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Description
BACKGROUND OF THE INVENTION
1. Technical Field

[0001] The presentinvention relates in general to me-
chanical fasteners and, in particular, to an improved sys-
tem for removing failed fasteners from structures that are
fabricated from composite materials.

2. Description of the Related Art

[0002] Some structures, such as the wing skins of high
performance aircraft, are formed from composite mate-
rials rather than from metals or metal alloys. Composite
materials offer anumber of advantages over metals, such
as a very high strength to weight ratio. Composite mate-
rials also have some disadvantages, including lower
hardness and durability compared to metallic materials.
Because of these disadvantages, composite materials
are not suitable for use as all structural components. For
example, metallic fasteners (e.g., bolts, screws, etc.) are
required to join some structural elements.

[0003] Unfortunately, even metallic fasteners are ca-
pable of failing due to improper installation or extended
service over time. There is a conventional procedure for
removing a failed fastener from composite materials. This
approach requires a technician to hand-drill a pilot hole
in the failed fastener, and then remove the fastener with
a conventional tool that is commonly referred to as an
"EZ-Out."

[0004] This conventional removal procedure does not
always work. When this method fails, the technician must
drill out the failed fastener at an even deeper level until
the head of the fastener breaks off from the threaded
portion of the bolt. Where and how the head breaks off
fromits shank is very unpredictable. Such fastener break-
age often leaves sharp burrs on the fastener shank that
must be pulled through the composite materials. The
sharp burrs cause damage to the inner surfaces of the
hole that the fastener was in. The damaged hole must
then be repaired or re-worked to accept an oversized
fastener at considerable additional cost.

[0005] Currently, this process requires technicians
with the highest level of skill available. All of the foregoing
drilling and repair operations are performed "free hand"
with little or no radial support or rigid guidance for the
precise control and alignment of the cutting tools used.
Such operations may be relegated to the mechanics on
the shop floor using whatever tools and/or methods they
are comfortable with. As a result, there is a high level of
variation in the success and quality of the operations per-
formed. Thus, an improved system, method, and appa-
ratus for removing failed fasteners from structures would
be desirable.

[0006] US2005/0204542, forming the basis for the pre-
amble of claim 1, discloses a method and apparatus for
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the removal of a broken stud from a cylinder head, and
rehabilitation thereof, and includes a precise alignment
block for attachment to at least two intact studs or stud
bores of a cylinder head for alignment of a pilot port over
the broken stud. Further holes in the block along the
length of the block match a stud pattern of a cylinder head
of pre-determined stud spacing. The apparatus compris-
es a series of replaceable steady pilots and correspond-
ing rotary tools in pairs, including an end mill and coop-
erating milling pilot for flat or concave milling of the end
of the broken stud; a drill bit and cooperating drilling pilot
for drilling the end of the broken stud; and a tap and co-
operating threaded tapping pilot to form new threads in
the cylinder head for accepting a new replacement stud.

SUMMARY OF THE INVENTION

[0007] In accordance with the present invention, there
is provided a system for removing failed fasteners, com-
prising: a structure having a plurality of holes formed
therein, each hole having an axis extending in a trans-
verse z-direction; structure fasteners mounted in respec-
tive ones of the holes; a guide positioned on the structure,
the guide being mountable directly to the structure with
at least one of the structure fasteners; a master bushing
that is swivel-mounted to the guide; a cutting tool located
in and extending through the master bushing for cutting
a fastener for removal from the structure; and a sliding
washer through which said at least one of the structure
fasteners extends, and that is slidably mounted and cap-
tured within a slot having a width in a lateral y-direction
in the guide, the sliding washer being movable in a lon-
gitudinal direction that is perpendicular to the y-direction
and the z-direction.

[0008] Embodiments of a system for removing failed
fasteners from structures are disclosed. The invention
removes failed fasteners by removing the head of the
fastener, rather than relying on the head to break off, in
a controlled manner that offers precise support and align-
ment for the cutting tools used by a technician. The in-
vention is particularly well suited for applications involv-
ing structures that are fabricated from composite mate-
rials.

