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JOINING DEVICE FOR CONDUITS AND ASSOCIATED JOINING PROCESS

This invention concerns a joining device for gas or liquid conduits carried in an

aircraft and an associated joining process.

The invention applies, for example, to the nitrogen circuits of airplane
fuel tanks, in which the normal pressure is generally 15 bars (200 psi) or even
higher. These nitrogen circuits have recently appeared in modern airplanes,
and serve the purpose of rendering the fuel tanks inert. The piping passes
through the outer part of the fuel tank and is therefore exposed to the fuel.

Because of its location as well as because of the specific electrical and
electrostatic characteristics of modern airplanes made of composite materials,
this piping must be electrically non-conducting. It must likewise be made of a
light material, such as aluminum. Alternatively, piping made of composite
materials is likewise conceivable, but it is more expensive. All of the piping,
once installed and put into use must likewise resist various chemical products,

particularly kerosene, as well as high pressures.

The invention also applies to circuits of cooling liquids (particularly of the
“supplemental cooling” type) that operate at pressures of about 15 bars.

The invention likewise applies to oxygen circuits. It also importantly
applies to pressurized liquid hydraulic circuits for flight controls or landing gear
controls, where the pressure can be significantly higher, for example about 350
bars (5000 psi).

In all of these circuits, one is confronted with the need to control the

conductivity of the installed piping circuit.

For metal piping, interconnections between two pieces of conduit can be
utilized to control the electrical resistance, or even to provide electrical
insulation by means of a non-conducting section. In this regard, the document
WO 2006/049956 describes five dielectric tubular piping interconnections for
dissipating the electrical energy associated with the accumulation of static
charges on the conduits that transport fluids, possibly at high pressure, in an
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aircraft. At least some of these interconnections include two generally tubular
light metal coaxial housings, a cylindrical spacer of PEEK [polyether ketone], a
disc shaped spacer of Krefine to control the resistance between the first and
the second housings, and an envelope made of a material that contains Teflon.
The solution described in this document is complicated to manufacture and to
utilize, particularly due to the large number of parts.

The accessories for interconnecting the pipes and the process for their
application are also known from the documents US 3572779 and WQ082/02755.
It is specifically taught to radially compress a malleable crimping sleeve.

A conduit for coupling an accessory through axial compression by
causing a radial deformation is likewise known from the document
WO96/05556.

Lastly, a crimpable interconnection accessory - or adapter — for a
conduit comprising a sleeve that is to be attached by crimping it to one end of a
conduit fube and that is to, at least indirectly, engage with another conduit
element is known from the document WO02007/110501. The sleeve surface that
is to come into crimping contact with the end of the tube includes a section
coated with an adhesive comprising at least two components, one of which is
encapsulated. This glued-on section is advantageously recessed, preferably by
projecting flanges.

In this context and for the purpose of resolving the problem alluded to
above, a process for interconnecting at least a first and a second conduit to
control the electrical resistance of a piping circuit is characterized in that it

comprises the following steps:

- placing a cylindrical section of a connection onto an end of the first

conduit

- crimping at least a part of the cylindrical section onto a first conduit,
with a spacing block of a polymeric material having a preselected conductivity
being positioned in the extension of the end of the first conduit and clipped to
the cylindrical section, with the crimp then locking the spacing block to the

adapter.

- joining of the spacing block to the end of the second conduit.



10

15

20

25

30

This process makes it possible to readily form a network of conduits
having a controlled resistance by means of the choice of the polymeric material
and the crimping that causes the conduits to interlock.

It should be noted that the end of the conduits considered here is tubular
or at least cylindrical in the broad sense, that is to say defined by a longitudinal
axis and a mouth that can be circular or non-circular. The cylindrical section of
the joint is preferably configured to serve as an outer (or possibly inner) sleeve
at the end of the first conduit. Specifically, if the end of the first conduit exhibits
rotational symmetry, then the cylindrical section preferably likewise exhibits a

general rotational symmetry.

It is further noted that the axes of the first and second conduits can be
aligned or offset angularly in relation fo one another, in which case the spacing

block and the interconnection have a geometry permitting an angular offset.

It is also noted that the term spacing block is used to designate a rigid

part that connects two other parts and maintains them at a fixed spacing,

and that the term crimping designates a mechanical fastening operation without

welding, for example by compression.

Of particutar importance is the fact that the electrical resistance of the
resulting conduit network can be controlled by selecting the material and the
size of the spacing block, while retaining the conduits required for the
application, for example, aluminum, titanium or stainless steel conduits of a

given geometry.

The interconnecting device is installed at the location of the conduit, and
is permanent once it is installed. Because of the method of attachment by
crimping, the mounting can be performed at the location of the conduit network,

possibly in the presence of geometric constraints (obstruction, limited
accessibility).

