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57 ABSTRACT

A captive fastener having multiple components selectively
biased to improve durability, including a primary body, an
actuator, a plurality of locking pins, a biasing system, a
bushing, and an actuator biasing member. Application of a
predetermined force to an actuator proximal end longitudi-
nally displaces the actuator from an actuator first position to
an actuator second position and forces a cam leading edge
against a biasing member to retract a pin from an extended
position to a retracted position that does not interfere with a
thread pattern formed in the fastener. The actuator biasing
member returns the actuator to the actuator first position
upon removal of the predetermined force allowing the
biasing member to bias the pin away from the retracted
position.
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1
CAPTIVE FASTENER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
patent application Ser. No. 63/158,240, filed on Mar. 8§,
2021, all of which is incorporated by reference as if com-
pletely written herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to captive fasten-
ers.

BACKGROUND OF THE INVENTION

The field of captive fasteners has been largely overlooked
as fastening systems have advanced over the years.

SUMMARY OF INVENTION

In its most general configuration, the present invention
advances the state of the art with a variety of new capabili-
ties and overcomes many of the shortcomings of prior
devices in new and novel ways. In its most general sense, the
present invention overcomes the shortcomings and limita-
tions of the prior art in any of a number of generally effective
configurations. The instant invention demonstrates such
capabilities and overcomes many of the shortcomings of
prior methods in new and novel ways. Specifically, the
present invention includes a captive fastener having multiple
components selectively biased to improve durability, includ-
ing, in some embodiments, a primary body, an actuator, a
plurality of locking pins, a biasing system, a bushing, and an
actuator biasing member. Application of a predetermined
force to an actuator proximal end longitudinally displaces
the actuator from an actuator first position to an actuator
second position and forces a cam leading edge against a
biasing member to retract a pin from an extended position to
a retracted position that does not interfere with a thread
pattern formed in the fastener. The actuator biasing member
returns the actuator to the actuator first position upon
removal of the predetermined force allowing the biasing
member to bias the pin away from the retracted position.

BRIEF DESCRIPTION OF THE DRAWINGS

Without limiting the scope of the present invention as
claimed below and referring now to the drawings and
figures:

FIG. 1 is a cross-section exploded view of an embodiment
of a captive fastener;

FIG. 2 is another cross-section exploded view of an
embodiment of a captive fastener;

FIG. 3 is another cross-section exploded view of an
embodiment of a captive fastener;

FIG. 4 is another cross-section exploded view of an
embodiment of a captive fastener;

FIG. 5 is another cross-section exploded view of an
embodiment of a captive fastener;
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FIG. 6 is another cross-section exploded view
embodiment of a captive fastener;

FIG. 7 is another cross-section exploded view
embodiment of a captive fastener;

FIG. 8 is another cross-section exploded view
embodiment of a captive fastener;

FIG. 9 is another cross-section exploded view
embodiment of a captive fastener;

FIG. 10 is a cross-sectional view of an embodiment of a
captive fastener;

FIG. 11 is an isometric view of an embodiment of a
captive fastener, having an activator in a first position state;

FIG. 12 is a partial cross-section view of an embodiment
of a captive fastener, having an activator in a first position
state;

FIG. 13 is an isometric view of an embodiment of a
captive fastener, having an activator in a second position
state;

FIG. 14 is a cross-section view of an embodiment of a
captive fastener, having an activator in a first position state;

FIG. 15 is a cross-section view of an embodiment of a
captive fastener, illustrating the locking pins in two different
positional states;

FIG. 16 is a cross-section isometric view of an embodi-
ment of a captive fastener and nut;

FIG. 17A is a cross-section view of an embodiment of a
captive fastener’s primary body;

FIG. 17B is a cross-section view of an embodiment of a
captive fastener taken along section line 17B-17B in FIG.
17A,

FIG. 17C is another cross-section view of an embodiment
of a captive fastener taken along section line 17C-17C in
FIG. 17A;

FIG. 18 is a proximal end elevation view of an embodi-
ment of a captive fastener actuator;

FIG. 19 is an isometric view of an embodiment of a
captive fastener actuator;

FIG. 20 is a cross-sectional view of an embodiment of a
captive fastener actuator taken along section line 20-20 in
FIG. 18;

FIG. 21 is a top plan view of an embodiment of a captive
fastener actuator;

FIG. 22 is a bottom plan view of an embodiment of a
captive fastener actuator;

FIG. 23 is a distal end elevation view of an embodiment
of a captive fastener actuator;

FIG. 24 is a cross-section view of an embodiment of a
captive fastener actuator taken along section line 24-24 in
FIG. 21,

FIG. 25 is a cross-section view of a locking pin taken
along section line 26-26 in FIG. 25;

FIG. 26 is a cross-section taken along section line 26-26
in FIG. 25;

FIG. 27 is an isometric view of an embodiment of a
captive fastener biasing system;

FIG. 28 is an end elevation view of an embodiment of a
captive fastener biasing system;

FIG. 29 is a cross-section view of an embodiment of a
captive fastener biasing system;

FIG. 30 is another cross-section view of an embodiment
of a captive fastener biasing system;

FIG. 31 is a top plan view of an embodiment of a captive
fastener biasing system;

FIG. 32 is a side elevation view of an embodiment of a
biasing member;

FIG. 33 is an isometric view of another embodiment of a
captive fastener biasing system;
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FIG. 34 is an end elevation view of another embodiment
of a captive fastener biasing system;

FIG. 35 is a cross-section view of another embodiment of
a captive fastener biasing system;

FIG. 36 is a top plan view of another embodiment of a
captive fastener biasing system;

FIG. 37 is a cross-section view of an embodiment of a
captive fastener bushing;

FIG. 38 is a proximal end elevation view of an embodi-
ment of a captive fastener retainer;

FIG. 39 is a cross-section view of an embodiment of a
captive fastener retainer taken along section line 39-39 in
FIG. 38;

FIG. 40 is a cross-section view of an embodiment of a
captive fastener retainer taken along section line 40-40 in
FIG. 38;

FIG. 41 is an isometric view of an embodiment of an
actuator, bushing; and retainer;

FIG. 42 is a top plan view of an embodiment of an
actuator, bushing; and retainer;

FIG. 43 is a cross-section view of an embodiment of an
actuator, bushing; retainer, and actuator biasing member
taken along section line 43-43 in FIG. 42;

FIG. 44 is an end elevation view of an embodiment of a
captive fastener cap;

FIG. 45 is cross-section view of an embodiment of a
captive fastener cap;

FIG. 46 is isometric view of an embodiment of a captive
fastener locking pin;

FIG. 47 is a proximal end elevation view of an embodi-
ment of a captive fastener locking pin;

FIG. 48 is a cross-section view of an embodiment of a
captive fastener locking pin taken along section line 48-48
of FIG. 47,

FIG. 49 is an isometric view of an embodiment of a
captive fastener;

FIG. 50 is another isometric view of an embodiment of a
captive fastener;

FIG. 51 is an end elevation view of an embodiment of a
captive fastener;

FIG. 52 is a side elevation view of an embodiment of a
captive fastener;

FIG. 53 is a cross-section view of an embodiment of a
captive fastener taken along section line 53-53 of FIG. 52;

FIG. 54 is a cross-section view of an embodiment of a
captive fastener taken along section line 54-54 of FIG. 51;

FIG. 55 is an isometric view of an embodiment of a
captive fastener;

FIG. 56 is another isometric view of an embodiment of a
captive fastener;

FIG. 57 is an end elevation view of an embodiment of a
captive fastener;

FIG. 58 is a side elevation view of an embodiment of a
captive fastener;

FIG. 59 is a partially cut-away isometric view of an
embodiment of a captive fastener;

FIG. 60 is a cross-section view of an embodiment of a
captive fastener taken along section line 60-60 of FIG. 58;

FIG. 61 is a cross-section view of an embodiment of a
captive fastener taken along section line 61-61 of FIG. 57;

FIG. 62 is an isometric view of an embodiment of a
captive fastener;

FIG. 63 is another isometric view of an embodiment of a
captive fastener;

FIG. 64 is an end elevation view of an embodiment of a
captive fastener;
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FIG. 65 is a side elevation view of an embodiment of a
captive fastener;

FIG. 66 is a cross-section view of an embodiment of a
captive fastener taken along section line 66-66 of FIG. 65;

FIG. 67 is a cross-section view of an embodiment of a
captive fastener taken along section line 67-67 of FIG. 64;

FIG. 68 is an isometric view of an embodiment of a
captive fastener cam;

FIG. 69 is another isometric view of an embodiment of a
captive fastener cam;

FIG. 70 is an end elevation view of an embodiment of a
captive fastener cam; and

FIG. 71 is a cross-section view of an embodiment of a
captive fastener cam taken along section line 71-71 of FIG.
70.

