece 210 together. In one or more examples, the sleeve
102 includes the sleeve head 166. In one or more examples,
the sleeve head 166 is located at the first sleeve end 118. In
one or more examples, the sleeve head 166 is seated in the
first aperture 208 at the first-workpiece first side 204.
[0118] In one or more examples, upon complete formation
of the fastener 100 and formation of the assembly 200, the
sleeve 102 includes a first tubular-body portion 184, the
bulb 110, and a second tubular-body portion 186. The first
tubular-body portion 184 extends from the sleeve head 166
along the sleeve axis 116. The first tubular-body portion 184
is received within the first aperture 208 and the second aper-
ture 216. The bulb 110 extends from the first tubular-body
portion 184 along the sleeve axis 116. The bulb 110 is
engaged with the second-workpiece second side 214. The
second tubular-body portion 186 extends from the bulb
110 along the sleeve axis 116 to the second sleeve end 120.
[0119] In one or more examples, the pin 106 includes the
pin head 188. In one or more examples, the pin head 188 is
located at the first pin end 174. In one or more examples, the
pin head 188 is seated in the sleeve head 166. In one or more
examples, the pin 106 includes the shank 108. In one or
more examples, the shank 108 extends from the pin head
188 along the pin axis 130 to the second pin end 176. The
shank 108 is received within the first tubular-body portion
184, the bulb 110, and the second tubular-body portion 186
of the sleeve 102.

[0120] The visual indicator 112 provides the visual verifi-
cation of correct formation of the bulb 110 and, thus, com-
plete and/or correct installation of the fastener 100.

[0121] Referring to FIGS. 2-7, 17 and 21, in one or more
examples, a portion of the shank 108 of the pin 106 extends
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beyond the second sleeve end 120. The visual indicator 112
includes the shank reference mark 122 that is located on the
portion of the shank 108 of the pin 106. The correct forma-
tion of the bulb 110 is established by a location of the second
sleeve end 120 relative to the shank reference mark 122. At
least a portion of the shank reference mark 122 being
exposed by the second sleeve end 120 visually indicates
the correct formation of the bulb 110 (e.g., as shown in
FIGS. 3, 5,7, 17 and 21).

[0122] Referring to FIGS. 8-14, in one or more examples,
the visual indicator 112 includes the sleeve reference mark
142 that is located on the bulb 110 of the sleeve 102. The
correct formation of the bulb 110 is established by a location
of the sleeve reference mark 142 relative to the bulb 110.
The sleeve reference mark 142 being located along a middle
of the bulb 110 and being perpendicular to the sleeve axis
116 visually indicates the correct formation of the bulb 110
(e.g., as shown in FIGS. 9, 11 and 14).

[0123] Referring to FIGS. 13-16, in one or more exam-
ples, the visual indicator 112 includes the second sleeve
reference mark 192 that is located on the sleeve 102. The
correct formation of the bulb 110 is established by a location
of the second sleeve reference mark 192 relative to the break
158 between the second tubular-body portion of the sleeve
102 and the bulb 110 of the sleeve 102. The second sleeve
reference mark 192 being located along the break 158
between the second tubular-body portion and the bulb 110
visually indicates the correct formation of the bulb 110 (e.g.,
as shown in FIGS. 14 and 16).

[0124] Referring to FIGS. 18-20, in one or more exam-
ples, the visual indicator 112 includes the sleeve reference
mark 142 located on a portion of the bulb 110. The correct
formation of the bulb 110 is established by a location of the
sleeve reference mark 142 relative to the bulb 110. The
sleeve reference mark 142 being not visible visually indi-
cates the correct formation of the bulb 110.

[0125] Referring generally to FIGS. 1-25, 26A and 26B
and particularly to FIG. 27, by way of examples, the present
disclosure is further directed to a method 1000 for fastening
the first workpiece 202 and the second workpiece 210
together. Implementations of the method 1000 use the fas-
tener 100 to secure the first workpiece 202 and the second
workpiece 210 together to form the assembly 200. Imple-
mentations of the method 1000 also use the fastener 100 to
visually verify, indicate, or otherwise confirm correct and/or
complete installation of the fastener 100.

