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ALIGNMENT DEVICE AND METHODS OF USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of
U.S. Provisional Patent Application No. 60/796,171 filed April 27, 2006, which is

incorporated herein by reference in its entirety.
BACKGROUND

Field of Disclosure

This disclosure generally relates to an alignment device for
aligning a structural member, such as a bushing, as the structural member is

being radially expanded and installed into a workpiece.

Description of the Related Art

Structural members, such as conventional bushings with radial
flanges, are commonly installed into openings of workpieces for a variety of
reasons. For example, the body of the bushing typically reinforces or
structurally supports the region around the opening. In addition, the radial
flange of the bushing may operate as a washer-to transmit the fastener clamp-
up loads into the workpiece and/or structural joint, define a bearing surface for
bolts, define a wear surface, and the like.

One method for installing bushings, especially in components that
will. ur'{dergo repetitive load cycles and/or may be susceptible to accumulating
fatigue damage, is the FORCEMATE® installation method developed by
Fatigue Technology, Inc. The FORCEMATE® installation method utilizes an
expansion mandrel received in an installation tool. The mandrel is passed
through a passage in the bushing after the bushing has been placed in the
opening of the workpiece. The mandrel radially expands the bushing into the
opening to obtain a controlled, but consistently higher, interference fit than

would be achievable by other installations methods, such as shrink or press
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fitting methods. In addition, the FORCEMATE® installation method may induce
beneficial residual compressive strésses into the structural material surrounding
the opening, which may advantageously extend the fatigue and damage
tolerance (i.e., crack growth) life of the component, assembly, and/or
installation. The FORCEMATE® installation method, as well as other cold-
working methods, tooling, and the like, such as the BUSHLOC®, FORCETEC®,
and FLEXMATE® methods are described in U.S. Patent Nos. 3,566,662,
3,892,121; 4,187,708; 4,423,619; 4,425,780, 4,471,643, 4,524,600; 4,557,033;
4.809,420; 4,885,829; 4,934,170; 5,083,363; 5,096,349; 5,405,228; 5,245,743,
5,103,548; 5,127,254, 5,305,627; 5,341,559; 5,380,136; 5,433,100; and in U.S.
Patent Application Nos. 09/603,857; 10/726,809 (7,100,264); 10/619,226
(7,024,908); and 10/633,294 (US/2005/0025601). Other techniques for radially
expanding the structural member into the workpiece may use a hydraulic or a
pneumatic actuated installation tool that fs capable of moving the expansion
mandrel through the structural member with a large amount of force.

One drawback with at least some of the aforementioned
installation techniques and/or tools is that the weight of the installation tool may
influence the alignment of the expansion mandrel relative to the structural
member and/or the opening in the workpiece. In addition, the mandrel pulling
force generated by the tool to pull the mandrel through the structural member
has nothing to react against the pulling force until an expansion portion of the
mandrel contacts and actually begins to expand the structural member. If such
initial contact occurs when the structural member is misaligned in the opening
of the workpiece, then the large pulling force, which may be 20,000 pounds or
greater, tends to radially expand the structural member into the workpiece in
the misaligned orientation.

As a result, gaps may occur between the radial flange of the
structural member and the corresponding surface of the workpiece. The gaps
may adversely affect the ability of the radial flange of the bushing to transmit
the fastener clamp-up loads into the workpiece. Further, the gaps may result in

the structural member failing to meet specific flushness requirements. Thus,
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the gaps may require that a post-installation seating process be performed on
the structural member to properly seat the radial flange against the workpiece.
If the gaps are too big, the installed structural member may have to be removed
from the opening and replaéed with another structural member, which may
require re-drilling and oversizing the opening in the workpiece. Additionally or
alternatively, residual stresses that may be intended to be induced into the
workpiece during the radial expansion of the structural member may be non-
uniform, or even non-existent, in some regions across the thickness of the
workpiece.

Based on the foregoing, it would be desirable to have an
alignment device that can be used with an installation tool to more predictably
install the structural member while overcoming at least some of the

aforementioned drawbacks.

