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Description

BACKGROUND INFORMATION

1. Field:

[0001] The present disclosure generally relates to cold
working of holes in metal, and deals more particularly
with a method for cold working holes in a stack of metal
and composite layers.

2. Background:

[0002] It is sometimes necessary to form fastened
joints between composite and metal members. For ex-
ample, in the aircraft industry, metal splice elements may
be used to join together sections of a composite fuselage
frame. Similarly, metal shear ties may be fastened to
composite outer skins.
[0003] Potential metal fatigue around holes in fastened
metal structures can be reduced by "cold working" the
holes. One method of cold working involves placing a
split sleeve in the hole, and drawing a mandrel through
the sleeve. The use of a split sleeve allows for one-sided
processing and shields the hole from frictional forces
generated by the high interference of the mandrel. Draw-
ing the mandrel through the sleeve expands and causes
a radial plastic flow of material in the metal structure sur-
rounding the hole, placing the material in tension. After
the mandrel is removed, an annular zone of residual com-
pressive stresses is present in the structure surrounding
the hole that may extend up to one diameter beyond the
edge of the hole.
[0004] Problems are presented however, when cold
working a hole formed in a stack of metal and composite
layers. Expansion of the split sleeve during the cold work-
ing process may result in undesirable deformation of the
composite layers surrounding the hole, and/or produce
composite residue that builds up on the split sleeve. One
solution to this problem involves disassembling the stack,
cold working the holes in the metal layers, and then re-
assembling the layers into the stack. This solution, how-
ever, is time-consuming, labor intensive and may not be
practical in some applications.
[0005] Accordingly, there is a need for a method and
tool for cold working holes in a composite and metal stack
without disassembling the stack and which may be per-
formed from one side of the stack.
[0006] FR 2 929 352 according to the machine trans-
lation of its abstract states the invention relates to a meth-
od of assembly between a piece of metal material (1) and
a composite material part (2), the assembly between said
parts being carried out by means of a fixing member (11),
characterized in that the method comprises the following
steps in which: - a pre-drilling is carried out in the two
parts so as to form a recess (6) of diameter D1 in the
piece of metal material (1) and in the composite material
part (2), - an insert (9) having a variable diameter in the

direction of the thickness of the parts in said recess (6)
is placed, said insert comprising a hollow main body (12)
and at least one flange (10) intended to come at least
partially in abutment against the outer face (101) of a
part, said insert (9) being intended to receive the fixing
member (11), - it is generated by radial expansion on the
inner wall of the insert by means of an expansion tool (7)
nt an outer diameter cooperating with the inside diameter
of the insert, residual compressive stresses in at least
one area of the two parts along the circumference of the
insert (9), - the recess of the main body (12) of the insert
so that the insert has a final internal diameter Dfinal sub-
stantially greater than the outer diameter of the fastener
member (11) so as to leave a clearance between the
inner wall of the insert and the surface external of the
fastener, and- the fixing member (11) is positioned in the
insert to hold the metal piece and the composite piece
together.
[0007] FR 2 915 913 according to the machine trans-
lation of its abstract states the invention relates to a meth-
od of assembly between a piece of metal material (1) and
a composite material part (2), the junction between said
parts being made by means of a substantially constant
section fastening received in a first hole realized (11) in
the metal material part and a second hole (3) made in
the composite material part. According to the invention,
prior to assembly between said parts, the method com-
prises: an expansion step for generating a compression
stress field at the periphery of said first hole (11) and
locally in the material constituting the part in metal ma-
terial by means of an expansion tool; - a single boring
step for producing said first hole (11) and said second
hole (3) having a diameter final substantially greater than
the diameter of the fastener (9) so as to leaving a gap
between the inner wall of said holes (3, 11) and the outer
surface of the fastener (9), - an assembling step for po-
sitioning the fastener (9) in said holes (3, 11) to maintain
the metal piece and the composite piece together.
[0008] US 2008/005887 according to the abstract
states "at least one embodiment generally relates to us-
ing an installation tool to pass an expansion mandrel
through an elongated member to at least locally, radially
expand at least a portion of the elongated member and
achieve an interference fit with a radially expandable
member located about an outer surface of the elongated
member. In one embodiment, the elongated member is
radially expanded over its entire length and may include
a stepped feature so that only a portion of the elongated
member achieves the interference fit with the radially ex-
pandable member. During the radial-expansion process,
both the radially expandable member and the elongated
member may be at the same or approximately the same
temperature. Before the radial-expansion process, the
radially expandable member may be assembled using
press-fit techniques, shrink fit techniques, clearance fit-
ting techniques, or combinations thereof".
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SUMMARY