[0126] Referring to FIGS. 1-25, 26A and 26B, in one or
more examples, the first workpiece 202 includes the first-
workpiece first side 204, the first-workpiece second side
206, and the first aperture 208 that extends, inclusively,
between the first-workpiece first side 204 and the first-work-
piece second side 206. The second workpiece 210 includes
the second-workpiece first side 212, the second-workpiece
second side 214, and the second aperture 216 that extends,
inclusively, between the second-workpiece first side 212
and the second-workpiece second side 214.

[0127] Referring to FIG. 27, in one or more examples, the
method 1000 includes a step of (block 1002) aligning the
first aperture 208 and the second aperture 216.The method
1000 includes a step of (block 1004) inserting the fastener
100 into the first aperture 208 and the second aperture 216
from the first-workpiece first side 204 of the first workpiece
202.

[0128] Referring to FIGS. 1-14, in one or more examples,
the fastener 100 includes the sleeve 102, the pin 106, and the
visual indicator 112. The sleeve 102 includes the tubular
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body 104. A portion of the tubular body 104 is received by
the first aperture 208 and the second aperture 216. The pin
106 includes the shank 108. A portion of the shank 108 is
received by the tubular body 104 of the sleeve 102. The
visual indicator 112 is located on at least one of the tubular
body 104 of the sleeve 102 and the shank 108 of the pin 106.
[0129] Referring again to FIG. 27, in one or more exam-
ples, the method 1000 includes a step of (block 1006) form-
ing the bulb 110 and a step of (block 1008) securing the first
workpiece 202 and the second workpiece 210 together with
the fastener 100. The bulb 110 is formed by a portion of the
tubular body 104 of the sleeve 102 and clamps the first
workpiece 202 and the second workpiece 210 together.
[0130] In one or more examples, according to the method
1000, the step of (block 1006) forming the bulb 110 includes
a step of applying a force to the tubular body 104 of the
sleeve 102 by the shank 108 of the pin 106, a step of com-
pressing the tubular body 104 of the sleeve 102 in response
to the force, and a step of deforming a portion of the tubular
body 104 to form the bulb 110. Upon complete installation
of the fastener 100, the bulb 110 engages the second-work-
piece second side 214 of the second workpiece 210. Defor-
mation of the portion of the tubular body 104 into the bulb
110 is achieved in response to the force being applied to the
tubular body 104 of the sleeve 102 by the shank 108 of the
pin 106.

[0131] Referring still to FIG. 27, in one or more examples,
the method 1000 includes a step of (block 1010) providing a
visual verification of correct formation of the bulb 110 using
the visual indicator 112.

[0132] Referring to FIGS. 2-7 and 17, in one or more
examples, according to the method 1000, the sleeve 102
includes the sleeve axis 116, the first sleeve end 118, and
the second sleeve end 120 that is opposite the first sleeve
end 118 along the sleeve axis 116. The visual indicator 112
includes the shank reference mark 122 that is located on the
shank 108 of the pin 106.

[0133] Referring to FIG. 27, in one or more examples,
according to the method 1000, the step of (block 1010) pro-
viding the visual verification of the correct formation of the
bulb 110 includes a step of locating the second sleeve end
120 relative to the shank reference mark 122 to expose at
least a portion of the shank reference mark 122 by the sec-
ond sleeve end 120.

[0134] Referring to FIGS. | 8-14 and 17, in one or more
examples, according to the method 1000, the sleeve 102
includes the sleeve axis 116. The visual indicator 112
includes the sleeve reference mark 142 that is located on
the tubular body 104 of the sleeve 102.

[0135] Referring to FIG. 27, in one or more examples,
according to the method 1000, the step of (block 1010) pro-
viding the visual verification of the correct formation of the
bulb 110 includes a step of locating the sleeve reference
mark 142 along a middle of the bulb 110 and/or perpendi-
cular to the sleeve axis 116.