SUMMARY

At least one embodiment generally relates to an alignment device
that can be used with a standard mandrel of an installation tool, where the
alignment device operates to sufficiently co-axially align the mandrel and a
structural member relative to an opening in a workpiece. In one embodiment,
the alignment device is a nylon disk having -a passageway extending through
the disk, where the passageway is sized to be slightly smaller than a major
diameter of an expansion portion of the mandrel. As an expansion portion of
the mandrel radially expands the disk, a nose section of the installation tool is
urged into tight contact with a radial flange of the structural member. In
addition, the pull force of the mandrel urges a contacting surface of the
alignment device against a back surface of the workpiece. The cooperation of
the alignment device and the installation tool is sufficient to seat or clamp the
radial flange of the structural member against a front surface of the workpiece
while aligning the structural member in the workpiece. Hence, subsequent

operations to “seat” the flange onto the workpiece are not necessary.
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In one aspect, an alignment device to be used with a mandrel of
an installation tool to seat a radial flange of a structural member against a first
surface of a workpiece, the radial flange is located at a first end of the structural
member and the alignment device includes an outer surface; an inner surface
forming an opening through the alignment device, the inner surface having an
inner diameter sized to be at least slightly smaller than a major diameter of an
expansion portion of the mandrel; and a contacting surface extending
substantially from the inner surface to the outer surface, the contacting surface
sized to abut at least a portion of an end surface of the structural member and
at least a portion of a second surface of the workpiece, the second surface of
the workpiece opposing the first surface of the workpiece, the end surface of
the structural member opposing the first end of the structural member with the
radial flange.

In another aspect, a method of installing a structural member into
an opening in a workpiece includes pulling an expansion portion of a mandrel
through an alignment device, the alignment device positioned against a first
surface of the workpiece, the alignment device having an inner surface forming
an opening therethrough, the opening having an-inner diameter that is at least
slightly smaller than a major diameter of an expansion portion of the mandrel;
seating a radial flange of the structural member tightly against a second surface
of the workpiece as the expansion portion of the mandrel is pulled through the
opening of the alignment device, the second surface of the workpiece opposing
the first surface of the workpiece; aligning the structural member with the
workpiece as the expansion portion of the mandrel is pulled through the
opening of the alignment device, and pulling the éxpansion portion of the
mandre! through the structural member to radially expand and secure the
structural member to the workpiece.

In yet another aspect, a method of installing a structural member
into an opening in a workpiece includes moving a first portion of a mandrel
through an alignment device, the alignment device having an inner surface

forming an opening through the alignment device, the opening having an inner
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diameter that is at least slightly less than a major diameter of an expansion
portion of the mandrel; moving the first portion of the mandrel through a
passage formed in the structural member after the structural member is located
in the opening of the workpiece; engaging the mandrel in the installation tool,
the tool located on an opposite side of the workpiece from the alignment device;
abutting a nose section of the installation tool against at least a portion of a
radial flange located on a first end of the structural member; and activating the
installation tool to pull the expansion portion of the mandrel through the opening
in the alignment device, where an amount of force necessary to pull the
expansion portion of the mandrel through the opening in the alignment device is
reacted by the nose section of the installation tool, and where the nose section
applies an amount of pressure to the radial flange of the structural member to
seat the radial flange tightly against a first surface of the workpiece, the first

surface located on the opposite side of the workpiece.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, identical reference numbers identify similar
elements or acts. The sizes and relative positions of elements in the drawings
are not necessarily drawn to scale. For example, the shapes of various
elements and angles are not drawn to scale and some of these elements are
arbitrarily enlarged and positioned to improve drawing legibility. Further, the
particular shapes of the elements as drawn are not intended to convey any
information regarding the actual shape of the particular elements and have
been solely selected for ease of recognition in the drawings.

Figure 1 is a cross-sectional view of a conventional installation
comprising a structural member located in a workpiece, wherein the structural
member is about to be radially expanded into the workpiece with a mandrel
received by an installation tool.

Figure 2 is a cross-sectional view of a structural member installed

into a workpiece with a misaligned orientation.
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Figure 3 is an isometric view of an alignment device, according to
one illustrated embodiment.