[0009] The disclosure provides a method and a device
for cold working a hole in a stack of composite and metal
layers in a fastened joint. The method may eliminate the
need for disassembly of the stack to perform cold working
of holes in the metal layers. The method reduces or elim-
inates undesired deformation of the composite layers
during the cold working process, and may also reduce
or eliminate composite debris and buildup of such debris
on cold working tools. The disclosed cold working method
may be performed from one side of the stack.
[0010] According to the disclosure, a method is provid-
ed for cold working a hole through a stack of at least one
metal layer and at least one composite layer. A tool is
placed in the hole, and an interference is formed only
between the tool and the metal layer. The tool is used to
apply an outwardly directed radial force to only the metal
layer. The tool applies the outwardly directed radial force
by radially expanding into contact with the metal layer
while maintaining a gap between the tool and the com-
posite layer. The interference may be achieved by inter-
posing material between the tool and the metal layer, or
by removing material from the composite layer around
the hole to form a projecting band of metal between the
composite layer and the tool.
[0011] Also according to the disclosure, a method is
provided of cold working a hole through a stack of com-
posite and metal layers. A split sleeve is placed into the
hole, and then expanded into contact with only the metal
layers while maintaining a gap between the composite
layers and the split sleeve. A compression force is applied
to only the metal layers through the split sleeve. The split
sleeve is expanded by drawing a mandrel through the
split sleeve. The gap is maintained between the compos-
ite layers and the split sleeve by interposing material be-
tween the split sleeve and each of the metal layers. The
gap may also be maintained by interposing material be-
tween the split sleeve and each of the metal layers. In-
terposing the material may be performed by adding ma-
terial to the metal layers surrounding the hole or by adding
material to the split sleeve.
[0012] Also according to the disclosure, a tool is pro-
vided for cold working a hole in a composite and metal
layer stack. The tool includes an expandable tool mem-
ber capable of being inserted into the hole and having a
band of increased diameter extending around the tool
member circumferentially. The band of increased diam-
eter is adapted to contact and apply a compressive force
only to a metal layers in the stack. The expandable tool
member may be one of a split sleeve, and a mandrel.
[0013] According to an aspect of the presently claimed
invention a method of cold working a hole through a stack
of at least one metal layer and at least one composite
layer according to claim 1 is provided. Further embodi-
ments of the presently claimed invention are provided by
the dependent claims. The method includes placing a
tool in the hole, wherein the tool is a sleeve; forming an

interference only between the sleeve and the metal layer,
wherein forming the interference includes interposing
material between the sleeve and the metal layer, and
wherein interposing the material between the sleeve and
the metal layer includes applying the material to the metal
layer surrounding the hole; and using the sleeve to apply
an outwardly directed radial force to only the metal layer
by expanding the sleeve by drawing a mandrel through
the sleeve while maintaining a gap between the sleeve
and the composite layer.
[0014] Optionally, interposing the material is per-
formed by placing a bushing between the tool and only
the metal layer.
[0015] Optionally, interposing the material includes
forming a band of material on the tool.
[0016] Optionally, forming the band of material on the
tool is performed by one of flame spraying, electroplating,
micro welding and etching.
[0017] Optionally, applying the material to the metal
layer is performed by one of electroplating and micro
welding.
[0018] Optionally, forming the interference is per-
formed by removing material from the composite layer
around the hole to form a projecting band of metal be-
tween the composite layer and the tool.
[0019] There is also provided a method of cold working
a hole through a stack of composite and metal layers,
including inserting a split sleeve into the hole; interposing
material between the split sleeve and each of the metal
layers, wherein interposing the material includes de-
creasing inner diameter of the hole at each of the metal
layers by adding material to the metal layers surrounding
the hole; expanding the split sleeve into contact with only
the metal layers while maintaining a gap between the
composite layers and the split sleeve; and applying a
compression force to only the metal layers through the
split sleeve.
[0020] Optionally, expanding the split sleeve is per-
formed by drawing a mandrel through the split sleeve.
[0021] Optionally, maintaining a gap between the com-
posite layers and the split sleeve includes interposing
material between the split sleeve and each of the metal
layers.
[0022] Optionally, adding material is performed by one
of:

electroplating,
micro welding,
laser sintering
additive manufacturing.