These illustrations are provided to assist in the under-
standing of the exemplary embodiments of blind fasteners as
described in more detail below and should not be construed
as unduly limiting the specification. In particular, the relative
spacing, positioning, sizing and dimensions of the various
elements illustrated in the drawings may not be drawn to
scale and may have been exaggerated, reduced or otherwise
modified for the purpose of improved clarity. Those of
ordinary skill in the art will also appreciate that a range of
alternative configurations have been omitted simply to
improve the clarity and reduce the number of drawings.

DETAILED DESCRIPTION OF THE
INVENTION

As seen in the associated figures, the captive fastener
(100) may include a primary body (200), often abbreviated
PB, configured to receive an actuator (400), at least one
locking pin (500), and in some embodiments, such as FIGS.
1-71, a biasing system (600) cooperating with the actuator
(400) and the locking pin (500) to control the movement of
the locking pin (500), whereas other embodiments, such as
FIGS. 46-71, forego a biasing system (600) in favor of the
actuator (400) directly cooperating with the locking pin
(500). Some embodiments may further include a bushing
(700), a retainer (800), an actuator biasing member (900),
and/or a cap (1000), as seen in FIG. 1.

In FIGS. 1-10 the various components are shown in a
series of assembly views with the components advancing
into their final positions and relationships within the
assembled captive fastener (100). The actuator (400), the
bushing (700), the retainer (800), and the actuator biasing
member (900) are shown on the left side of FIGS. 1-10 and
advancing into position through a PB proximal end (210).
The biasing system (600) and the cap are shown on the right
side of FIGS. 1-10 and advancing into position through, or
attached to, a PB distal end (220). The locking pins (500) are
shown above the primary body (200) and advancing down-
ward into position through a pin bore (300).

The primary body (200) includes at least one internal
bore, such as the PB proximal bore (240) and/or the PB
distal bore (250), as seen in FIGS. 2 and 17A. The primary
body (200) has a PB proximal end (210), a PB distal end
(220), and a PB length (230). The PB proximal bore (240)
extends into the primary body (200) from the PB proximal
end (210), and may extend partially through the PB length
(230), or the entire PB length (230). Similarly, the PB distal
bore (250) extends into the primary body (200) from the PB
distal end (220), and may extend partially through the PB
length (230), or the entire PB length (230). Thus, the primary
body (200) has a PB sidewall thickness (340), as seen in
FIG. 17A.
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In embodiments, such as those illustrated in FIGS. 2 and
17A, having a PB proximal bore (240) in communication
with a PB distal bore (250) to create a bore throughout the
entire PB length (230), the PB proximal bore (240) has a PB
proximal bore length (242), a PB proximal bore dimension
(244), and a PB proximal bore transverse cross-sectional
shape. Likewise, the PB distal bore (250) has a PB distal
bore length (252), a PB distal bore dimension (254), and a
PB distal bore transverse cross-sectional shape. With refer-
ence to FIG. 17A, the transverse cross-sectional shapes
mentioned are taken in a plane perpendicular to a longitu-
dinal axis (LA) of either the PB proximal bore (240) or the
PB distal bore (250), or both when their longitudinal axis
(LA) are aligned, as in the illustrated embodiments and
section lines 17B-17B and 17C-17C. When the transverse
cross-sectional shapes mentioned are not identical, a PB
bore transition (260) separates the PB proximal bore (240)
and the PB distal bore (250).

In one embodiment at least one of the PB proximal bore
transverse cross-sectional shape and the PB distal bore
transverse cross-sectional shape is non-circular, while in
another embodiment at least one is circular and one is
non-circular, and in still a further embodiment the PB
proximal bore transverse cross-sectional shape is circular, as
seen in FIG. 17B, and the PB distal bore transverse cross-
sectional shape is non-circular, as seen in FIG. 17C. In the
embodiment of FIG. 17C the PB distal bore (250) has a
major dimension (256) and a minor dimension (258), while
the PB proximal bore dimension (244) of the PB proximal
bore (240), seen in FIG. 17B, is a constant diameter.

The primary body (200) has at least one pin bore (300)
extending from the exterior surface to at least one internal
bore, such as the PB proximal bore (240) and/or the PB
distal bore (250). The pin bore (300) has a pin bore dimen-
sion (310), as seen in FIG. 17A. The pin bore (300) has a pin
bore axis (330). In embodiments in which the pin bore (300)
has a circular cross-sectional shape, in a plane perpendicular
to the pin bore axis (330), the pin bore dimension (310) is
simply the diameter, however the cross-sectional shape may
be shapes other than circular, including, but not limited to,
triangular, square, pentagonal, or any polygon shape, as well
as non-circular shapes incorporating one or more curved
sections. In such situations the pin bore dimension (310) is
a maximum dimension of the pin bore (300) within a
cross-section perpendicular to the pin bore axis (300), unless
noted otherwise. The pin bore (300) has a pin bore length
that corresponds to the PB sidewall thickness (340).

The pin bore (300) is located a pin bore offset (320)
distance from the PB distal end (220), as seen in FIG. 17A,
and measured parallel to the longitudinal axis (LLA). While
the illustrated pin bore axis (330) is perpendicular to the
longitudinal axis (LA), the pin bore axis (330) may be
pitched toward the PB distal end (220) such that an axis
angle between the pin bore axis (330) and the longitudinal
axis (LA) is acute, and is at least 45 degrees in one
embodiment, and at least 60, 75, and 80 degrees is further
embodiments. Similarly, the pin bore axis (330) may be
pitched toward the PB proximal end (210) such that an axis
angle between the pin bore axis (330) and the longitudinal
axis (LA) is acute, and is at least 45 degrees in one
embodiment, and at least 60, 75, and 80 degrees is further
embodiments. In embodiments having multiple pin bores
(300), they may be radially aligned, as in both in the 12
o’clock position in a plane perpendicular to the longitudinal
axis (LA) as in FIG. 17A, or they may be radially offset. One
such radially offset embodiment has pin bores (300) radially
offset by 180 degrees, such as one located at a 12 o’clock
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position and one located at a 6 o’clock position; while
another embodiment has pin bores (300) radially offset by 90
degrees, such as one located at a 12 o’clock position and one
located at a 3 o’clock position. An even further embodiment
has at least two pin bores (300) that are radially offset by no
more than 45 degrees, such as one located at a 12 o’clock
position and one located at the 1:30 position, or therebe-
tween.

With reference again to FIG. 17A, the primary body (200)
may include a PB threaded region (270), a PB shank region
(280), and/or a PB head region (290). The PB threaded
region (270) has a PB threaded region length (272) and a PB
threaded region dimension (274). The PB shank region (280)
has a PB shank region length (282) and a PB shank region
dimension (284). The PB head region (290) has a PB head
region length (292) and a PB head region dimension (294).
The PB threaded region dimension (274) is a maximum
exterior dimension of the PB threaded region (270) within a
cross-section perpendicular to the longitudinal axis (LA),
unless noted otherwise, which in circular profiles is simply
a diameter; and this is also true for the PB shank region
dimension (284) and the PB head region dimension (294),
and is intended to make it explicit that this disclosure is not
limited to round cross-sectional profiles characterized by a
diameter, and is true to all “dimension” elements contained
herein.

Now turning attention to the actuator (400), shown sepa-
rately in FIGS. 18-24 and in combination with additional
elements in FIGS. 1-16, 41-43, and 46-71, the actuator (400)
has an actuator proximal end (410), an actuator distal end
(420), and an actuator length (430). The actuator (400) is
received within the primary body (200) and configures to
move longitudinally between at least two positions and
thereby ultimately resulting in the movement of the at least
one locking pin (500). In the embodiments of FIGS. 1-45 the
movement of the actuator (400) engages a biasing system
(600) that ultimately moves the locking pin (500), whereas
in the embodiments of FIGS. 46-71 the actuator (400)
directly contacts the locking pin (500) and controls its
movement.

Focusing first on the embodiments of FIGS. 1-45, and
specifically with reference to FIGS. 19-21, the actuator
(400) may include a travel opening (440) having a travel
opening length (442) and a travel opening width (444). The
travel opening (440) allows the actuator to move longitudi-
nally relative to the longitudinally stationary locking pin
(500), such as movement from the position shown in FIG. 12
to that shown in FIG. 14. The actuator (400) may also
include a retraction slot (450) having a retraction slot length
(452), a retraction slot width (454), and a retraction slot
depth (456), as seen best in FIGS. 19, 20, and 22. The
retraction slot (450) provides an additional region to accept
a distal end (520) of the locking pin (500) when the locking
pin (500) is moved toward, and into, a retracted position
(570), as seen in FIGS. 14, 15, and 16.