The proposed solution makes it possible to establish a connection that is
resistant to forces of traction and rotation. The resulting connection is also

watertight.
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According to an advantageous characteristic, the crimping step
encompasses a deformation of an assembly consisting a clipping piece of a
spacing block and a complementafy clipping piece of the adapter so as to
axially immobifize the two clipping pieces with respect to one another.

The mutual immobilization of the two clipping pieces participates in
locking the spacing block with respect to the adapter and is obtained
specifically through the confinement of a male part in a closed cavity, as well as
by increasing the friction between the two surfaces. The two parts are
rotationally immobilized with respect to one another by friction. They are
likewise rotationally immobilized with respect to one another by clipping, if,
advantageously, a screw thread is provided hetween the spacing block and the
adapter. Finally they are simultaneously immobilized with respect to each other
against displacement in the axial direction (that is fo say, parallel to the axis of
the adapter — or at least of the cylindrical section of the adapter or of the
spacing block) by friction and by the confinement of the male part in the closed
cavity (as well as by the screw thread possibly provided between the spacing
block and the adapter).

According to an advantageous characteristic, the first conduit maintains

the clipping shape of the spacing block during the crimping stage.

This characteristic makes it possible to reinforce the deformation of the
resulting assembly of the clipping piece of the spacing block and of the
complementary clipping piece, since this assembly is then compressed

between the conduit and the crimping tool.

According to an advantageous characteristic, the first conduit is
positioned prior to the crimping step so as to immobilize the assembly
consisting of a clipping piece of the spacing block and a complementary
clipping piece of the adapter in the clipped position. Thus, once the crimping
has been performed, the conduit locks the clipped joint and therefore locks the

spacing block with respect to the adapter.

According to an advantageous characteristic, the longitudinal distance
(taken at its absolute value) between a clipping piece of the adapter and a
section of the adapter to which the crimping is applied is less than two times
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the reference fransverse width of the first conduit, or else equal to this
reference transverse width, or 50% or 25% of this reference width.

In the case of a circular conduit, this reference width can be the
diameter, or else the inside diametier. It should be noted that the inside
diameter of the adapter was selected to be equal to the diameter of the first
conduit as measured on the outside thereof if the crimping operation is
performed from the outside.

This choice of positioning of the crimping area in relation fo the clipping
piece makes it possible to ensure that, while performing the locking operation
of the spacing block with respect to the adapter, the crimping of the adapter
onto the conduit, particularly by deformation of the assembly consisting of two
complementary clipping pieces, is effective. Below a distance of 0.5 times the
diameter, and even 0.2 times, the deformation is greater and ensures, a fortiori
[all the more certainly], a tighter interlock.

According to the alternative definition of this characteristic, the crimping
is performed such that the ratio between the length over which the crimping is
performed and the useful contact length between the adapter and the conduit
tube is between 0.5 and 1.33.

It should be noted for the subsequent description that the ID is the length
of useful contact between the adapter and the conduit tube, parallel to the axis
of the adapter. If all of the material of the adapter is used for the crimping, it
concerns the longitudinal distance between the mouth of the adapter of the side
on which the first conduit is located and the complementary clipping piece of

the adapter.

It should be noted for the subsequent description that the IF is the length
parallel to the axis of the adapter over which the crimping action is performed. If
all of the material of the adapter is used for the crimping, it is measured from
the mouth of the adapter of the side on which the first conduit is located.

The selection of this IF/ID ratio makes it possible to ensure that, while
performing the operation of locking the spacing block with respect to the
adapter, the crimping of the adapter onto the conduit, specifically by the
deformation of the assembly consisting of two complementary clipping pieces,
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is effective. At an IF/ID ratio greater than 0.66, the deformation is greater and
ensures, a fortiori, a tighter interlock.

According to an advantageous characteristic, the crimping consists of

external crimping by radial compression by means of a variable diameter jaw.
Alternatively, it may entail an expansion (or internal crimping)

Alternatively, the crimping is accomplished via a fongitudinal translation
of a sleeve along an oufside surface of the adapter having an increasing

diameter, causing a radial compression thereof.
In one important application, at least the first conduit is made of titanium.

In other applications, at least the first conduit is made of stainless steel

or of aluminum.

In all three cases, the second conduit is generally made of the same
material as the first, but a different metal is also conceivable, if the application
necessitates or allows for this. The adapter itself can be of the same material
as the conduit or of a different material (for example an adapter of stainless
steel on a titanium conduit, or an adapter of titanium on a conduit of stainless

steel).

According to a second characteristic, the invention likewise proposes a
joining device for conduits to control the electrical resistance of a conduit circuit

with this device comprising:

- an adapter comprising a cylindrical section that is to be positioned at
the end of a conduit and crimped onto it.