[0136] Referring to FIGS. 13-17, in one or more exam-
ples, according to the method 1000, the visual indicator
112 includes the second sleeve reference mark 192 that is
located on the tubular body 104 of the sleeve 102.

[0137] Referring to FIG. 27, in one or more examples,
according to the method 1000, the step of (block 1010) pro-
viding the visual verification of the correct formation of the
bulb 110 includes a step of locating the second sleeve refer-
ence mark 192 along the break 158 between a portion of the
tubular body and the bulb 110.
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[0138] Referring to FIGS. 18-21, in one or more exam-
ples, according to the method 1000, the visual indicator
112 includes the sleeve reference mark 142 that is located
on a portion of the bulb 110.

[0139] Referring to FIG. 27, in one or more examples,
according to the method 1000, the step of (block 1010) pro-
viding the visual verification of the correct formation of the
bulb 110 includes a step of locating the sleeve reference
mark 142 between the bulb 110 and the second-workpiece
second side 214.

[0140] Examples of the fastener 100, the assembly 200,
and the method 1000 may be related to, or used in the con-
text of, an aircraft manufacturing and service method and an
aircraft Although an aerospace example is described, the
examples and principles disclosed herein may be applied
to other industries, such as the automotive industry, the
space industry, the construction industry, and other design
and manufacturing industries. Accordingly, in addition to
aircraft, the examples and principles disclosed herein may
apply to fastening workpieces together to form an assembly
for other types of vehicles (e.g., land vehicles, marine vehi-
cles, space vehicles, etc.), stand-alone structures, high-traf-
fic surfaces, and other high-contact surfaces.

[0141] The preceding detailed description refers to the
accompanying drawings, which illustrate specific examples
described by the present disclosure. Other examples having
different structures and operations do not depart from the
scope of the present disclosure. Like reference numerals
may refer to the same feature, element, or component in
the different drawings. Throughout the present disclosure,
any one of a plurality of items may be referred to individu-
ally as the item and a plurality of items may be referred to
collectively as the items and may be referred to with like
reference numerals. Moreover, as used herein, a feature, ele-
ment, component, or step preceded with the word “a” or
“an” should be understood as not excluding a plurality of
features, elements, components or steps, unless such exclu-
sion is explicitly recited.

[0142] Tllustrative, non-exhaustive examples, which may
be, but are not necessarily, claimed, of the subject matter
according to the present disclosure are provided above.
Reference herein to “example” means that one or more fea-
ture, structure, element, component, characteristic, and/or
operational step described in connection with the example
is included in at least one aspect, embodiment, and/or imple-
mentation of the subject matter according to the present dis-
closure. Thus, the phrases “an example,” “another exam-
ple,” “one or more examples,” and similar language
throughout the present disclosure may, but do not necessa-
rily, refer to the same example. Further, the subject matter
characterizing any one example may, but does not necessa-
rily, include the subject matter characterizing any other
example. Moreover, the subject matter characterizing any
one example may be, but is not necessarily, combined with
the subject matter characterizing any other example.

[0143] As used herein, a system, apparatus, device, struc-
ture, article, element, component, or hardware “configured
to” perform a specified function is indeed capable of per-
forming the specified function without any alteration, rather
than merely having potential to perform the specified func-
tion after further modification. In other words, the system,
apparatus, device, structure, article, element, component, or
hardware “configured to” perform a specified function is
specifically selected, created, implemented, utilized, pro-
grammed, and/or designed for the purpose of performing
the specified function. As used herein, “configured to”
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denotes existing characteristics of a system, apparatus,
structure, article, element, component, or hardware that
enable the system, apparatus, structure, article, element,
component, or hardware to perform the specified function
without further modification. For purposes of this disclo-
sure, a system, apparatus, device, structure, article, element,
component, or hardware described as being “configured to”
perform a particular function may additionally or alterna-
tively be described as being “adapted to” and/or as being
“operative to” perform that function.