[0023] Optionally, interposing the material includes
adding material to the split sleeve.
[0024] Optionally, adding material to the split sleeve is
performed by one of flame spraying, electroplating, micro
welding, and etching.
[0025] In addition, according to the disclosure there is
provided a tool for cold working a hole in a composite

3 4 



EP 2 865 481 B1

4

5

10

15

20

25

30

35

40

45

50

55

and metal layer stack, including an expandable tool mem-
ber capable of being inserted into the hole and having a
band of increased diameter extending around the tool
member circumferentially, wherein the band of increased
diameter is adapted to contact and apply a compressive
force only to a metal layer in the stack.
[0026] Optionally, the expandable tool member is one
of:
a split sleeve, and a mandrel.
[0027] The features, functions, and advantages can be
achieved independently or may be combined. Further
details can be seen with reference to the following de-
scription and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The novel features believed characteristic of the
illustrative embodiments are set forth in the appended
claims. The illustrative embodiments, however, as well
as a preferred mode of use, further objectives and ad-
vantages thereof, will best be understood by reference
to the following detailed description of an illustrative em-
bodiment of the present disclosure when read in conjunc-
tion with the accompanying drawings, wherein:

Figure 1 is an illustration of a perspective view of a
fastened joint in a composite and metal stack.

Figure 2 is an illustration of a cross-sectional view
taken along the line 2-2 in Figure 1.

Figure 3 is an illustration of a cross-sectional view
of a composite and metal stack having a hole formed
therethrough.

Figure 4 is an illustration similar to Figure 3, but
showing a split sleeve having been installed in the
hole.

Figure 5 is an illustration similar to Figure 4, but
showing a mandrel assembly having been installed
in the split sleeve.

Figure 6 is an illustration of the area designated as
FIG. 6 in Figure 5.

Figure 7 is an illustration similar to Figure 6, but
showing the split sleeve having been expanded to
cold work an area of the metal layer surrounding the
hole.

Figure 8 is an illustration of a perspective view of a
split sleeve having an applied band of material ther-
eon.

Figure 8A is an illustration of a cross-sectional taken
along the line 8A-8A in Figure 8

Figure 8B is an illustration similar to Figure 8A but
showing an alternate form of the band integrated with
the split sleeve.

Figure 9 is an illustration of an isometric view of a
bushing that may be placed around the split sleeve.

Figure 10 is an illustration similar to Figure 6, but
showing the spacer member as a band of material
applied to the area of the metal layer surrounding
the hole.

Figure 11 is an illustration similar to Figure 3, show-
ing an alternate cold working method in which ma-
terial is removed from the composite layers.

Figure 12 is an illustration similar to Figure 11, but
showing the split sleeve having been installed in the
hole, a mandrel assembly not shown for clarity.

Figure 13 is an illustration of the area designated as
FIG. 13 in Figure 12.

Figure 14 is an illustration similar to Figure 13 but
showing the split sleeve having been expanded into
contact with the metal layer.

Figure 15 is a cross sectional view of a stack com-
prising multiple interspersed layers of composite and
metal, a split sleeve having been inserted into a hole
through the stack, but not yet expanded into contact
with the metal layers.

Figure 16 is an illustration of a flow diagram of a
method of cold working a hole in a composite and
metal stack.

Figure 17 is an illustration of a flow diagram of aircraft
production and service methodology.

Figure 18 is an illustration of a block diagram of an
aircraft.