[0009] In one embodiment, the invention comprises a
drill guide, interchangeable drill bushings and a cutting
tool. The drill guide is designed to mount virtually any-
where on an underlying structure using existing fasteners
and receptacles formed in the structure. This design per-
mits the drill guide to be rigidly attached to the structure
so that the cutting tool can be positioned and supported
directly over the failed fastener. After the drill guide is
mounted, cobalt or other suitable drill bits are extended
through a selected one of the drill bushings to drill a pilot
hole in the failed fastener. After the pilot hole is formed
at the appropriate diameter and depth, the cutting tool is
used through the drill bushing to cut off the head of the
failed fastener without contacting the surrounding com-
posite materials. Advantageously, the mounted drill
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guide does not have to be re-positioned as all operations
required to remove the failed fastener are accomplished
through the drill bushings contained in the drill guide.
[0010] The foregoing and other objects and advantag-
es of the present invention will be apparent to those
skilled in the art, in view of the following detailed descrip-
tion of the present invention, taken in conjunction with
the appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Thedrawingsillustrate only some embodiments
of the invention and therefore are not to be considered
limiting of its scope as the invention is defined by the
appended claims.

FIG. 1 is an isometric view of one embodiment of a
fastener removaltool constructed in accordance with
the invention, and is shown installed on a workpiece;
FIG. 2 is a sectional side view of one embodiment
ofthe tooland workpiece of FIG. 1 and is constructed
in accordance with the invention;

FIG. 3 is an exploded side view of one embodiment
of the tool of FIG. 1 and is constructed in accordance
with the invention;

FIG. 4 is a top view of one embodiment of the tool
of FIG. 3 and is constructed in accordance with the
invention;

FIG. 5 is a sectional side view of one embodiment
of a sliding washer for mounting the tool of FIG. 3
and is constructed in accordance with the invention;
FIG. 6 is a top view of one embodiment of the sliding
washer of FIG. 5 and is constructed in accordance
with the invention;

FIG. 7 is an enlarged schematic sectional side view
of one embodiment of the tool of FIG. 3 being used
to remove a fastener from a workpiece and is con-
structed in accordance with the invention; and

FIG. 8 is an enlarged sectional view of one embod-
iment of a drill bushing portion of the tool of F1G. 3
demonstrating a range of swivel motion of the drill
bushing.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Referringto FIGS. 1 - 8, embodiments of a sys-
tem, method, and apparatus forremoving failed fasteners
from structures are disclosed. The invention is particu-
larly well suited for removing fasteners from structural
components or assemblies that are formed from com-
posite materials.

[0013] In one embodiment, the invention comprises a
structure such as an assembly having two structural com-
ponents 11, 13 (FIGS. 1 and 2). The structure has a plu-
rality of holes 15 formed therein. Each hole 15 has an
axis extending in a transverse or "z" direction. Conven-
tional existing or structure fasteners 17 (e.g., screws,
bolts, etc.) are mounted in respective ones of the holes
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15 for securing the assembly of structural components
11, 13.

[0014] A guide 21 is positioned on the structure. The
guide 21 has a body 22 that generally extends in a lon-
gitudinal or "x" direction. The guide 21 is mountable di-
rectly to the structure with at least one of the structure
fasteners 17 (e.g., two are shown securing guide 21 to
the structure). The guide 21 has a width that extends in
a lateral or "y" direction.

[0015] A plate 25 is mounted to the body 22 with fas-
teners and also extends in the x direction. The plate 25
secures one or more sliding washers 27 (e.g., two shown
in FIGS. 3 and 4) in a slot 29 formed between the body
22 and plate 25. Detailed views of the sliding washers
27 are shown in FIGS. 5 and 6.

[0016] AsshowninFIG. 4, the plate 25 is provided with
an oval aperture 31 extending in the x-direction and
through which access to the sliding washers 27 is pro-
vided. The structure fasteners 17 extend through one or
more of the sliding washers 27 to secure the guide 21 to
the structure.

[0017] The sliding washers 27 are slidably mounted
and captured within the slot 29, which has a width ex-
tending in the y-direction in the guide 21. The sliding
washers 27 are movable in the x-direction relative to the
guide 21. As shown in the drawings, at least two sliding
washers 27 may be provided in one embodiment, and
each sliding washer 27 is countersunk 28 (FIGS. 5 and
6) for the structure fasteners 17.

[0018] Referring now to FIGS. 2 - 4, a master bushing
23 is movably mounted to or in the guide 21. In one em-
bodiment, the master bushing 23 is swivel-mounted in
the guide 21 and is retained in the guide 21 by snaprings.
The master bushing 23 is located in an aperture having
a spherical inner surface. The master bushing 23 has a
spherical outer surface that is closely received by the
aperture. As shownin FIG. 8, this design gives the master
bushing 23 a rotational range of freedom on the order of
15°to 17° relative tothe guide 21. Slip fitrenewable (SFR)
bushings, sized appropriately for the selected cutting
tool, are then utilized through the master bushing 23 to
provide accurate alignment of the cutting tool.