[0144] Unless otherwise indicated, the terms “first,” “sec-
ond,” “third,” etc. are used herein merely as labels, and are
not intended to impose ordinal, positional, or hierarchical
requirements on the items to which these terms refer. More-
over, reference to, e.g., a “second” item does not require or
preclude the existence of, e.g., a “first” or lower-numbered
item, and/or, e.g., a “third” or higher-numbered item.
[0145] As used herein, the phrase “at least one of”, when
used with a list of items, means different combinations of
one or more of the listed items may be used and only one of
each item in the list may be needed. For example, “at least
one of item A, item B, and item C” may include, without
limitation, item A or item A and item B. This example also
may include item A, item B, and item C, or item B and item
C. In other examples, “at least one of”” may be, for example,
without limitation, two of item A, one of item B, and ten of
item C; four of item B and seven of item C; and other sui-
table combinations. As used herein, the term “and/or” and
the “/” symbol includes any and all combinations of one or
more of the associated listed items.

[0146] For the purpose of this disclosure, the terms
“coupled,” “coupling,” and similar terms refer to two or
more elements that are joined, linked, fastened, attached,
connected, put in communication, or otherwise associated
(e.g., mechanically, electrically, fluidly, optically, electro-
magnetically) with one another. In various examples, the
elements may be associated directly or indirectly. As an
example, element A may be directly associated with element
B. As another example, element A may be indirectly asso-
ciated with element B, for example, via another element C.
It will be understood that not all associations among the var-
ious disclosed elements are necessarily represented.
Accordingly, couplings other than those depicted in the fig-
ures may also exist.

[0147] As used herein, the term “approximately” refers to
or represent a condition that is close to, but not exactly, the
stated condition that still performs the desired function or
achieves the desired result. As an example, the term
“approximately” refers to a condition that is within an
acceptable predetermined tolerance or accuracy, such as to
a condition that is within 10% of the stated condition. How-
ever, the term “approximately” does not exclude a condition
that is exactly the stated condition. As used herein, the term
“substantially” refers to a condition that is essentially the
stated condition that performs the desired function or
achieves the desired result.

[0148] FIGS. 1-25, 26A and 26B, referred to above, may
represent functional elements, features, or components
thereof and do not necessarily imply any particular struc-
ture. Accordingly, modifications, additions and/or omissions
may be made to the illustrated structure. Additionally, those
skilled in the art will appreciate that not all elements, fea-
tures, and/or components described and illustrated in FIGS.
1-25, 26A and 26B, referred to above, need be included in
every example and not all elements, features, and/or compo-
nents described herein are necessarily depicted in each illus-
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trative example. Accordingly, some of the elements, fea-
tures, and/or components described and illustrated in
FIGS. 1-25, 26A and 26B may be combined in various
ways without the need to include other features described
and illustrated in FIGS. 1-25, 26A and 26B, other drawing
figures, and/or the accompanying disclosure, even though
such combination or combinations are not explicitly illu-
strated herein. Similarly, additional features not limited to
the examples presented, may be combined with some or all
of the features shown and described herein. Unless other-
wise explicitly stated, the schematic illustrations of the
examples depicted in FIGS. 1-25, 26A and 26B, referred
to above, are not meant to imply structural limitations with
respect to the illustrative example. Rather, although one
illustrative structure is indicated, it is to be understood that
the structure may be modified when appropriate. Accord-
ingly, modifications, additions and/or omissions may be
made to the illustrated structure. Furthermore, elements,
features, and/or components that serve a similar, or at least
substantially similar, purpose are labeled with like numbers
in each of FIGS. 1-25, 26A and 26B, and such elements,
features, and/or components may not be discussed in detail
herein with reference to each of FIGS. 1-25, 26A and 26B.
Similarly, all elements, features, and/or components may
not be labeled in each of FIGS. 1-25, 26A and 26B, but
reference numerals associated therewith may be utilized
herein for consistency.

