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Description

(1) FIELD OF THE INVENTION

[0001] The present disclosure pertains to a method of
manufacturing that involves a robotic assembly that se-
lects and operates a particular tool in performing a fas-
tener installation on a structure. More specifically, one
example of the present disclosure pertains to a method
of manufacturing that includes first and second fastener
system components that are positioned by a robotic as-
sembly on opposite sides of at least two structural pieces
that are to be fastened together. The first system com-
ponent includes a particular tool of a plurality of different
types of tools, where the particular tool installs a particular
fastener of a plurality of different types of fasteners. For
example, the plurality of different types of tools could in-
clude a tool that installs rivets, a tool that installs HI-LOK
type fasteners, a tool that installs lock bolts, etc. Each
tool includes a block or base of magnetic material with a
passageway opening for the fastener associated with the
tool passing through the base. The robotic assembly at-
taches to a selected tool of the plurality of different tools
that installs a desired fastener of the plurality of different
fasteners. The robotic assembly then positions the tool
against one side of the structural pieces to be fastened.
The second system component includes an electromag-
net that is activated to draw the first and second system
components together on opposite sides of the two struc-
tural pieces, thereby clamping the two structural pieces
together. With a fastener positioned in a hole through the
structural pieces, the tool is activated to install the fas-
tener between the structural pieces.

BACKGROUND

[0002] The current practice of securing two or more
structural pieces together by one or more fasteners typ-
ically involves first clamping the pieces together with
holes through the two pieces being aligned. Alternatively,
the pieces can be clamped together and then holes can
be formed through the pieces. A fastener, for example a
rivet is then inserted through each of the holes with the
rivet head positioned on one side of the structural pieces
and the rivet tail projecting from the opposite side of the
structural pieces. A bucking bar is typically manually po-
sitioned against the rivet tail while the rivet head is ham-
mered by a rivet hammer. The force of the rivet hammer
on the rivet head and the force of the bucking bar on the
rivet tail causes the bucking bar to deform the rivet tail
into a buck tail or shop head that secures the rivet in
place in the rivet hole between the structural pieces and
thereby rivets the structural pieces together.
[0003] Electromagnets have been employed in clamp-
ing two or more structural pieces together prior to their
being secured together by fasteners. Current electro-
magnetic clamping technology typically employs an elec-
tromagnet as one clamping component and one or more

steel plates as additional clamping components. The
steel plate or plates have pluralities of holes that are po-
sitioned in the plates to correspond to fastener locations
through the structural pieces. The steel plates are posi-
tioned on one side of the structural pieces and the elec-
tromagnet is positioned on the opposite side of the struc-
tural pieces. The electromagnet is then energized or ac-
tivated, drawing the steel plates toward the electromag-
net and clamping the structural pieces between the plates
and the electromagnet. The holes through the steel
plates enable fastener holes to be drilled through the
clamped structural pieces and fasteners to be placed in
the holes. Where the fasteners are rivets, a bucking bar
is then manually inserted through the hole in the steel
plate and against a tail of the rivet while the head of the
rivet on the opposite side of the structural pieces is ham-
mered by a rivet hammer, thereby forming the rivet tail
into a shop head and securing the structural pieces to-
gether. This basic process is also performed when in-
stalling HI-LOK type fasteners or lock bolts in structural
pieces.
[0004] This prior art electromagnetic clamping technol-
ogy has the disadvantages of the need to position the
steel plate or plates against one side of the structural
pieces to be fastened together prior to the fastening proc-
ess. It is often necessary to secure the steel plates
against the one side of the structural pieces, for example
by screws or clamps prior to fasteners being installed.
The positioning and securing of the steel plates to the
structural pieces to be joined is a time consuming process
and an ergonomically demanding process, especially
when hundreds of these types of steel plates have to be
preinstalled in order to fasten together structural pieces
of a large structure, such as an aircraft.
[0005] US 2012/0011693 describes a method appara-
tus and computer program product for performing a man-
ufacturing procedure. A component may be positioned
in a work area. A plurality of groups of robots may be
operated in parallel and robots of each group of robots
of the plurality of groups of robots may be operated in
synchronism for performing a plurality of manufacturing
operations at a plurality of locations on the component.
[0006] EP 1 132 164 A2 describes an apparatus for
installing rivets or other fasteners through a workpiece,
which includes an automated machine disposed on one
side of the workpiece and a hand-held tool that is manip-
ulated by a single worker located on the opposite side of
the workpiece. The automated machine includes an end
effector supporting tools such as a drill and a riveter. The
automated machine also includes a guide structure
adapted to be releasably affixed to the workpiece, and a
carriage that travels along the guide structure and sup-
ports the end effector so that the end effector can be
positioned in various locations along the surface of the
workpiece where fasteners are to be installed. The end
effector includes an electromagnetic clamping device,
and the hand-held tool includes a magnetic clamping
block that is attracted by the clamping device to clamp
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the workpiece therebetween. The end effector generates
a positioning signal and the hand-held tool includes a
detector for detecting the positioning signal. The detector
is operable to generate guidance information telling the
person operating the hand-held tool where to move the
hand-held tool so as to align the tool with the end effector
of the automated machine. Once the hand-held tool is
aligned with the end effector, the electromagnetic clamp-
ing device is activated to clamp the workpiece, and then
the end effector tools are operated to drill a hole and to
install a rivet or other fastener into the hole.
[0007] EP 2612717, which forms part of the state of
the art under Article 54(3) EPC, describes a riveting tool
including a magnet, a magnetically attractive housing, a
non-magnetically attractive bucking bar received in the
housing, the bucking bar being moveable relative to the
housing along a bucking bar axis, and an actuation mech-
anism to move the bucking bar along the bucking bar axis.