Figure 4 is a cross-sectional view of an installation tool pulling a
mandrel through an alignment device and a structural member while
contemporaneously aligning the structural member with a workpiece, according
to one embodiment.

Figure 5 is a cross-sectional view of the installation of Figure 4,
but not showing the installation tool, according to one embodiment.

Figure 6 is a flow chart of one method of using an alignment
device to install a structural member, according to one illustrated embodiment.

Figure 7 is an isometric view of another alignment device,
according to one embodiment. -

Figure 8 is a side elevational view of another installation utilizing
an installation tool to pull a mandrel through an alignment device to install a
structural member, according to one embodiment.

Figure 9 is a cross-sectional view of an installation utilizing an
alignment device with a receiving region for clearing a portion of a structural
member, according to one embodiment.

Figure 10 is a cross-sectional view of an installation utilizing an
alignment device with opposing receiving regions, according to one
embodiment.

Figure 11 is a cross-sectional view of an installation with a
structural member without a flange, according to one illustrated embodiment.

Figure 12 is a cross-sectional view of an installation with a
structural member having a threaded section disposed in a receiving region of

an alignment device, according to one illustrated embodiment.
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DETAILED DESCRIPTION

In the following description, certain specific details are set forth in
order to provide a thorough understanding of various disclosed embodiments.
However, one skilled in the art will understand that the embodiments may be
practiced without these details. In other instances, well-known structures and
methods associated with cold working and/or installing a bushing, sleeve, liner,
or other similar component into an opening in a workpiece may not be shown or
described in detail to avoid unnecessarily obscuring descriptions of the
disclosed embodiments. It is appreciated and understood that the process of
installing the component into the opening of the workpiece may or may not
result in the creation of an annular zone of residual compressive stress in the
workpiece or workpieces.

In the following description aﬁd for purposes of brevity, reference
shall be made to ¢old working and/or radial expanding of the workpiece. This
reference is not intended to limit or otherwise narrow the scope of the
disclosure. The process of cold expansion is to be broadly interpreted as any
process that radially expands at least some of the material surrounding the
opening in the workpiece, even if the expansion is for the purpose of impeding
the growth of a fatigue crack. It is further understood that cold expanding the
opening of the workpiece may or may not induce beneficial compressive
residual stresses and may or may not produce fatigue-enhancing benefits in the
workpiece.

Unless the context requires otherwise, throughout the
specification and claims which follow, the word “comprise” and variations
thereof, such as “comprises” and “comprising,” are to be construed in an open,
inclusive sense, that is as “including, but not limited to.”

The headings provided herein are for convenience only and do
not interpret the scope or meaning of the claimed invention.

The following description relates to an alignment device for
aligning a structural member with an opening in a workpiece before and/or

during radial expansion of the structural member into the workpiece. The
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structural member may be, but is not limited to, a bushing, sleeve, liner, or other
component. .

Figure 1 shows an installation 100 including a structural member
102 about to be radially expanded into a workpiece 104. An éxpansion mandrel
106 can be passed through an opening 108 in the structural member 102 to
expand the structural member 102. The mandrel 106 is held by guide members
110 located within an installation tool 112. The installation tool 112 is capable
of pulling or pushing the mandrel 106 through the opening 108 with an
extremely high force (e.g., an axial force in the direction of a longitudinal axis of
the mandrel 106).

During the installation process of radially expanding the structural
member 102 in the workpiece 104, the expansion mandrel 106 should be
sufficiently co-axially aligned with the structural member 102, which in turn
should be co-axially aligned with the opening 108 in the workpiece 104. This
co-axial alignment, when achieved, permits a more uniform distribution of the
compressive residual stresses induced into the workpiece 104 and results in a
workpiece contact face 105 of a radial flange 107 of the structural member 102
being placed in tight contact with the corresponding workpiece surface 109.

