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GUIDE ASSEMBLY AND METHOD

FIELD

The present disclosure relates generally to fastener removal and, more particularly, to

mechanisms adapted for removal of threaded fasteners.

BACKGROUND

During the inspection, repair and replacement of various components of an assembly,
it may be necessary to remove one or more fasteners attaching a component to a mating
structure. Unfortunately, certain fasteners may be difficult to remove due to the buildup of
corrosion around the fastener hole which may bond or freeze the fastener in place over time.
Sealants and coatings applied to the fastener after installation may also bond the fastener in
place preventing removal of the fastener in a conventional manner using conventional tools.

For example, attempts to remove a machine screw that is frozen in place by engaging
a screwdriver to a tool recess of the screw head may result in stripping out or deforming the
tool recess and preventing further engagement thereof with the screwdriver. Attempts to
remove a bolt that is frozen in place by engaging a box-end wrench or an open-end wrench to
the bolt head may result in deforming or rounding off of the bolt head and eliminating the
ability to further engage the wrench to the bolt head. In addition, attempts to remove a bolt
that is frozen in place may result in shearing off of the bolt head at the surface of the structure
leaving only the bolt shaft embedded in the structure.

Prior art solutions for removing frozen fasteners include the use of screw extractors
which have sharpened flutes or teeth running along a length of the screw extractor. The teeth
of such screw extractors are typically manually driven into an engagement hole that is drilled
into the stripped fastener head or into the remaining shaft portion of the fastener. The
engagement hole must be slightly smaller in diameter than the outer diameter of the screw
extractor such that as the screw extractor is driven into the engagement hole, the tecth of the
screw extractor can become sufficiently embedded into the inner diameter of the engagement
hole. Once the screw extractor is sufficiently engaged to the engagement hole, a wrench or
ratchet may be applied to a free end of the screw extractor and the fastener may be rotated

and removed from the structure.
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In order to avoid damage to the threaded bore into which the frozen fastener is
installed, it is typically necessary that the engagement hole is generally aligned with the
fastener. For example, for small diameter fasteners, to avoid drilling the engagement hole out
of the side of the fastener shaft and damaging the threaded bore, the centerline of the
engagement hole must be generally aligned with the centerline of the fastener. In addition, it
is typically necessary that the engagement hole is centered on the fastener head or on the
fastener shaft to avoid damage to the threaded bore.

A further requirement associated with the use of conventional screw extractors is that
a sufficient amount of down force must be applied to the screw extractor in order to drive the
screw extractor into the engagement hole such that the teeth of the screw extractor can
become sufficiently embedded into the inner diameter. In this regard, incomplete or
insufficient engagement of the screw extractor teeth into the engagement hole can result in
stripping out of the engagement hole when rotating the screw extractor. Furthermore, in
certain applications, it may be necessary to apply a down force to the screw extractor while
simultaneously rotating the screw extractor during removal of the fastener to prevent the teeth
of the screw extractor from becoming disengaged from the engagement hole which may
result in stripping out the engagement hole.

The effectiveness of conventional screw extractors in removing frozen fasteners is
dependent in part upon the skill of the operator both in forming the engagement hole in
alignment with the fastener and in applying a sufficient amount of down force to engage the
teeth of the screw extractor into the engagement hole. Performing such operations in the field
adds complexity to the task and reduces the effectiveness of conventional screw extractors in
removing certain fastener installations. For example, it may be necessary to remove a frozen
fastener from an area that is difficult to access or which requires drilling an engagement hole
in the fastener at an awkward angle. In addition, the fastener may be installed in a contoured
surface making it difficult to determine the proper orientation for positioning a drill gun such
that the drill bit is aligned with the fastener centerline.

As can be seen, there exists a need in the art for a system and method for removing a
fastener that facilitates forming an engagement hole in a fastener and wherein the
engagement hole is aligned with and centered on the fastener. Furthermore, there exists a
need in the art for a system and method for removing a fastener wherein a sufficient amount
of down force may be applied to the screw extractor in order to drive the screw extractor

teeth into engagement with the engagement hole. Additionally, there exists a need in the art
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for a system and method for removing a fastener from a structure wherein the alignment of
the screw extractor may be maintained while continuously applying a down force to the
screw extractor during removal of the fastener. Finally, there exists a need in the art for a
system and method for removing a fastener wherein the above-described alignment and down

force requirements may be applied to fasteners installations in contoured surfaces.

SUMMARY

The above noted needs associated with extraction of frozen fasteners are specifically
addressed and alleviated by the present disclosure which provides a guide assembly that may
be mounted to a structure or a workpiece and which is adapted for removing fasteners from
the structure. The guide assembly may comprise a frame assembly, a plurality of clamping
assemblies mounted to the frame assembly and a head assembly mounted to the frame
assembly. In an embodiment, the frame assembly may include first and second arms which
may be adjustably positionable relative to one another to facilitate attachment of the frame
assembly to the structure. The clamping assemblies may be mountable to the frame assembly
and may be orientatable relative thereto to facilitate attachment of the frame assembly to the
structure.  The clamping assemblies may be provided in a variety of alternative
configurations including, but not limited to, vacuum cup assemblies and magnet assemblies.
The frame assembly may also be secured in position relative to the structure without the aid
of vacuum cup assemblies, magnet assemblies or mechanical attachment. For example, the
frame assembly may be configured to be manually held in position against the structure. The
guide assembly may further include the head assembly which may be mounted to the frame
assembly. The head assembly may optionally be used independent of the frame assembly.
For example, the head assembly may be removably secured to tooling that may be
independent of the structure and wherein the tooling may maintain the head assembly in
position relative to the structure.

The head assembly may include a removable tool. Notably, the tool may be axially
movable relative to the head assembly in order to cause the tool to exert a down force on the
fastener when the frame assembly is attached to the structure. The tool may be provided in a
variety of different configurations. For example, the tool may be configured as a screw drive
bit for engaging a fastener. In this regard, the screw drive bit may be configured as a fastener
bit for engaging a tool recess formed in the fastener. The screw drive bit may also be

configured as an extractor bit for extracting fasteners which may be frozen in position in the
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structure. In addition, the screw drive bit may comprise a fastener bit such as a Phillips head
drive, a slotted drive, aTorx drive, an Allen drive (i.e., internal hex), a socket drive (i.e.,
external hex) or any one of a variety of alternative internal and external drive configurations
for engaging an internal or external feature of a fastener head. The tool may also be
configured as a drill guide for drilling an engagement hole in a fastener or drilling a fastener
hole in the structure.

Advantageously, the head assembly may include an alignment mechanism including a
bearing assembly such as a spherical bearing for providing adjustability of an orientation of
the tool relative to the frame assembly. In this regard, the alignment mechanism may
facilitate alignment of the tool (e.g., drill guide) with an axis or centerline of a hole in the
structure. In addition, the alignment mechanism may facilitate alignment of the tool with a
centerline of a fastener to which the tool (e.g., extractor bit, screw drive bit) may be engaged.
In an embodiment, the alignment mechanism may comprise a bearing assembly including a
spherical bearing which may be rotatably contained or mounted within a bearing collar
contained or housed within a head body of the head assembly.

The head assembly may include a mechanism by which the position of the alignment
mechanism may be fixed following adjustment of the orientation thereof. In this manner, the
tool may be axially and positionably aligned with the fastener and/or with a hole after the
frame assembly is attached or mounted to the structure. The down force may be applied by
the head assembly by means of rotating a tool sleeve which may be threadably coupled to the
head assembly. Rotation of the tool sleeve may result in axial movement of the tool relative
to the head assembly. For example, rotation of the tool sleeve in a clockwise direction may
result in movement of the tool away from the head assembly. When the frame assembly is
mounted to the structure, movement of the tool away from the head assembly (i.e., toward the
structure) results in the application of the down force to the fastener to which the tool may be
engaged.

In an embodiment, the frame assembly may include first and second arms. At least
one of the first and second arms may have at least one of the clamping assemblies adjustably
mounted thereto. Furthermore, each one of the clamping assemblies may be rotatably or
orientatably positionable relative to the first and second arms to which each one of the
clamping assemblies may be mounted. The frame assembly may further include a swivel
mechanism which may interconnect the first and second arms. The swivel mechanism may

be configured such that an orientation of the first and second arms is adjustable relative to
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one another. In this manner, the first and second arm may be oriented in an optimal position
relative to one another to facilitate attachment of the guide assembly to a variety of different
structure configurations.

The alignment mechanism may include the tool sleeve which may be sized and
configured to receive a drill guide. The drill guide may be sized and configured to be
inserted or mounted within the tool sleeve. In this regard, the drill guide may be removably
installable within the tool sleeve and may include a drill bore that may be sized and
configured to receive a drill bit. The drill bit may be used for drilling an engagement hole in
the fastener and/or for drilling a fastener hole in the structure at a predetermined hole
location. In an alternative embodiment, the tool sleeve may comprise the drill guide such that
the drill guide is directly engaged to the alignment mechanism.