- a spacing block of a polymeric material, this spacing block being
designed so as to be clipped onto said cylindrical section, and to being
connected to the end of another conduit,

with the device being designed for crimping at least one part of the
cylindrical section onto a conduit, while the spacing block is clipped to the
adapter in the extension of the end of the conduit, this results in the locking of

the spacing block with respect to the adapter.
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This device makes it possible to readily form a network of conduits with
controlled electrical resistance, by introducing a spacing block, the polymeric

material of which is selected so as to obtain a desired electrical resistance.

According to the advantageous characteristics, the joining device is
characterized in that ’

- the adapter comprises an area, called the crimping area, upon which

the forces applied by the crimping tool act

- the spacing block comprises a clipping piece designed to engage with
a complementary clipping piece of the adapter.

The crimping area of the adapter is designed so that a crimping action
applied to. the crimping area causes the assembly consisting of the two clipping
areas to deform, so as to longitudinally immobilize one with respect to the

other.

As a result of this characteristic, the locking produced by the crimping is

particularly effective because of the deformation.

Moreover, the crimping reduces the axial play between the two clipping

pieces and creates friction between the two.

According to an advantageous characteristic, with the spacing block
having a clipping pieces designed to engage with a complementary clipping
piece of the adapter, it is better designed to enable the positioning of a conduit
in a crimping position, so that a conduit in the crimping position radially
immobilizes the clipping piece in the clipped position.

Thanks to this characteristic that readily implemented, the locking, which
immobilizes the conduit longitudinally, is easily achieved by crimping.

According to another advantageous characteristic, the spacing block is
furthermore designed to allow a first conduit to be positioned with longitudinal
freedom in the positioning of the first conduit with respect to the spacing block
equal to at least 2% or advantageously, 3%, 8%, 15% or 25% of a

representative transverse width of the spacing block.

This characteristic is particularly of interest when the clipping piece of
the spacing block allows for general rotational symmetry, and in this case, the
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transverse width of the spacing block can be assumed to be equal to the
diameter of the surface of the clipping piece in contact with the conduit, which
can be the internal diameter if the crimping is performed externally.

The spacing block is then designed to enable the positioning of a conduit
with freedom for positioning the conduit longitudinally with respect to the
spacing block at least equal to 2%, or preferably, 3%, 8% or 15%, for example
of the width in question.

It shouid be noted that the internal diameter of the clipping piece of the
spacing block in contact with the conduit is advantageously assumed to be

equal to the outside diameter of the conduits of this application.

As explained previously, the conduit can immobilize the clipping piece in
the clipped position. Thus, as a result of this positioning freedom, the spacing
block is designed to enable the positioning of a conduit in at least a first and a
second external position, and advantageously any intermediate positions.

The spacing block radially immobilizes the clipping piece in the clipped
position in all of these useful positions for the conduit.

Moreover, the second crimping position is separated from the first
crimping position by a longitudinal translation of at least 2% of the internal

diameter of the clipping piece or more.

The device can thus be used in a flexible manner, without the need to

cut a section of the conduit, if it is too long.

According to an alternative description of this characteristic, the
longitudinal positioning freedom is equal to at least the longitudinal reference
dimension of the clipping piece, or preferably two times that dimension. In the
context of this description, the longitudinal dimension of the clipping piece is
then taken as a reference due to its interaction with the conduif. This

longitudinal dimension can, for instance, be a radius of a projection.

As it happens, according to another advantageous characteristic, the
clipping piece of the spacing block comprises a projection, the radial cross-

sectional profite of which is more or less circular, with the complementary
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clipping piece of the adapter comprising a cavity, the radial cross-sectional
profile of which is complementary to said projection.

According to an advantageous characteristic, the clipping piece of the
spacing block and the complementary clipping piece of the adapter allow for
rotational symmetry.

According to an advantageous characteristic, the spacing block is made
of polyurethane ketone (PEEK), for example of PEEK loaded with 15 to 45% of
glass fibers. PEEK loaded with carbon fibers can also be used; these two types
of fibers serve as mechanical reinforcements. Other materials constituting a
mechanical reinforcement can be used, alone or in combination. The spacing
block has reinforced mechanical properties in this case. The electrical
insulation is likewise greater than in a similar system where the spacing block is
made of PEEK loaded with carbon nanotubes. In the current state of affairs,
PEEK loaded with glass fibers is considered to be a completely non-conducting

material.

Alternatively, the spacing block is made of PEEK loaded with carbon
nanofubes up to 10%, or preferably between 0.5% and 3%, perhaps even
between 0.1 and 3%. It can likewise be made of PEEK simultaneously loaded
with carbon nanotubes and of a material constituting a mechanical

reinforcement.

Alternatively, the spacing block can be made of polyphenylene sulfide.