DETAILED DESCRIPTION

[0029] Referring to Figures 1 and 2, a structure 21 con-
tains a composite and metal stack 22 with a fastened
joint 20. The stack 22, sometimes also referred to herein
as a composite and metal stack 22, may comprise a sin-
gle metal layer 24 sandwiched between two composite
layers 26, 28, however the stack 22 may comprise any
number or combination of composite layers 26, 28 and
metal layers 24, including, in its simplest form, a single
metal layer 24 and a single composite layer 26. The lay-
ers 24, 26, 28 in the illustrated joint 20 are fastened to-
gether by one or more fasteners 30 that pass through a
corresponding hole 40 through layers 24, 26, 28. In the
exemplar, the fastener 30 comprises a bolt having a
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shank 32, a head 34 and a retainer such as a nut 36,
however the fastener 30 may be any of various other
fastener forms that are suitable for the application, such
as for example and without limitation, a countersunk rivet.
[0030] In accordance with the disclosed embodiments
discussed below, the hole 40 is cold worked in order to
impart residual compressive stresses within a region 38
(Figure 2) of the metal layer 24 surrounding the hole 40.
These residual stresses provide the metal layer 24 with
resistance to fatigue, and tend to arrest in any small
cracks that may form over time in the metal layer 24
around the hole 40.
[0031] As will be discussed below in more detail, the
cold working method may be performed entirely from one
side 45 of the stack 22, after the stack 22 has been as-
sembled. The disclosed cold working method is carried
out by applying a force only to the metal layer 24, while
substantially avoiding any direct application of force to
the composite layers 26, 28 which might deform or have
other undesirable effects on the composite layers 26, 28.
[0032] Referring now to Figures 3 and 4, in order to
cold work the hole 40, an expandable tool which may
comprise, without limitation, a split sleeve 42, is inserted
into the hole 40, from one side 45 of the stack 22. The
split sleeve 42 includes a generally cylindrical wall 52
provided with a longitudinal slit 50 therein, and a circum-
ferential shoulder 44 that seats the split sleeve 42 on the
surface 46 surrounding the hole 40. The split sleeve 42
is hollow and has an outside diameter D2 that is normally
nominally less than the inside diameter D1 of the hole 40.
[0033] The split sleeve 42 may be formed from any
suitable material that is substantially rigid and incom-
pressible, but which is yieldable to allow the split sleeve
42 to expand. As will be discussed below, cold working
of the region 38 metal layer 24 surrounding the hole 40
is achieved by creating an interference between the split
sleeve 42 and only the metal layer 24.
[0034] In one embodiment, the desired interference
between the split sleeve 42 and the metal layer 24 may
be achieved by interposing material such as a band-
shaped spacer member 48 between the split sleeve 42
and the metal layer 24. The spacer member 48 may ex-
tend around substantially the entire circumference of the
split sleeve 42. The spacer member 48 may have a height
H that is substantially equal to the thickness t of the metal
layer 24. The spacer member 48 has a thickness T that
will depend on the application, but which is sufficient to
maintain a gap G between the outside diameter D2 of the
split sleeve 42 and the composite layers 26, 28 when the
split sleeve 42 has been expanded.
[0035] In the example useful for understanding the
presently claimed invention illustrated in Figure 4, the
spacer member 48 is formed on or may be attached to
the outside diameter D2 of the split sleeve 42, however
as will be discussed below, other techniques may be used
to create the desired gap G between the split sleeve 42
and the composite layers 26, 28.
[0036] Referring now to Figures 5 and 6, a mandrel 56