The present disclosure also includes a method of engaging a fastener mounted or
installed in the structure. The method may comprise the steps of attaching the guide
assembly to the structure followed by inserting the drill guide into the tool sleeve. The tool
sleeve may be aligned with the fastener by rotating the spherical bearing until the tool sleeve
is substantially aligned with a fastener axis of the fastener. The methodology may further
include drilling the engagement hole in the fastener followed by removal of the drill guide
from the tool sleeve and installation of a drive member in the tool sleeve. The drive member
may comprise a drive shaft that may be sized and configured to be rotatable within the tool
sleeve.

A tool such as a screw extractor bit may be coupled to an end of the drive member.
The tool (e.g., screw extractor bit) may be placed in engaging contact with the engagement
hole of the fastener by axially moving the tool sleeve relative to the head assembly. For
example, by rotating the threadably coupled tool sleeve into the head assembly, the tool may
be non-rotatably and axially moved into engagement with the engagement hole of the
fastener. By continuously moving the tool sleeve axially relative to the spherical bearing
(i.e., head assembly), a down force may be applied to the tool in order to drive the tool (i.c.,
screw extractor bit) into the engagement hole of the fastener. Upon engagement of the screw
extractor bit into the engagement hole, the fastener may be removed by rotating the drive
member. For example, for removing a fastener having right-hand threads, rotation of the
drive member in a counter-clockwise direction results in removal of the fastener from the

fastener hole. In addition, by minimizing or preventing rotation of the tool sleeve when the
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drive member is rotated, a down force may be continuously maintained on the fastener to
maintain engagement of the tool within the engagement hole.

The features, functions and advantages that have been discussed can be achieved
independently in various embodiments of the present disclosure or may be combined in yet
other embodiments, further details of which can be seen with reference to the following

description and drawings below.

1. A guide assembly, comprising:

a frame assembly;

a plurality of clamping assemblies mountable to the frame assembly for
attaching the frame assembly to a structure; and

a head assembly mounted to the frame assembly and having a tool coupled
thereto, the tool being axially movable relative to the head assembly to cause the tool

to exert a down force on the structure when the frame assembly is attached thereto.

2. The guide assembly of Claim 1 wherein:
the head assembly includes a tool sleeve threadably coupled thereto such that

rotation of the tool sleeve results in axial movement of the tool.

3. The guide assembly of Claim 2 wherein:

the head assembly includes a drive member having the tool mountable on an
end thereof, the drive member extending through the tool sleeve and being freely
rotatable relative thereto such that the tool sleeve may be axially moved independent

of rotation of the tool.

4. The guide assembly of Claim 1 wherein:
the structure includes a surface;
at least one of the clamping assemblies comprises a vacuum cup assembly for

attachment to the surface.

5. The guide assembly of Claim 1 wherein:
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at least one of the clamping assemblies comprises a magnetic mechanism for

magnetic attachment to the structure.

6. The guide assembly of Claim 1 wherein:
the frame assembly includes first and second arms each having at least one of

the clamping assemblies mounted thereto.

7. The guide assembly of Claim 6 wherein:
cach one of the clamping assemblies is adjustably orientatable relative to the

first and second arm to which the clamping assembly is mounted.

8. The guide assembly of Claim 6 wherein:
the frame assembly includes a swivel mechanism interconnecting the first and
second arms and being configured such that an orientation of the first and second

arms is adjustable relative to one another.

9. The guide assembly of Claim 1 wherein:
the head assembly includes an alignment mechanism for adjusting an

orientation of the tool relative to the frame assembly.

10.  The guide assembly of Claim 9 wherein:
the alignment mechanism comprises a bearing assembly including a spherical

bearing.

11.  The guide assembly of Claim 10 wherein:
the alignment mechanism includes a tool sleeve threadably engageable to the
bearing assembly such that rotation of the tool sleeve causes axial movement of the

tool.

12. The guide assembly of Claim 1 wherein:

the tool includes at least one of the following: a screw drive bit, a drill guide.

13. A guide assembly for engaging a fastener mounted in a structure, comprising:

-7-
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a frame assembly having first and second arms;

a swivel mechanism interconnecting the first and second arms and being
configured such that an orientation of the first and second arms is adjustable relative
to one another;

a plurality of clamping assemblies mountable to the first and second arms for
clamping the frame assembly to the structure, cach one of the clamping assemblies
being adjustably orientatable relative to the one of the first and second arms to which
the clamping assembly is mounted;

a head assembly mountable to the frame assembly and having a removable
tool attached thereto, the tool being axially movable relative to the head assembly to
cause the tool to exert a down force on the structure when the frame assembly is
clamped to the surface; and

an alignment mechanism including a spherical bearing for adjusting an

orientation of the tool relative to the frame assembly.

14. A method of engaging a fastener, comprising the steps of:

attaching a guide assembly to a structure, the guide assembly including a head
assembly having a tool movably coupled thereto;

engaging the tool to the fastener; and

applying a down force to the fastener by moving the tool axially relative to the

head assembly.

15. The method of Claim 14 further comprising the step of:

rotating the tool while applying the down force to remove the fastener.

16. The method of Claim 14 wherein the tool is mounted to a tool sleeve

threadably coupled to the head assembly, the step of applying the down force to the fastener

comprising:

rotating the tool sleeve relative to the head assembly to axially move the tool

away from head assembly.

17. The method of Claim 14 further comprising the step of:

aligning the head assembly with the fastener.

-8-
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18. The method of Claim 17 wherein the tool and the fastener respectively define

a tool axis and a fastener axis, the head assembly including a spherical bearing having the
tool coupled thereto, the step of aligning the head assembly with the fastener comprising:

rotating the spherical bearing until the tool axis is substantially aligned with

the fastener axis.

19.  The method of Claim 14 wherein the guide assembly includes at least one
vacuum cup assembly mountable to a surface of the structure, the step of mounting the guide
assembly to the structure comprising:

applying a vacuum to the vacuum cup assembly to attach the guide assembly

to the surface.

20.  The method of Claim 14 wherein the guide assembly includes at least one
magnet assembly configured as an electromagnet, the step of attaching the guide assembly to
the structure comprising:

applying an electric current to the electromagnet to attach the guide assembly

to the structure.

21.  The method of Claim 14 wherein the guide assembly includes first and second
arms interconnected by a swivel mechanism, the step of attaching the guide assembly to the
structure further comprising;:

adjusting an orientation of the first and second arms relative to one another.

22.  The method of Claim 14 wherein the guide assembly includes first and second
arms each having at least one clamping assembly mounted thereto, the step of attaching the
guide assembly to the structure comprising;:

adjusting an orientation of the clamping assemblies such that the clamping

assemblies are substantially aligned with the structure.

23. A method of drilling a fastener hole in a structure, comprising the steps of:
attaching a guide assembly to a structure, the guide assembly including a head

assembly;
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inserting a drill guide in the head assembly;
aligning the drill guide substantially with a predetermined hole location; and

drilling the fastener hole at the predetermined hole location.

5 24.  The method of Claim 23 wherein the head assembly includes a spherical
bearing having the drill guide coupled thereto, the step of aligning the head assembly with the
predetermined hole location comprising;:

rotating the spherical bearing until the drill guide is substantially aligned with

the predetermined hole location.

10
25. A method of engaging a fastener mounted in a structure, comprising the steps
of:
attaching a guide assembly to the structure, the guide assembly including a
head assembly having a tool sleeve coupled to a spherical bearing, the tool sleeve
15 being axially movable relative to the spherical bearing;
inserting a drill guide in the tool sleeve;
aligning the tool sleeve with the fastener by rotating the spherical bearing;
drilling an engagement hole in the fastener;
removing the drill guide from the tool sleeve;
20 installing a drive member in the tool sleeve;
coupling a tool to an end of the drive member;
engaging the tool to the engagement hole; and
moving the tool sleeve axially relative to the spherical bearing such that the
tool applies a down force on the fastener.
25
BRIEF DESCRIPTION OF THE DRAWINGS
These and other features of the present disclosure will become more apparent upon
reference to the drawings wherein like numbers refer to like parts throughout and wherein:
30 Figure 1 is a top perspective illustration of an embodiment of a guide assembly shown

as being attached to a structure or a workpiece and further illustrating a fastener to which a

tool of the guide assembly may be engaged for removal from the structure;

-10-
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Figure 2 is a bottom perspective illustration of an embodiment of the guide assembly
illustrating a plurality of clamping assemblies mountable to a frame assembly of the guide
assembly and further illustrating a head assembly having the tool coupled thereto;

Figure 3 is a top illustration of the guide assembly illustrating the clamping
assemblies mounted on first and second arms of the frame assembly and further illustrating
the head assembly mounted to the frame assembly;

Figure 4 is a top illustration of an embodiment of the guide assembly wherein the
clamping assemblies are configured as magnetic mechanisms for magnetic attachment of the
guide assembly to the structure;

Figure 5 is a sectional illustration of one of the magnetic mechanisms taken along line
5-5 of Figure 4 and illustrating one of the magnetic mechanisms configured as an
electromagnetic;

Figure 6 is a side illustration of the guide assembly illustrating the tool of the head
assembly engaged to the fastener;

Figure 7 is a perspective illustration of the head assembly illustrating the tool engaged
to an alignment mechanism contained within a head body of the head assembly;

Figure 8 is an exploded perspective illustration of the head assembly and illustrating
the alignment mechanism configured as a bearing assembly having a spherical bearing for
adjusting an orientation of the tool relative to the frame assembly;