The actuator (400) may include an actuator proximal
portion (460), having an actuator proximal portion trans-
verse cross-sectional shape, and an actuator distal portion
(470), having an actuator distal portion transverse cross-
sectional shape. The actuator proximal portion (460) has an
actuator proximal portion length (462), an actuator proximal
portion dimension (464), and may include a stop (466) in
some embodiments, as seen in FIG. 22. The actuator distal
portion (470) has an actuator distal portion length (472), an
actuator distal portion dimension (474), and may include a
recess (476) having a recess depth (478), as seen in FIGS. 19
and 22, and/or a biasing member pathway (479), best seen
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in FIGS. 22-24 followed by FIG. 20. In fact, most of the
vertical cross-sectional drawings taken along the longitudi-
nal axis (LA) pass through the biasing member pathway
(479), such as FIGS. 1-10, 12, 14, 15, and 20, as well as the
actuator distal end (420) view of FIG. 23, and referenced in
FIG. 20.

The recess (476) facilitates a portion of the biasing system
(600), specifically biasing member (610) or biasing member
housing (640), seen best in FIGS. 15 and 16. The biasing
member pathway (479) allows relative motion of the actua-
tor (400) and the biasing system (600) via a portion of the
biasing system (600) fitting within the biasing member
pathway (479). In fact, FIG. 6 of the assembly series shows
the biasing member (610) passing the actuator distal end
(420) and entering the biasing member pathway (479). FIG.
8 illustrates an embodiment in which the biasing member
(610) nearest the PB distal end (220) is partially within the
biasing member pathway (479), while a biasing member
(610) nearest the PB proximal end (210) is entirely within
the biasing member pathway (479).

With reference to FIGS. 18-19, the transverse cross-
sectional shapes mentioned are taken in a plane perpendicu-
lar to a longitudinal axis (LLA) of either the PB proximal bore
(240) or the PB distal bore (250), or both when their
longitudinal axis (LA) are aligned. In one embodiment at
least one of the actuator proximal portion transverse cross-
sectional shape and the actuator distal portion transverse
cross-sectional shape is non-circular, while in another
embodiment at least one is circular and one is non-circular,
and in still a further embodiment the actuator proximal
portion transverse cross-sectional shape is circular and the
actuator distal portion transverse cross-sectional shape is
non-circular, as seen in FIGS. 18-19 and 23-24. In the
embodiment of FIG. 18-24 the actuator distal portion (470)
has a major dimension (473) and a minor dimension (475),
while the actuator proximal portion (460) is a constant
diameter. Referring now to the cross-section of FIG. 20, the
actuator (400) may include at least one cam (480), which
may have a cam length (482), a cam angle (484), a cam drop
(486), and a cam leading edge (488). In this particular
embodiment there are two cams (480) that are formed in the
biasing member pathway (479), with one having the cam
leading edge (488) at a wall of the travel opening (440), and
the other having the cam leading edge (488) at the actuator
distal end (420). During operation the actuator (400) is
displaced from an actuator first position (490), such as that
seen in FIG. 12, to an actuator second position (492), such
as that seen in FIG. 14, thereby establishing an actuator
position differential (494) that is the travel distance along the
longitudinal axis (LLA) between the actuator first position
(490) and the actuator second position (492). In the embodi-
ment illustrated in FIGS. 11-12, the actuator proximal end
(410) is aligned with the PB body proximal end (210), while
in the actuator first position (490), until a tool is forced into
the PB proximal bore (240) and thereby moving the actuator
(400) to the actuator second position (492), seen in FIGS.
13-14.

Now referring back to FIGS. 1-2, the locking pin (500)
has a pin proximal end (510) and a pin distal end (520),
thereby defining a pin length (530). As seen in FIG. 3, each
locking pin (500) has a pin axis (540), which is the longi-
tudinal axis of the pin (500), and may include a receiver
(550). An embodiment of a locking pin (500) is shown in
FIGS. 25-26. The pin (500) has a pin dimension (580),
which is the largest dimension in a plane perpendicular to
the pin axis (540), which is simply the diameter in the case
of'a round pin (500), however the cross-sectional shape may
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be shapes other than circular, including, but not limited to,
triangular, square, pentagonal, or any polygon shape, as well
as non-circular shapes incorporating one or more curved
sections. In such situations the pin dimension (580) is a
maximum dimension of the pin (500) within a cross-section
perpendicular to the pin axis (540), unless noted otherwise.

The receiver (550) may be an indentation, projection,
bore, or necked region designed to cooperate with a portion
of the biasing system (600), or the actuator (400) as in the
embodiments of FIGS. 46-71. The embodiments of FIGS.
1-45, and specifically FIG. 26, illustrate a receiver (550)
having a receiver dimension (552) and a receiver offset
(554), which is the shortest distance from the pin distal end
(520) to a portion of the receiver (550). In the illustrated
embodiment the receiver (550) is a round through-bore and
therefore the receiver dimension (552) is simply the diam-
eter of the bore, however the receiver (550) is not limited to
being round and in such non-round embodiments the
receiver dimension (552) is the largest dimension. As seen in
FIG. 26, some embodiments have a distinct region extending
from the pin distal end (520) and characterized by a different
cross-sectional shape than the rest of the pin (500) or simply
a region with a distinctly different pin dimension (580), with
the region identified by a distal portion length (532). The
embodiments of FIGS. 46-71 have a receiver (550) in the
form of a neck (556) that directly cooperates with the
actuator (400), although the neck (556) may be configured
to cooperate with the biasing system (600) as well.

The locking pin (500) is moved between an extended
position (560) and a retracted position (570). In the extended
position (560) the locking pin (500) may be proud of the
adjacent portion of the primary body (200) by a proud
dimension (562), as seen in FIG. 12. However, it should be
appreciated that the pin proximal end (510) need to extend
all the way to the exterior surface of the primary body (200)
in the extended position (560), but rather in some embodi-
ments it is sufficient to have the pin proximal end (510)
merely extend beyond the thread root to interfere with the
thread pattern. Such cases have a root proud dimension
measuring the greatest distance from the thread root to the
pin proximal end (510). All disclosed dimensions and rela-
tionships relating to the proud dimension (562) apply
equally to the root proud dimension.

The retracted position (570) is a position in which the pin
proximal end (510) is below the root thread such that relative
rotation of the primary body (200) and a secondary threaded
body, such as a nut (1100), may occur. A retracted position
(570) is shown in FIGS. 16 and 15. These figures illustrate
a situation whereby a tool was inserted into the primary body
(200), thereby depressing the actuator (400) and moving the
locking pins (500) to a retracted position (570) so that
relative rotation with a nut (1100) was possible, and then the
tool was removed thereby allowing the actuator (400) to
return to the actuator first position (490), and thereby
allowing the locking pin (500) nearest the actuator proximal
end (410) to return to the extended position (560) while the
other locking pin (500) remained in the retracted position
(570) because the threads of the nut (1100), only seen in
FIG. 16, prevented this locking pin (500) from returning to
the extended position (560). A pin position differential (590)
is the travel distance of the locking pin (500) from the
extended position (560) to the retracted position (570). In the
illustrated embodiments the locking pins (500) are biased to
the extended position (560), however they may be biased the
opposite way, or not biased at all.

The biasing system (600) is illustrated in FIGS. 1-10 and
27-31 as including a biasing member (610) for each locking
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pin (500), with the biasing members (610) attached to a
biasing member housing (640), however the biasing member
(s) (610) may be integrally formed with the biasing member
housing (640), as seen in FIGS. 33-36 and 15-16, and the
biasing member housing (640) is not required in some
embodiments. Focusing first on the embodiment illustrated
in FIGS. 27-32, the biasing member (610) may be formed to
have a pin engager (620) and an actuation surface (630)
having an actuation surface length. The pin engager (620) is
that portion of the biasing member (610) that cooperates
with the receiver (550) of the locking pin (500), so that the
biasing member (610) may move the locking pin (500),
and/or vice versa. As seen in FIG. 30, the pin engager (620)
is displaced from a first position (621) to a second position
(622), thereby defining a position delta (623), upon engage-
ment with the actuator (400). The biasing member (610)
may include an actuation surface (630) at a surface angle
(632) from the longitudinal axis (ILA), as seen in FIG. 29,
and an engager angle (634), as seen in FIG. 32. The biasing
member (610) may include a spring in wire form bent, as
seen in FIGS. 27-32, to have the characteristics and attri-
butes described herein, or it may be a stamped spring
configuration, as seen in FIGS. 33-36. In one embodiment
the bent wire includes at least one 180 degree change in
direction and at least one 20 degree change in direction, as
seen in FIG. 29. In another embodiment the bent wire
biasing member (610), or the stamped biasing member (610)
seen in FIGS. 33-36, has at least two inflection points
whereby in a side elevation view as oriented in FIG. 29 an
inflection point is the location in which a curvature changes
from convex to concave, or concave to convex.