SUMMARY OF THE INVENTION

[0008] In one aspect, there is provided a tool as defined
in claim 1.
[0009] The present invention overcomes the disadvan-
tages associated with the positioning and securing of
steel plates to structural pieces in electromagnetically
clamping together the structural pieces prior to installing
fasteners in the structural pieces. One example of the
present disclosure pertains to a method of manufacturing
and tooling components employed in the method. The
tooling components include a plurality of different tools,
with each tool being associated with a particular type of
fastener. For example, the plurality of different tools in-
cludes a tool for installing rivets, a tool for installing HI-
LOK type fasteners, a tool for installing lock bolts, etc.
Each tool has a base of magnetic material. The tooling
components also include a robotic assembly system that
is activated by instructions received from a design data-
base to select a particular tool of the plurality of different
tools to perform a desired fastening operation. The ro-
botic system is activated to attach to a particular tool of
the plurality of different tools that is associated with a
particular fastener to perform the fastening operation.
The robotic system moves the tool to a location on a first
side of the first and second pieces of the structure to be
connected. The tool base of magnetic material is posi-
tioned by the robotic system against the first side of the
first and second pieces of the structure. An electromag-
net is positioned on a second side of the first and second
pieces of the structure, opposite the first side. The elec-
tromagnet is activated and attracts the base of the tool
to the electromagnet, thereby clamping the first and sec-
ond pieces of the structure between the base of the tool
and the electromagnet. The tool is then operated to attach
the fastener associated with the tool between the first
and second pieces of the structure. The electromagnet
is then deactivated and the robotic assembly system then
moves the tool and the electromagnet to the next fastener

installation location of the first and second pieces of the
structure.
[0010] One example of the present disclosure provides
a rivet forming integral tool having a metallic block or
base that can be robotically positioned on one side of
two or more structural pieces to be riveted together, and
then clamped to the pieces by the electromagnet that
has been activated on the opposite side of the structural
pieces. An opening passes through the base and is
aligned with a rivet hole through the structural pieces
when positioning the base.
[0011] The tool of this example also includes a bucking
bar assembly that is mounted on the base. The bucking
bar assembly includes a bucking bar that is movable be-
tween first and second positions of the bucking bar rel-
ative to the base. In the first position the bucking bar is
retracted into the bucking bar assembly and into the
opening though the base. In the second position the buck-
ing bar is moved through the bucking bar assembly and
the base opening and into engagement with the tail of a
rivet that has been positioned in the rivet hole aligned
with the base opening.
[0012] The tool also includes a force controlling device
that is operatively connected with the bucking bar as-
sembly. The force controlling device is selectively con-
trollable to supply fluid pressure to the bucking bar as-
sembly to selectively move the bucking bar between its
first and second positions. Additionally, with the bucking
bar moved to its second position, the force controlling
device is controllable to cause the bucking bar to exert
a predetermined force on the tail of the rivet engaged by
the bucking bar.
[0013] The tool also includes the electromagnet that is
selectively energized to produce a magnetic field. The
electromagnet has an opening passing therethrough and
a rivet hammer is positioned in the opening. The rivet
hammer is operable to reciprocate in the opening through
the electromagnet.
[0014] In use of the example rivet forming integral tool,
the robotic assembly system is activated to select and
attach to the tool. The robotic assembly system then
moves the tool to a position where the base of the tool
is positioned on one side of the structural pieces to be
joined by a rivet and the electromagnet is positioned on
the opposite side. The opening through the base is
aligned with a rivet hole and the opening through the
electromagnet is aligned with the same rivet hole. Alter-
natively, the rivet hole could be formed in the structural
pieces in alignment with the base and electromagnet
openings after the pieces are clamped together. The
electromagnet is then energized to produce a magnet
field that draws the base and the electromagnet together,
clamping the structural pieces between the base and the
electromagnet. A rivet to be secured to the structural piec-
es is positioned in the rivet hole.
[0015] The force controlling device of the tool is then
controlled to supply fluid pressure to the bucking bar
causing the bucking bar to move from its first position to
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its second position. In the second position the bucking
bar exerts a pre-determined force on the tail of the rivet
positioned through the hole in the structural pieces.
[0016] With the rivet forming integral tool clamped to
one side of the structural pieces and the electromagnet
clamped to the opposite side, the rivet hammer is acti-
vated to exert a hammering force on the rivet head. The
bucking bar engaging the rivet tail forms a shop head
from the rivet tail in response to the hammering force,
thereby securing the rivet between the structural pieces
and securing the structural pieces together.
[0017] With the rivet having been formed between the
structural pieces, the electromagnet can then be deen-
ergized, releasing the rivet forming integral tool from the
structural pieces and enabling the tool to be moved by
the robot assembly system to the next rivet hole/rivet
location.
[0018] The features, functions, and advantages that
have been discussed can be achieved independently in
various embodiments or may be combined in yet other
embodiments, further details of which can be seen with
reference to the following description and drawings.

DESCRIPTION OF THE DRAWINGS

[0019] Further features of the rivet forming integral tool
of the invention are set forth in the following detailed de-
scription of the tool and in the drawing figures.

FIG. 1 is a schematic representation of tooling com-
ponents and a robotic assembly system of the
present disclosure that perform the manufacturing
method of the present disclosure.
FIG. 2 is a side elevation view partially in section,
illustrating an advantageous embodiment of a rivet
forming integral tool of the disclosure being used in
an operative environment of the tool.
FIG. 3 is an enlarged partial view of the tool of FIG. 1.
FIG. 4 is a top plan view of the base of the tool shown
in FIG. 1.
FIG. 5 is a flow-chart of the method of operation of
the tool of FIG. 1.
Figures 6a, 6b and 6c are views of a base of a tooling
component used to install HI-LOK type fasteners.
Figures 7a, 7b and 7c are views of an asymmetrical
base of a tool used to install HI-LOK type fasteners.
Figures 8a, 8b and 8c are views of an asymmetrical
base of a tool used to install lock bolts.
Figure 9 is a cross-section view of a tool similar to
that shown in Figure 2 with the tool having an asym-
metrical base including a motorized normality adjust-
ment device.
Figure 10 is an enlarged view of the motorized nor-
mality adjustment device of Figure 9.
Figure 11 is a plan view of the base shown in Figure
7a showing positioning of the base relative to rivets
or HI-LOK type fasteners.
Figure 12 is a plan view of the base shown in Figure

8a showing the positioning of the base relative to
lock bolt fasteners.
Figure 13 is a side elevation view partially in section,
illustrating an advantageous embodiment of a rivet
forming integral tool of the invention similar to that
of Figure 2.
Figure 14 is a partial plan view of a portion of the
base shown in Figure 13.