Figure 9 is a sectional illustration of the guide assembly taken along line 9-9 of Figure
3 and illustrating the interconnectivity of the various components which make up the head
assembly and further illustrating a swivel mechanism for interconnecting the first and second
arms of the frame assembly;

Figure 10 is a sectional illustration of the head assembly having a drill guide inserted
thereinto for receiving a drill bit to drill an engagement hole in the fastener;

Figure 11 is a sectional illustration of the head assembly wherein the drill guide is
replaced with a drive member having the tool coupled to an end thereof for engaging the
engagement hole that may be formed in the fastener;

Figure 12 is a sectional illustration of the head assembly illustrating rotation of the
tool while a down force is applied thereto for removal of the fastener;

Figure 13 is a sectional illustration of the head assembly illustrating a position of the

tool relative to the head assembly following removal of the fastener from a fastener hole;
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Figure 14 is a sectional illustration of the head assembly having a drill guide in
contacting engagement with the structure for applying a down force to the structure during
drilling of a fastener hole in the structure;

Figure 15 is a methodology of engaging a fastener using the guide assembly;

Figure 16 is a methodology of drilling a fastener hole in the structure using the guide
assembly;

Figure 17 is a methodology of engaging a fastener mounted in the structure;

Figure 18 is a flow diagram of an aircraft production and service methodology; and

Figure 19 is a block diagram of an aircraft.

DETAILED DESCRIPTION

Referring now to the drawings wherein the showings are for purposes of illustrating
preferred and various embodiments of the disclosure only and not for purposes of limiting the
same, shown in Figures 1-6 is a guide assembly 10 in an embodiment as may be used for
removing fasteners 166 from a structure 168. In addition, the guide assembly 10 may be
employed for drilling fastener holes 176 in the structure 168 by orienting a drill bit 164 into
alignment with the structure 168 and/or maintaining alignment while drilling the fastener hole
176. Toward this end, the head assembly 50 may include an alignment mechanism 102 for
adjusting an orientation of a tool 110 that may be coupled to the alignment mechanism 102.
The tool 110 may be provided in a variety of configurations including, but not limited to, a
screw drive bit 128 for engaging a fastener 166.

The tool 110 may be also configured as a drill guide 130 having a guide bore 132 for
guiding a drill bit 164 as may be used for drilling fastener holes 176 in the structure 168 or
drilling engagement holes 178 in a fastener 166 that may be frozen in place in the structure
168. Upon drilling the engagement hole 178 in the fastener 166, the drill guide 130 may be
removed from the alignment mechanism 102 and a screw drive bit 128 or screw extractor bit
may be mounted to the head assembly for engaging the engagement hole 178 such that the
fastener 166 may be removed. Advantageously, the guide assembly 10 is configured to apply
a down force to the tool 110 to force the extractor bit into the engagement hole 178 such that
the fastener 166 may then be rotatably removed from the structure 168.

As can be seen in Figures 1-6, the guide assembly 10 may comprise a frame assembly

12, a plurality of clamping assemblies 34 and a head assembly 50. In an embodiment, the

-12-
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frame assembly 12 may include first and second arms 14, 16 which may be adjustably
positioned relative to one another in order to facilitate mounting of the guide assembly 10 on
a wide variety of structures 168 of varying sizes, shapes and configurations. For example, the
guide assembly 10 may be configured to facilitate attachment of the frame assembly 12 to
one or more portions of the structure 168 or to one or more surfaces 170 of the structure 168.
Such surfaces 170 may include planar surfaces, contoured or curved surfaces, or any
combination thereof.

The guide assembly 10 may include the plurality of clamping assemblies 34 which
may be provided in a variety of different configurations for attaching the guide assembly 10
to the structure 168 such as to a surface 170 of the structure 168. For example, in a preferred
embodiment, the clamping assemblies 34 may be configured as one or more vacuum cup
assemblies 42. Each one of the vacuum cup assemblies 42 may include one or more vacuum
cups to which a vacuum may be applied in order to secure the guide assembly 10 to the
surface 170. The vacuum cup assembly 42 facilitates attachment of the guide assembly 10 to
contoured or curved surfaces. In this regard, the guide assembly 10 is adapted for field
operations including maintenance and repair operations away from a production or assembly
facility. For example, the vacuum cup assembly 42 may facilitate attachment of the guide
assembly 10 to a contoured surface 170 of an aircraft for removal of fasteners 166 and/or for
drilling fastener holes 176.

However, as may be appreciated, the guide assembly 10 may be used in a variety of
different applications and industries and on different types of structure and is not limited for
use with aircraft assemblies. In this regard, the guide assembly 10 may be used for engaging
fasteners 166 and/or for drilling fastener holes 176 in any vehicular or non-vehicular
application including any system, subsystem, assembly, subassembly, apparatus or
environment. Furthermore, the guide assembly 10 may be used in any operation where
alignment of a tool 110 with a structure 168 and/or a surface 170 thereof is desired. In this
regard, the guide assembly 10 is not limited to facilitate aligning of a drill guide 130 with the
structure 168 for drilling holes or for engaging a screw drive bit 128 with a fastener 166.

Referring briefly to Figures 4-5, the clamping assemblies 34 may be configured as
magnet assemblies 44 wherein each magnet assembly 44 may comprise one or more magnets.
The magnets may be configured as permanent magnets and/or as electromagnets. The
magnet assemblies 44 may be adapted to attach the frame assembly 12 to a structure 168 by

magnetic attraction to a ferrous or magnetically attractable material of the structure 168.

13-



10

15

20

25

30

WO 2011/005703 PCT/US2010/040954

Further in this regard, the clamping assemblies 34 may be configured in a variety of
alternative embodiments and are not limited to the vacuum cup assembly 42 or magnet
assembly 44 configurations. For example, each one of the clamping assemblies 34 may be
configured as a mechanical attachment mechanism (not shown) for mechanically coupling
the frame assembly 12 to a structure 168 such as by engaging surface features of the structure
168. For example, the structure 168 may include fastener or non-fastener elements to which
the frame assembly 12 may be configured to engage. Even further, it is contemplated that the
clamping assemblies 34 may comprise non-mechanical means for attaching the frame
assembly 12 to the structure 168. For example, the clamping assemblies 34 may be
configured to releasably bond the frame assembly 12 to the structure 168.

It is further contemplated that the frame assembly 12 may be configured to be held in
place against a structure 168 such as by a technician grasping a portion of the frame assembly
12 and urging the frame assembly 12 toward the structure 168. The frame assembly 12 may
be provided in a configuration that facilitates grasping of the device by one or more
technicians. The frame assembly 12 may be held in position during use of the head assembly
50 to remove a fastener 166 or to drill a fastener hole 176 or an engagement hole 178. For
example, the frame assembly 12 may be configured to manually held or secured in position
against the structure 168 by a technician without the aid of vacuum force applied through
vacuum cup assemblies 42. Likewise, the frame assembly 12 may be configured to manually
held or secured in position against the structure 168 by a technician without the aid of
magnetic force acting through magnet assemblies 44. The frame assembly 12 may also be
configured to be held in position without the aid of mechanical attachment of the frame
assembly 12 to the structure 168 and/or without the aid of releasably bonding the frame
assembly to the structure 168.

In this regard, it is contemplated that the head assembly 50 may be used independent
of the frame assembly 12. For example, the frame assembly 12 may be configured as a hand
held device (not shown) which may be grasped and held in place by a technician while
another technician uses the head assembly 50 to remove a fastener 166 or to drill a fastener
hole 176 or engagement hole 178 in a manner described below. A portion of such a hand
held device may optionally be placed in contact with a portion of the structure 168 as a means
to index the head assembly 50 relative to the structure 168. It is further contemplated that the
head assembly 50 may be secured to a separate fixture (not shown) that may be independent

of the head assembly 50 and may also be independent of the structure 168 being operated
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upon. For example, the head assembly 50 may be permanently or releasably secured to one
or more tooling arms or tooling fixtures (not shown) that are separate from the structure 168.
Such tooling arms or tooling fixtures may provide a means to position the head assembly 50
relative to the structure 168.

Referring to Figures 1-6, cach one of the clamping assemblies 34 may be configured
to be adjustably orientatable relative to the frame assembly 12 to facilitate mounting of the
frame assembly 12 to one or more planar surfaces and/or contoured surfaces. Toward this
end, each one of the clamping assemblies 34 may be configured to be pivotably adjustable or
rotatable about the first or second arm 14, 16 to which the clamping assembly 34 is mounted
as described in greater detail below. The guide assembly 10 may further include the head
assembly 50 which may be fixedly mounted to the frame assembly 12 and which may include
the tool 110 in one or more configurations. The tool 110 may be configured to be axially
movable relative to the head assembly 50 to facilitate the application of the down force by the
tool 110 onto the surface 170. Axial movement of the tool 110 may also facilitate the
application of the down force to a surface feature 182 of the structure 168. Such surface
features 182 may comprise a fastener 166 such as a bolt or a screw or any other threaded or
non-threaded fasteners and including non-fastener elements which may be mounted to the
structure 168.