[0149] InFIG. 27, referred to above, the blocks may repre-
sent operations, steps, and/or portions thereof and lines con-
necting the various blocks do not imply any particular order
or dependency of the operations or portions thereof. It will
be understood that not all dependencies among the various
disclosed operations are necessarily represented. FIG. 27
and the accompanying disclosure describing the operations
of the disclosed methods set forth herein should not be inter-
preted as necessarily determining a sequence in which the
operations are to be performed. Rather, although one illus-
trative order is indicated, it is to be understood that the
sequence of the operations may be modified when appropri-
ate. Accordingly, modifications, additions and/or omissions
may be made to the operations illustrated and certain opera-
tions may be performed in a different order or simulta-
neously. Additionally, those skilled in the art will appreciate
that not all operations described need be performed.

[0150] Further, references throughout the present specifi-
cation to features, advantages, or similar language used
herein do not imply that all of the features and advantages
that may be realized with the examples disclosed herein
should be, or are in, any single example. Rather, language
referring to the features and advantages is understood to
mean that a specific feature, advantage, or characteristic
described in connection with an example is included in at
least one example. Thus, discussion of features, advantages,
and similar language used throughout the present disclosure
may, but do not necessarily, refer to the same example.
[0151] The described features, advantages, and character-
istics of one example may be combined in any suitable man-
ner in one or more other examples. One skilled in the rele-
vant art will recognize that the examples described herein
may be practiced without one or more of the specific fea-
tures or advantages of a particular example. In other
instances, additional features and advantages may be recog-
nized in certain examples that may not be present in all
examples. Furthermore, although various examples of the
fastener 100, the assembly 200, and the method 1000 have
been shown and described, modifications may occur to those
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skilled in the art upon reading the specification. The present
application includes such modifications and is limited only
by the scope of the claims.

What is claimed is:

1. A fastener comprising:

a sleeve comprising a tubular body;

a pin comprising a shank, wherein at least a portion of the
shank of the pin is configured to extend through the tub-
ular body of the sleeve and to facilitate deformation of a
portion of the tubular body into a bulb in response to a
force applied to the tubular body of the sleeve by the
shank of the pin; and

avisual indicator configured to provide a visual verification
of correct formation of the bulb.

2. The fastener of claim 1, wherein:

the visual indicator comprises at least one reference mark;

the at least one reference mark is located on at least one of
the shank of the pin and the tubular body of the sleeve;

the at least one reference mark is not visible before forma-
tion of the bulb; and

the at least one reference mark is visible after the correct
formation of the bulb.

3. The fastener of claim 1, wherein:

the visual indicator comprises at least one reference mark;

the atleast one reference mark is located on the tubular body
of the sleeve;

the at least one reference mark is visible before formation of
the bulb; and

the atleast one reference mark is not visible after the correct
formation of the bulb.

4. The fastener of claim 1, wherein:

the sleeve further comprises asleeve axis, afirst sleeve end,
and a second sleeve end that is opposite the first sleeve
end along the sleeve axis;

the visual indicator comprises a shank reference mark
located on the shank of the pin;

the correct formation of the bulb is established by a location
of the second sleeve end relative to the shank reference
mark;

before formation of the bulb, the shank reference mark is
covered by the sleeve; and

after formation of the bulb, at least a portion of the shank
reference mark being exposed by the second sleeve end
visually indicates the correct formation of the bulb.

5. The fastener of claim 4, wherein the shank reference
mark comprises at least one of an annular recess formed in
the shank of the pin and a physical characteristic of an annular
portion of a surface of the shank of the pin.

6. The fastener of claim 5, wherein the physical character-
istic of the annular portion of the surface of the shank of the pin
comprises at least one of surface color, surface texture, and
surface reflectivity.