[0019] In one embodiment, the cutting tools may be
provided with a stop 43 (FIGS. 1 and 2) for limiting trans-
verse travel of a cutting tool 41 (FIGS. 2 and 7) relative
to the guide 21. The cutting tool 41 is located in and ex-
tends through the master bushing 23 for cutting a select-
ed one of the structure fasteners 17 for removal from the
structure 11. The cutting tool 41 may comprise a drill bit
with a piloted countersink 45 (e.g.. formed on the order
of 40 degrees to vertical) that is dependent on a diameter
of the structure fasteners 17.

[0020] The guide 21 also has means for locking a mo-
tion of the master bushing 23 relative to the guide. In one
embodiment, the means for locking comprises a split
sleeve 33 (FIGS. 3 and 4) thatis formed about the master
bushing 23. A bolt or screw 35 extends laterally through
the split sleeve 33 adjacent the master bushing 23 for
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securing the master bushing 23 in a desired orientation
relative to the guide 21.

[0021] In one embodiment, the method accurately re-
moves fouled fasteners from underlying structures. The
guide is provided with interchangeable drill bushings to
ensure proper cutting tool alignment and centrality
throughout the process. For example, the invention may
be provided with tools for removal of fasteners having a
3/8-inch (0.95cm) diameter, and kits for multiple other
sizes, including 3/16-inch (0.48cm), 1/4-inch (0.64cm),
5/16-inch (0.79cm), 3/8-inch (0.95cm), etc. diameters.
[0022] In operation, the method may comprise mount-
ing the guide to the structure utilizing the existing fasten-
ers already located in the structure. Using a drill with an
appropriate driver 51 (e.g., FIGS. 1 and 2) a drill bit is
extended through the master bushing 23 and located at
a center of (i.e., co-axially align with) the fastener 17 to
be removed. After center alignment between the bit and
the fastener to be removed, the body 22 of the guide 21
is positioned such that at least one of the sliding washers
27 aligns with another one of the existing structure fas-
teners 17. The use of more than one sliding washer 27
and existing structure fastener 17 is desirable for addi-
tional stability during the process. These other structure
fastener(s) 17 are then loosened and reinstalled into their
holes after being inserted through the respective sliding
washer(s) 27. The drill bit must still align the fastener to
be removed after the guide 21 is attached and mounted
to the structure 11.

[0023] In one embodiment, a 1/4-inch (0.64cm) SFR
drill bushing may be mounted in the master bushing 23.
A 1/4-inch (0.64cm) ball end carbide rotary file may be
used to relieve or remove the drive slots formed in the
head on the fastener to be removed. This allows for an
uninterrupted drill start. A slow speed (e.g., 300 to 400
rpm) hand drill motor may be used for all fastener sizes.
Atfter relieving the fastener head drive slots, the SFR drill
bushing may be changed to a #30 SFR drill bushing.
[0024] For example, for 3/8-inch (0.95cm) fasteners,
the fastener to be removed may then be drilled to form
a pilot hole therein with a #30 cobalt twist drill bit. After
the #30 pilot hole is established, the SFR drill bushing
may be changed to a 7/32-inch (0.56cm) SFR drill bush-
ing, and the fastener then drilled with a 7/32" (0.56cm)
cobalt (or other style) twist drill bit. At this stage, the tech-
nician may try using a #4 EZ-Out for removal of the fas-
tener. In cases where the threads of the fastener are
stripped, this procedure will remove the fastener. How-
ever, if the preceding step is unsuccessful, then the nut
plate that secures the fastener is the problem (i.e., the
nut plate spins). This will require the removal of the fas-
tener head from its shank by cutting in order to complete
the removal of the fouled fastener. The SFR drill bushing
may be changed to a 5/16-inch (0.79cm) SFR drill bush-
ing, and the fastener drilled with a 5/16-inch (0.79cm)
cobalt twist drill bit. The 5/16" (0.79cm) SFR drill bushing
is then removed from the master bushing 23 and the head
from the fastener is then removed utilizing the piloted
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countersink tool 41 (FIG. 7). Once the countersink tool
41 completely cuts through the fastener head, the entire
fastener (i.e., fastener shank and nut plate) will push
through the structure and be effectively removed. Cau-
tion should be exercised during this operation to ensure
that the countersink tool 41 does not cut into the existing
countersink 61 in the structure.

[0025] The invention has numerous advantages over
conventional failed fastener removal techniques. For ex-
ample, the system allows for accurate, rigid location and
support of cutting tools used in the removal of failed fas-
teners. This invention aids the technicians performing
the removal, and also reduces the associated risks by
cutting off the fastener head instead of relying on the
head to break off.