The tool 110 may be configured as the screw drive bit 128 which may be provided as
a screw extractor bit for engaging a fastener 166 which may be frozen or bonded to the
structure 168 due to buildup of corrosion or sealant. The screw drive bit 128 may also be
configured as a fastener bit to engage a drive recess in the fastener 166 to allow for
installation and/or removal of the fastener 166. The fastener bit may be configured as a
Phillips head drive, slotted drive, Torx drive, Allen drive (i.c., internal hex), socket drive (i.c.,
external hex) or any one of a variety of alternative internal and external drive configurations
for engaging internal or external drive features of the fastener 166.

Advantageously, the head assembly 50 is adapted such that the tool 110 is axially
movable relative to the head assembly 50 to enable the tool 110 to exert the down force on
the structure 168 or surface 170 and/or on the fastener 166 when the frame assembly 12 is
attached to the structure 168 or surface 170. In this manner, the guide assembly 10 facilitates
the application of the down force against the fastener 166 to maintain engagement of the
screw drive bit 128 or fastener bit with the fastener 166. In this regard, the down force

minimizes the risk of inadvertent disengagement of the tool 110 which may result in
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deforming or stripping of the internal (e.g., drive recess) or deforming external drive features
such as an external hex fastener head of the fastener 166.

Referring particularly now to Figures 1-3, shown is the frame assembly 12 which, in
an embodiment, may comprise the first and second arms 14, 16 and including a swivel
mechanism 18. The swivel mechanism 18 may provide a means for interconnecting the first
and second arms 14, 16 to one another. The swivel mechanism 18 may also be configured to
provide adjustable positioning of the first arm 14 relative to the second arm 16. For example,
the swivel mechanism 18 may facilitate positioning the first and second arms 14, 16 into the
cruciform position as shown in Figures 1-4 wherein the second arm 16 is oriented substantially
perpendicularly relative to the first arm 14 such that a tube angle 0; between the first and
second arms 14, 16 is substantially 90 degrees. In addition, the swivel mechanism 18 may
facilitate adjusting the first and second arms 14, 16 into a non-perpendicular orientation
wherein the tube angle 0; defines an acute angle. For example, Figure 3 illustrates the second
arm 16 in phantom and positioned non-perpendicularly relative to the first arm 14. In this
manner, the swivel mechanism 18 provides a means for adjusting the relative positions of the
first and second arms 14, 16 to facilitate mounting of the frame assembly 12 to a variety of
different structure 168 configurations.

Referring briefly to Figure 9, shown is a cross-sectional illustration of the guide
assembly 10 illustrating the swivel mechanism 18. In an embodiment, the swivel mechanism
18 may include a generally hollow swivel housing 20 containing an upper fitting 26, an
intermediate fitting 28 and a lower fitting 30. Each one of the upper fitting 26, intermediate
fitting 28 and lower fitting 30 may be slightly axially movable with the swivel housing 20.
The second arm 16 may pass through a pair of slotted openings 24 formed on diametrically
opposed sides of the swivel housing 20. As shown in Figure 9, the second arm 16 may be
clamped between semi-cylindrical channels or other features that may be formed in the upper
and intermediate fitting 26, 28.

Likewise, the first arm 14 may be clamped between a lower fitting 30 and a pair of
swivel housing bores 22 formed on diametrically opposed sides of the swivel housing 20.
The first arm 14 may extend through the swivel housing bores 22 allowing the first arm 14 to
be axially positioned relative to the swivel housing 20. For example, the first arm 14 may be
slid through the swivel housing bore 22 to bias the length of the first arm 14 to one side of the
swivel housing 20 as distinguished from the generally equalized positioning of the first arm

14 relative to the swivel housing 20 illustrated in Figures 1-4. Adjustment of the relative
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positions of the first and second arms 14, 16 may be facilitated by rotating the swivel handle
32. For example, by rotating the swivel handle 32 in a clockwise direction, the second arm
16 may be clamped between the upper fitting 26 and the intermediate fitting 28 and the first
arm 14 may simultanecously be clamped between the lower fitting 30 and the swivel housing
bores 22. Counterclockwise rotation of the swivel handle 32 results in loosening or
unclamping of the first and second arms 14, 16 between the upper, intermediate and lower
fitting 26, 28, 30 to allow free rotation of the first arm 14 relative to the second arm 16 and to
also allow axial adjustment of each one of the first and second arms 14, 16 along the
respective lengths thereof.

Referring to Figure 2, the swivel housing 20 may include a diametrically opposed pair
of slotted openings 24 as indicated above to facilitate positioning or rotation of the second
arm 16 relative to the first arm 14. For example, as shown in Figure 3, the second arm 16
may be rotated from a 90 degree tube angle 6; to a non-perpendicular tube angle 0 as
illustrated. Although the second arm 16 is illustrated as extending through the slotted
openings 24 and the first arm 14 extending through the swivel housing bores 22, the swivel
mechanism 18 may be configured such that the second arm 16 extends through the cylindrical
swivel housing bores 22 and the first arm 14 extends through the slotted openings 24. In
addition, it should be noted that the frame assembly 12 is not limited to the arrangement
shown in Figures 1-4 comprising first and second arms 14, 16. For example, it is
contemplated that the frame assembly 12 may be configured as a non-movable structure
wherein the positions of the arms are fixed relative to one another. In an alternative
embodiment, the frame assembly 12 may be configured with additional arms and is not
limited to the first and second arms 14, 16 as shown in the illustrated embodiments. Even
further, it should be noted that the frame assembly 12 may be configured in any configuration
for attaching the guide assembly 10 to the structure 168 such as to the surface 170 of the
structure 170. In addition, as described above, the guide assembly 10 may be configured to
be maintained in position without attaching the frame assembly 12 to the structure 168.

Referring to Figure 2, shown is a perspective view of the guide assembly 10
illustrating an embodiment wherein the clamping assemblies 34 may be adjustably rotatable
on the first and second arms 14, 16. In the embodiment shown, the second arm 16 may
include a pair of clamping assemblies 34 located on opposing sides of the second arm 16
although any number of clamping assemblies 34 may be mounted to the second arm 16

including a single one of the clamping assemblies 34. The first arm 14 may include one or
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more clamping assemblies 34 although only a single one of the clamping assemblies 34 is
shown mounted to the first arm 14. FEach one of the clamping assemblies 34 may be
adjustably orientatable relative to the arm to which they are mounted in order to facilitate
alignment of the clamping assembly 34 with the structure 168 to which the frame assembly
12 may be mounted. In the embodiment shown, each one of the clamping assemblies 34 may
be mounted to the first and second arms 14, 16 by means of a clamp mechanism 40. The
clamp mechanism 40 may comprise a clamp fitting 36 having a clamp handle 38 for
clamping and unclamping of the clamp fitting 36 to the first and second arms 14, 16.

The clamp handle 38 may include a threaded shaft extending into a threaded bore
formed in the clamp mechanism 40. The clamp fitting 36 may include a spacing dividing the
clamp fitting 36 into opposing side portions. Rotation of the clamp handle 38 (e.g., in a
clockwise direction) causes relative axial motion of the opposing side portions of the clamp
fitting 36 drawing the side portions together to clamp the clamp fitting 36 to the first arm 14
or second arm 16. Counterclockwise rotation of the clamp handle 38 disengages the clamp
fitting 36 from the arm to which the clamp fitting 36 is mounted and allowing free rotation of
the clamping assembly 34 relative to the arm. For example, as shown in Figure 2, each one
of the clamping assemblies 34 may rotate about an axis of the first arm 14 or second arm 16
to which it is mounted. In this manner, each one of the clamping assemblies 34 may be
adjusted in order to be substantially aligned with a local area of the structure 168 or surface
170 to which the frame assembly 12 is to be mounted. It is also contemplated that the clamp
fittings 36 may provide an additional degree of adjustability of the clamping assemblies 34
relative to the arms and is not limited to single-axis rotation about the axes of the arms. For
example, although Figures 1-6 illustrate an embodiment wherein the clamping assemblies 34
are mounted such that rotation of the clamping assemblies 34 is limited to a single axis, it is
contemplated that the clamp mechanism 40 may be provided with an articulated arrangement
to facilitate rotation or adjustment of the clamping assemblies 34 about two or more axes to
increase the ability to substantially align the clamping assemblies 34 with the local structure
168 or surfaces 170 to which the clamping assemblies 34 may be mounted.

Referring briefly to Figure 9, further adjustment of the positioning of the clamping
assemblies 34 may be provided by a mounting shaft 41 to facilitate axial or height adjustment
of the clamping assemblies 34 relative to the first or second arm 14, 16 to which the clamping
assembly 34 is mounted. Such axial or height adjustment of the clamping assemblies 34

provides an additional measure by which the frame assembly 12 may be adjusted to be
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complementary to a structure 168 or surface 170 to which the frame assembly 12 may be
mounted. By rotating the shaft and/or by rotating the clamping assembly 34 about the shaft,
the distance from the clamping assembly 34 to the arm may be adjusted. A jam nut may be
provided on the mounting shaft 41 such that the axial position of the clamping assembly 34
may be locked in place after adjustment.