is slidably received within the split sleeve 42 and passes
through a head 60 having an annular lip 62 that is seated
on the surface of the stack 22. A suitable puller 63 on the
head 60 is coupled with the mandrel 56. The puller 63
may comprise any suitable device such as a pneumatic
cylinder or the like, which pulls 58 the mandrel 56 up-
wardly through the split sleeve 42. In other embodiments,
the mandrel 56 may be pushed, rather then pulled
through the split sleeve 42. The mandrel 56 includes an
enlarged head portion 56a having an outside diameter
D3 that is greater than the inside diameter of the split
sleeve 42.
[0037] When the mandrel 56 is pulled 58 through the
split sleeve 42, the head portion 56a forces the split
sleeve 42 to expand 68 (Figure 6) radially. As shown in
Figure 7, the radial expansion of the split sleeve 42 forces
the spacer member 48 into contact with the metal layer
24. The spacer member 48 transmits and applies an out-
wardly directed radial force F on the metal layer 24
around the hole 40. The radial force F causes the material
in the region 38 of the metal layer 24 to yield and be
placed in tension. When the split sleeve 42 is removed
from the hole 40 the metal material in region 38 shifts
from tension into compression.
[0038] It should be noted here that the combination of
the split sleeve 42 and internal mandrel 56 is merely il-
lustrative of a wide range of tools that may be used to
practice the disclosed method. For example, and without
limitation, the desired interference with only the metal
layer 24 may be achieved using an expandable mandrel
(not shown), and a spacer member 48 placed between
the metal layer 24 and the expandable mandrel.
[0039] Figures 8 and 8A illustrate one form of the split
sleeve 42, similar to that shown in Figures 4-7 discussed
above. In this example, a band-like spacer member 48
having a height H and a thickness t extends around the
circumference of the split sleeve 42. The spacer member
48 may comprise a suitable incompressible material that
may be formed on or attached to the wall 52 using any
of various techniques. For example, the spacer member
48 may be formed directly on the wall 52 by electroplating,
flame spraying, laser sintering or micro-welding material
onto the wall 52. In another embodiment, shown in Figure
8B, a spacer member 48a may be formed integral with
the split sleeve 42 by removing material from the split
sleeve 42 using etching, machining or other material re-
moval processes.
[0040] Referring to Figure 9, in another example useful
for understanding the presently claimed invention, the
desired interference between the split sleeve 42 and the
material layer 24 may be achieved using a spacer mem-
ber 48b comprising a bushing 54 may be slid over the
split sleeve 42 and fixed in place at a desired longitudinal
position on the wall 52, aligned with the metal layer 24.
[0041] Figure 10 is in accordance with an embodiment
of a method as claimed. This illustrates still another tech-
nique for achieving the desired interference for contact-
ing and cold working only the metal layer 24. In this em-
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bodiment, a spacer member 48c comprises a layer of
material having a thickness t that is formed directly on
the area of the metal layer 24 that surrounds the hole 40.
The material forming the spacer member 48c may be
applied to the metal layer 24 using electroplating, micro-
welding, flame spraying, laser sintering or other suitable
additive processes. The spacer member 48c may be re-
moved after cold-working the metal layer 24, by reaming
the hole 40 to the final desired hole diameter, or by other
suitable material removal techniques.
[0042] Attention is now directed to Figures 11, 12 and
13 which illustrate still another example useful for under-
standing the presently claimed invention of a method of
cold working only the metal layer 24, while substantially
avoiding contact with the composite layers 26, 28. As
shown in Figure 11, a thickness t of material 70 is re-
moved from each of the composite layers 26, 28 sur-
rounding the hole 40. The material 70 may be removed
using any suitable material removal technique, such as
by machining. Alternatively, before the stack 22 is as-
sembled, a hole 40 may be formed in the metal layer 24
that is smaller in diameter than the final diameter of the
finished hole 40. Using either of these techniques, the
composite layers 26, 28 are recessed relative to the metal
layer 24 within the hole 40. Thus, the diameter of the hole
40 within the metal layer 24 is less than the diameter of
the hole 40 in either of the composite layers 26, 28. As
a result of these differences in diameters, the inner edges
72 of the metal layer 24 project into the hole 40 beyond
the composite layers 26, 28.
[0043] Figures 12 and 13 show the split sleeve 42 hav-
ing been installed in the hole 40, but before it has been
expanded by an internal mandrel (not shown). As best
seen in Figure 13, a slight amount of clearance 65 is
present between the split sleeve wall 52 and the metal
layer 24 to accommodate insertion of the split sleeve 42
into the hole 40. Referring to Figure 14, expansion of the
split sleeve 42 causes the split sleeve wall 52 to engage
projecting inner edges 72 of the metal layer 24 and apply
a force F the metal layer 24. Because the edges of the
composite layers 26, 28 are recessed relative to the pro-
jecting inner edges 72 of the metal layer, a gap G is
present between the composite layers 26, 28 and the
split sleeve 42 when the latter is fully expanded, conse-
quently the split sleeve 42 cold works only the metal layer
24. The projecting inner edges 72 may be removed after
cold-working the metal layer 24, by reaming the hole 40
to the final desired hole diameter, or by other suitable
material removal techniques.
[0044] As previously mentioned, the disclosed method
and device may be employed to cold work a hole in a
stack comprising any number and combination of metal
and composite layers. For example, referring to Figure
15, the method may be employed to cold work a hole 40
in a stack 75 comprising a plurality of metal layers 76
interspersed between composite layers 78. In order to
cold work only the metal layers 76, a plurality of spacer
members 48 are interposed between the metal layers 76