7. The fastener of claim 4, wherein:

the pin comprises a pin axis;

the shank reference mark comprises afirst shank-reference-
mark end and a second shank-reference-mark end that is
opposite the first shank-reference-mark end along the pin
axis;

the first shank-reference-mark end is located at a minimum
limit for the correct formation of the bulb;

the second shank-reference-mark end is located at a max-
imum limit for the correct formation of the bulb; and

after formation of the bulb, the second sleeve end of the
sleeve being located between the first shank-reference-
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mark end and the second shank-reference-mark end
visually indicates the correct formation of the bulb.

8. The fastener of claim 7, wherein:

the shank reference mark further comprises:

a first shank-reference-mark portion that extends
between the first shank-reference-mark end and the
second shank-reference-mark end; and

a second shank-reference-mark portion that extends
from the first shank-reference-mark end along the pin
axis; and

after formation of the bulb, at least a portion of the second
shank-reference-mark portion being exposed by the sec-
ond sleeve end visually indicates that formation of the
bulb is beyond the minimum limit for the correct forma-
tion of the bulb.

9. The fastener of claim 8, wherein:

the first shank-reference-mark portion comprises a first
physical characteristic;

the second shank-reference-mark portion comprises a sec-
ond physical characteristic; and

the first physical characteristic and the second physical
characteristic are different.

10. The fastener of claim 7, wherein:

the shank reference mark further comprises:

a first shank-reference-mark portion that extends
between the first shank-reference-mark end and the
second shank-reference-mark end; and

a third shank-reference-mark portion that extends from
the second shank-reference-mark end along the pin
axis; and

after formation of the bulb, at least a portion of the third
shank-reference-mark portion being exposed by the sec-
ond sleeve end visually indicates that formation of the
bulb is beyond the maximum limit for the correct forma-
tion of the bulb.

11. The fastener of claim 10, wherein:

the first shank-reference-mark portion comprises a first
physical characteristic;

the third shank-reference-mark portion comprises a third
physical characteristic; and

the first physical characteristic and the third physical char-
acteristic are different.

12. The fastener of claim 7, wherein:

the shank reference mark further comprises:

a first shank-reference-mark portion that extends
between the first shank-reference-mark end and the
second shank-reference-mark end;

a second shank-reference-mark portion that extends
from the first shank-reference-mark end along the pin
axis; and

a third shank-reference-mark portion that extends from
the second shank-reference-mark end along the pin
axis;

after formation of the bulb, at least a portion of the second
shank-reference-mark portion being exposed by the sec-
ond sleeve end visually indicates that formation of the
bulb is beyond the minimum limit for the correct forma-
tion of the bulb; and

after formation of the bulb, at least a portion of the third
shank-reference-mark portion being exposed by the sec-
ond sleeve end visually indicates that formation of the
bulb is beyond the maximum limit for the correct forma-
tion of the bulb.

13. The fastener of claim 12, wherein:

the first shank-reference-mark portion comprises a first
physical characteristic;
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the second shank-reference-mark portion comprises a sec-
ond physical characteristic;

the third shank-reference-mark portion comprises a third
physical characteristic; and

the first physical characteristic, the second physical charac-
teristic, and the third physical characteristic are different.

14. The fastener of claim 1, wherein:

the sleeve further comprises a sleeve axis;

the visual indicator comprises a sleeve reference mark
located on the tubular body of the sleeve;

the correct formation of the bulb is established by a location
of the sleeve reference mark relative to the bulb; and

after formation of the bulb, the sleeve reference mark being
located along a middle of the bulb and being perpendicu-
lar to the sleeve axis visually indicates the correct forma-
tion of the bulb.

15. The fastener of claim 14, wherein:

the sleeve reference mark comprises a physical character-
istic of an annular portion of an external surface of the
tubular body of the sleeve; and

the physical characteristic of the annular portion of the
external surface of the tubular body of the sleeve com-
prises at least one of surface color, surface texture, and
surface reflectivity.