However, just before an expansion portion 114 of the mandrel 106
enters the structural member 102, the structural member 102 may or may not
be adequately aligned in the workpiece 104. Several parameters may cause
misalignment of the structural member 102 with respect to the workpiece 104,
such as a first amount of clearance 116 between an outer perimeter of the pre-
installed structural member 102 and the workpiece 104, a second amount of
clearance 118 between the guide members 110 of the installation tool 112 and
a first portion 120 of the mandrel 106, or the like. The first and second amount
of clearance 116, 118 may occur due to part tolerances. Optionally, the second
amount of clearance 118 between the guide members 110 and the first portion
120 of the mandrel 106 may arise or increase after repeated use of the

installation tool 112. The clearances 116, 118 may permit some amount of
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radial play or float of the mandrel 106 and/or the structural member 102, as
indicated by the arrows 122.

Further, the weight W of the tool 112 may also factor into the
amount of misalignment because often times the structural members 102 are
installed with the tool 112 being supported by only one installer or mechanic,
without any sort of alignment aid. In Figure 1, the clearances 116, 118 are
exaggerated for exemplary purposes and many internal components of the
installation tool 112 are not shown for clarity and brevity.

Figure 2 shows another installation 200 having a post-installed
structural member 202 that has been radially expanded into a workpiece 204.
The illustrated structural member 202 is misaligned with an opening 210 in the
workpiece 294. A longitudinal axis 206 of a passage 207 of the structural
member 202 is not aligned with respect to a centerline axis 208 of the opening
210 in the wprkpiece 204. The illustrated longitudinal axis 206 of the passage
207 is angled with respect to the centerline axis 208 of the opening 210. An
angle a is defined between the ldngitudinal axis 206 and the centerline axis
208. The misalignrhent of the structural member 202 creates a gap or space
211 between a radial flange 212 of the structural member 202 and a
corresponding face 214 of the workpiece 204. The gap 211 can permit
unwanted movement between the radial flange 212 and the workpiece 204 and,
consequently, may adversely effect the fatigue performance of the installation
200. The gap 211 can also impact corrosion resistance, loading conditions,
stresses (e.g., stresses in the structural member 202 and the workpiece 204),
bearing area, or the like. For example, liquid (e.g., water or chemicals) may
pass through the gap 211 and accumulate between the structural member 202
and the workpiece 204. The liquid can cause unwanted corrosion at or near
the interface of the structural member 202 and the workpiece 204.

An end 215 of the structural member 202 may be spaced from an
outer surface 217 of the workpiece 204. In some embodiments, including the
illustrated embodiment of Figure 2, the end 215 is spaced inwardly from the
outer surface 217. In some embodiments, the end 215 extends outwardly past
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the surface 217. The surface 219 of the end 215 may be non-parallel with the
outer surface 217 and, thus, may result in non-uniform loading along the inner
surface 231 of the workpiece 204. Misalignment of the expansion mandrel may
also impact the flushness of the flange 212 and/or the opposing end 215 of the
structural member 202.

Figure 3 shows an alignment device 300 that can help align a
mandrel before and/or during installation of a structural member. For example,
the alignment device 300 can be placed over the mandrel 106 of Figure 1
before the mandrel 106 is moved through the opening 108 in the structural
member 102. Once the mandrel 106 and alignment device 300 are assembled,
the mandrel 106 can be engaged by the guide members 110 of the installation
tool 112. The alignment device 300 can be securely retained on the mandrel
106 before, during, and/or after the radial expansion of the structural member
102 to ensure proper mandrel alignment throughout the installation process.

The illustrated alignment device 300 of Figure 3 includes an outer
perimeter 302, an inner perimeter 304 forming an opening 306, and a first
surface 308 that can abut a second surface 409 (Figure 4) of a workpiece 404.
The opening 306 is sized to be smaller than a major diameter portion located
along an expansion portion of a mandrel (e.g., the expansion portion 114 of the
mandrel 106 of Figure 1). In some embodiments, the alignment device 300 is
disk shaped and made from a resilient material that allows the inner perimeter
304 to be deformed. For example, the alignment disk 300 can be radially
expanded by the expansion portion 114 of the mandrel 106. If the alignment
device 300 is reusable, the alignment disk 300 can undergo elastic deformation.
Once the mandrel 106 is pulled through the alignment disk 300, the inner
perimeter 304 can then return to its original configuration. As such, the
alignment device 300 can expand and contract repeatedly to install any number
of structural members.