Referring again to FIGS. 27-32, the biasing member
housing (640) has a housing proximal end (642), a housing
distal end (644), and a housing length (646). In the illus-
trated embodiment the biasing member housing (640) is
configured such that throughout majority of the housing
length (646) the housing (640) cooperates with the recess
(476) of the actuator distal portion (470). The exterior of the
housing (640) may be configured to cooperate with the
shape of the exterior of the actuator distal portion (470), the
shape of the recess (476), and/or the shape of the PB distal
bore (250). In one embodiment all of these shapes cooperate
to reliably position the components in a durable and repeat-
able manner. For instance in one embodiment the exterior of
the housing (640), seen in FIG. 27, matches the PB distal
bore minor dimension (258), seen in FIG. 17C, and associ-
ated curvature, and in a further embodiment is a semi-circle.
Such positioning may further be enhanced via the incorpo-
ration of at least one bore engagement feature (650), seen in
FIGS. 27-28, and the illustrated embodiment incorporates
two bore engagement features (650) to further cooperate
with the PB bore major dimension (256), seen in FIG. 17C.
The at least one bore engagement feature (650) has an
engagement feature length that is at least 10% of the housing
length (646), seen in FIG. 31, and at least 20% in another
embodiment, and 10-40% in still a further embodiment. Also
seen in FIG. 31, the at least one bore engagement feature
(650) creates a bearing surface (652) to abut the cap (1000),
as seen in FIG. 15. Further, in some embodiments the
housing (640) includes a cap engagement feature (660),
having an engagement feature length (662), as seen in FIG.
31 and shown engaging the cap (1000) in FIG. 15, and
preferably a cooperating recess within the cap (1000).

The embodiments of FIGS. 1-45 may further include a
bushing (700), seen in FIGS. 1-10, and specifically in FIG.
37. The bushing (700) has a bushing proximal end (710), a
bushing distal end (720), and a bushing length (730). The
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bushing (700) has an external shape to cooperate with the PB
proximal bore (240), and has a bushing bore (740) through
which a portion of the actuator (400) passes. As seen in FIG.
37, the bushing bore (740) may include a bushing proximal
bore (750) and a bushing distal bore (760) of a different
shape and/or dimension. The bushing proximal bore (750)
has a bushing proximal bore dimension (752) and a bushing
proximal bore length (754); and likewise the bushing distal
bore (760) has a bushing distal bore dimension (762) and a
bushing distal bore length (764). The change in shape and/or
dimension occurs at a bore transition (770), which in one
embodiment cooperates with the stop (466) of the actuator
proximal portion (460). In one embodiment the bushing
distal bore length (764) is greater than the bushing proximal
bore length (754), and/or the bushing distal bore dimension
(762) is greater than the bushing proximal bore dimension
(752). An actuator biasing member (900) may fit within the
bushing distal bore (760), as seen in FIGS. 1-10, to bias the
actuator (400).

The captive fastener (100) may further include a retainer
(800) within the PB proximal bore (240), as seen in FIGS.
1-10, 12, and 14, and specifically in FIGS. 38-40. The
retainer (800) is configured to limit the motion of the
actuator (400), and is sized to allow passage of the actuator
proximal portion (460) but not the actuator distal portion
(470). As seen in FIGS. 38-40, the retainer (800) has a
retainer proximal end (810), a retainer distal end (820), and
a retainer length (830). The retainer (800) has a retainer bore
(840), which may be divided into a retainer proximal bore
(850) and a retainer distal bore (860). The retainer proximal
bore (850) has a retainer proximal bore dimension (852) and
a retainer proximal bore length (854), and likewise the
retainer distal bore (860) has a retainer distal bore dimension
(862) and a retainer distal bore length (864), which in one
embodiment is greater than the retainer proximal bore length
(854), and in a further embodiment is at least twice the
retainer proximal bore length (854). The retainer (800) may
be configured so that it is does not continuously surround the
actuator (400), specifically having a first arm (880) and a
second arm (890). The retainer (800) may further have a
hinge region (870) to improve its secure fit such that the
arms (880, 890) must be deflected for installation and
naturally expand against the PB proximal bore (240) upon
installation.

As illustrated in FIGS. 1-10, 15, and 44-45, the captive
fastener (100) may further include a cap (1000) to close of
the end of the PB distal bore (250). The cap (1000) may
include a recess, or even an aperture, to receive a portion of
the cap engagement feature (660). The captive fastener (100)
may also include a nut (1100), seen in FIG. 16, configured
to cooperate with the PB threaded region (270).

Now with basic structure of the various components
described and defined, key relationships will be disclosed.
As with all the relationships disclosed herein, these rela-
tionships are more than mere optimization, maximization, or
minimization of a single characteristic or variable, and are
often contrary to conventional design thinking yet have been
found to achieve a unique balance of the trade-offs associ-
ated with competing criteria such as durability, weight, and
ease of use. The aforementioned balance requires trade-offs
among the competing characteristics recognizing key points
of diminishing returns. In a captive fastener (100) proper
functioning of each component on each and every engage-
ment can be a matter of life or death. Therefore, this
disclosure contains a unique combination of components
and relationships that produce reliable operation of the
components in designs that are adverse to fatigue and stress
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concentration failures. While the relationships of the various
features and dimensions of a single component play an
essential role in achieving the goals, the relationships of
features across multiple components are just as critical, if
not more critical, to achieving the goals, as will now be
disclosed in detail. Further, the relative length, width, cross-
sectional dimensions, thickness, and relative locations of
various components, and their relationships to one another
and the other design variables disclosed herein, influence the
durability, ease of use, and strength of the captive fastener
(100). Additionally, many embodiments have identified
upper and/or lower limits ranges of relationships when
extension outside the range the design, durability, and
usability suffer.

In one such embodiment the actuator position differential
(494), seen in FIG. 14, is at least as great as the pin position
differential (590), seen in FIG. 15. In further embodiments
the actuator position differential (494) is at least 10%, 20%,
and 30% greater than the pin position differential (590), and
in even further embodiments the actuator position differen-
tial (494) is no more than 300%, 250%, 200%, 150%, and
100% greater than the pin position differential (590). In
another embodiment the pin position differential (590) is at
least as great as the actuator position differential (494). In
further embodiments the pin position differential (590) is at
least 10%, 20%, and 30% greater than the actuator position
differential (494), and in even further embodiments the pin
position differential (590) is no more than 300%, 250%,
200%, 150%, and 100% greater than the actuator position
differential (494).

Further, the actuator position differential (494), seen in
FIG. 14, is less than 50% of the PB proximal bore length
(242), seen in FIG. 17A, in an embodiment, and less than
40%, 30%, and 20% in further embodiments. However, in
further embodiments the actuator position differential (494)
is at least 5% of the PB proximal bore length (242), and at
least 7.5%, 10%, and 12.5% in additional embodiments.
Additionally, the actuator position differential (494), seen in
FIG. 14, is less than 50% of the PB proximal bore dimension
(244), seen in FIG. 17A, in an embodiment, and less than
40%, 30%, and 20% in further embodiments. However, in
further embodiments the actuator position differential (494)
is at least 5% of the PB proximal bore dimension (244), and
at least 7.5%, 10%, and 12.5% in additional embodiments.