16. The fastener of claim 14, wherein:

the sleeve reference mark comprises a first sleeve-refer-
ence-mark end and a second sleeve-reference-mark end
that is opposite the first sleeve-reference-mark end along
the sleeve axis; and

after formation of the bulb, the first sleeve-reference-mark
end and the second sleeve-reference-mark end being par-
allel toeach other visually indicates the correct formation
of the bulb.

17. The fastener of claim 14, wherein:

the sleeve reference mark further comprises:

a first sleeve-reference-mark portion;

a second sleeve-reference-mark portion that extends
from the first sleeve-reference-mark portion; and

a third sleeve-reference-mark portion that extends from
the first sleeve-reference-mark portion, opposite the
second sleeve-reference-mark portion;

before formation of the bulb, the second sleeve-reference-
mark portion and the third sleeve-reference-mark por-
tion are not visible; and

after formation of the bulb, the second sleeve-reference-
mark portion and the third sleeve-reference-mark por-
tion being exposed visually indicates the correct forma-
tion of the bulb.

18. The fastener of claim 17, wherein:

the first sleeve-reference-mark portion comprises a first
physical characteristic;

the second sleeve-reference-mark portion comprises a sec-
ond physical characteristic;

the third sleeve-reference-mark portion comprises a third
physical characteristic; and

the first physical characteristic is different than the second
physical characteristic and the third physical
characteristic.

19-27. (canceled)

28. An assembly comprising:

a first workpiece comprising a first-workpiece first side, a
first-workpiece second side, and a first aperture extend-
ing between the first-workpiece first side and the first-
workpiece second side;

a second workpiece comprising a second-workpiece first
side, a second-workpiece second side, and a second
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aperture extending between the second-workpiece first
side and the second-workpiece second side, wherein at
leasta portion of the second workpiece overlaps atleasta
portion of the first workpiece and the second aperture is
aligned with the first aperture; and

afastener installed from the first-workpiece first side of the
first workpiece for securing the first workpiece and the
second workpiece together, wherein the fastener
comprises:
a sleeve comprising:

a sleeve axis;

a first sleeve end;

a second sleeve end opposite the first sleeve end along
the sleeve axis;

a sleeve head located at the first sleeve end and seated
in the first aperture at the first-workpiece first side;

a first tubular-body portion extending from the sleeve
head along the sleeve axis and received within the
first aperture and the second aperture;

a bulb extending from the first tubular-body portion
along the sleeve axis and engaged with the second-
workpiece second side; and

asecond tubular-body portion extending from the bulb
along the sleeve axis to the second sleeve end;

a pin comprising:

a pin axis;

a first pin end;

asecond pin end opposite the first pin end along the pin
axis;

a pin head located at the first pin end and seated in the
sleeve head; and

a shank extending from the pin head along the pin axis
to the second pin end and received within the first
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tubular-body portion, the bulb, and the second tub-
ular-body portion; and
an visual indicator configured to provide a visual verifi-
cation of correct formation of the bulb.

29-32. (canceled)

33. A method for fastening a first workpiece and a second
workpiece together, the first workpiece comprising a first-
workpiece first side, a first-workpiece second side, and a
first aperture extending between the first-workpiece first
side and the first-workpiece second side and the second work-
piece comprising a second-workpiece first side, a second-
workpiece second side, and a second aperture extending
between the second-workpiece first side and the second-
workpiece second side, the method comprising steps of:

aligning the first aperture and the second aperture;

inserting a fastener into the first aperture and the second
aperture from the first-workpiece first side of the first
workpiece, wherein the fastener comprises:
a sleeve comprising a tubular body that is received by the
first aperture and the second aperture;
a pin comprising a shank that is received by the tubular
body of the sleeve; and
a visual indicator located on at least one of the tubular
body of the sleeve and the shank of the pin;
deforming a portion of the tubular body into a bulb that
engages the second-workpiece second side of the second
workpiece in response to a force applied to the tubular
body of the sleeve by the shank of the pin; and
providing a visual verification of correct formation of the
bulb using the visual indicator.
34-37. (canceled)
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