[0026] The invention provides a well-defined and re-
peatable removal process that allows suspect fasteners
to be removed from composite materials without requir-
ing expensive and time consuming rework of the com-
posite material. The removal system mounts over the
suspect fastener and provides a set of guides and bush-
ings that allow a pilot hole to be made in the suspect
fastener to an appropriate and repeatable diameter and
depth. When necessary, a specialized cutting tool is ap-
plied using the same set of guides and bushings to re-
move the head without damaging the composite material.
This method does not leave a burr or otherwise damage
the composite material in which the fastener was in-
stalled.

[0027] While the invention has been shown or de-
scribed in only some of its forms, it should be apparent
to those skilled in the art that it is not so limited, but is
susceptible to various changes without departing from
the scope of the invention as defined in the appended
claims.

Claims
1. A system for removing failed fasteners, comprising:

a structure (11, 12) having a plurality of holes
(15) formed therein, each hole having an axis
extending in a transverse z-direction;

structure fasteners (17) mounted in respective
ones of the holes (15);

a guide (21) positioned on the structure (11,12),
the guide (21) being mountable directly to the
structure (11, 12) with at least one of the struc-
ture fasteners (17);

a master bushing (23) that is swivel-mounted to
the guide (21);

a cutting tool (41) located in and extending
through the master bushing (23) for cutting a
fastener for removal from the structure (11, 12);
and

a sliding washer (27) through which said at least
one of the structure fasteners extends, and that
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is slidably mounted and captured within a slot
(29) having a width in a lateral y-direction in the
guide, the sliding washer being movablein a lon-
gitudinal direction that is perpendicular to the y-
direction and the z-direction.

A system as claimed in Claim 1, wherein the master
bushing (23) has a spherical outer surface and has
a rotational range of freedom on the order of 15° to
17° relative to the guide (21).

A system as claimed in Claim 1 or 2, wherein the
cutting tool (41) has a stop for limiting a transverse
travel of the cutting tool relative to the guide.

A system according to any one of the preceding
claims, wherein the cutting tool comprises a drill bit
with a piloted countersink (45) that is dependent on
a diameter of the structure fasteners (17).

A system as claimed in any of Claims 1 to 4, wherein
the sliding washer (27) comprises at least two sliding
washers, and each sliding washer is countersunk
(28) for the structure fasteners (17).

A system as claimed in any of Claims 1 to 5, wherein
the guide (21) comprises a body (22) extending in a
longitudinal x-direction, a plate (25) mounted to the
body for securing the sliding washer (27) in the slot
(29), and means for locking a motion of the master
bushing (23) relative to the guide; and wherein the
means for locking comprises a split sleeve (33)
formed about the master bushing (23) and a screw
(35) extending laterally through the split sleeve ad-
jacent the master bushing for securing the master
bushing in a desired orientation relative to the guide
(21).

Patentanspriiche

System zum Entfernen fehlgeschlagener Befesti-
gungselemente, das Folgendes umfasst:

eine Struktur (11, 12) mit einer Vielzahl von darin
gebildeten Léchern (15), wobei jedes Loch eine
Achse aufweist, die sich in einer transversalen
z-Richtung erstreckt;

Strukturbefestigungen (17), die in jeweiligen der
Lécher (15) angebracht sind;

eine Fuhrung (21), die auf der Struktur (11, 12)
angeordnet ist, wobei die Fihrung (21) mit min-
destens einer der Strukturbefestigungen (17) di-
rekt an der Struktur (11, 12) angebracht werden
kann;

eine Hauptbuchse (23), die schwenkbar an der
Fihrung (21) angebracht ist;

ein Schneidwerkzeug (41), das in der Haupt-
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buchse (23) angeordnetist und sich durch diese
erstreckt, um ein Befestigungselement zu
schneiden und dieses von der Struktur (11, 12)
zu entfernen; und

eine Gleitscheibe (27), durch die sich das min-
destens eine der Strukturbefestigungselemente
erstreckt und die verschiebbar in einem Schlitz
(29) montiert und gefangen ist und eine Breite
in einer seitlichen y-Richtung in der Fiihrung auf-
weist, wobeidie Gleitscheibe in einer Langsrich-
tung beweglich ist, die senkrecht zu der y-Rich-
tung und der z-Richtung ist.

System nach Anspruch 1, wobei die Hauptbuchse
(23) eine sphéarische AuBenflache aufweist und ei-
nen Rotationsfreiheitsbereichin der GréRenordnung
von 15° bis 17° relativ zur Flihrung (21) aufweist.