and an expandable split sleeve 42. In this example, the
spacer members 48 are formed on the split sleeve 42
but as previously discussed, other techniques may be
used to form interferences between the split sleeve 42
and only the metal layers 76.
[0045] Figure 16 illustrates the steps of a method of
cold working a hole 40 in a composite and metal stack
22. Beginning at 80, composite and metal layers are ar-
ranged in a stack 22, and at 82, a hole 40 is formed in
the stack 22 using any suitable technique, such as, for
example and without limitation, drilling. At 84 a tool such
as the split sleeve 42 previously described, is inserted
into the hole 40. At step 86, an interference is formed
between the tool and only the metal layers, such that the
composite layers are isolated and spaced from the tool.
The interference may be achieved using any of several
techniques shown at steps 88, 90 and 92. At step 88,
material may be added to the tool at locations that are
aligned with the metal layers in the stack. Alternatively,
as step 90, metal may be added to the metal layer 24
surrounding the hole 40 in order to decrease the inner
diameter of the hole 40 at the metal layer 24. Adding of
the metal in either of steps 89 or 90 may be performed
by any of a variety of techniques, such as those previ-
ously discussed as well as other additive manufacturing
processes. In another variation, at step 92, the composite
layers may be recessed by removing material from areas
of the composite layers, immediately, surrounding the
hole 40, thereby recessing the composite layers relative
to the metal layers.
[0046] At step 94, the tool is expanded to apply a radial
compression force only to the metal layers. During this
step, the tool does not contact or apply force to the com-
posite layers. As a result of this radial compression force,
the metal layers are cold worked around the hole 40. At
step 96, the tool may be contracted, and then removed
from the hole at step 98. At step 100, the holes 40 may
be reamed to a final desired diameter, as needed.
[0047] Embodiments of the disclosure may find use in
a variety of potential applications, particularly in the trans-
portation industry, including for example, aerospace, ma-
rine, automotive applications and other application where
fastened joints between composite and metal layers may
be used. Thus, referring now to Figures 17 and 18, em-
bodiments of the disclosure may be used in the context
of an aircraft manufacturing and service method 102 as
shown in Figure 17 and an aircraft 104 as shown in Figure
18. Aircraft applications of the disclosed embodiments
may include, for example, without limitation, cold working
holes in composite and metal stacks, such as between
a metal shear tie and a composite skin, or between metal
splices and composite frame sections which form part of
the airframe 122. During pre-production, exemplary
method 102 may include specification and design 106 of
the aircraft 104 and material procurement 108. During
production, component and subassembly manufacturing
110 and system integration 112 of the aircraft 104 takes
place. Thereafter, the aircraft 104 may go through certi-
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fication and delivery 114 in order to be placed in service
118. While in service by a customer, the aircraft 104 is
scheduled for routine maintenance and service 120,
which may also include modification, reconfiguration, re-
furbishment, and so on.
[0048] Each of the processes of method 102 may be
performed or carried out by a system integrator, a third
party, and/or an operator (e.g., a customer). For the pur-
poses of this description, a system integrator may include
without limitation any number of aircraft manufacturers
and major-system subcontractors; a third party may in-
clude without limitation any number of vendors, subcon-
tractors, and suppliers; and an operator may be an airline,
leasing company, military entity, service organization,
and so on.
[0049] As shown in Figure 17, the aircraft 104 pro-
duced by exemplary method 102 may include an airframe
122 with a plurality of systems 124 and an interior 126.
Examples of high-level systems 124 include one or more
of a propulsion system 128, an electrical system 130, a
hydraulic system 132 and an environmental system 134.
Any number of other systems may be included. Although
an aerospace example is shown, the principles of the
disclosure may be applied to other industries, such as
the marine and automotive industries.
[0050] Systems and methods embodied herein may
be employed during any one or more of the stages of the
production and service method 102. For example, com-
ponents or subassemblies corresponding to production
process 110 may be fabricated or manufactured in a man-
ner similar to components or subassemblies produced
while the aircraft 104 is in service 118. Also, one or more
apparatus embodiments, method embodiments, or a
combination thereof may be utilized during the production
stages 110 and 112, for example, by substantially expe-
diting assembly of or reducing the cost of an aircraft 104.
Similarly, one or more of apparatus embodiments, meth-
od embodiments, or a combination thereof may be uti-
lized while the aircraft 104 is in service, for example and
without limitation, to maintenance and service 120.
[0051] The description of the different illustrative em-
bodiments has been presented for purposes of illustra-
tion and description, and is not intended to be exhaustive
or limited to the embodiments in the form disclosed. Many
modifications and variations within the scope of the
claims will be apparent to those of ordinary skill in the
art. Further, different illustrative embodiments may pro-
vide different advantages as compared to other illustra-
tive embodiments. The embodiment or embodiments se-
lected are chosen and described in order to best explain
the principles of the embodiments, the practical applica-
tion, and to enable others of ordinary skill in the art to
understand the disclosure for various embodiments with
various modifications as are suited to the particular use
contemplated within the scope of the claims.