Referring still to Figures 1-6, in a preferred embodiment of the guide assembly 10, the
clamping assemblies 34 may be configured as vacuum cup assemblies 42 for vacuum or
suction attachment to one or more surfaces 170 of the structure 168. Each one of the vacuum
cup assemblies 42 may comprise one or more vacuum cups which may be mounted to the
first and/or second arms 14, 16 by means of the clamp mechanism 40 as described above.
Although shown as having a generally circular shape, the vacuum cup assemblies 42 may be
provided in any configuration and are not limited to the size, shape or configuration
illustrated. In order to attach the vacuum cup assemblies 42 to the surface 170, vacuum may
be provided to each one of the vacuum cup assemblies 42 by means of one or more conduits
150 which may be interconnected at a manifold 148. Vacuum may be provided by a vacuum
source 144 such as a compressor pump (not shown) or other suitable vacuum supply. The
vacuum source 144 may be fluidly connected to the guide assembly 10 by means of the
fitting shown in Figure 3 which may extend outwardly from a control module housing 142 of
a control module 140 of the guide assembly 10.

The control module 140 may house a variety of components for regulating the
vacuum for distribution to each one of the vacuum cup assemblies 42. For example, the
control module 140 may house components including, but not limited to, sensors, regulators,
filters, check and/or safety valves and a variety of additional components that may be
required for operating the clamping assemblies 34. An activation switch 146 for regulating
operation of the clamping assemblies 34 may be included with the control module housing
142 to initiate the application of vacuum to the vacuum cup assemblies 42. Deployment of
the activation switch 146 may cause a vacuum source 144 to apply a vacuum force to each
one of the vacuum cup assemblies 42 through the conduits 150. Selective control of each one
of the vacuum cup assemblies 42 may be provided by individual activation switches 146 for
cach one of the vacuum cup assemblies 42 such as the activation switch 146 mounted on the
vacuum cup assembly 42 of the first arm 14 as illustrated in Figure 3.

Referring briefly to Figures 4-5, shown is an embodiment of the guide assembly 10

wherein the clamping assemblies 34 are configured as magnet assemblies 44 for facilitating
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magnetic attachment of the guide assembly 10 to the structure 168. For example, one or
more of the magnet assemblies 44 may be mounted on each of the first and/or second arms
14, 16 as illustrated in Figure 4 similar to that which is illustrated with respect to the vacuum
cup assemblies 42 of Figures 1-3. In an embodiment, each one of the magnet assemblies 44
may comprise one or more permanent magnets. Alternatively, each one of the magnetic
mechanisms may comprise one or more electromagnets 48. Each electromagnet 48 may be
activated by applying electric current to generate an electromagnetic field creating attraction
with ferrous or otherwise magnetically-attractable material of the structure 168 in a manner
known in the art.

As shown in Figure 5, the magnet assemblies 44 may comprise the electromagnet 48
configuration which may be electrically connected to a power source by suitable wiring 152
or other conductive means for delivering electric current. The electromagnets 48 may be
activated by deploying the activation switch 146 which may be mounted on the control
module housing 142 and/or on each one of the magnet assemblies 44. Although shown as
having a generally disc-shaped configuration, the magnet assemblies 44 may be provided in
any size, shape and configuration. Furthermore, cach one of the magnet assemblies 44 may
be configured to be positonable or orientatable relative to the first or second arm 14, 16 to
which they are mounted in a manner similar to that which is described above with regard to
the vacuum cup assemblies 42.

Referring now to Figures 6-14, shown is the head assembly 50 of the guide assembly
10. In an embodiment, the head assembly 50 may be fixedly mounted to the frame assembly
12 such as by mechanical attachment utilizing one or more fasteners extending from an end
of the first arm 14 into a corresponding number of threaded bores formed in a head body 52
of the head assembly 50 as shown in Figure 7. The head assembly 50 is configured such that
a tool 110 is axially movable relative to the head assembly 50 in order to cause the tool 110
to exert a down force onto a structure 168 or surface 170 or onto a fastener 166 to which the
tool 110 may be engaged. The down force may be applied as a result of attachment of the
frame assembly 12 to the structure 168 or surface 170 by means of the clamping assemblies
34. The head assembly may be used independent of the frame assembly and the down force
may alternatively be applied as a result of attachment of the head assembly to separate
tooling or fixtures (not shown) as described above.

As can be seen in Figures 7-8, the head assembly 50 may include a tool sleeve 96

which may be threadably coupled to the head assembly 50 such that rotation of the tool

20-



10

15

20

25

30

WO 2011/005703 PCT/US2010/040954

sleeve 96 results in axial movement of the tool 110. For example, clockwise rotation of the
tool sleeve 96 may result in movement of the tool 110 away from the head assembly 50 while
counterclockwise rotation of the tool sleeve 96 may result in drawing the tool 110 toward the
head assembly, depending upon the thread configuration coupling the tool sleeve 96 to the
head assembly 50 (i.e., left-hand threads or right-hand threads). As shown in Figure 11,
rotation of the tool sleeve 96 results in movement of the tool 110 toward the fastener 166
installed in the structure 168.  Conversely, rotation of the tool sleeve 96 in a
counterclockwise direction draws the tool 110 upwardly toward the head assembly 50 and
away from the fastener 166 as described in greater detail below.

Referring to Figure 8, the head assembly 50 may include an alignment mechanism
102 in order to facilitate adjusting an orientation of the tool 110 relative to the frame
assembly 12. The alignment assembly provides a means for orienting the tool 110 such that a
tool axis 104 of the tool 110 may be aligned with a fastener axis 180 of the fastener 166. The
alignment mechanism 102 may also facilitate orienting the tool 110 into alignment with a
hole axis of a hole to be drilled at a predetermined hole location 184. In an embodiment, the
alignment mechanism 102 may comprise a bearing assembly 70 to facilitate adjustable
orientation of a head angle 0y, of the tool 110 relative to the frame assembly 12 as shown in
Figures 6 and 9. For example, the bearing assembly 70 may comprise a spherical bearing 74
which may be rotatably mounted within a bearing collar 72 as best seen in Figure 8. The
bearing collar 72 may, in turn, be housed or contained within the head body 52.

As shown in Figure 8, the bearing collar 72 may include a slot 68a at a radial position
of the bearing collar 72 to facilitate clamping of the spherical bearing 74 at a desired
orientation. Likewise, the head body 52 may include a slot 68b at a radial position thereof as
shown in figure 7 such that the spherical bearing 74 may be clamped into position following
adjustment of an orientation of the tool 110. The head assembly 50 may include a head
handle 54 having a threaded shaft 56 extending into a threaded bore 58 formed in the head
body 52. Rotation of the head handle 54 facilitates clamping or unclamping of the bearing
collar 72 around the spherical bearing 74. A spacer 60 may be receivable within the slots
68a, 68b formed in the head body 52 and the bearing collar 72 to maintain the bearing collar
72 in position within the head body 52. The threaded shaft 56 may extend through a hole in
the spacer 60 in order to retain the spacer 60 with the head assembly 50. The spacer 60 may
have a reduced thickness relative to a width of the slots 68a, 68b such that the bearing collar

72 may be clamped around the spherical bearing 74. The spacer 60 may maintain the angular

21-



10

15

20

25

30

WO 2011/005703 PCT/US2010/040954

position of the slot 68b in alignment with the slot 68a to prevent rotation of the bearing collar
72 to a position that may limit the ability to clamp the bearing collar 72 around the spherical
bearing 74.

To facilitate alignment of the head body 52 with the frame assembly 12, an alignment
pin 64 may be provided with the frame assembly 12 wherein the alignment pin 62 is
insertable into a recess 66 formed in the head body 52. The alignment pin 64 may extend
outwardly from an end of the frame assembly 12 as shown in Figures 7-9 and may facilitate
mounting of the head body 52 onto the frame assembly 12. As noted above, the head body
52 may be fixedly mounted to the frame assembly 12 using one or more mechanical fasteners
extending from an end of the first arm 14 into a corresponding number of threaded bores in
the head body 52 as shown in Figure 7. The alignment pin 64 may facilitate the substitution
of one configuration of the head assembly 50 with a different configuration of the head
assembly 50 by maintaining alignment therebetween. In addition, the alignment pin 64 may
facilitate the transfer of shear load between the head assembly 50 and the frame assembly 12
as may occur during application of the down force by the head assembly 50 onto a fastener
166 during extraction thereof or during drilling of a fastener hole 176 into the structure 168.
As may be appreciated, a variety of different mechanisms may be incorporated into the head
body 52 to maintain the alignment of the head body 52 relative to the frame assembly 12.