The travel of the locking pin (500) is also essential in the
performance of the captive fastener (100). The pin position
differential (590) is at least 20% of the thread depth of the
threads in the PB threaded region (270) in one embodiment,
and at least 30%, 40%, and 50% in further embodiments.
However, another series of embodiments caps the relation-
ship so that the pin position differential (590) is no more than
200% of the thread depth, and no more than 175%, 150%
and 125% in further embodiments. Further, as previously
explained, in some embodiments the locking pin (500) is
proud of the external surface of the PB threaded region (270)
by a proud dimension (562), seen in FIG. 12. In one
embodiment the proud dimension (562) is no more than the
pin dimension (580), seen in FIG. 26, and no more than 75%
of the pin dimension (580) in another embodiment, and no
more than 50%, 40%, and 30% in still further embodiments.
However, another series of embodiments sets a floor in the
relationship so that the proud dimension (562) is at least
10% of the pin dimension (580), and at least 15%, 20%, and
25% in additional embodiments. The proud dimension (562)
is at least 10% of the thread depth of the threads in the PB
threaded region (270) in one embodiment, and at least 15%,
20%, and 30% in further embodiments. However, another
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series of embodiments caps the relationship so that the proud
dimension (562) is no more than 125% of the thread depth,
and no more than 100%, 90% and 80% in further embodi-
ments.

The configuration of the PB distal bore (250) also sig-
nificantly influences the performance of the captive fastener
(100). In fact, having a non-circular PB distal bore (250)
throughout majority of the length of the PB threaded region
length (272) provides the performance needed for the cap-
tive fastener (100); in another embodiment the disclosed
non-circular PB distal bore (250) exists throughout at least
75% of the PB threaded region length (272), and in another
embodiment the disclosed non-circular PB distal bore (250)
exists throughout at least 100% of the PB threaded region
length (272). In still a further embodiment the disclosed
non-circular PB distal bore (250) exists throughout at least
100% of the PB threaded region length (272) and throughout
at least 5% of the PB shank region length (282), and at least
10% and 15% in further embodiments. The extension into
the PB shank region (280) also provides the benefit of
moving the PB bore transition (260) away from the PB
threaded region (270), thereby improving stress distribution.
Incorporating a curved surface at the PB bore transition
(260) further improves stress distribution, particularly when
the radius of curvature of the PB bore transition (260) is
within 50% of the radius of curvature associated with the PB
distal bore minor dimension (258), as seen in FIG. 17C, and
within 40% in another embodiment, and within 30% in still
a further embodiment.

With reference to FIGS. 17B and 17C, the radius of
curvature associated with the PB distal bore minor dimen-
sion (258) is at least 25% less than the radius of curvature
associated with the PB proximal bore dimension (244),
which in one embodiment is circular and therefore a diam-
eter, meaning the associated radius of curvature is one-half
the PB proximal bore dimension (244). In another embodi-
ment the radius of curvature associated with the PB distal
bore minor dimension (258) is at least 40% less than the
radius of curvature associated with the PB proximal bore
dimension (244), and at least 50% less in another embodi-
ment. Another series of embodiments puts a floor on this
relationship whereby the radius of curvature associated with
the PB distal bore minor dimension (258) is at least 20% of
the radius of curvature associated with the PB proximal bore
dimension (244), and at least 25%, 30%, and 35% in further
embodiments.

With reference to FIG. 17C, in one embodiment the PB
distal bore major dimension (256) is at least 10% greater
than the PB distal bore minor dimension (258), and at least
20%, 30%, and 40% greater in further embodiments. How-
ever, another series of embodiments caps this relationship
such that the PB distal bore major dimension (256) is no
more than 3 times the PB distal bore minor dimension (258),
and no more than 2.5, 2.0, and 1.5 in further embodiments.
The PB distal bore minor dimension (258) is no more than
90% of the PB proximal bore dimension (244) in one
embodiment, and no more than 80%, 70%, and 60% in
further embodiments. A further series of embodiments sets
a floor on the relationship such that the PB distal bore minor
dimension (258) is at least 25% of the PB proximal bore
dimension (244), and at least 35%, 40%, and 45% in still
further embodiments. Even further, the PB distal bore major
dimension (256) is at least 5% less than the PB proximal
bore dimension (244), and at least 10%, 15%, and 20% less
in further embodiments. However, a further series of
embodiments limits this relationship such that the PB distal
bore major dimension (256) is at least 50% of the PB
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proximal bore dimension (244), and at least 60%, 70%, and
80% in additional embodiments.

Further, the pin bore dimension (310), the PB sidewall
thickness (340), the pin bore offset (320), and PB distal bore
dimension (254) significantly influence the performance of
the captive fastener (100). The pin bore dimension (310) is
less than the PB sidewall thickness (340) in one embodi-
ment, and at least 10%, 20%, and 30% less in further
embodiments. In another embodiment the pin bore offset
(320) is at least 50% of the PB distal bore dimension (254),
and at least 75%, 100%, and 125% in further embodiments.

The pin length (530) is greater than the PB sidewall
thickness (340) in one embodiment, and at least 10%, 20%,
and 30% greater in further embodiments. However, the pin
length (530) is less than 90% of the PB threaded region
dimension (274), and less than 80%, 70%, and 60% in
additional embodiments. Further, the pin length (530) is no
more than 7 times the pin dimension (580), and no more than
6 times, 5 times, and 4 times in additional embodiments.
Additional embodiments set a floor to this relationship via
the pin length (530) being at least 2 times the pin dimension
(580), and at least 3 times, and 4 times, in further embodi-
ments. Further, the receiver dimension (552) is less than the
receiver offset (554), and at least 10%, 20%, and 30% less
in additional embodiments. The receiver dimension (552) is
less than 80% of the pin dimension (580) in an embodiment,
and less than 70% and 60% in further embodiments. Addi-
tionally, the receiver offset (554) is at least 50% of the pin
dimension (580) in an embodiment, and at least 60% and
70% in further embodiments.

The captive fastener (100) includes at least one locking
pin (500), and at least two in some embodiments, such as
those illustrated in FIGS. 1-45, and at least 3 and 4 in still
further embodiments. In such embodiments having multiple
locking pins (500), a pin separation distance between adja-
cent locking pins (500) is at least twice the pin dimension
(580), and at least 3 times and 4 times in additional embodi-
ments; however, the pin separation distance is no more than
8 times the pin dimension (580) in an embodiment, and no
more than 7 times and 6 times in still further embodiments.

With reference to FIG. 17A, the integrity of the primary
body (200) is essential to the performance of the captive
fastener (100). In one embodiment the PB distal bore length
(252) is greater than the PB proximal bore length (242), and
at least 10% greater than 20% greater in further embodi-
ments. Another series of embodiments caps this relationship
such that the PB distal bore length (252) is no more than
100% greater than the PB proximal bore length (242), and
no more than 90% and 80% in additional embodiments. In
another embodiment the PB threaded region length (272) is
greater than the PB shank region length (282), which is
greater than the PB head region length (292). In embodi-
ments having a PB head region (290), the PB head region
dimension (294) is at least 10% greater than the PB shank
region dimension (284), and at least 20% and 30% greater
in additional embodiments. Another series of embodiments
caps this relationship whereby the PB head region dimen-
sion (294) is no more than 3 times the PB shank region
dimension (284), and no more than 2.5 times and 2.0 times
in additional embodiments.

The actuator distal portion length (472) is preferably
within 40% of the actuator proximal portion length (462),
and within 30% and 20% in further embodiments. Addition-
ally, the travel opening length (442) is at least 10% of the
actuator distal portion length (472), and at least 20% and
30% in further embodiments. However, another series of
embodiments caps the relationship so that the travel opening
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length (442) is no more than 60% of the actuator distal
portion length (472), and no more than 50% and 40% in
further embodiments. The retraction slot length (452) is at
least 10% of the actuator distal portion length (472), and at
least 20% and 30% in further embodiments. However,
another series of embodiments caps the relationship so that
the retraction slot length (452) is no more than 60% of the
actuator distal portion length (472), and no more than 50%
and 40% in further embodiments. Further, the travel opening
width (444) is no more than 90% of the actuator distal
portion dimension (474), and no more than 80% and 70% in
further embodiments. However, another series of embodi-
ments introduces a floor to the relationship whereby the
travel opening width (444) is at least 40% of the actuator
distal portion dimension (474), and at least 50% and 60% in
further embodiments. Further, the retraction slot width (454)
is no more than 90% of'the actuator distal portion dimension
(474), and no more than 80% and 70% in further embodi-
ments. However, another series of embodiments introduces
a floor to the relationship whereby the retraction slot width
(454) is at least 40% of the actuator distal portion dimension
(474), and at least 50% and 60% in further embodiments.

Additionally the characteristics of the biasing member
pathway (479), seen best in FIGS. 20-24, play an important
role in the performance of the captive fastener (100). The
pathway length (479L) is at least 60% of the actuator distal
portion length (474) in one embodiment, and is at least 70%
and 80% in further embodiments. The pathway width
(479W) is no more than 60% of the actuator distal portion
dimension (474) in one embodiment, and no more than 50%
and 40% in further embodiments. An additional series of
embodiments establish a floor to this relationship with the
pathway width (479W) being at least 5% of the actuator
distal portion dimension (474) in one embodiment, and at
least 10% and 15% in further embodiments. The recess
depth (478) is less than the pathway width (479W), and at
least 5% less and 10% less in further embodiments. In
another embodiment the actuator proximal portion dimen-
sion (464) is greater than the actuator distal portion minor
dimension (475), and less than the actuator distal portion
major dimension (473).