DETAILED DESCRIPTION

[0020] Figure 1 is schematic representation of a man-
ufacturing facility that employs the tooling components
of the invention and the manufacturing method of the
present disclosure. In the example of Figure 1, a plurality
of different types of tooling components are employed to
fasten together two or more structural pieces, for exam-
ple fastening together sheet-metal pieces in forming a
structural part of an aircraft (this example is illustrative
only and should not be interpreted as limiting). There are
a variety of different types of tools, each having a partic-
ular type of fastener associated with the tool that could
be employed to fasten together the structural pieces. The
example of Figure 1 represents three or more such tools
maintained in the manufacturing facility. A plurality of dif-
ferent types of fasteners, each associated with one of
the tools would also be maintained at the facility. For
example, one tool 1 of the plurality of different tools could
be used in installing or fastening a rivet type fastener
between two or more structural pieces. A second tool 2
of the plurality of different tools could be used in installing
or fastening a HI-LOK® type fastener between two or
more structural pieces. (Hi-LOK® is a registered trade-
mark of the high Hl-Shear Corporation of Torrance Cal-
ifornia). A third tool 3 of the plurality of different tools
could be used in installing or fastening a lock bolt type
fastener between two or more structural pieces. The tools
described above are only some examples of the many
different types of tools that could be employed in the in-
vention in performing the manufacturing method of the
present disclosure.
[0021] The tooling components of the invention may
also include a robotic assembly system 4. The robotic
assembly system 4 may have a conventional construc-
tion with at least one robotic arm of the system having
an end effector that is attachable to a selected one of the
plurality of different tools. Another robotic arm is secured
to and moves an electromagnet assembly 5. The robotic
assembly system 4 may also include a design data base
6 that is programmed with information that controls the
movement of the robotic assembly system 4 and its arms
in response to commands input into the database 6. The
programmed information also instructs the robotic as-
sembly system 4 to perform a particular fastening oper-
ation in fastening together pieces of a structure. For ex-
ample, the design data base may provide instructions to
the robotic assembly system 4 to select the rivet instal-
lation tool 1 and then move the rivet installation tool 1 to
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a particular location relative to first 7 and second 8 adja-
cent structural pieces where a rivet is to be installed. Ad-
ditionally, the design database 6 may include instructions
for the robotic assembly system 4 to then move from a
location of the first 7 and second 8 structural pieces where
a rivet has been installed, to a further location of the first
7 and second 8 structural pieces where a second rivet is
to be installed. As should be apparent, the design data-
base 6 may also include instructions for the robotic as-
sembly system 4 to return the rivet tool 1 to its area where
it is maintained, and select a further tool, for example the
HI-LOK® tool 2 to perform a HI-LOK® type fastener in-
stallation at a further location of the first 7 and second 8
structural pieces.
[0022] Each of the plurality of different tools 1, 2, 3 is
provided with a base of a magnetic material, an example
of which will be described further. The base of the tool
selected by the robotic assembly system 4 is positioned
by the robotic assembly system against a first side of the
first 7 and second 8 pieces of the structure. The electro-
magnet assembly 5 is also moved by the robotic assem-
bly system 4 to a position on a second side of the first 7
and second 8 structural pieces opposite the tool. The
design database 6 then controls the electromagnet as-
sembly 5 to activate the electromagnet and attract the
base of the tool to the electromagnet. This clamps the
first 7 and second 8 pieces of the structure together be-
tween the base of the selected tool and the electromag-
net. The design database 6 then operates the tool 1 to
attach the fastener associated with the tool, i.e. a rivet
between the first 7 and second 8 pieces of the structure.
The design data base 6 then controls the robotic assem-
bly system 4 to deactivate the electromagnet 5, thereby
releasing the electromagnet and the tool 1 from the op-
posite sides of the fastened structure. The database 6
then controls the robotic assembly system 4 to move the
tool 1 and the electromagnet 5 to a further location on
the opposite sides of the first 7 and second 8 pieces of
the structure to install a further fastener at that further
location.
[0023] As stated earlier, the invention preferably em-
ploys a plurality of different tools that are each associated
with a different fastener to secure together two or more
pieces of a structure employing a single type of fastener,
or several different types of fasteners.
[0024] In one of the embodiments of the invention rep-
resented in Figures 2 - 5, the disclosure provides a rivet
forming integral tool having a metallic block or base. The
tool base is robotically positioned on one side of two or
more structural pieces to be riveted together, and then
clamped to the pieces by the electromagnet that has been
activated on the opposite side of the structure pieces.
[0025] FIG. 2 is a side elevation view, partially in sec-
tion, of the rivet forming integral tool 12. The tool may be
comprised of a base 14, a bucking bar assembly 16, a
force controlling device 18, and an electromagnet as-
sembly 20. The base 14, bucking bar assembly 16 and
force controlling device 18 make up one riveting system