Referring still to Figure 8, the head assembly 50 may include the bearing collar 72 as
noted above. The bearing collar 72 may be axially fixed or captured within a body bore 62 of
the head body 52 by means of a mechanical feature such as a bearing snap ring 78 that may
be received within a groove 86 formed in the head body 52 as shown in Figures 8-13. The
head body 52 may include a ridge optionally formed on a side of the head body 52 opposite
the bearing snap ring 78 and groove 86 such that the head body 52 may contain the bearing
collar 72. The bearing collar 72 may be adapted to receive a bearing sleeve 80 preferably
sized and configured to fit within the bearing bore 76 of the spherical bearing 74. The
bearing sleeve 80 may include sleeve snap rings 84 and/or sleeve ribs formed on one or both
of opposing sides of the spherical bearing 74 in order to maintain axial positioning of the
bearing sleeve 80 relative to the spherical bearing 74. The bearing sleeve 80 may extend
outwardly from one of axially opposing ends of the spherical bearing 74. The bearing sleeve
80 may include a bearing sleeve bore 88 for receiving the tool sleeve 96. As can be seen in
Figure 8, the tool sleeve 96 may have a threaded cylindrical outer diameter for threadably

engaging an internally threaded portion 92 of the bearing sleeve 80. The rotation of the tool
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sleeve 96 results in axial motion of the tool 110. As indicated above, such axial motion
facilitates the application of a down force on a fastener 166 when the guide assembly 10 is
mounted to the structure 168. As illustrated in Figure 8, the bearing sleeve 80 may include
one or more flats 90 on an exterior of the bearing sleeve 80 as a means to rotate the tool
sleeve 96 relative to the bearing sleeve 80. Rotation of the tool sleeve 96 may be provided by
means of the tool sleeve flange 98 which may be formed on one of opposing ends of the tool
sleeve 96. A jam nut 94 may be threadably coupled to the threaded tool sleeve 96 to lock the
position of the tool sleeve 96 relative to the bearing sleeve 80.

Referring still to Figure 8, the head assembly 50 may include a drive member 114
having a drive shaft 116 which may be rotatably inserted into the tool sleeve bore 100. The
drive member 114 may have a proximal end 118 and a distal end 120. The proximal end 118
may include a recess for receiving an internal drive such as a square drive of a conventional
ratchet wrench 160 or other drive mechanism for rotating the drive member 114. The distal
end 120 of the drive member 114 may include an external square drive or other suitable end
configuration to which an adapter 124 may be coupled. In an embodiment, the adapter 124
and screw drive bit 128 may comprise a screw guide assembly 112. As shown in Figure 8,
the tool 110 such as the screw drive bit 128 may be releasably engaged to an end of the
adapter 124 by means of a square drive formed on the adapter 124. The adapter 124 may
include an internal recess for coupling to the distal end 120 of the drive member 114.
However, the adapter 124 may be altogether omitted and the tool 110 may be directly
coupled to the drive member 114. A ball 122 and detent 126 mechanism may be provided in
any one of the interfaces between the drive member 114, adapter 124 and tool 110 to
maintain engagement therebetween.

Referring to Figure 9, shown is a sectional illustration of the head assembly 50
illustrating the drive member 114 mounted within the tool sleeve 96 which, in turn, is
threadably coupled to the bearing sleeve 80. The bearing sleeve 80 may be axially fixed
relative to the spherical bearing 74 but may be rotatably adjustable in relation to the spherical
bearing 74. The adapter 124 and/or the tool 110 are preferably sized and configured to fit
within the bearing sleeve 80. For example, the adapter 124 and/or the tool 110 may have an
outer diameter which is preferably no larger than an inner diameter of the internally threaded
portion 92 of the bearing sleeve 80. In this manner, rotation of the tool sleeve 96 may draw
the adapter 124 and/or tool 110 upwardly into the bearing sleeve 80. However, by

maintaining the outer diameters of the tool 110 and adapter 124 less than the inner diameter
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of the threaded portion of the bearing sleeve 80, the adapter 124 and tool 110 may be axially
moved through the entire length of the bearing sleeve 80. Such an arrangement may facilitate
installation of the adapter 124 and tool 110 into the bearing sleeve 80. However, the outer
dimensions of the adapter 124 and/or tool 110 may be larger than the inner dimension of the
bearing sleeve 80 such that attachment of the adapter 124 and/or tool 110 to the drive
member 114 must be performed on a side of the head assembly 50 opposite the drive member
114 (i.e., below the head assembly) when the frame assembly 12 is mounted to the structure
168 as illustrated in Figure 9.

Referring still to Figure 9, shown is the tool 110 which is illustrated as a screw drive
bit 128. The screw drive bit 128 may have a fastener bit configuration adapted to engage
drive recesses such as a Phillips, slot, Torx, Allen, etc. which may be formed in a fastener
166 head of a fastener 166. In this manner, the guide assembly 10 may be employed for
installation and removal of fasteners 166. In this regard, installation or removal of a fastener
166 may be facilitated with the use of a ratchet or wrench 160 or any other suitable tool 110
engaging the drive member 114. For example, the ratchet wrench 160 illustrated in Figure 9
may include a square drive for engaging the internal recess in the proximal end 118 of the
drive member 114.

Installation of the fastener 166 into the structure 168 as illustrated in Figure 9 may be
facilitated by threadably engaging the tool sleeve 96 into the bearing sleeve 80 by rotating the
tool sleeve flange 98 by hand/or by using an appropriate fixture. The tool sleeve flange 98
may include flats, knurls, or other features which may facilitate grasping and rotating the tool
sleeve flange 98. As can be seen, rotation of the tool sleeve 96 in a clockwise direction
results in axial movement of the tool 110 away from the head assembly. The adapter 124
may include an upper circumferential edge which may bear against a lower edge of the tool
sleeve 96. In this manner, the down force is transmitted between the lower end of the tool
sleeve 96 and the adapter 124 and between the adapter 124 and the tool 110. In an
embodiment, the drive member 114 is freely rotatable within the tool sleeve 96. The drive
member 114 may be non-rotatable while the tool sleeve 96 is rotated in order to axially move
the tool 110 into engagement with the fastener 166 without rotating the tool 110.

Following engagement of a tip of the tool 110 with the fastener 166 drive recess as
shown in Figure 9, the drive member 114 may then be rotated in unison with the tool sleeve
96 in order to threadably engage the fastener 166 into the fastener hole 176. Conversely, to

remove the fastener 166 from the fastener hole 176, the drive member 114 and the tool sleeve
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96 may be rotated in unison in a counterclockwise direction. However, the down force
applied to the fastener 166 may be controlled by holding the tool sleeve 96 stationary while
rotating the drive member 114 or by rotating the tool sleeve 96 at a slower rate than the rate
at which the drive member 11 is rotated. Increasing amounts of down force may be applied
by maintaining the tool sleeve 96 in a non-rotating manner while the drive member 114 is
rotated when removing the fastener 166 from the fastener hole 176.

Increasing amounts of down force may be desirable for removing frozen fasteners 166
to maintain engagement of the tool 110 tip with the fastener 166. In an embodiment, the
guide assembly 10 may facilitate the application of the down force of up to 300 pounds or
greater. As may be appreciated, the magnitude of the down force is dependent at least in part
upon the strength of the attachment between the clamping assemblies 34 and the structure
168. The magnitude of the down force may be proportional to the collective magnitudes of
the suction forces at each one of the vacuum cup assemblies 42. For magnet assembly 44
configurations of the clamping assemblies 34, the magnitude of the down force may be
dependent upon the magnitude of the attraction with the structure 168 to which the frame
assembly 12 is attached. Other factors affecting the magnitude of the down force include the
general stiffness and strength of the frame assembly 12.

Referring to Figure 10, shown is a sectional illustration of the head assembly 50
wherein the tool sleeve 96 includes a drill guide 130 that may be sized and configured to
accept a drill bit 164 for forming an engagement hole 178 in the fastener 166 or a fastener hole
176 in a structure 168. As can be seen, the drill guide 130 may include a guide flange 134 for
engagement with the tool sleeve flange 98 of the tool sleeve 96. Although the drill guide 130
is illustrated as having a length that results in a spacing between an end of the drill guide 130
and the surface 170, the drill guide 130 may alternatively be provided in a length that extends
to the surface 170 as shown in Figure 14. By providing the drill guide 130 in a length that
contacts the surface 170 into which the hole is to be formed, a down force may be applied to
the surface 170 while drilling the hole which may stabilize the structure 168 into which the
hole is drilled.

For example, as illustrated in Figure 14, the structure 168 may comprise a first element
172 disposed in layered arrangement to a second element 174. The fastener 166 may extend
through the first and second elements 172, 174. By providing the drill guide 130 in a length
that contacts the surface 170, the first element 172 and second element 174 may resist

spreading apart adjacent the fastener hole and drawing in burrs or chips generated by the
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drilling process. By apply the down force to the first and second elements 172, 174 using the
end of the tool sleeve 96/drill guide 130, the tendency of the first and second elements 172,
174 to develop a spacing that may draw in chips is reduced. In addition, by providing the drill
guide 130 in a length that may be placed in contacting relation with the surface 170, bending
of an unsupported portion of the drill bit 164 may be reduced. In this regard, the drill guide
130 may improve the locational accuracy by which holes may be drilled. The drill guide 130
may be sized to fit within the tool sleeve 96 as shown in Figure 10. Alternatively, the tool
sleeve 96 may be configured as the drill guide 130 and may be directly engaged to the bearing
sleeve 80 as shown in Figure 14.