Claims

1. A method of cold working a hole through a stack (22)
of at least one metal layer (24) and at least one com-
posite layer (26, 28), comprising:

placing a sleeve (42) in the hole (40);
forming an interference only between the sleeve
(42) and the metal layer (24), wherein forming
the interference includes interposing material
between the sleeve and the metal layer (24),
and wherein interposing the material between
the sleeve and the metal layer includes applying
the material to the metal layer (24) surrounding
the hole (40); and
using the sleeve (42) to apply an outwardly di-
rected radial force to only the metal layer (24)
by expanding the sleeve by drawing a mandrel
(56) through the sleeve (42) while maintaining
a gap between the sleeve (42) and the compos-
ite layer (26, 28).

2. The method of claim 1, wherein interposing the ma-
terial comprises placing a bushing (54) between the
sleeve and only the metal layer (24).

3. The method of any preceding claim, wherein the
sleeve (42) is a split sleeve.

4. The method of claim 1, wherein applying the material
to the metal layer (24) is performed by one of elec-
troplating and micro welding.

5. The method of claim 1, wherein the method is a meth-
od of cold working a hole through a stack (75) of
composite (78) and metal layers (76), comprising:

inserting a split sleeve (42) into the hole (40);
interposing material between the split sleeve
(42) and each of the metal layers (76), wherein
interposing the material includes decreasing in-
ner diameter of the hole (40) at each of the metal
layers by adding material to the metal layers (76)
surrounding the hole (40);
expanding the split sleeve (42) into contact with
only the metal layers (76) while maintaining a
gap between the composite layers (78) and the
split sleeve (42); and
applying a compression force to only the metal
layers (76) through the split sleeve (42).

Patentansprüche

1. Verfahren zum Kaltverformen eines Lochs durch ei-
nen Stapel (22) von wenigstens einer Metallschicht
(24) und wenigstens einer Verbundschicht (26, 28),
das aufweist:
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Platzieren einer Hülse (42) in dem Loch (40);
Herstellen einer Interferenz lediglich zwischen
der Hülse (42) und der Metallschicht (24), wobei
das Herstellen der Interferenz das Einfügen von
Material zwischen die Hülse und die Metall-
schicht (24) aufweist, und wobei das Einfügen
des Materials zwischen die Hülse und die Me-
tallschicht das Aufbringen des Materials auf die
Metallschicht (24), die das Loch (40) umgibt,
aufweist; und
Verwenden der Hülse (42), um eine nach außen
gerichtete Radialkraft lediglich auf die Metall-
schicht (24) aufzubringen durch Erweitern der
Hülse durch Ziehen eines Dorns (56) durch die
Hülse (42) unter Beibehaltung eines Abstands
zwischen der Hülse (42) und der Verbund-
schicht (26, 28) .