The conductivity of the material can have different values, and a non-
conducting spacing block or a spacing block made of a material whose
conductivity is between 107 and 10® Q, for example, can specifically be used

according to the present application.

Generally speaking, the joining device is suitable for connecting two

aluminum, titanium or stainless steel conduits installed in an aircraft.

Furthermore, the spacing block includes a non-conducting section

having a longitudinal dimension between 5 and 50 mm.

In this way, the adapter can sustain a high breakdown voltage, while

retaining its small size.
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The invention will now be described in detail by means of the attached
figures, of which:

Figure 1 is a sectional view of a spacing block used in the invention.

Figure 2 is a sectional view of an adapter used in an embodiment of the

invention.

Figure 3 is a sectional view of the spacing block of Figure 1 and of the
adapter of Figure 2 in an initial phase of their connection to one another in a

first embodiment of the invention.

Figure 4 is a view similar to that of Figure 3, in a later phase of the
interconnection of the spacing block and the adapter, a conduit tube being

inserted into the adapter.

Figure 5 is a view similar to that of Figure 2 where the adapter is
depicted in the presence of a crimping tool positioned with respect to the
adapter according to a step of the process of this invention.

Figure 6 is a view similar to that of Figure 4, with a crimping tool having
performed the crimping action on an adapter positioned on the conduit tube in

the presence of the spacing block, in a first embodiment of the invention.

Figure 7 is a view of the clipping area of the adapter in the presence of

the spacing block and a conduit tube, prior to crimping.
Figure 8 is an enlarged part of Figure 7.
Figure 9 is a view similar to Figure 7, after crimping.
Figure 10 is a view similar to Figure 8, after crimping.

Figures 11 and 12 are views of a crimping jaw used in the first
embodiment of the invention, in the open and closed positions respectively.

Figure 13 is a view of the spacing block of Figure 1 and an adapter used
in a second embodiment of the invention, in an initial phase of their connection

to one another.

Figure 14 is a view similar to Figure 13 in a later phase of the

interconnection.

10
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Figure 15 is a view similar to Figure 13 in a later phase of the
interconnection, and a conduit tube being inserted into the adapter.

Figure 16 is a view similar to Figure 13, with a crimping tool having
performed a crimping action on the adapter positioned on the conduit tube in
the presence of the spacing block, in a second embodiment of the invention.

With reference to Figure 1, the spacing block 100 of a polymeric material
is a hollow part exhibiting an rotational axis of symmetry X-X shown
horizontally, and, in the depicted embodiment, a symmetry with respect to a
plane perpendicular to the X-X axis. It is apparent that Figure 1, like the other

attached figures, is an axial sectional view of the various parts in question.

The external profile of the spacing block 100 has a central section 110
extending over about one third of its length, ending at a distance PA from each
of the ends of the spacing block. This center section 110 ends at a distance PA
from each of the ends of the spacing block. This center section 110 ends with a
small step 115 descending into a groove 120 that, as will be seen later, is

designed to receive an o-ring.

A projecting external threading 125 is {ocated on the other side of groove
120. The external profile of the spacing block 100 then exhibits a flat section
130 in continuation of the throat, followed by a depression 135 and a final

projection 140.

The intenal profile of the spacing block 100 has a cylindrical center
section 150 representing four-fifths of its length. This center section 150 has an
inside diameter PF. The internal profile of the spacing block is completed by a
widened section 160 on each of the ends of the spacing block, of length PE
parallel to axis X-X, with a diameter PC slightly (about 10%) larger than PF.

The connection between the center section and the widened section is a
disc shaped portion perpendicular to the plane of the figure, which is located to
the right of flat section 130 of the exterior profile of the part (that is to say on the
same radius). In other embodiments, this disc shaped portion is located to the
right of the thread 125, or even to the right of the center section 110.

11
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On the outermost third of its length, the widened section 160 comprises
a splayed subsection 165, the diameter of which progressively deviates from
the dimension PC. The splaying begins to the right of the depression 135.

Each of the ends of the spacing block constitutes a clipping mechanism
180. This mechanism begins at a distance PG (measured parallel to the axis X-
X) from the end of the spacing block. It consists of a thin section of the spacing
block having a thickness PD, and comprises the exterior projection 140 and the
depression 135, and, on the inside, a part of widened section 160, particularly
comprising the splayed subsection 165. As viewed in an axial section, the
clipping mechanism essentially comprises a ball of apparent radius PR2
(projection 140) and a depressed area 135. The radius PR2 is selected o be
between 0.8 and 1 mm depending on the sizes of the spacing block. The
function of the clipping mechanism will be described below.

It should be noted that the spacing block is configured to accommodate
the end of a conduit (as described below in the context of Figure 4). The
presence of two internal diameters PF and PC, which are respectively
narrowed and widened, makes it possible to simultaneously provide a
reinforced strength with the spacing block, which has a substantial material
thickness (narrowed internal diameter PF) over a part of its {ength, and to
enable the introduction of a conduit having an exiernal diameter PC into the

area of the clipping mechanism.