Referring to Figures 11-13, shown is a sequence of operations during which a fastener
166 may be removed using the guide assembly 10. In the embodiment illustrated in Figure 11,
the tool sleeve 96 may be rotated in a clockwise manner (i.c., for right-hand threads) in order
to axially move the tool 110 downwardly away from the head assembly 50 and into
engagement with an engagement hole 178 which may be formed in the fastener 166. As was
carlier mentioned, the engagement hole 178 may be formed using a drill guide 130 placed in
the tool sleeve 96 as shown in Figure 10. Referring to Figure 12, shown is the tool 110
engaged to the engagement hole 178 of the fastener 166 due to the rotation of the tool sleeve
96 relative to the bearing sleeve 80 and resulting axial movement of the tool 110. In this
regard, Figure 12 illustrates initiation of removal of the fastener 166 after the tool 110 is
engaged to the engagement hole 178. In this regard, rotation of the drive member 114 results
in rotation of the fastener 166 for removal from the fastener hole 176. If the tool sleeve 96 is
maintained in non-rotating relation to the drive member 114 or reduced rotation relative to the
drive member 114 while the drive member 114 is rotated, the down force on the fastener 166
will increase as the fastener 166 moves upwardly out of the fastener hole 176. In this manner,
the down force may be regulated in order to maintain engagement of the tool 110 with the
fastener 166. The tool sleeve 96 and drive member 114 may also be rotated in unison to
remove the fastener 166 from the fastener hole 176 without increasing the down force.

Figure 13 illustrates disengagement of the threaded fasteners 166 from the fastener
hole 176 by rotation of the drive member 114. As can be seen, the jam nut 94 that is
threadably coupled to the tool sleeve 96 and may rotate with the tool sleeve 96 during the
fastener 166 removal process. The fastener 166 may be removed from the tool 110 and a
replacement fastener 166 may be inserted using conventional methods. As indicated above,

the tool 110 may be provided in a variety of configurations. For example, the tool 110 may be
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provided as a screw drive bit 128 configured as an extractor bit for extracting a fastener 166
frozen in position. The tool 110 may also be provided as a fastener bit for installing and/or
removing a fastener 166 by engaging the tool 110 to a drive recess formed in the fastener 166
or by using external features of the fastener 166 such as a socket drive coupled to a hex-shaped
fastener head. In addition, the tool 110 may be configured as a removable drill guide 130
sized and configured to receive a drill bit 164 mounted in a drill gun 162 for drilling an
engagement hole 178 in the fastener 166 as illustrated in Figure 10 and/or for drilling a
fastener hole 176 in the structure 168 as illustrated in Figure 14.

Referring to Figure 15 and with additional reference to Figures 1-14, shown is a flow
diagram illustrating a methodology for engaging a fastener 166 that may be mounted in a
structure 168. The method may comprise step 200 of attaching the guide assembly 10 to the
structure 168. As described above, the tool 110 is axially movable relative to the head
assembly 50 to exert the down force on the structure 168 when the frame assembly 12 is
attached to the structure 168. The guide assembly 10 may include the frame assembly 12
having one or more arms (e.g., first and second arms 14, 16) to facilitate attachment of the
frame assembly 12 to the structure 168. The arms may be adjustably positioned relative to one
another in any one of a variety of tube angles 0; such as that which is illustrated in Figure 3. In
this regard, the step of attaching the guide assembly 10 to the structure 168 may further
comprise loosening the swivel mechanism 18 by rotating the swivel handle 32 such that the
first and second arms 14, 16 are freely pivotable relative to one another. The method may then
comprise adjusting an orientation of the first and second arms 14, 16 relative to one another to
facilitate attachment of the frame assembly 12 to the structure 168. The method may further
include tightening or clamping the swivel mechanism 18 in order to lock the orientation of the
first arm 14 relative to the second arm 16 by rotating the swivel handle 32 to clamp the first
and second arms 14, 16 between the upper, intermediate and lower fittings 26, 28, 30 as
illustrated in Figure 9.

Referring still to Figure 15, the methodology of engaging a fastener 166 with the tool
110 using the guide assembly 10 may further comprise loosening or disengaging the clamping
mechanisms connecting the clamping assemblies 34 to the first and/or second arms 16. The
step of attaching the guide assembly 10 to the structure 168 may comprise loosening the clamp
mechanism 40 such that the clamp mechanism 40 is adjustably orientatable relative to one of
the first and second arms 14, 16. The step may further comprise adjusting the orientation of

the clamping assemblies 34 such that each one of the clamping assemblies 34 is preferably

27-



10

15

20

25

30

WO 2011/005703 PCT/US2010/040954

substantially aligned with the surface 170. In this regard, the clamping assemblies 34 are
preferably oriented to be co-planar with the surface 170. For contoured surfaces, the method
may comprise orienting the clamping assemblies 34 to be substantially parallel to a tangent of
a contoured surface 170. Upon adjusting the orientation of the clamping assemblies 34, the
step may further comprise tightening the mounting of the clamping mechanisms 40 in order to
lock the orientation of the clamping assemblies 34 relative to the first and second arms 14, 16.

Upon positioning of the vacuum assemblies and/orientation of the first and second
arms 14, 16 relative to one another, the step of attaching the guide assembly 10 to the structure
168 may further comprise applying a vacuum to the vacuum cup assembly 42 configuration of
the clamping assembly 34. In this manner, a suction force is applied to the surface 170 by the
vacuum cup assemblies 42 in order to attach the guide assembly 10 thereto. For the magnetic
assembly 44 configuration of the clamping assembly 34 as illustrated in Figures 4 and 5, the
step of attaching the guide assembly 10 to the structure 168 may comprise applying an electric
current to each one of the electromagnets 48 of the magnetic assemblies 44 in order to
magnetically attract the magnetic assemblies 44 to the structure 168. As was indicated above,
the structure 168 is preferably fabricated of ferrous (e.g., metallic) material or any other
magnetically attractable material.

Referring still to Figure 15, step 202 may comprise aligning the head assembly 50 with
the fastener 166 after or during attachment of the guide assembly 10 to the structure 168. As
indicated above, the head assembly 50 may include the bearing assembly 70 such as the
spherical bearing 74 contained within the bearing collar 72 of the bearing body as illustrated in
Figures 7-14. The orientation of the spherical bearing 74 may be adjusted by loosening the
clamping force exerted thereupon by the head body 52. More specifically the head handle 54
may then be rotated to clamp the orientation of the spherical bearing 74. In this manner, and
with reference to Figures 9-14, the head assembly 50 may be aligned with the fastener 166 or
with the surface 170 by aligning the tool axis 104 of the tool 110 with the fastener axis 180 of
the fastener 166. In this regard, the spherical bearing 74 may be rotated within the bearing
collar 72 until the tool axis 104 is substantially aligned with the fastener axis 180.

Step 204 may comprise engaging the tool 110 to the engagement hole 178 of the
fastener 166. As described above, the head assembly 50 includes the tool sleeve 96 which
may be threadably coupled to the head assembly 50 such that rotation of the tool sleeve 96
relative to the head assembly 50 causes relative axial movement therebetween. In this manner,

the tool 110 may be axially moved away from the head assembly 50. In order to engage the
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tool 110 to the engagement hole 178 of the fastener 166, the tool sleeve 96 may be rotated
relative to the head assembly 50 as shown in Figure 11 until the tool 110 engages the
engagement hole 178 formed in the fastener 166 as illustrated in Figure 12. Step 206 may
comprise applying the down force to the fastener 166 by moving the tool 110 axially relative
to the head assembly 50. The down force may be increased by increasingly rotating the tool
sleeve 96 relative to the head assembly 50. For example, for configurations of the tool 110
adapted for removing the fastener 166, the tool 110 may be sized and configured as an
extractor bit as shown in Figures 11-13. The down force may be developed by rotating the
tool sleeve 96 relative to the head assembly 50 in order to embed or engage tecth of the
extractor bit into the inner diameter of the engagement hole 178 in the fastener 166. The
fastener 166 may then be removed by rotating the tool sleeve 96 in a counterclockwise
direction in combination with rotation of the drive member 114 as illustrated in Figure 13.

Referring to Figure 16 and with additional reference to Figures 1-14, shown is a flow
diagram illustrating the methodology of drilling (i.c., boring or forming) a fastener hole 176 in
a structure 168. The method comprises step 220 of attaching the guide assembly 10 to the
structure 168 as described above. Step 222 may comprise inserting a drill guide 130 into the
head assembly 50. The drill guide 130 may be configured as illustrated in Figure 10 and may
be inserted into the tool sleeve 96. The drill guide 130 may be provided in any length
including a length sufficient to contact the surface 170. In an embodiment, the drill guide 130
may comprise the tool sleeve 96 wherein the tool sleeve 96 (i.c., drill guide 130) is threadably
coupled to the bearing sleeve 80 as illustrated in Figure 14. The drill guide 130 (i.e., tool
sleeve 96) may extend completely through the bearing sleeve 80 and may contact the surface
170 of the structure 168 into which the fastener hole 176 is to be drilled or formed. A down
force may be applied by rotating the tool sleeve 96 (i.e., drill guide 130) to force the drill guide
130 against the surface 170. Step 224 may comprise aligning the drill guide 130 substantially
with a predetermined hole location 184. For example, as illustrated in Figure 14, the frame
assembly 12 may be mounted such that the drill guide 130 is centered on a predetermined hole
location 184. In addition, the drill guide 130 may be substantially aligned with the hole axis of
the fastener hole 176 at the predetermined hole location 184 by loosening the spherical bearing
74 and adjusting the orientation thereof. Step 226 may comprise drilling the fastener hole 176
at the predetermined hole location 184 such as illustrated in Figures 10 and 14.