The alignment disk 300 can be formed, in whole or in part, of
plastics, polymers, rubbers, elastomers, and the like. In some embodiments,

the alignment disk 300 is formed of nylon, or similar material. The number and
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type of materials forming the alignment disk 300 can be selected based on
various installation parameters, such as the mandrel configuration, desired
clamp-up forces, installation tolerances, or the like.

Figure 4 shows an alignment device 412 that can help position an
expansion mandrel 408 in order to facilitate proper installation of a structural
member 402. An installation tool 418 and the alignment device 412 cooperate
to position the structural member 402 with respect to an opening 415 in the
workpiece 404.

Generally, the alignment device 412 can help reduce, limit, or
substantially eliminate unwanted misalignment of the expansion mandrel 408
attributable to the factors noted above, or other factors that may contribute to
mandrel misalignment. When the alignment device 412 is pulled against the
workpiece 404, the alignment device 412 biases the expansion mandrel 408
towards a desired position. For exarhple, the illustrated alignment device 412
keeps the expansion mandrel 408 generally perpendicular to both a midplane of
the alignment device 412 and a midplane of the workpiece 404. As such, the
alignment device 412 can urge the mandrel 408 towards a concentric position
with respect to an opening 423 in the structure member 402 and/or the opening
415 in the workpiece 404.

Figures 4 and 5 show the installation 400 having the structural
member 402 about to be radially expanded into the workpiece 404. An
expansion portion 406 of the mandrel 408 is first passed through an opening
410 in the alignment device 412. The alignment device 412 can be positioned
against the second surface 409 of the workpiece 404, which is opposite a first
surface 411 that abuts a radial flange 414 of the structural member 402. The
workpiece 404 is thus sandwiched between the radial flange 414 and the
alignment device 412.

As the expansion portion 406 of the mandrel 408 begins to-
radially expand an inner perimeter 407 of the alignment device 412, the
alignment device 412 is pulled into tight contact with the second surface 409 of

the workpiece 404. A nose-cap section 416 of an installation tool 418 can urge
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the radial flange 414 into tight contact with the first surface 411 of the workpiece
404. The radial flange 414 and the alignment device 412 can compress the
workpiece 404 while the mandrel 408 is moved into proper alignment.

The opening 410 can be smaller than at least a portion of the
mandrel 408. For example, the opening 410 can have a diameter that is
smaller than the major diameter of the mandrel 408 such that the mandrel 408
expands the opening 410 when the mandrel 408 is moved through the opening
410. In some embodiments, inner perimeter 407 and a region located adjacent
the inner perimeter 407 of the alignment device 412 are elastically resilient
when radially expanded by the major diameter the mandrel 408. In some

embodiments, the inner perimeter 407 and a region located adjacent the inner

perimeter 407 of the alignment device 412 are plastically deformed when

radially expanded by the major diameter of the expansion portion of the
mandrel.

The force resistance provided by the alignment device 412, when
located against the second surface 409 of the workpiece 404, allows mandrel
pull force 420 generated by the tool 418 to respectively align the structural
member 402, the workpiece 404, and the mandrel 408, thus overcoming some
of the problems and/or drawbacks discussed in the Description of the Related
Art. For example, the alignment device 412 can be pulled against the
workpiece 404 without damaging the workpiece 404 because of the alignment
device 412 being made of a somewhat soft material as compared to the
wdrkpiece 404. The flange 414 can be parallel to and abut the first surface
411.

With continued reference to Figure 5, a contacting surface 424 of
the alignment device 412 is sized to abut at least a portion of an end surface
426 of the structural member 402 and the second surface 409 of the workpiece
404. Both the end surface 426 and the second surface 409 of the workpiece
404 can bear against the contacting surface 424 of the alignment device 412 to
ensure proper orientation of the structural member 402. In some embodiments,