Further, in another embodiment designed to reduce the
likelihood of damage to the captive fastener (100), the only
opportunity for engagement of a tool to rotate the captive
fastener (100) is via a plurality of tool engagement surfaces
(246) formed in the PB proximal bore (240), as seen in
FIGS. 12 and 14. Therefore, insertion of a tool into the PB
proximal bore (240) must result in displacement of the
actuator (400) and movement of the locking pin (500) to a
retracted position (570) so that it is safe to rotate the captive
fastener (100) without causing damage. In one embodiment
the tool engagement surfaces (246) have a longitudinal
length that is greater than the actuator position differential
(494). The pathway depth (479D) is at least 20% of the PB
distal bore dimension (254), and/or the PB distal bore major
dimension (256), in one embodiment, and at least 30% and
40% in further embodiments. Another series places a ceiling
on this relationship with the pathway depth (479D) being no
more than 80% of the PB distal bore dimension (254), and/or
the PB distal bore major dimension (256), in one embodi-
ment, and no more than 70% and 60% in additional embodi-
ments.

The cam (480) plays a key role in the performance of the
captive fastener (100). The cam length (482) is at least 25%
of the actuator distal portion length (472) in one embodi-
ment, and is at least 35% and 45% in further embodiments.
Additionally, the cam length (482) is less than the travel
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opening length (442) in an embodiment. The cam angle
(484) is at least 2.5 degrees in one embodiment, and at least
5, 7.5, and 10 degrees in additional embodiments. A series
of additional embodiments caps the relationship such that
the cam angle (484) is no more than 45 degrees in an
embodiment, and no more than 35 and 25 degrees in further
embodiments. The disclosed relationships facilitate an
embodiment in which the pin position delta (623) is greater
than the cam drop (486), and is at least 10% greater and 20%
greater in additional embodiments.

Additionally, the bushing (700) provides additional shear
strength required by the captive fastener (100). The bushing
length (730) is at least 40% of the PB proximal bore length
(242), and at least 50% and 60% in further embodiments. An
additional series of embodiments places a ceiling on this
relationship with the bushing length (730) not exceeding
90% of the PB proximal bore length (242), and no more than
80% and 70% in further embodiments. The bushing distal
bore length (764) is no more than 5 times the bushing
proximal bore length (754) in one embodiment, and no more
than 4 times in another embodiment, and no more than 3
times in still a further embodiment. Further, the bushing
distal bore dimension (762) is no more than 50% greater
than the bushing proximal bore dimension (752) in one
embodiment, and no more than 40% greater and 30% greater
in further embodiments. As seen in FIGS. 39 and 12, the
retainer proximal end (810) provides a bearing surface for
the actuator biasing member (900). In one embodiment the
retainer length (830) is less than 50% of the PB proximal
bore length (242), and less than 40% and 30% in further
embodiments. The retainer distal end (820) may transition
with a radius to the exterior sidewalls, and the curved
transition shall cooperate with the curvature of the PB bore
transition (260).

While not limited to the configuration and assembly
sequence of FIGS. 1-10, such embodiments have benefits in
terms of manufacturability, improved durability, and mini-
mize the potential of damage associated with foreign object
debris, or FOD. For instance in some embodiments the
bushing (700) and cap (1000) are permanently attached to
the primary body (200), thereby confining all components to
the primary body (200). Such permanent attachment may be
achieved by welding, brazing, soldering, press fitting, or
adhesives, just to name a few joining techniques. Further, the
actuator biasing member (900) limits the motion of the
actuator (400) such that no matter the force applied to the
actuator proximal end (410), the cam (480) cannot translate
enough to deform the biasing member (610) to the degree
that the locking pin (500) could be removed from the captive
fastener (100). In other words, in one embodiment the
actuator biasing member (900) has a fully compressed
length that is at least 40% of the bushing distal bore length
(764) such that in the embodiments of FIGS. 1-45 the cam
(480) cannot contact the locking pin (500); while in another
embodiment the fully compressed length that is at least 50%
of the bushing distal bore length (764), and at least 60% in
still a further embodiment. Limiting the movement of the
cam (480) ensures it cannot deform the biasing member
(610) to the point of ever freeing the locking pin (500) via
the pin engager (620) coming out of the receiver (550).
Further, the cam leading edge (488) may have a radius of
curvature to reduce the likelihood of causing failure of the
biasing member (610) while ensuring smooth operation and
cooperation with the actuation surface (630). In one such
embodiment the cam leading edge radius of curvature is at
least 5% of the travel opening length (442), as seen in FIG.
20, and at least 10% in another embodiment. Further, in
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embodiments having wire biasing members (610) the cam
leading edge radius of curvature is greater than the thickness
of the wire, in one embodiment, and is 25% greater in
another embodiment, and 45% greater in still a further
embodiment.

Additionally, while the disclosure and FIGS. 1-45 illus-
trate embodiments in which the actuator (400) moves rela-
tive to a fixed biasing system (600), one skilled in the art will
appreciate the disclosure to also cover the opposite scenario
whereby the biasing system (600) moves relative to a
stationary actuator (400). Further, all the disclosure relating
to components and relationships of the embodiments of
FIGS. 1-45 also apply to embodiments in FIGS. 46-71. The
embodiments of FIGS. 46-71 have a receiver (550) in the
form of a neck (556) that directly cooperates with the
actuator (400), thus these illustrated embodiments have
eliminated a separate biasing system (600) and bushing
(700), and the actuator distal end (420) may physically exit
the PB distal end (220). Thus, if a cap (1000) is incorporated,
it is not permanently attached to the primary body (200).

As seen best in cross-sections of FIGS. 53, 60, and 66
illustrating the interaction of the actuator (400) and the neck
(556) of the locking pin at three distinct locations of the
actuator (400) within the primary body (200). For instance,
notice the location of the ledges of the actuator, or the cam,
that engage the neck (556) and control the movement of the
locking pin (500) in these three cross-sections. In FIG. 53
the ledges are at the top of the cross-section of the actuator
(400), or cam; in FIG. 60 the ledges are toward the middle
of the cross-section of the actuator (400), or cam, and thus
the locking pin (500) has been pulled inward; and in FIG. 66
the ledges are at the bottom of the cross-section of the
actuator (400), or cam, and thus the locking pin (500) is in
a fully retracted position. FIGS. 68-71 illustrate the cam-
ming ledges of the actuator (400) such that it is easy to
appreciate the motion of the locking pin (500) described
with respect to FIGS. 53, 60, and 66.

The material properties of the various components of the
captive fastener are essential to the goals. In one embodi-
ment the actuator (400) is formed of a material different than
the primary body (200) and the locking pin (500), while in
a further embodiment the actuator (400) is formed of a
nonmetallic material while at least one of the primary body
(200) an the locking pin (500) are formed of metallic
materials. In one embodiment the actuator (400) is formed
of a thermoplastic, while in a further embodiment it is
formed of a polyetherimide (PEI) or a polyether ether ketone
(PEEK). In another embodiment the nonmetallic material
has a density of less than 2 g/cc and one, or more, of the
following properties: a ASTM D638 tensile strength of at
least 30 Ksi at 160° F., a ASTM D638 tensile modulus of at
least 3500 Ksi at 160° F., a ASTM D695 compressive
strength of at least 33 Ksi at 160° F., a ASTM D695
compression modulus of at least 1000 Ksi at 160° F.,; a
ASTM D6272 flexural strength of at least 42 Ksi at 160° F.,
a ASTM D6272 flexural modulus of at least 2800 Ksi at 160°
F., a ASTM D5379 shear strength of at least 11 Ksi at 160°
F., and a ASTM D5961 bearing strength of at least 36 Ksi at
160° F. In a further embodiment the nonmetallic material has
a density of less than 1.80 g/cc, and less than 1.60 g/cc, and
less than 1.50 g/cc in additional embodiments. In one
embodiment the nonmetallic material is a carbon fiber
reinforced plastic material. In one embodiment the desirable
strain relationships are achieved a polyamide resin, while in
a further embodiment any of the disclosed nonmetallic
materials may further include fiber reinforcement, and in yet
another embodiment the nonmetallic material includes at
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least 35% fiber reinforcement. In one such embodiment the
fiber reinforcement includes long-glass fibers having a
length of at least 10 millimeters pre-molding and produce a
finished actuator (400) having fiber lengths of at least 3
millimeters, while another embodiment includes fiber rein-
forcement having short-glass fibers with a length of at least
0.5-2.0 millimeters pre-molding. Incorporation of the fiber
reinforcement increases the tensile strength of the actuator
(400), however it may also reduce the elongation to break
therefore a careful balance must be struck to maintain
sufficient elongation. Therefore, one embodiment includes
35-55% long fiber reinforcement, while in an even further
embodiment has 40-50% long fiber reinforcement. One
specific example is a long-glass fiber reinforced polyamide
66 compound with 40% carbon fiber reinforcement, such as
the XuanWu XW5801 resin having a tensile strength of 245
megapascal and 7% elongation at break. Long fiber rein-
forced polyamides, and the resulting melt properties, pro-
duce a more isotropic material than that of short fiber
reinforced polyamides, primarily due to the three-dimen-
sional network formed by the long fibers developed during
injection molding. Another advantage of long-fiber material
is the almost linear behavior through to fracture resulting in
less deformation at higher stresses.