component of the tool 12. The electromagnet assembly
20 having a riveting hammer 108 make up a second riv-
eting system component of the tool. Additionally, the tool
12 is provided with a compliance unit 22 that operatively
connects the tool to a robotic arm 24 where the robotic
arm 24 moves the tool. However, it is not necessary that
the tool 12 be used in combination with the compliance
unit 22 and the robotic arm 24. As will be described here-
in, the tool 12 is designed primarily for use in forming
rivets 26 between two or more structural pieces 28, 32,
for example sheet metal pieces, to join the pieces togeth-
er. In view of this intended use, the component parts of
the tool 12 to be described are primarily constructed of
metals or metallic materials to provide the parts with suf-
ficient structural strength for their intended use. However,
other equivalent materials could be employed in con-
structing the component parts of the tool 12.
[0026] The base 14 is magnetic and is preferably con-
structed of a magnetic material such as steel. In other
embodiments of the base 14 it could be constructed as
an electromagnet. The base 14 in the illustrative embod-
iment may be constructed as a solid steel block having
opposite front 34 and rear 36 surfaces. The front 34 and
rear 36 surfaces in the embodiment shown are flat, par-
allel surfaces that are spaced from each other by a width
dimension of the base. At least one peripheral surface
38 extends around the base and between the front 34
and rear 36 surfaces. The peripheral surface 38 gives
the base its width dimension. As shown in FIG. 3, in the
embodiment of the tool 12 shown in the figures, the base
peripheral surface 38 has a rectangular configuration.
Other configurations could be employed.
[0027] A hole or opening 42 extends through the width
of the base 14 and through the base front 34 and rear 36
surfaces. In the embodiment shown in Figs. 2-4 the open-
ing 42 is cylindrical and has a center axis 44 that defines
mutually perpendicular axial and radial directions relative
to the tool 12. The axis 44 is perpendicular to the base
front 34 and rear 36 surfaces. As shown in Fig. 4, ac-
cording to a non-claimed embodiment, additional holes
may be provided on opposite sides of the opening 42 to
provide clearance to adjacent fasteners beneath the
base 14.
[0028] A spacing protrusion 46 projects axially out-
wardly from the base front surface 34. The protrusion 46
is positioned on the base front surface 34 adjacent the
base opening 42. In the illustrative embodiment the pro-
trusion 46 has a cylindrical shape that surrounds the base
opening 42. The protrusion 46 projects from the base
front surface 34 to an annular engagement surface 48
that is parallel with the the base front 34 and rear 36
surfaces. The axial length that the protrusion 46 projects
from the base front surface 34 defines a clearance di-
mension that is larger than the length of a typical rivet
tail. In the illustrative embodiment both the protrusion 46
and engagement surface 48 extend completely around
the base opening 42. In other embodiments the protru-
sion 46 can be separated into separate protrusions that
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are spatially arranged around the base opening 42 and
it is not necessary that the protrusion 46 be cylindrical
and that the engagement surface 48 be annular.
[0029] The bucking bar assembly 16 may be opera-
tively connected to the base 14. In the illustrative embod-
iment the bucking bar assembly 16 is mounted directly
to the base rear surface 36. Other operative connections
between the bucking bar assembly 16 and the base 14
could be employed. The bucking bar assembly 16 is sym-
metric around the base opening axis 44 and includes a
cylindrical housing 54 having a hollow interior volume 56.
The interior volume 56 of the housing is surrounded by
a large cylindrical interior wall 58 that is coaxial with the
base opening axis 44. The housing may also include a
circular first end surface 62 at one end of the housing
interior volume and an annular second end surface 64
at the opposite end of the housing interior volume. A small
cylindrical interior wall 66 surrounds an opening that ex-
tends through the center of the housing second end sur-
face 64 and exits the bottom of the housing 54 as shown
in Figure 2. The opening defined by the small cylindrical
interior wall 66 may be aligned and coaxial with the open-
ing 42 through the base 14. An annular bearing assembly
68 is mounted in the small cylindrical interior wall 66.
[0030] A bucking bar 70 is mounted in the bearing as-
sembly 68 for reciprocating movements of the bucking
bar relative to the bucking bar assembly housing 54 and
the base 14. The bucking bar has a cylindrical exterior
surface 72 with a center axis that is coaxial with the axis
44 of the base opening 42. The axial length of the bucking
bar 70 extends between an annular first end surface 74
of the bar and a circular second end surface 76 of the
bar. A small cylindrical stub shaft 78 extends axially from
the bar first end surface 74. A cylindrical piston 80 is
mounted on the distal end of the stub shaft. The piston
80 has a first circular end surface 82 and a axially oppo-
site second annular end surface 84. A cylindrical side
surface 86 extends between the piston first 82 and sec-
ond 84 end surfaces. The piston side surface 86 engages
in sliding engagement with the interior wall 58 of the buck-
ing bar assembly housing 54. The piston 80 is axially
moveable in the bucking bar assembly housing 54 be-
tween a first position of the piston shown in dashed lines
in Figure 1 and a second position of the piston shown in
solid lines in Figure 1. With the piston being operatively
connected to the bucking bar 70 by the stub shaft 78, the
reciprocating movements of the piston 80 between its
first and second positions in the bucking bar assembly
housing 54 result in the reciprocating movements of the
bucking bar 70 between a first position of the bucking bar
shown in dashed lines in Figure 1 and a second position
of the bucking bar shown in solid lines in Figure 1.
[0031] The force controlling device 18 may be opera-
tively connected with the bucking bar assembly 16. The
force controlling device 18 may include a first fluid conduit
92 that communicates through the bucking bar assembly
housing 54 with a first portion of the housing interior vol-
ume between the piston first end surface 82 and the hous-

ing first end surface 62. The opposite end of the first
conduit 92 is connected to and in fluid communication
with a control device such as a manually or automatically
controlled valve 94. The force controlling device 18 may
also include a second conduit 96 that communicates
through the bucking bar assembly housing 54 with a sec-
ond portion of the housing interior volume between the
piston second end surface 84 and the housing second
end surface 64. The opposite end of the second conduit
96 is connected to and in fluid communication with the
control device 94. The control device 94 communicates
through a third fluid conduit 98 with a separate, adjustable
source of fluid pressure 102. A gauge 104 communicates
with the third conduit 98 and provides a visual indication
of the fluid pressure in the conduit. In the illustrative em-
bodiment the control device 94 is a two position valve
that communicates the source of fluid pressure 102 with
either the first fluid conduit 94 while exhausting or venting
the second fluid conduit 96, or communicates the source
of fluid pressure 102 with the second fluid conduit 96
while exhausting or venting the first fluid conduit 92. Op-
erating the control device 94 to communicate the source
of fluid pressure 102 with the first fluid conduit 92 also
communicates the fluid pressure with the piston first end
surface 82 causing the piston and the bucking bar to
move to their second positions shown in solid lines in
Figure 2. Operating the control device 94 to communicate
the source of fluid pressure 102 with the second fluid
conduit 96 also communicates the fluid pressure with the
piston second end surface 84 causing the piston and the
bucking bar to move to their first positions shown in
dashed lines in Figure 1.
[0032] The tool is connected by the compliance unit 22
with a robotic arm 24 of the earlier described robotic as-
sembly system 4. The compliance unit 22 is spring biased
on opposite sides of its connection to the robot bar 24,
thereby providing a cushioned connection of the tool 12
with the robotic arm 24.
[0033] The electromagnet assembly 20 may be a con-
ventional assembly used in clamping two structural piec-
es together in performing a riveting operation such as
the assembly 5 described earlier. The electromagnet as-
sembly 20 has an opening 106 through the assembly that
provides access for a hammer 108 of a conventional rivet
hammer.
[0034] The method of using the tool 12 in installing a
rivet 26 between structural pieces 28, 32 is represented
in Figures 1, 3 and 5. In the example shown there are
two structural pieces. However, other numbers of struc-
tural pieces can be connected by using the tool 12 of the
invention. According to the method, the electromagnet
assembly 20 is positioned on one side of the structural
pieces 28, 32. With the electromagnet assembly 20 po-
sitioned, the tool 12 of the invention is positioned on the
opposite side of the structural pieces. The tool 12 is gen-
erally positioned so that the opening 42 through the base
14 of the tool is aligned with and coaxial with the opening
106 through the electromagnet assembly 20. The elec-
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tromagnet assembly 20 is then activated or energized,
creating a magnetic field as represented in Figure 2. The
magnetic field draws the electromagnet assembly 20 and
the base 14 of the tool 12 together, clamping the struc-
tural pieces 28, 32 between the electromagnet assembly
20 and the tool 12.
[0035] With the structural pieces 28, 32 clamped be-
tween the electromagnet assembly 20 and the tool 12, a
rivet hole 112 can then be formed through the structural
pieces 28, 32. The rivet hole 112 is aligned coaxially with
the center axis 44 of the base opening 42 and with the
opening 106 through the electromagnet assembly 20. In
other methods of using the tool 12 of the invention, the
rivet hole 112 could be previously formed through the
structural pieces 28, 32 prior to their being clamped to-
gether by the electromagnet assembly 20 and the tool 12.
[0036] Following the formation of the rivet hole 112, a
rivet 26 is positioned in the hole. The head of the rivet is
positioned toward the electromagnet assembly 20 and
the tail of the rivet is positioned toward the tool 12. The
rivet 26 can be positioned in the hole by the hammer 108
of a rivet hammer and then held in place by the hammer.
[0037] With the rivet hammer 108 positioned against
the head of the rivet 26 holding the rivet in the rivet hole
112, the force controlling device 18 of the tool 12 is then
activated to communicate fluid pressure, preferably air
pressure to the control device valve 94. The control de-
vice valve 94 is then operated to communicate the source
of fluid pressure 102 with the first fluid conduit 92. This
in turn communicates the source of fluid pressure 102
with a first portion of the bucking bar assembly housing
54 interior volume between the housing first end surface
62 and the bucking bar piston first end surface 82. This
operation of the control device valve 94 also vents the
portion of the housing interior volume between the hous-
ing second end surface 64 and the bucking bar piston
second end surface 84. The fluid pressure being supplied
to the bucking bar assembly housing 54 moves the piston
80 and the bucking bar 70 to their second positions shown
in solid lines in Figure 1. This causes the bucking bar
second end surface 76 to engage against the tail of the
rivet 26. The bucking bar second end surface 76 engages
with a pre-determined force against the tail of the rivet
26 that is determined by adjusting the fluid pressure sup-
plied by the source of fluid pressure 102. With the bucking
bar second end surface 76 engaged against the tail of
the rivet 26, the rivet hammer 108 can then be activated
to hammer the rivet 26 and form the tail of the rivet 26
into a buck tail or shop head that in turn secures the
structural pieces 28, 32 together. The pre-determined
force of engagement of the bucking bar second end 76
with the tail of the rivet 26 enables the tool 12 to form
buck tails or shop heads having consistent dimensions.
[0038] With the rivet forming operation completed, the
control device valve 94 is then operated to communicate
the source of fluid pressure 102 with the second fluid
conduit 96. This in turn communicates the fluid pressure
with the portion of the bucking bar assembly interior vol-