With reference to Figure 2, the adapter 200 is a hollow part having a
rotational symmetry around an axis Y-Y and two openings, one wide 210 and
the other narrow 220.

The internal profile of the adapter, from the wide opening, comprises a
first flat area 215, followed by a projecting tapping 220 for engaging the thread
125 of the spacing block 100, then a groove 225 designed to receive an o-ring.
This internal profile then has a large protuberance 230, whose surface is
essentially directed toward the wide opening and to the axis of rotation. Along
the section corresponding to this large protuberance, the diameter of the
internal profile of the adaptor decreases to a value IC at the end of the section

corresponding to the protuberance.

12
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The internal profile of the adapter then comprises a spherical cavity 235
having a diameter IR, the bottom of which (seen from the axis of rotation),
forms a diameter IB of the adapter, slightly (about 4%) greater than IC.

In progressing from the wide opening 210 toward the narrow opening
220 of the adapter, the internal profile then comprises a long cylindrical section
up to the smaller opening having a diameter D slightly smaller than IC (about
9%), and which is selected to be equal to the diameter PC of the spacing block.
This section 240 comprises two short widened subsections 245 and 247 that
are adjacent to one another. The widened subsection 245 has sharp angles
designed to grab the adapter once it is placed and crimped onto a conduit,
which improves the properties of the adapter concerning longitudinal fraction or
an increase in the pressure of the transported fluid. The widened subsection
247itself is filled with a layer of silicone forming a seal once the adapter is
placed on a conduit. Alternatively, the two enlarged subsections (or grooves)
can both be filled with silicone forming a seal.

The outside profile of the adapter from the narrow opening 220
comprises a slightly inclined area 250 having an increasing diameter, a
projecting flat area 255, a receding flat area 260 roughly in the extension of a
slightly inclined area 250, a shoulder 265 followed by a new flat area
constituting an intermediate plateau 270, then a second shoulder 275 and a
high planar area 280 ending at the wide end 220 of the adapter.

The projecting area 255 does not have the rotational symmetry of the
rest of the adapter 200. In the section depicted in Figure 2, its top is flat,
parallel to the longitudinal axis Y-Y. Under certain angles around the
longitudinal axis, its top is conversely rounded. During the crimping operation
(described below in the context of a later figure), this projecting area 255
breaks the rotational symmetry of the crimped adapter and thus to improve the

resistance to torsional stress.

The depression 225 is to the right of a part of the high flat area 280 (that
is to say on the same radius), the large protuberance and cavity 235 are to the
right of the second shoulder 275, whereas the two widened subsections 245
and 247 are to the right of intermediate plateau 270.

13
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The ensembie consisting of the large protuberance 230 and the cavity
235 constitutes a female clipping mechanism. Parallel to the axis Y-Y, the
section defined by this mechanism is located between two planes, of which the
one the farthest from wide opening 210 is at a distance |IA from it and at a
distance ID from narrow opening 220. The plane defined by the minimum
internal diameter IC, constituting the borderline between the large protuberance
230 and the cavity 235 is itself at a distance |IE from narrow end 220.

The female clipping mechanism is designed to engage with the male
clipping mechanism of the spacing block, as will be explained later.

Different materials are used in the embodiments that are described. This
involves polyurethane ketone (PEEK) loaded with up to 30% of glass fibers in a
first embodiment of the spacing block and polyphenylene sulfide (PPS) in a
second embodiment. PEEK has the advantage of having a thermal expansion
coefficient very close {o that of adapters made of aluminum 6061-T6, used for

aluminum conduits.

This choice of materials makes it possible to reduce the size and the

mass of the spacing block.

PEEK has the additional advantage of having a thermal expansion
coefficient that is very close fo that of aluminum, making it possible to reduce
stresses that may arise in case of a temperature change during the use of the

conduits.

This choice of materials makes it possible to obtain a joining device with
better mechanical properties, unlike for example a joining device that would

make use of an elastomeric spacing block.

Moreover, the resulting joining device has isotropic electrical properties,
which is advantageous with respect to a joining device using an anisotropic

material, for example with oriented fibers.

Alternatively, PEEK loaded with carbon nanotubes is used for the
spacing block, which is then employed specifically with stainless steel adapters,
for use on stainless steel or titanium conduits, or with titanium adapters on the
titanium conduits. PEEK, simuitaneously loaded with carbon nanotubes and

glass fibers, can likewise be used.

14
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It should be pointed out that PEEK is resistant to breakage and to aging
(chemical aging by exposure to kerosene or mechanical).