2. Verfahren nach Anspruch 1, wobei das Einfügen des
Materials das Platzieren einer Buchse (54) zwischen
der Hülse und lediglich der Metallschicht (24) auf-
weist.

3. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Hülse (42) eine Splitthülse ist.

4. Verfahren nach Anspruch 1, wobei das Aufbringen
des Materials auf die Metallschicht (24) durch eines
durchgeführt wird von Galvanisieren und Mi-
kroschweißen.

5. Verfahren nach Anspruch 1, wobei das Verfahren
ein Verfahren zum Kaltverformen eines Lochs durch
einen Stapel (75) von Verbund- (78) und Metall-
schichten (76) ist, das aufweist:

Einführen einer Splitthülse (42) in das Loch (40);
Einfügen von Material zwischen die Splitthülse
(42) und jede der Metallschichten (76), wobei
das Einfügen des Materials das Reduzieren des
Innendurchmessers des Lochs (40) an jeder der
Metallschichten durch Hinzufügen von Material
zu den Metallschichten (76), die das Loch (40)
umgeben, aufweist;
Erweitern der Splitthülse (42), so dass sie ledig-
lich mit den Metallschichten (76) in Kontakt
kommt, unter Beibehaltung eines Abstands zwi-
schen den Verbundschichten (78) und der Splitt-
hülse (42); und
Aufbringen einer Kompressionskraft lediglich
auf die Metallschichten (76) durch die Splitthül-
se (42).

Revendications

1. Procédé de déformation à froid d’un trou à travers
un empilement (22) d’au moins une couche métalli-

que (24) et d’au moins une couche composite (26,
28), comprenant :

le placement d’un fourreau (42) dans le trou
(40) ;
la formation d’une interférence uniquement en-
tre le fourreau (42) et la couche métallique (24),
dans lequel la formation de l’interférence com-
porte l’interposition d’un matériau entre le four-
reau et la couche métallique (24), et dans lequel
l’interposition du matériau entre le fourreau et la
couche métallique comporte l’application du
matériau sur la couche métallique (24) entou-
rant le trou (40) ; et
l’utilisation du fourreau (42) pour appliquer une
force radiale dirigée vers l’extérieur uniquement
sur la couche métallique (24) en déployant le
fourreau par étirage d’un mandrin (56) à travers
le fourreau (42) tout en maintenant un espace
entre le fourreau (42) et la couche composite
(26, 28).

2. Procédé selon la revendication 1, dans lequel l’in-
terposition du matériau comporte le placement d’une
douille (54) entre le fourreau et uniquement la cou-
che métallique (24).

3. Procédé selon une quelconque revendication pré-
cédente, dans lequel le fourreau (42) est un fourreau
fendu.

4. Procédé selon la revendication 1, dans lequel l’ap-
plication du matériau sur la couche métallique (24)
est réalisée par une méthode parmi le dépôt élec-
trolytique et le micro-soudage.

5. Procédé selon la revendication 1, dans lequel le pro-
cédé est un procédé de déformation à froid d’un trou
à travers un empilement (75) de couches composites
(78) et métalliques (76), comprenant :

l’insertion d’un fourreau fendu (42) dans le trou
(40) ;
l’interposition du matériau entre le fourreau fen-
du (42) et chacune des couches métalliques
(76), dans lequel l’interposition du matériau
comporte la diminution du diamètre intérieur du
trou (40) de chacune des couches métalliques
en ajoutant du matériau aux couches métalli-
ques (76) entourant le trou (40) ;
le déploiement du fourreau fendu (42) en contact
uniquement avec les couches métalliques (76)
tout en maintenant un espace entre les couches
composites (78) et le fourreau fendu (42) ; et
l’application d’une force de compression uni-
quement sur les couches métalliques (76) à tra-
vers le fourreau fendu (42).
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