ume 56 between the housing second end surface 64 and
the bucking bar piston second end surface 84, while ex-
hausting the portion of the interior volume between the
housing first end surface 62 and the piston first end sur-
face 82. This causes the piston 80 and the bucking bar
70 to move to their first positions shown in dashed lines
in Figure 1, disengaging the bucking bar second end sur-
face 76 from the rivet 26. The tool 12 can then be moved
to a further rivet location.
[0039] As can be seen in Figures 1 and 2, the clearance
dimension of the protrusion 46 projecting from the base
front surface 34 spaces the front surface 34 outwardly
from rivet tails formed in rivets in the structural pieces
28, 32. This enables the base 14 and in particular the
base front surface 34 to pass over previously formed buck
tails or shop heads when moving the tool 12 to the next
riveting location.
[0040] As explained earlier, the tool 12 is provided with
a compliance unit 22 connecting the tool to a robotic arm
24 that moves the tool 12 to its next location.
[0041] The shape, geometry and volume of the base
of each component tool of the invention is designed de-
pending on the amount of clamping force needed be-
tween the two structural pieces to be fastened together
and on the accessibility of fastener locations for the two
structural pieces. Figure 6a is a cross-section view of a
representation of a base 122 employed on a tool that
installs HI-LOK type fasteners. Figure 6b is a top plan
view of the base 122 of Figure 6a and Figure 6c is a
bottom plan view of the base 122 of Figure 6A. The base
122 is constructed in substantially the same manner as
that of the tooling component shown in Figure 2, but the
protrusion 124 on the under side of the base is dimen-
sioned to provide a clearance dimension beneath the
base that is larger than the length of a typical HI-LOK
type fastener. The protrusion 124 is dimensioned to en-
able the floating movement of the base 122 over and
above the HI-LOK type fasteners inserted through the
two structural pieces 28, 32. Because the distance be-
tween the electromagnet beneath the structural pieces
28, 32 and the base 122 above the structural pieces is
larger than the distance between the electromagnet and
base shown in Figure 2, the size and volume of the base
122, and/or the electric current supplied to the electro-
magnet has to be adjusted to achieve the required clamp-
ing force between the electromagnet and the base 122.
[0042] Figures 7a, 7b, and 7c show a representation
of an asymmetrical base 126 of a tooling component ac-
cording to the present invention, that is used to install HI-
LOK type fasteners in fastener locations that are difficult
to access. As best seen in Figures 7b and 7c, the base
protrusion 128 and the opening 132 through the base are
offset and are not located in the center of the base 126.
Therefore, the base 126 has to be supported on an op-
posite side of the base from the protrusion 128. The base
126 is therefore provided with an adjustable post or screw
134 that is adjustably screw threaded into an internally
screw threaded hole through the base 126. A nut 136 is
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screw threaded on the screw 134 to hold the screw in its
adjusted position in the base 126. The screw 134 com-
pensates for overturning moment forces created by ac-
tivating the electromagnet due to the asymmetrical posi-
tioning of the protrusion 128 on the base 126. Basically,
the protrusion 128 and the screw 134 maintain the de-
sired normality of the opening 132 through the base 126
relative to the two structural pieces 28, 30. As shown in
Figure 7a, the screw 134 can also be height adjusted to
compensate for structural thickness variations in the two
structural pieces.
[0043] Figures 8a, 8b and 8c show a further embodi-
ment of the base 142 of the invention. The base 142
shown in Figures 8a, 8b and 8c has an asymmetrical
construction for use on a tooling component that installs
lock bolts in difficult to reach locations. Because the typ-
ical lock bolt has a relatively long shaft in comparison to
a HI-LOK type fastener or to a rivet tail, the use of a long
protrusion on the underside of the base 142 would move
the base further away from the electromagnet positioned
on the opposite side of the structural pieces. This would
require significantly increasing the size and volume of
the base 142 and also increasing the current amperage
supplied to the electromagnet to provide a sufficient
clamping force between the base and the electromagnet.
Therefore, instead of employing a long protrusion on the
base 142, the base is provided with a U shaped cutout
144 in one side of the base and a short U-shaped pro-
trusion 146 beneath the base and around the cutout. The
cutout 144 enables the base 142 to be positioned around
the lock bolt and in close proximity to the electromagnet
positioned on the opposite side of the structural pieces
from the base. A cylindrical foot 148 projects from the
bottom of the base 142 on an opposite side of the base
from the U-shaped protrusion 146. As with the previously
described screw 134, the foot 148 prevents the base 142
from being rotated by moment forces exerted on the base
by the electromagnet activation.
[0044] Figure 9 shows an embodiment of a rivet form-
ing tool similar to that of Figure 2, but including an asym-
metrical base 152. In addition, the embodiment of the
tool shown in Figure 9 includes an adjustment post 154
for adjusting the normality of the base 152 relative to the
two structural pieces, where the position of the post be-
neath the base is adjusted by an electric motor 156. An
enlarged view of the adjustment device is shown in Figure
10. The post 154 is mounted for sliding movement
through a hole in the base 152 and may be adjustably
positioned in the hole to compensate for the moment
force exerted on the base 152 by the electromagnet ac-
tivated on the opposite side of the structural pieces. The
post has a groove 158 through a portion of its length. A
pin 162 extends transversely through the hole in the base
152 and extends through the groove 158 of the post. The
pin 162 prevents the post 154 from rotating, but allows
the sliding movement of the post through the hole in the
base 152. The post 154 is driven through the base 152
by a driven gear 164 screw threaded on the post 154 and