System nach Anspruch 1 oder 2, wobeidas Schneid-
werkzeug (41) einen Anschlag zum Begrenzen einer
Querbewegung des Schneidwerkzeugs relativ zur
Fihrung aufweist.

System nach einem der vorhergehenden Anspri-
che, wobei das Schneidwerkzeug eine Bohrspitze
mit einem gesteuerten Versenkbohrer (45) umfasst,
der von einem Durchmesser der Strukturbefestigun-
gen (17) herabhangt.

System nach einem der Anspriiche 1 bis 4, wobei
die Gleitscheibe (27) mindestens zwei Gleitscheiben
aufweist und jede Gleitscheibe fiir die Strukturbefes-
tigungen (17) versenkt ist (28).

System nach einem der Anspriiche 1 bis 5, wobei
die Fihrung (21) Folgendes umfasst: einen Korper
(22), der sichin einer x-Langsrichtung erstreckt, eine
Platte (25), die an dem Korper befestigt ist, um die
Gleitscheibe (27) in dem Schlitz (29) zu befestigen,
und ein Mittel zum Verriegeln einer Bewegung der
Hauptbuchse (23) relativ zu der Fiihrung und wobei
das Mittel zum Verriegeln Folgendes umfasst: eine
geteilte Hiilse (33), die um die Hauptbuchse (23) he-
rum gebildet ist, eine Schraube (35), die sich seitlich
durch die geteilte Hllse neben der Hauptbuchse er-
streckt, um die Hauptbuchse in einer gewilinschten
Ausrichtung relativ zu der Fihrung (21) zu sichern.

Revendications

Systeme permettant de retirer des éléments de fixa-
tion défaillants, comportant :

une structure (11, 12) ayant une pluralité de
trous (15) qui sont formés dans celle-ci, chaque
trou ayant un axe s’étendant dans une direction
allant dans le sens transversal z ;
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des éléments de fixation de structure (17) mon-
tés dans des trous respectifs des trous (15) ;
un dispositif de guidage (21) positionné sur la
structure (11, 12), le dispositif de guidage (21)
étant en mesure d’étre monté directement sur
la structure (11, 12) avec au moins I'un des élé-
ments de fixation de structure (17) ;

une douille principale (23) qui est montée par
pivot sur le dispositif de guidage (21) ;

un outil de coupe (41) situé dans la douille prin-
cipale (23) et s’étendant au travers de celle-ci
pour couper un élément de fixation a des fins de
retrait de la structure (11, 12) ; et

une rondelle coulissante (27) au travers de la-
quelle ledit au moins I'un des éléments de fixa-
tion de structure s’étend, et qui est montée et
capturée de maniére coulissante a lintérieur
d’une fente (29) ayant une largeur dans une di-
rection allant dans le sens latéral y dans le dis-
positif de guidage, la rondelle coulissante étant
mobile dans une direction allant dans le sens
longitudinal qui est perpendiculaire par rapport
a la direction y et a la direction z.

Systeme selon la revendication 1, dans lequel la
douille principale (23) a une surface extérieure sphé-
rique et a une plage de liberté de rotation de 'ordre
de 15°a17° parrapportau dispositif de guidage (21).

Systeme selon larevendication 1 ou la revendication
2, dans lequel 'outil de coupe (41) a une butée ser-
vant a limiter une avance transversale de I'outil de
coupe par rapport au dispositif de guidage.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel I'outil de coupe comporte
un foret avec une fraise a lamer (45) qui dépend d’un
diameétre des éléments de fixation de structure (17).

Systeme selon I'une quelconque des revendications
1 a 4, dans lequel la rondelle coulissante (27) com-
porte au moins deux rondelles coulissantes, et cha-
querondelle coulissante est fraisée (28) pourles élé-
ments de fixation de structure (17).

Systeme selon I'une quelconque des revendications
1 a5, dans lequel le dispositif de guidage (21) com-
porte un corps (22) s’étendant dans une direction
allant dans le sens longitudinal x, une plaque (25)
montée sur le corps a des fins d’assujettissement de
la rondelle coulissante (27) dans la fente (29), et un
moyen servanta bloquer un mouvement de la douille
principale (23) par rapport au dispositif de guidage ;
et dans lequel le moyen de blocage comporte un
fourreau fendu (33) formé autour de la douille prin-
cipale (23) et une vis (35) s’étendant dans le sens
latéral au travers du fourreau fendu de maniére ad-
jacente par rapport a la douille principale a des fins
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d’assujettissement de la douille principale selon une
orientation souhaitée par rapport au dispositif de gui-
dage (21).
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