Referring to Figure 17, shown is a flow chart illustrating a methodology of removing a

fastener 166 mounted in a structure 168. The method may comprise step 240 of attaching the
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guide assembly 10 to the structure 168 in the manner as described above with reference to the
flow chart of Figure 15. The guide assembly 10 includes the head assembly 50 which has the
tool sleeve 96 coupled to the spherical bearing 74. The tool sleeve 96 may be axially movable
relative to the spherical bearing 74. Step 242 may comprise inserting the drill guide 130 into
the tool sleeve 96 in the manner illustrated in Figure 10. The drill guide 130 preferably has an
outer diameter that is sized to be complementary to an inner diameter of the tool sleeve 96.
Likewise, the drill guide 130 preferably has an inner diameter that is preferably sized and
configured complementary to an outer diameter of the drill bit 164. In an embodiment, the
tool sleeve 96 may comprise the drill guide 130 as illustrated in Figure 14 such that the drill
guide 130 is threadably coupled to the bearing sleeve 80.

Step 244 may comprise aligning the tool sleeve 96 or drill guide 130 with the fastener
166 by rotating the spherical bearing 74. In a manner as indicated above, the tool sleeve 96 or
drill guide 130 may be oriented into substantial alignment with the fastener 66 by loosening
the head handle 54, orienting the tool sleeve 96 or drill guide 130 into alignment with the
fastener 166, and then rotating the head handle 54 in order to tighten the head body 52 around
the spherical bearing 74 to prevent rotation thereof. Step 246 may comprise drilling the
engagement hole 178 in the fastener 166 as illustrated in Figure 10. For example, an operator
may insert a drill bit 164 into the drill guide 130 as shown in Figure 10 to drill the engagement
hole 178 in the fastener 166. The engagement hole 178 is preferably centered in the fastener
166 in order to prevent breakout of the drill bit 164 into a side of the fastener 166 which may
damage the threaded bore (i.c., fastener hole 176) into which the fastener 166 is mounted. In
addition, the tool axis 104 is preferably substantially aligned (i.c., parallel with) the fastener
axis 180.

Step 248 comprises removing the drill guide 130 from the tool sleeve 96. The
methodology may comprise installing the drive member 114 in the tool sleeve 96 in step 250
as illustrated in Figure 11. As indicated above, the drive member 114 includes distal and
proximal ends 118, 120 with the distal end 120 being coupled to the adapter 124 which, in
turn, may be coupled to the tool 110. Alternatively, the tool 110 may be directly coupled to
the drive member 114 such as by engagement of a square drive on the distal end 120 of the
drive member 114 to an internal recess square drive formed in the tool 110. In this regard,
step 252 comprises coupling the tool 110 to an end of the drive member 114 such as to the
proximal end 118 thercof. Ball and detents as shown in Figure 8 or other suitable

mechanisms, if included, may maintain attachment of the drive member 114 to the adapter 124
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and attachment of the adapter 124 to the tool 110. Step 254 comprises engaging the tool 110
to the engagement hole 178 of the fastener 166 as illustrated in Figure 12. As indicated above,
the tool sleeve 96 is preferably threadably coupled to the spherical bearing 74 such that the
tool sleeve 96 may be moved axially relative to the spherical bearing 74 in step 256 in a
manner to cause axial movement of the tool 110.

The drive member 114 may be freely rotatable relative to the tool sleeve 96 such that
the tool sleeve 96 may be axially moved independent of rotation of the tool 110. Increasing
amounts of down force may be applied to the fastener 166 via the tool 110 by holding the
drive member 114 in non-rotating relation to the tool sleeve 96. More specifically, by rotating
the tool sleeve 96 while holding the drive member 114 stationary, the tool 110 may be
extended further away from the head assembly 50 resulting in an increasing amount of down
force applied to the fastener 166. In this manner, the teeth of the screw drive bit 128 or screw
extractor bit may be engaged to the material along the inner diameter of the engagement hole
178 in the fastener 166. Removal of the fastener 166 may be facilitated by rotating the screw
extractor bit while simultaneously rotating the tool sleeve 96. The rotation of the tool 110 and
tool sleeve 96 may also be performed in such a manner that down force may be continuously
applied to the tool 110. Furthermore, by rotating the tool sleeve 96 at a slower rate than the
rate at which the drive member 114 is rotated, a gradually decreasing amount of down force
may be applied on the fastener 166 as the fastener 166 is removed.

Referring to Figures 18-19, embodiments of the disclosure may be described in the
context of an aircraft manufacturing and service method 300 as shown in Figure 18 and an
aircraft 302 as shown in Figure 19. During pre-production, exemplary method 300 may
include specification and design 304 of the aircraft 302 and material procurement 306.
During production, component and subassembly manufacturing 308 and system integration
310 of the aircraft 302 takes place. Thereafter, the aircraft 302 may go through certification
and delivery 312 in order to be placed in service 314. While in service by a customer, the
aircraft 302 is scheduled for routine maintenance and service 316 (which may also include
modification, reconfiguration, refurbishment, and so on).

Each of the processes of method 300 may be performed or carried out by a system
integrator, a third party, and/or an operator (e.g., a customer). For the purposes of this
description, a system integrator may include without limitation any number of aircraft

manufacturers and major-system subcontractors; a third party may include without limitation
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any number of vendors, subcontractors, and suppliers; and an operator may be an airline,
leasing company, military entity, service organization, and so on.

As shown in Figure 19, the aircraft 302 produced by exemplary method 300 may
include an airframe 318 with a plurality of systems 320 and an interior 322. Examples of
high-level systems 320 include one or more of a propulsion system 324, an electrical system
326, a hydraulic system 328, and an environmental system 330. Any number of other
systems may be included. Although an acrospace example is shown, the principles of the
disclosed embodiments may be applied to other industries, such as the automotive industry.

Apparatus and methods embodied herein may be employed during any one or more of
the stages of the production and service method 300. For example, components or
subassemblies corresponding to production process 308 may be fabricated or manufactured
in a manner similar to components or subassemblies produced while the aircraft 302 is in
service. Also, one or more apparatus embodiments, method embodiments, or a combination
thereof may be utilized during the production stages 308 and 310, for example, by
substantially expediting assembly of or reducing the cost of an aircraft 302. Similarly, one or
more of apparatus embodiments, method embodiments, or a combination thercof may be
utilized while the aircraft 302 is in service, for example and without limitation, to maintenance
and service 316

Additional modifications and improvements of the present disclosure may be apparent
to those of ordinary skill in the art. Thus, the particular combination of parts described and
illustrated herein is intended to represent only certain embodiments of the present disclosure
and is not intended to serve as limitations of alternative embodiments or devices within the

spirit and scope of the disclosure.
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WHAT IS CLAIMED IS:

1. A guide assembly, comprising:

a frame assembly;

a plurality of clamping assemblies mountable to the frame assembly for
attaching the frame assembly to a structure; and

a head assembly mounted to the frame assembly and having a tool coupled
thereto, the tool being axially movable relative to the head assembly to cause the tool

to exert a down force on the structure when the frame assembly is attached thereto.

2. The guide assembly of Claim 1 wherein:
the head assembly includes a tool sleeve threadably coupled thereto such that

rotation of the tool sleeve results in axial movement of the tool.

3. The guide assembly of Claim 2 wherein:

the head assembly includes a drive member having the tool mountable on an
end thereof, the drive member extending through the tool sleeve and being freely
rotatable relative thereto such that the tool sleeve may be axially moved independent

of rotation of the tool.

4. The guide assembly of Claim 1 wherein:
the structure includes a surface;
at least one of the clamping assemblies comprises a vacuum cup assembly for

attachment to the surface.

5. The guide assembly of Claim 1 wherein:
at least one of the clamping assemblies comprises a magnetic mechanism for

magnetic attachment to the structure.

6. A method of engaging a fastener, comprising the steps of:
attaching a guide assembly to a structure, the guide assembly including a head
assembly having a tool movably coupled thereto;

engaging the tool to the fastener; and
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applying a down force to the fastener by moving the tool axially relative to the

head assembly.

7. The method of Claim 6 further comprising the step of:

rotating the tool while applying the down force to remove the fastener.

8. The method of Claim 6 wherein the tool is mounted to a tool sleeve threadably
coupled to the head assembly, the step of applying the down force to the fastener comprising:
rotating the tool sleeve relative to the head assembly to axially move the tool

away from head assembly.

9. The method of Claim 6 further comprising the step of:
aligning the head assembly with the fastener.

10.  The method of Claim 6 wherein the guide assembly includes at least one
vacuum cup assembly mountable to a surface of the structure, the step of mounting the guide
assembly to the structure comprising:

applying a vacuum to the vacuum cup assembly to attach the guide assembly

to the surface.
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ALIGNING THE HEAD ASSEMBLY WITH A FASTENER — 202

ENGAGING THE TOOL TO AN ENGAGEMENT HOLE OF 204
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%
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THE TOOL AXIALLY RELATIVE TO THE HEAD ASSEMBLY
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