In one embodiment the density of the primary body (200)
is no more than 8 g/cc, and no more than 6.8 g/cc in another
embodiment, and the primary body (200) may have an
elongation to break of at least 5%, at least 7%, 9%, 11%,
13%, and 14.5% in additional embodiments. The necessary
strain and elongation requirements for durability must be
balanced with the need for strength and durability in the
connection. Traditional design practices of simply designing
the components to be as strong as possible does not provide
the needed durability of the captive fastener (100). In
another embodiment the ultimate tensile strength is 754 and
960 MPa, and in another embodiment the melting point is
less than 1350 degrees Celsius, while in a further embodi-
ment the coefficient of thermal expansion is no more than 14
(1075/° C.), and the Young’s Modulus is no more than 90
GPa in another embodiment, and the Ultimate Tensile
Strength is no more than 1600 MPa in yet a further embodi-
ment, and the Yield Strength is less than 150 MPa in still
another embodiment.

In a still further embodiment the actuator (400) if formed
of'a nonmetallic material having a density of less than 2 g/cc
and an elongation to break of at least 3% in one embodiment,
and at least 4%, 5%, 6%, 7%, and 8% in further embodi-
ments. In a further embodiment the nonmetallic material has
a density of less than 1.80 g/cc, and less than 1.60 g/cc, and
less than 1.40 g/cc, and less than 1.2 g/cc in additional
embodiments. In an embodiment the nonmetallic material is
a thermoplastic material, and a Polyetherimide (PEI) in a
further embodiment, and, in still more embodiments, any of
the following materials that meet the claimed mechanical
properties: polycaprolactam, a polyhexamethylene adipina-
mide, or a copolymer of hexamethylene diamine adipic acid
and caprolactam, however other embodiments may include
polypropylene (PP), nylon 6 (polyamide 6), polybutylene
terephthalates (PBT), thermoplastic polyurethane (TPU),
PC/ABS alloy, PPS, PEEK, and semi-crystalline engineer-
ing resin systems that meet the claimed mechanical proper-
ties. In one embodiment the nonmetallic material has one, or
more, of the following properties: a tensile strength of at
least 20 Ksi, a tensile modulus of at least 1000 Ksi, a flexural
strength of at least 30 Ksi, a flexural modulus of at least 900
Ksi, a compressive strength of at least 20 Ksi, a compressive
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modulus of at least 450 Ksi, a shear strength of at least 13
Ksi, and a Rockwell M scale hardness of at least 105.

In still another embodiment at least one of the following
components are formed of a metallic material with a density
of'less than 4.6 g/cc in one embodiment, and less than 3 g/cc
in yet another embodiment: the primary body (200), actuator
(400), locking pin (500), biasing system (600), bushing
(700), retainer (800), actuator biasing member (900), cap
(1000), and nut (1100). In another embodiment the material
has one, or more, of the following properties: an ultimate
tensile strength of at least 68 Ksi, and at least 80 Ksi in
anther embodiment; a tensile yield strength of at least 47
Ksi, and at least 70 Ksi in another embodiment; an elonga-
tion to break of at least 9% in one embodiment, and at least
11% in another embodiment, and at least 13%, 15%, 17%,
and 19% in still further embodiments; and/or a modulus of
elasticity of at least 9000 Ksi in one embodiment, and at
least 10000 Ksi in another embodiment.

Some examples of metal alloys that can be used to form
the components of the blind fastener include, without limi-
tation, magnesium alloys, aluminum/aluminum alloys (e.g.,
3000 series alloys, 5000 series alloys, 6000 series alloys,
such as 6061-T6, and 7000 series alloys, such as 7075, just
to name a few), titanium alloys (e.g., 3-2.5, 6-4, SP700,
15-3-3-3, 10-2-3, and other alpha/near alpha, alpha-beta, and
beta/near beta titanium alloys, just to name a few), carbon
steels (e.g., 1020 and 8620 carbon steel, just to name a few),
stainless steels (e.g., A286, 301, 302, 303, 304 and 410
stainless steel), PH (precipitation-hardenable) alloys (e.g.,
17-4, C450, and C455 alloys, just to name a few), copper
alloys, and nickel alloys. In one embodiment the primary
body (200) is formed of 17-4 PH stainless steel, the bushing
(700) is high-yield 420 stainless steel, the retainer (800) is
thermoplastic polyester elastomer, the locking pin (500) is a
high-yield 420 stainless steel, the actuator (400) is a
polyetherimide (PEI), the cap (1000) is A286 stainless steel,
the actuator biasing member (900) is 304 stainless steel, and
the biasing member (610) is high-yield 304 stainless steel.

Another embodiment tunes the galvanic compatibility of
the components of the captive fastener, along with the
previously disclosed balancing of relationships, to provide
preferential galvanic compatibility. Thus, in one embodi-
ment there is no more than a 0.50 V difference in the
“Anodic Index” between any two of the components that
come in contact with one another, while in another embodi-
ment there is no more than a 0.25 V difference in the
“Anodic Index” between any two of the components that
come in contact with one another, and in yet another
embodiment there is no more than a 0.15 V difference in the
“Anodic Index” between any two of the components that
come in contact with one another; per the galvanic data from
MIL-STD-889.

Numerous alterations, modifications, and variations of the
embodiments disclosed herein will be apparent to those
skilled in the art and they are all anticipated and contem-
plated to be within the spirit and scope of the instant
invention. For example, although specific embodiments
have been described in detail, those with skill in the art will
understand that the preceding embodiments and variations
can be modified to incorporate various types of substitute
and or additional or alternative materials, relative arrange-
ment of elements, and dimensional configurations. Accord-
ingly, even though only few variations of the present inven-
tion are described herein, it is to be understood that the
practice of such additional modifications and variations and
the equivalents thereof, are within the spirit and scope of the
invention as defined herein.
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We claim:

1. A captive fastener (100), comprising:

a primary body (200) having a PB proximal end (210), a
PB distal end (220), a PB length (230), a PB threaded
region (270) having a thread pattern including a thread
root and a thread depth, a PB proximal bore (240)
extending into the primary body (200) from the PB
proximal end (210), a PB distal bore (250) having a
longitudinal axis and extending into the primary body
(200) from the PB distal end (220) and in communi-
cation with the PB proximal bore (240), a first pin bore
located a first pin bore offset from the PB distal end
(220) and extending from the PB distal bore (250)
outward to a PB exterior surface thereby defining a first
pin bore axis, a second pin bore located a second pin
bore offset from the PB distal end (220) and extending
from the PB distal bore (250) outward to the PB
exterior surface thereby defining a second pin bore
axis, wherein the PB proximal bore (240) has a PB
proximal bore length (242), a PB proximal bore dimen-
sion (244), and a tool engagement surface (246), and
the PB distal bore (250) has a PB distal bore length
(252) and a PB distal bore dimension (254);

an actuator (400) housed within a portion of the PB
proximal bore (240) and a portion of the PB distal bore
(250), wherein the actuator (400) has an actuator proxi-
mal end (410) nearest the PB proximal end (210), an
actuator distal end (420) nearest the PB distal end
(220), an actuator length (430), an actuator proximal
portion (460) extending an actuator proximal portion
length (462) from the actuator proximal end (410) and
having an actuator proximal portion dimension (464),
an actuator distal portion (470) extending an actuator
distal portion length (472) from the actuator distal end
(420) and having an actuator distal portion dimension
(474), a first cam having a first cam leading edge, and
a second cam having a second cam leading edge, and
formed with a biasing member pathway (479);