a drive gear 166 mounted on the output shaft of the motor
156. It can be seen that the motor driving the drive gear
166 in opposite directions of rotation will impart rotation
to the driven gear 164 which is screw threaded on the
post 154. The rotation of the driven gear 164 will thereby
move the post 154 through the hole in the base 152 while
the pin 162 prevents rotation of the post 154.
[0045] Figure 11 is a plan view of the base 126 of Figure
7a representing the process of positioning or orienting
the asymmetrical base 126 relative to previously installed
rivets or HI-LOK type fasteners. As shown in Figure 11,
the base 126 is oriented relative to the rivets or HI-LOK
type fasteners where the adjustment screw 134 in the
bottom of the base 126 is positioned between adjacent
fasteners.
[0046] Figure 12 is a plan view of the base 142 of Figure
8a representing the process of positioning or orienting
the base 142 relative to previously installed lock bolts.
As shown in Figure 12, the base 142 is positioned to
install lock bolts in a sequence, where the base avoids
previously installed lock bolts.
[0047] Figure 13 is a side elevation view partially in
section of a modified version of the rivet forming integral
tool of Figure 9. In Figure 13 the base 172 of the tool is
provided with a U-shaped opening 174 and the tool in-
cludes a bending bucking bar 176. Figure 14 is a plan
view of a portion of the base 172 and the bending bucking
bar 176. The U-shaped opening 174 in the base 172 and
the bending bucking bar 176 enable the tool to access
rivets that are in difficult to assess locations.
[0048] As various modifications could be made in the
constructions of the apparatus herein described and il-
lustrated without departing from the scope of the inven-
tion, it is intended that all matter contained in the forego-
ing description or shown in the accompanying drawings
shall be interpreted as illustrative rather than limiting.
Thus, the scope of the present invention should not be
limited by any of the above described exemplary embod-
iments, but should be defined only by the following ap-
pended claims.

Claims

1. A tool for riveting comprising:

a bucking bar assembly (16) comprising:

a magnetically attractive base (14, 122,
126, 142, 152, 172), having a base front sur-
face (34) and a base rear surface (36), op-
posite to each other, a width dimension be-
tween the base front surface (34) and the
base rear surface (36), and a single pas-
sageway opening (42, 132, 174), passing
through the magnetically attractive base
(14, 122, 126, 142, 152, 172) and through
the base front surface (34) and the base rear
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surface (36) for extending a portion of the
tool through the single passageway open-
ing (42, 132, 174), wherein the single pas-
sageway opening (42, 132, 174) through
the magnetically attractive base (14, 122,
126, 142, 152, 172) is asymmetrically posi-
tioned on the magnetically attractive base
(14, 122, 126, 142, 152, 172), and
a bucking bar (70, 176), mounted on the
magnetically attractive base (14, 122, 126,
142, 152, 172) and movable between a first
position and a second position of the buck-
ing bar (70, 176) relative to the magnetically
attractive base (14, 122, 126, 142, 152, 172)
where, in the first position, the bucking bar
(70, 176) extends through the single pas-
sageway opening (42, 132, 174), but does
not extend beyond the base front surface
(34), and, in the second position, the buck-
ing bar (70, 176) extends through the single
passageway opening (42, 132, 174) and be-
yond the base front surface (34) where the
bucking bar (70, 176) will engage with a rivet
(26) that has been positioned adjacent the
base front surface (34) and aligned with the
single passageway opening (42, 132, 174);

a force controlling device (18) that is operably
connected with the bucking bar (70, 176) and is
selectively controllable to supply fluid pressure
to the bucking bar assembly to selectively move
the bucking bar (70, 176) between the first po-
sition and the second position; and
an electromagnet (5, 20) that is selectively con-
trollable to be energized and deenergized,
wherein the magnetically attractive base (14,
122, 126, 142, 152, 172) is configured to exert
a compression force over a surface of a structure
(7, 8, 28, 32) engaged by the magnetically at-
tractive base (14, 122, 126, 142, 152, 172) when
the electromagnet (5, 20) is energized; and
wherein the tool further comprises a post (134,
154), mounted on the magnetically attractive
base (14, 122, 126, 142, 152, 172) on an oppo-
site side of the magnetically attractive base (14,
122, 126, 142, 152, 172) from the single pas-
sageway opening (42, 132, 174) through the
magnetically attractive base (14, 122, 126, 142,
152, 172), and wherein the post (134, 154) is
moveable on the magnetically attractive base
(14, 122, 126, 142, 152, 172) to adjust a length
of the post (134, 154), projecting from the mag-
netically attractive base (14, 122, 126, 142, 152,
172) and thereby adjust a normality of the single
passageway opening (42, 132, 174) through the
magnetically attractive base (14, 122, 126, 142,
152, 172) relative to the surface of the structure
(7, 8, 28, 32), engaged by the magnetically at-

tractive base (14, 122, 126, 142, 152, 172).

2. The tool of claim 1, further comprising:
a protrusion (46) on the base front surface (34), the
protrusion (46) projecting outwardly from the base
front surface (34).