the end surface 426 of the structural member 402 can be spaced from the

12
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contacting surface 424 during installation. Such embodiments can help reduce,
limit, or substantially prevent damage to the end surface 426. Because the
mandrel 408 is properly aligned with the opening 415 during the expansion
process, the end surface 426 of the structural member 402 can be installed at a
desired position and orientation. For example, the end surface 426 can be
generally parallel to the second surface 409 of the workpiece 404. The end
surface 426 can be approximately flush with the second surface 409, if needed
or desired. The alignment device 412 can be used to achieve a wide variety of
installations that have improved corrosion resistance, improved loading
conditions, reduced stresses during service, increased bearing area, or the like.
The alignment device 412 can significantly improve the alignment
of the installed structural member 402 as compared to a structural member
installed without the aid of the alignment device, such as the structural member
202 of Figure 2. In some non-limiting embodiments, the alignment device 412
can have a thickness T is at least about % of the diameter of the opening 410.
In some embodiments, the thickness T is approximately equal to the diameter
of the opening 410. The thickness T can be increased or decreased to
increase or decrease the rigidity of the alignment device 412 so as to adjust the
amount of play between the expansion mandrel 408 and the workpiece 404.
Figure 6 is a flow chart of one method of installing a structural
member utilizing the alignment device 412 of Figure 5. At 430, the expansion
portion 406 of the mandrel 408 is inserted into the opening 410 in the alignment
device 412. The alignment device 412 can then be moved against the
workpiece 404, At 432, the radial flange 414 of the structural member 402 is
seated against the workpiece 404 as the expansion portion 406 of the mandrel
408 is pulled through the opening 410 of the alignment device 412. If the
alignment device 412 includes a receiving region (discuss in connection with
Figures 9 and 10), the receiving region can be aligned with any portion of the
structural member 412 that protrudes from the workpiece 404. At 434, the
structural member 402 is aligned with the workpiece 404 as the expansion
portion 406 is pulled through the opening 410 of the alignment device 412. At

13
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436, the expansion portion 406 of the mandrel 408 is moved through the
structural member 402 to radially expand and secure the structural merﬁber 402
to the workpiece 404,

Figure 7 shows an alignment device 502 with blunt or rounded
edges 506, 508. The blunt edges 506, 508 provide a comfortable grip for a
user. Additionally, the blunt edges 506, 508 can reduce the likelihood of
damage (e.g., scratching, dents, or the like) to a surface of a workpiece.

Figure 8 shows an installation tool 520 with an expansion mandrel
522 engaging the alignment device 502 during an installation processes. The
blunt edge 506 can slide easily along a surface 530 of a workpiece 532 to
facilitate proper radial alignment of the alignment device 502 with respect to the
mandrel 522. During actuation of the mandrel 522, a contacting surface 540 of
the alignment device 502 can be generally perpendicular to the line of action of
the mandrel (indicated by the phantom line 560).

Figure 9 shows an alignment device 600 having a receiving region
610 that receives at least a portion of a structural member 620. The illustrated
structural member 620 includes an end 624 that protrudes from a workpiece
630 and into the receiving region 610. The alignment device 600 may not
contact the structural member 620 throughout the entire installation process to
prevent damage to the structural member 620 and to allow a contacting surface
636 of the alignment device 600 to abut the workpiece 630. During radial
expansion of the structural member 620, the alignment device 600 is pulled
against a surface 622 of the workpiece 630 surrounding the opening 628 in
which the structural member 620 is installed.

The receiving region 610 can surround and is adjacent an
opening 650, which extends through the alignment device 600. In some
embodiments, the receiving region 610 is a recess, counterbore, pocket, or
other feature that provides a desired amount of clearance between the
structural member 620 and the alignment device 600. The illustrated receiving
region 610 is a recess that extends radially outward from the opening 650 past

the end 624 of the structural member 620. In some embodiments, the receiving
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region 610 can have a surface 643 that is frusto-conical, partially spherical,
stepped, or with any other suitable configuration selected based the
configuration of the structural member 620.

Other portions of a structural member can also be received by a
receiving region of an alignment device. Figure 10 shows a flange 700 of a
structural member 710 positioned on a backside of a workpeice 720. The
flange 700 can be susceptible to damage when contacted with an installation
device. An installer can position the flange 700 within a receiving region 740 to
protect the flange 700 during installation. Both the flange 700 and the
alignment device 730 can be puiled against the workpiece 720 as a mandrel
740 is pulled axially, as indicated by the arrow 742. Thus, the alignment device
730 can be used to install structural members 710 with flanges (e.g., thin
flanges) that are easily damaged.