In practice, the adapter and the spacing block can be furnished to the
user already clipped to one another, and the step of placing the adapter onto
the end of the first conduit is performed while the spacing block is joined to the
adapter,

Alternatively, although this is not a favored solution, the adapter and the
spacing block can be furnished separately or at least without being joined in
advance and the user has the choice of clipping one to the other before placing
the adapter onto the conduit or to begin by setting the adapter onto the conduit,
before clipping the spacing block onto the adapter. Thus, in certain
embodiments, the process encompasses a clipping stage of a clipping piece of
the spacing block with a complementary clipping piece of the adapter prior to

installing the adapter, in any case, prior to crimping.

With reference to Figure 3, in a step in which the adapter 200 is fixed
onto the spacing block 100, the o-rings 300 and 310 are first positioned in the
external groove 120 of the spacing block and in the internal groove 225 of the
adapter respectively (see the references to the grooves in Figures 1 and 2),
and the two axes X-X and Y-Y of the two parts are then aligned. Some glue
was previously applied to the thread 220 of the adapter 200. This is a glue

loaded with an electrically conducting metal.

The thread 125 of the spacing block is then screwed into the tapping 220
of the adapter until the two parts 100 and 200 reach a longitudinal abutment
position (shown in Figure 3), where the first flat area 215 of the internal profile
of the adapter is radially positioned with respect to the o-ring 300 in the groove
of the spacing block, and the flat area 130 of the spacing block is radially
positioned with respect to the o-ring 310 in the groove of the adapter. in the
screwing operation is performed with a low torque, which is depicted by a thin

arrow on the axis of rotation.

The male clipping mechanism 180 enters into contact, via the projection
140, with the large protuberance 230 of the female clipping mechanism,

causing a longitudinal abutment effect.

15
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The screwing in of the parts 100 and 200 can then be continued while
engaging the clipping mechanism, by applying a screwing torque greater than
that applied up to that point (depicted by the thick arrow on the axis of rotation
in Figure 3).

The clipping mechanism 180 of the spacing block is deformed (not
shown) towards the inside of the spacing block, the projection 140 being
pushed radially towards the longitudinal axis by the large protuberance 230,
which has the effect of a cam or ramp.

The projection 140 goes past the longitudinal abutment position and
comes to rest, assuming its initial shape, in the cavity 235, which effects a
radial detachment after the large protuberance 230. The configuration of Figure
4 is attained.

During this clipping {or snapping-together) step, the outside diameter of
the clipping mechanism 180, measured over the outside of the projection 140,
which was initially equal to PB (see Figure 1), whereas the lip of the cavity 235
exhibits a diameter equal to IC (Figure 2), is momentarily reduced (PB-IC)/PB
by between 0.5 and 5%, depending on the embodiment(s).

This deformation is reversible, and at this stage, if an unscrewing
movement is applied to the spacing block with respect to the adapter, an
unclipping is possible, causing the projection 140 to come out of the cavity 235,
a momentary deformation of the clipping mechanism 180 around the

longitudinal axis of the spacing block and a return to the position of Figure 3.

Once the clipping has been performed, the end of the flat area 215 of
the adapter lies opposite the step 115 of the spacing block, thus closing the
space dedicated to the seal 300. Likewise the end of plane section 130 is
opposite the edge of large protuberance 230, thus closing the space dedicated
to the seal 310, which makes it possible to ensure the water tightness of the

joint when the conduits are in operation.

The joining process of this invention can thus include a clipping step
performed with a torque of less than 200 N.m. or preferably markedly less, for
example, in certain applications, about 3 N.m. The clipping step can
advantageously be performed by hand, or by means of a strap wrench, without

16
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the need for a particular energy source. The joint of this invention can likewise
comprise a step for the positioning of the seals.

The device formed by the thus connected spacing block and the adapter
can be stored, moved and delivered to a third person. Due to the giue on the
thread 220, the two parts are held firmly in place, with the clipping mechanism
essentially ensuring that the parts are held in place.

During the installation of the joint onto a conduit, a conduit tube 500 is
then inserted into the adapter (see Figure 4), up to section defined by the
clipping mechanisms. It is guided by the wall of the widened section 160,
specifically the wall of the splayed subsection 165 (not shown in Figure 4, see
Figure 1). The splayed nature of the subsection 165 makes it possible for the
conduit tube 500 to progress longitudinally, even if the clipping mechanism 180
is deformed inwards, for example due to an incomplete insertion into the cavity
235.

The conduit tube 500 being used has an outside diameter between the
values PC and PF (see Figure 1), and is thus able to engage with the inside
diameter of widened section 160, and, if it is introduced onto a length equal to
PE, to reach a abutment position against the detachment (disc portion)

corresponding to the flank of center section 150.

Although the outside diameter of the conduit tube 500 is close to the
inside diameter of the enlarged section 160 (that is to say close to PC), there is
play due to the necessary tolerance for a difference in diameter between the
two paris.