3. The tool of claims 1 or 2, further comprising:

a housing (54) mounted to the magnetically at-
tractive base (14, 122, 126, 142, 152, 172), the
housing (54) having a cylindrical interior volume
(56) with a center axis;
a piston (80) operatively connected to the buck-
ing bar (70, 176), the piston (80) being received
in the cylindrical interior volume (56) of the hous-
ing (54) for movement of the piston (80) between
a first position of the piston (80) and a second
position of the piston (80) in the cylindrical inte-
rior volume (56) of the housing (54) where, in
the first position of the piston (80), the piston
(80) moves the bucking bar (70, 176) to the first
position of the bucking bar (70, 176) relative to
the magnetically attractive base (14, 122, 126,
142, 152, 172) and in the second position of the
piston (80), the piston (80) moves the bucking
bar (70, 176) to the second position of the buck-
ing bar (70, 176) relative to the magnetically at-
tractive base (14, 122, 126, 142, 152, 172); and
the force controlling device (18) including a
source of fluid pressure (102), a first conduit (92)
that communicates with the cylindrical interior
volume (56) of the housing (54) on a first side
of the piston (80), a second fluid conduit (96)
that communicates with the cylindrical interior
volume of the housing (54) on a second side of
the piston (80) that is opposite the first side of
the piston (80), and a control that is operative to
direct fluid pressure from the source of fluid pres-
sure (102) to either the first conduit (92) or the
second fluid conduit (96).

Patentansprüche

1. Werkzeug zum Nieten, das aufweist:

eine Gegenhaltestangenanordnung (16), die
aufweist:

eine magnetisch anziehende Basis (14,
122, 126, 142, 152, 172), die eine Basisvor-
derfläche (34) und eine Basisrückfläche
(36) hat, welche einander gegenüberliegen,
ein Breitenmaß zwischen der Basisvorder-
fläche (34) und der Basisrückfläche (36),
und eine einzige Durchgangsöffnung (42,
132, 174), die durch die magnetisch anzie-
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hende Basis (14, 122, 126, 142, 152, 172)
und durch die Basisvorderfläche (34) und
die Basisrückfläche (36) hindurchgeht, um
einen Abschnitt des Werkzeugs durch die
einzige Durchgangsöffnung (42, 132, 174)
hindurch zu erstrecken, wobei die einzige
Durchgangsöffnung (42, 132, 174) durch
die magnetisch anziehende Basis (14, 122,
126, 142, 152, 172) asymmetrisch an der
magnetisch anziehenden Basis (14, 122,
126, 142, 152, 172) positioniert ist, und
eine Gegenhaltestange (70, 176), die an
der magnetisch anziehenden Basis (14,
122, 126, 142, 152, 172) angebracht und
zwischen einer ersten Position und einer
zweiten Position der Gegenhaltestange
(70, 176) in Bezug zu der magnetisch an-
ziehenden Basis (14, 122, 126, 142, 152,
172) bewegbar ist, wobei sich in der ersten
Position die Gegenhaltestange (70, 176)
durch die einzige Durchgangsöffnung (42,
132, 174) erstreckt, jedoch nicht über die
Basisvorderfläche (34) hinaus erstreckt,
und wobei sich in der zweiten Position die
Gegenhaltestange (70, 176) durch die ein-
zige Durchgangsöffnung (42, 132, 174) und
über die Basisvorderfläche (34) hinaus er-
streckt, wobei die Gegenhaltestange (70,
176) mit einem Niet (26) in Eingriff kommt,
der nahe der Basisvorderfläche (34) positi-
oniert und mit der einzigen Durchgangsöff-
nung (42, 132, 174) ausgerichtet worden ist;

eine Kraftsteuerungsvorrichtung (18), die be-
triebsbereit mit der Gegenhaltestange (70, 176)
verbunden und selektiv steuerbar ist, um die Ge-
genhaltestangenanordnung mit Fluiddruck zu
versorgen, um die Gegenhaltestange (70, 176)
selektiv zwischen der ersten Position und der
zweiten Position zu bewegen; und
einen Elektromagneten (5, 20) der selektiv dazu
steuerbar ist, erregt und entregt zu werden,
wobei die magnetisch anziehende Basis (14,
122, 126, 142, 152, 172) dazu konfiguriert ist,
eine Kompressionskraft über eine Oberfläche
einer Struktur (7, 8, 28, 32) aufzubringen, die
von der magnetisch anziehenden Basis (14,
122, 126, 142, 152, 172) in Eingriff genommen
wird, wenn der Elektromagnet (5, 20) erregt
wird; und
wobei das Werkzeug des Weiteren einen Pfos-
ten (134, 154) aufweist, der an der magnetisch
anziehenden Basis (14, 122, 126, 142, 152, 172)
an einer gegenüberliegenden Seite der magne-
tisch anziehenden Basis (14, 122, 126, 142,
152, 172) von der einzigen Durchgangsöffnung
(42, 132, 174) durch die magnetisch anziehende
Basis (14, 122, 126, 142, 152, 172) angebracht

ist, und wobei der Pfosten (134, 154) auf der
magnetisch anziehenden Basis (14, 122, 126,
142, 152, 172) bewegbar ist, um eine Länge des
Pfostens (134, 154) einzustellen, der von der
magnetisch anziehenden Basis (14, 122, 126,
142, 152, 172) vorsteht, und dadurch eine Nor-
malität der einzigen Durchgangsöffnung (42,
132, 174) durch die magnetisch anziehende Ba-
sis (14, 122, 126, 142, 152, 172) in Bezug zu
der Oberfläche der Struktur (7, 8, 28, 32) die von
der magnetisch anziehenden Basis (14, 122,
126, 142, 152, 172) in Eingriff genommen wird,
einzustellen.

2. Werkzeug nach Anspruch 1, das des Weiteren auf-
weist:
einen Vorsprung (46) an der Basisvorderfläche (34),
wobei der Vorsprung (46) von der Basisvorderfläche
(34) nach außen vorsteht.

3. Werkzeug nach Anspruch 1 oder 2, das des Weite-
ren aufweist:

ein Gehäuse (54), das an der magnetisch an-
ziehenden Basis (14, 122, 126, 142, 152, 172)
angebracht ist, wobei das Gehäuse (54) ein zy-
lindrisches Innenvolumen (56) mit einer Mittel-
achse hat;
einen Kolben (80), der betriebsbereit mit der Ge-
genhaltestange (70, 176) verbunden ist, wobei
der Kolben (80) in dem zylindrischen Innenvo-
lumen (56) des Gehäuses (54) zur Bewegung
des Kolbens (80) zwischen einer ersten Position
des Kolbens (80) und einer zweiten Position des
Kolbens (80) in dem zylindrischen Innenvolu-
men (56) des Gehäuses (54) aufgenommen ist,
wobei, in der ersten Position des Kolbens (80),
der Kolben (80) die Gegenhaltestange (70, 176)
in die erste Position der Gegenhaltestange (70,
176) in Bezug zu der magnetisch anziehenden
Basis (14, 122, 126, 142, 152, 172) bewegt und,
in der zweiten Position des Kolbens (80), der
Kolben (80) die Gegenhaltestange (70, 176) in
die zweite Position der Gegenhaltestange (70,
176) in Bezug zu der magnetisch anziehenden
Basis (14, 122, 126, 142, 152, 172) bewegt; und
die Kraftsteuerungsvorrichtung (81), die eine
Fluiddruckquelle (102), eine erste Leitung (92),
die mit dem zylindrischen Innenvolumen (56)
des Gehäuses (54) an einer ersten Seite des
Kolbens (80) in Verbindung steht, eine zweite
Fluidleitung (96), die mit dem zylindrischen In-
nenvolumen des Gehäuses (54) an einer zwei-
ten Seite des Kolbens (80), die der ersten Seite
des Kolbens (80) gegenüberliegt, in Verbindung
steht, und eine Steuerung aufweist, die dazu be-
treibbar ist, Fluiddruck von der Fluiddruckquelle
(102) entweder an die erste Leitung (92) oder
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die zweite Fluidleitung (96) zu leiten.