The alignment device 730 also includes a receiving region 755
opposing the receiving region 740. An inner surface 757 of the alignment
device 730 extends between the receiving regions 740, 755. The receiving
regions 740, 755 can be used to receive different portions of structural
members. For example, the receiving region 755 can receive an end of a
structural member (similar to the receiving region 610 of Figure 9). An installer
can use the alignment device 730 to install structural members at different
orientations and positions.

Alignment devices can be used to install structural members
without flanges, conventional bushings, sleeves, liners, or the like. Figure 11
shows a structural member 800 in the form of a straight bushing without a
flange. A nose cap 802 of an installation tool 810 and an alignment device 824
can hold the structural member 800 in an opening 830 of a workpiece 840.
Opposing ends 850, 852 of the structural member 800 can be generally parallel
with a first surface 860 and a second surface 862 of the workpiece 840,
respectively. Additionally or alternatively, one or both ends 850, 852 can be
generally flush with or spaced from the respective surfaces 860, 862. For

example, Figure 12 illustrates a structural member 900 having a threaded
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section 904 extending outwardly from a workpiece 910 and into a receiving
region 914 (illustrated as a counterbore of an alignment device 916.

The various embodiments described above can be combined to
provide further embodiments. All of the above U.S. patents, patent applications
and publications referred to in this specification as well as U.S. Patent Nos.
3,566,662; 3,892,121; 4,187,708; 4,423,619, 4,425,780; 4,471,643; 4,524,600;
4,557,033; 4,809,420; 4,885,829; 4,934,170, 5,083,363, 5,096,349, 5,405,228;
5,245,743; 5,103,548; 5,127,254; 5,305,627, 5,341,559, 5,380,136, 5,433,100;
and in U.S. Patent Application Nos. 09/603,857; 10/726,809 (7,100,264),
10/619,226 (7,024,908); and 10/633,294 (US/2005/0025601) are incorporated
herein by reference. Aspects can be modified, if necessary, to employ devices,
features, and concepts of the various patéhts, applications, and publications to
provide yet further embodiments.

These and other changes can be made in light of the above-
detailed description. In general, in the following claims, the terms used should
not be construed to limit the invention to the specific embodiments disclosed in
the specification and the claims, but should be construed to include all types of
structural members that are installable in an opening of a workpiece and that
operate in accordance with the claims. Accordingly, the invention is not limited
by the disclosure, but instead its scope is to be determined entirely by the
following claims.

16



WO 2007/127430 PCT/US2007/010343

CLAIMS
What is claimed is:

1. An alignment device to be used with a mandrel of an
installation tool to seat a radial flange of a structural member against a first
surface of a workpiece, the radial flange located at a first end of the structural
member, the alignment device comprising:

an outer surface;

an inner surface forming an opening through the alignment
device, the inner surface having an inner diameter sized to be at least slightly
smaller than a major diameter of an expansion portion of the mandrel; and

a contacting surface extending substantially from the inher
surface to the outer surface, the contacting surface sized to abut at least a
portion of an end surface of the structural member and at least a portion of a
second surface of the workpiece, the second surface of the workpiece opposing
the first surface of the workpiece, the end surface of the structural member

opposing the first end of the structural member with the radial flange.

2. The alignment device of claim 1 wherein an amount of
material comprising the inner surface and a region located adjacent the inner
surface is elastically resilient when radially expanded by the major diameter of

the expansion portion of the mandrel.

3. The alignment device of claim 1 wherein an amount of
material comprising the inner surface and a region located adjacent the inner
surface is plastically deformable when radially expanded by the major diameter

of the expansion portion of the mandrel.
4. The alignment device of claim 1 wherein the inner diameter

of the alignment device is approximately equal to an inner diameter of the

structural member.
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5. The alignment device of claim 1 wherein the alignment

device is made of nylon.