In the position shown in Figure 4, the conduit tube is not completely
pushed into the adapter, and is not abutting against the detachment
corresponding to the flank of center section 150. Here it is pushed in about two-
thirds of the length PE of the widened section 160, that is, more than the
diameter — or the longitudinal dimension — of the projection 140.

As of the time that when the conduit tube 500 has been pushed into the
widened section 160 over a sufficient length (that is to say greater than the
longitudinal dimension of the projection 140, or greater than the radius PR2
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defined above), the clipping mechanism 180 is held in the clipped position by
the outside wall of the conduit tube 500.

The clipping mechanism actually only has sufficient space to be
deformed towards the axis X-X and the projection 140 is forced to remain in the
cavity 235. In this regard, it is noted that, although the invention is not based on
this characteristic, the material of the conduit tube is more resistant than that of

the spacing block in all envisioned applications.

It is pointed out that, in this embodiment, the conduit 500 can be
positioned in various crimping positions, differing from each other by a
longitudinal translation. A minimum insertion of the conduit is accomplished by
introducing a conduit 0.3 times the length PE beyond the plane of the opening.
A maximum insertion is accomplished by introducing the conduit up to the end
of widened section 160, consequently over a length equal to PE.

The two final positions of the conduit 500 with respect to the spacing
block (and the adapter) suitable for crimping differ from each other by a
translation distance equal to approximately 0.7 times PE, or about 9% of the
outside diameter of the conduit 500, which is also the inside diameter PC of
widened section 160 of the spacing block, which permits considerable flexibility
in the assembly procedure, while conserving sufficient material thickness over
the length of center section 150 to ensure good mechanical resistance at the

spacing block.

With reference to Figure 5, a cylindrical crimping tool 400 (likewise
depicted in Figures 11 and 12} is, positioned all around the adapter 200 with its
axis of rotation aligned with axis of rotation Y-Y of the adapter. The crimping
tool 400 acts on the circumference of the adapter 200 (and particularly on the
section depicted on the right side of Figure 5, i.e. on the narrow end of the
adapter). The tool is symmetrical with respect to the axis Y-Y, but only half of
the jaw is shown in Figure 5, to simplify the view.

Parallel to the axis Y-Y, the crimping tool has a jaw corresponding to a
principal section 410, which, as viewed in longitudinal cross-section according
to Figure 5, has a flat interior profile whose surface is parallel with the

longitudinal axis.
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The crimping tool has a small beveled section 420, whose bevel h is
positioned so as to move away from the axis Y-Y as one moves progressively
from the narrow opening of the adapter 200 to the wide opening.

The principal section 410 is positioned radially opposite the slightly
sloped area 250 of the projecting flat area 255, the receding area 260, the
shoulder 265 and the first half of the flat area 270. The beveled section 420 is
positioned radially opposite the second half of flat area 270. The combination of
these surfaces constitutes a crimping surface (200S) for adapter 200.

For the sake of efficiency, the cylindrical section of the adapter 200 has
an optimized longitudinal dimension — of sufficient size, so that, once it is
crimped onto the conduit tube up to its narrow opening 220, the adapter is
immobilized thereon with a satisfactory mechanical resistance — though
minimized to allow material savings.

Accordingly, the crimping is preferably applied up to opening 220, and
the length ID constitutes the maximum possible crimping length of the adapter
onto the conduit tube. If it is decided not crimp a section of the adapter at
opening 220, and therefore not to benefit from all the available material of the
adapter for performing the crimping, then the length ID is measured from the
plane separating the side of the opening 220 from the section of the adapter
that is used for crimping.

Hereinafter, the distance IF designates the distance from the plane of
narrow opening 220 (or from the plane separating the side of opening 220 from
the section of the adapter that is used for the crimping) up to the end of flat
section 410 of the crimping tool at the side of wide opening 210. IF is the
longitudinal (or axial) distance over which the crimping on the adapter 200 is
actually performed by the crimping tool 400. In the configuration depicted in
Figure 5, the IF/ID ratio is 0.8.

Still referring to Figure 5, 1Z designates the longitudinal distance
between the end of flat section 410 of the crimping tool on the side of the wide
opening 210 and the plane marking the boundary of the section defined by the
female clipping mechanism at the side of narrow opening 220, which is
tangential to the spherical cavity 235.
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This distance is called positive if the crimping tool is positioned on only
one side of this plane (as is the case in Figure 5), and it is called negative if the
crimping tool extends beyond this plane towards the wide mouth (not shown).
Here, ID = |Z + IF.

In the depicted configuration, the distance 1Z is equal to approximately
20% of the inside diameter D of the adapter 200, which is also the outside

diameter of the conduit 500.