Revendications

1. Outil destiné au rivetage, comprenant :

un assemblage de contre-bouterolle (16),
comprenant :
une base d’attraction magnétique (14, 122, 126,
142, 152, 172), présentant une surface de base
avant (34) et une surface de base arrière (36),
opposées l’une à l’autre, une dimension en lar-
geur entre la surface de base avant (34) et la
surface de base arrière (36), et une ouverture
de passage unique (42, 132, 174) passant à tra-
vers la base d’attraction magnétique (14, 122,
126, 142, 152, 172) et à travers la surface de
base avant (34) et la surface de base arrière
(36) pour étendre une partie de l’outil à travers
l’ouverture de passage unique (42, 132, 174),
dans lequel l’ouverture de passage unique (42,
132, 174) à travers la base d’attraction magné-
tique (14, 122, 126, 142, 152, 172) est position-
née de manière asymétrique sur la base d’at-
traction magnétique (14, 122, 126, 142, 152,
172), et
une contre-bouterolle (70, 176) montée sur la
base d’attraction magnétique (14, 122, 126,
142, 152, 172) et mobile entre une première et
une seconde position de la contre-bouterolle
(70, 176) par rapport à la base d’attraction ma-
gnétique (14, 122, 126, 142, 152, 172) où, dans
la première position, la contre-bouterolle (70,
176) s’étend à travers l’ouverture de passage
unique (42, 132, 174) mais ne s’étend pas au-
delà de la surface de base avant (34) et, dans
la seconde position, la contre-bouterolle (70,
176) s’étend à travers l’ouverture de passage
unique (42, 132, 174) et au-delà de la surface
de base avant (34) où la contre-bouterolle (70,
176) s’engagera avec un rivet (26) qui a été po-
sitionné de manière adjacente à la surface de
base avant (34) et aligné avec l’ouverture de
passage unique (42, 132, 174) ;
un dispositif de commande de force (18) qui est
relié en fonctionnement à la contre-bouterolle
(70, 176) et peut être commandé de manière
sélective afin de fournir la pression fluidique à
l’assemblage de contre-bouterolle pour dépla-
cer de manière sélective la contre-bouterolle
(70, 176) entre la première et la seconde
position ; et
un électro-aimant (5, 20) qui peut être comman-
dé de manière sélective pour être actionné et
désactionné ;
dans lequel la base d’attraction magnétique (14,
122, 126, 142, 152, 172) est configurée pour

exercer une force de compression sur une sur-
face d’une structure (7, 8, 28, 32) engagée par
la base d’attraction magnétique (14, 122, 126,
142, 152, 172) lorsque l’électro-aimant (5, 20)
est actionné ; et
dans lequel l’outil comprend en outre une tige
(134, 154), montée sur la base d’attraction ma-
gnétique (14, 122, 126, 142, 152, 172) sur un
côté opposé de la base d’attraction magnétique
(14, 122, 126, 142, 152, 172) depuis l’ouverture
de passage unique (42, 132, 174) à travers la
base d’attraction magnétique (14, 122, 126,
142, 152, 172), et dans lequel la tige (134, 154)
est mobile sur la base d’attraction magnétique
(14, 122, 126, 142, 152, 172) pour ajuster une
longueur de la tige (134, 154), qui fait saillie de-
puis la base d’attraction magnétique (14, 122,
126, 142, 152, 172) et permet ainsi d’ajuster une
normalité de l’ouverture de passage unique (42,
132, 174) à travers la base d’attraction magné-
tique (14, 122, 126, 142, 152, 172) par rapport
à la surface de la structure (7, 8, 28, 32) engagée
par la base d’attraction magnétique (14, 122,
126, 142, 152).

2. Outil selon la revendication 1, comprenant en outre :
une saillie (46) sur la surface de base avant (34), la
saillie (46) faisant saillie vers l’extérieur depuis la
surface de base avant.

3. Outil selon les revendications 1 ou 2, comprenant
en outre :

un boîtier (54) monté sur la base d’attraction ma-
gnétique (14, 122, 126, 142, 152, 172), le boîtier
(54) présentant un volume intérieur cylindrique
(56) avec un axe central ;
un piston (80) relié en fonctionnement à la con-
tre-bouterolle (70, 176), le piston (80) étant reçu
dans le volume intérieur de boîtier (56) du boîtier
(54) pour le déplacement du piston (80) entre
une première position du piston (80) et une se-
conde position du piston (80) dans le volume
intérieur cylindrique (56) du boîtier (54), où, dans
la première position du piston (80), le piston (80)
déplace la contre-bouterolle (70, 176) vers la
première position de la contre-bouterolle (70,
176) par rapport à la base d’attraction magnéti-
que (14, 122, 126, 142, 152, 172) et, dans la
seconde position du piston (80), le piston (80)
déplace la contre-bouterolle (70, 176) vers la
seconde position de la contre-bouterolle (70,
176) par rapport à la base d’attraction magnéti-
que (14, 122, 126, 142, 152, 172) ; et
le dispositif de commande de force (18) com-
porte une source de pression fluidique (102), un
premier conduit (92) qui communique avec le
volume intérieur cylindrique de boîtier (56) du
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boîtier (54) sur un premier côté du piston (80),
un second conduit fluidique (96) qui communi-
que avec le volume intérieur cylindrique de boî-
tier du boîtier (54) sur un second côté du piston
(80) qui est opposé au premier côté du piston
(80), et une commande qui est opérationnelle
pour diriger la pression fluidique depuis la sour-
ce de pression fluidique (102) vers soit le pre-
mier conduit (92) soit le second conduit (96).
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