a first locking pin at least partially housed in the first pin
bore and having a first pin proximal end, a first pin
distal end, a first pin length between the first pin
proximal end and the first pin distal end, and a first pin
axis;

a second locking pin at least partially housed in the second
pin bore and having a second pin proximal end, a
second pin distal end, a second pin length between the
second pin proximal end and the second pin distal end,
and a second pin axis;

abiasing system (600) within the PB distal bore (250) and
having a portion of the biasing system (600) within the
biasing member pathway (479), wherein the biasing
system (600) has a biasing member housing (640)
having a first biasing member and a second biasing
member, wherein the biasing member housing (640)
has a housing proximal end (642), a housing distal end
(644), and a housing length (646) between the housing
proximal end (642) and the housing distal end (644),
and wherein the first biasing member cooperates with
the first pin to retain the first pin and bias the first pin
away from the longitudinal axis to a FP extended
position beyond the thread root and interfering with the
thread pattern and the second biasing member cooper-
ates with the second pin to retain the second pin and
bias the second pin away from the longitudinal axis to
a SP extended position beyond the thread root and
interfering with the thread pattern;
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a bushing (700) within the PB proximal bore (240) and
having a bushing proximal end (710) nearest the PB
proximal end (210) and at least partially recessed from
the PB proximal end (210), a bushing distal end (720)
nearest the PB distal end (220), a bushing length (730)
between the bushing proximal end (710) and the bush-
ing distal end (720), and a bushing bore (740) extend-
ing from the bushing proximal end (710) to the bushing
distal end (720), wherein a portion of the actuator
proximal portion (460) passes through the bushing bore
(740);

an actuator biasing member (900) within the PB proximal
bore (240) and engaging the bushing (700) and the
actuator (400) to bias the actuator (400) toward the PB
proximal end (210) and to an actuator first position
(490);

wherein application of a predetermined force to the actua-
tor proximal end (410) longitudinally displaces the
actuator (400) from the actuator first position (490) to
an actuator second position (492) nearer the PB distal
end (220) thereby defining an actuator position differ-
ential travel distance (494) between the actuator first
position (490) and the actuator second position (492);

wherein displacement of the actuator (400) from the
actuator first position (490) to the actuator second
position (492) forces the first cam leading edge against
the first biasing member and retracts the first pin from
the FP extended position to a FP retracted position that
does not interfere with the thread pattern and defining
a FP position differential, and forces the second cam
leading edge against the second biasing member and
retracts the second pin from the SP extended position to
a SP retracted position that does not interfere with the
thread pattern and defining a SP position differential;
and

wherein the actuator biasing member (900) returns the

actuator (400) to the actuator first position upon
removal of the predetermined force allowing the first
biasing member to bias the first pin away from the FP
retracted position and the second biasing member to
bias the second pin away from the SP retracted position.

2. The captive fastener (100) of claim 1, wherein the
actuator position differential travel distance (494) is greater
than the FP position differential, and the actuator position
differential travel distance (494) is greater than the SP
position differential.

3. The captive fastener (100) of claim 2, wherein the
actuator position differential travel distance (494) is at least
10% greater than the FP position differential, and the actua-
tor position differential travel distance (494) is at least 10%
greater than the SP position differential.

4. The captive fastener (100) of claim 3, wherein the
actuator position differential travel distance (494) is no more
than 150% greater than the FP position differential, and the
actuator position differential travel distance (494) is no more
than 150% greater than the SP position differential.

5. The captive fastener (100) of claim 1, wherein the
actuator position differential travel distance (494) is less
than 50% of the PB proximal bore length (242).

6. The captive fastener (100) of claim 5, wherein the
actuator position differential travel distance (494) is 5-30%
of the PB proximal bore length (242).

7. The captive fastener (100) of claim 5, wherein the
actuator position differential travel distance (494) is less
than 50% of the PB proximal bore dimension (244).

8. The captive fastener (100) of claim 7, wherein the
actuator position differential travel distance (494) is 5-30%
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of the PB proximal bore dimension (244), and the bushing
length (730) is 40-90% of the PB proximal bore length
(242).

9. The captive fastener (100) of claim 5, wherein the FP
position differential is 20-200% of the thread depth, and the
SP position differential is 20-200% of the thread depth.

10. The captive fastener (100) of claim 5, wherein in the
FP extended position the first pin is proud of an external
surface of the PB threaded region (270) by a FP proud
dimension, in the SP extended position the second pin is
proud of the external surface of the PB threaded region (270)
by a SP proud dimension, the FP proud dimension is 10-75%
of a first pin dimension that is the greatest cross-sectional
dimension of the first pin taken perpendicular to the first pin
axis, and the SP proud dimension is 10-75% of a second pin
dimension that is the greatest cross-sectional dimension of
the second pin taken perpendicular to the second pin axis.

11. The captive fastener (100) of claim 10, wherein the FP
proud dimension is 10-80% of the thread depth, the SP proud
dimension is 10-80% of the thread depth, and in the actuator
first position (490) the actuator proximal end (410) extends
beyond the bushing proximal end (710).

12. The captive fastener (100) of claim 1, wherein the PB
proximal bore (240) has a PB proximal bore transverse
cross-sectional shape taken in a plane perpendicular to the
longitudinal axis, the PB distal bore (250) has a PB distal
bore transverse cross-sectional shape taken in a plane per-
pendicular to the longitudinal axis, and the PB proximal bore
transverse cross-sectional shape is different than the PB
distal bore transverse cross-sectional shape.

13. The captive fastener (100) of claim 12, wherein at
least one of the PB proximal bore transverse cross-sectional
shape and the PB distal bore transverse cross-sectional shape
is non-circular.

14. The captive fastener (100) of claim 13, wherein the PB
distal bore length (252) is 10-100% greater than the PB
proximal bore length (242), the PB distal bore (250) has a
major dimension (256) and a minor dimension (258), the PB
distal bore major dimension (256) is at least 10% greater
than the PB distal bore minor dimension (258), the PB distal
bore major dimension (256) is no more than 3 times the PB
distal bore minor dimension (258), the PB distal bore minor
dimension (258) is 25-90% of the PB proximal bore dimen-
sion (244), and the PB distal bore major dimension (256) is
at least 50% of the PB proximal bore dimension (244).

15. The captive fastener (100) of claim 1, further includ-
ing a retainer (800) within the PB proximal bore (240) and
located between the bushing (700) and the PB distal end
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(220), the retainer (800) having a retainer bore (840) through
which a portion of the actuator proximal portion (460)
passes, wherein the retainer bore (840) is sized to prevent
passage of the actuator distal portion (470), and the actuator
biasing member (900) engages a portion of the retainer (800)
and a portion of the actuator (400).

16. The captive fastener (100) of claim 1, further includ-
ing a cap (1000) closing the PB distal bore (250) at the PB
distal end (220), and abutting a portion of the biasing
member housing (640).

17. The captive fastener (100) of claim 1, wherein the
actuator (400) includes a travel opening (440) having a
travel opening length (442) and a travel opening width
(444), and the travel opening (440) receives a portion of the
first locking pin and allows the actuator (400) to move
longitudinally relative to the first locking pin without con-
tacting the first locking pin or the second locking pin.

18. The captive fastener (100) of claim 17, wherein the
first cam leading edge is formed in a wall of the travel
opening (440), and the second cam leading edge is located
at the actuator distal end (420).

19. The captive fastener (100) of claim 1, wherein the first
biasing member biasing of the first pin away from the FP
retracted position is independent of the second biasing
member biasing of the second pin away from the SP
retracted position, and the first locking pin is spaced apart
from the second locking pin a pin separation distance
between the first pin axis and the second pin axis, the first
locking pin has a first pin dimension that is the greatest
cross-sectional dimension of the first pin taken perpendicu-
lar to the first pin axis, and the second locking pin has a
second pin dimension that is the greatest cross-sectional
dimension of the second pin taken perpendicular to the
second pin axis, and the pin separation distance is 3-8 times
the first pin dimension and 3-8 times the second pin dimen-
sion.

20. The captive fastener (100) of claim 1, wherein the
actuator (400) must be longitudinally displaced from the
actuator first position (490) to engage the tool engagement
surface (246), and wherein the bushing (700), the actuator
biasing member (900), and the actuator (400) are configured
so that the first cam leading edge cannot contact the first
locking pin and the second cam leading edge cannot contact
the second locking pin.

#* #* #* #* #*