6. The alignment device of claim 1, further comprising:

a receiving region adjacent the inner surface, the receiving region
sized to receive a portion of the structural member protruding from the
workpiece such that the contacting surface of the structural member abuts the
second surface of the workpiece while the alignment device is spaced from the
structural member.

7. An installation system for installing a structural member
with a flange into a workpiece, comprising:

a mandrel coupleable to an installation tool, the mandrel having a
major circumference portion sized to radially expand the structural member;
and

an alignment device configured to align the mandrel with the
structural member when the mandrel radially expands the structural member,
the alignment device comprising:

an outer surface;

an inner surface opposing the outer surface, the inner

surface forming an passage through the alignment device, the passage
having a circumference smaller than a circumference of the major
circumference portion of the mandrel;

a contacting surface positioned between the inner surface
and the outer surface, the contacting surface configured to abut the workpiece
such that the inner surface align the mandrel with the structural member when
the mandrel radially expands the structural member and extends through the

passage.

8. The installation system of claim 7 wherein the alignment
device is sufficiently rigid to urge the mandrel into alignment with the workpiece
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but is sufficiently compliant to allow at least the major circumference portion of
the mandrel to pass through the passage without the alignment device
damaging the workpiece.

9. The installation system of claim 7 wherein the alignment
device comprises an amount of material comprising the inner surface and a
region located adjacent the inner surface, the material is elastically deformed
when the material is radially expanded by the major circumference portion of

the mandrel.

10.  The installation system of claim 7 wherein the alignment
device comprises an amount of material comprising the inner surface and a
region located adjacent the inner surface, the material is plastically deformed
when the material is radially expanded by the major circumference portion of

the mandrel.

11.  The installation system of claim 7 wherein the outer surface
has a circumference that is larger than a circumference of the flange of the

structural member.

12. A method of installing a structural member into an opening
in a workpiece, the method comprising:

pulling an expansion portion of a mandrel through an alignment
device, the alignment device positioned against a first surface of the workpiece,
the alignment device having an inner surface forming an opening therethrough,
the opening having an inner diameter that is at least slightly smaller than a
major diameter of an expansion portion of the mandrel;

seating a radial flange of the structural member tightly against a
second surface of the workpiece as the expansion portion of the mandrel is.
pulled through the opening of the alignment device, the second surface of the
workpiece opposing the first surface of the workpiece;
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aligning the structural member with the workpiece as the
expansion portion of the mandrel is pulled through the opening of the alignment
device; and

pulling the expansion portion of the mandrel through the structural

member to radially expand and secure the structural member to the workpiece.

13.  The method of claim 12 wherein seating the radial flange of
the structural member tightly against the second surface of the workpiece
includes aligning a longitudinal axis of the structural member with a longitudinal

axis of the opening in the workpiece.

14. The method of claim 12 wherein the alignment device is
separated from the mandrel and the workpiece after the structural member is

installed in the workpiece.

15. The method of claim 12 further comprising:

positioning a portion of the structural member extending outwardly
from the first surface of the workpiece within a receiving region of the alignment
device before pulling the expansion portion of the mandrel through the
structural member to radially expand and secure the structural member to the

workpiece.

16. A method of installing a structural member into an opening
in a workpiece, the method comprising:

moving a first portion of a mandrel through an alignment device,
the alignment device having an inner surface forming an opening through the
alignment device, the opéning having an inner diameter that is at least slightly
less than a major diameter of an expansion portion of the mandrel,

moving the first portion of the mandrel through a passage formed
in the structural member after the structural member is located in the opening of
the workpiece;
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engaging the mandrel in the installation tool, the tool located on
an opposite side of the workpiece from the alignment device;

abutting a nose section of the installation tool against at least a
portion of a radial flange located on a first end of the structural member; and

activating the installation tool to pull the expansion portion of the
mandrel through the opening in the alignment device, where an amount of force
necessary to pull the expansion portion of the mandrel through the opening in
the alignment device is reacted by the nose section of the installation tool, and
where the nose section applies an amount of pressure to the radial flange of the
structural member to seat the radial flange tightly against a first surface of the

workpiece, the first surface located on the opposite side of the workpiece.
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