With reference to Figure 8, crimping tool 400 is applied to the assembly
comprising the adapter 200 combined with the spacing block 100 by clipping,
with the assembly having been positioned on the conduit tube 500 as shown in
Figure 4.

In the depicted configuration, the conduit tube 500 is pushed into the
widened section 160 of the spacing biock 100 over almost the entire length PE,
but does not completely abut against the flank of the center section 150 (it is
pushed in about 90%).

The crimping caused by the action of the tool 400 causes a plastic

deformation of the adapter 200.

The inside diameter of the adapter as measured in the plane of the
narrow end of large protuberance 230, the value of which is initially equal to IC
(see Figure 2), is reduced to a value IC. The large protuberance 230 is then
pinned flat against the clipping mechanism 180 that is deformed inward, thus
reducing its diameter PC (see Figure 1). This has the consequence of
immobilizing the spacing block 100 and the adapter 200 with respect to each
other, thus creating considerable friction between their respective surfaces.

The clipping mechanism 180 is likewise pinned flat against the conduit
tube 500, eliminating the play between the conduit tube 500 and widened

section 160 of the spacing block.

This results in the immobilization of the spacing block and the conduit
tube with respect to one another by creating high friction between their
respective surfaces and by immobilizing the clipping mechanism 180 in the

longitudinal direction.
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The crimping of the adapter onto the conduit induces the crimping of the
clipping piece of the adapter onto the clipping piece of the spacing block, as
well as the crimping of the clipping piece of the spacing block onto the conduit
tube 500. This is specifically due to the longitudinal position of the crimping tool

in relation to the clipping pieces.

The flat section 410 of the crimping tool 400 applies a force to the
adapter 200 over a section thereof located parallel to the axis Y-Y at a distance
equal to ID-IF of clipping mechanism 180 of the spacing block, this value being
positive in the depicted embodiment. In the depicted embodiment, the iF/ID
ratio is 0.8, which has the advantage of optimizing the anchoring of the adapter.

With reference to Figures 7 and 8, which depict the device prior to
crimping, the large protuberance 230 has a projecting angle 231 corresponding
to the minimum diameter IC, which enters into nearly single-point contact with
the clipping mechanism 180 at the boundary between the hollow area 135 and
the projection 140.

A space E1 is present between the large profuberance 230 and the
clipping mechanism 180. A space E2, which is an unoccupied part of the cavity
235, is present between the projection 140 and the body of the adapter 200,
Lastly, a space E3 is present between the tube 500 and the adapter 200.

The body of the adapter 235 forms a projecting angle 236 af the
boundary of the cavity 235 opposite the projecting angle 231, corresponding to
the boundary of the cylindrical section 240 and of the cavity 235.

With reference to Figures 9 and 10, that depict the device after crimping,
the space E1 has remained essentially unchanged; however, the volume of the
spaces E2 and E3 is considerably reduced. A contact surface C1 is formed
between the tube 500 and the body of the adapter 200, almost up to the
projecting angle 236. A contact surface C2 is likewise formed between the
projection 140 and the body of the adapter 200 next to the projecting angle
236, but not on next to the projecting angle 231, where a residual space E2’ is

conserved.

The projecting angle 231 has undergone a displacement along the wall
of the projection 140, towards the bottom of hollow area 135, along an arrow
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depicted in Figure 8 prior to the displacement. The displacement of the
projection 140 corresponds to the previously described reduction of the
diameter IC.

The result of this displacement is that, in the configuration attained after
the crimping, the large protuberance constitutes an obstacle to a longitudinal
{or axial) displacement of the projection 140 and therefore of the spacing block
with respect to the adapter and is in this manner strengthened with respect to
the configuration . existing prior to the crimping. This strengthened
immobilization of the two parts constitutes the locking induced by the crimping.

It should be pointed out that once the adaptor and the spacing block are
crimped onto the conduit according to the process of this invention, the glue
previously applied to the screw thread 220 no longer has any particular role
with respect to holding the parts in place. It subsequently conducts electricity,
except in applications where a non-conducting material is selected for the

spacing block.

The crimping is performed by means of crimping jaw 400 depicted in the
open and closed positicns in Figures 11 and 12. The flat section 410 and the

beveled section 420 are visible.

According to an alternative embodiment depicted in Figures 13 fo 16, a
first step consists of anchoring an adapter 1200 onto the spacing block 100.
The o-rings are first positioned in the external groove of the spacing block and
respectively in an internal groove 1225 of the adapter, and the axes X-X and Y-

Y of the two parts are then aligned.

With reference to Figure 13, the screw thread of the spacing block is
then screwed into the tapping 1220 of the adapter until the two paris 100 and
1200 reach a longitudinal abutment position, where the first flat area 1215 of
the internal profile of the adapter is radially opposite the o-ring in the groove of
the spacing block, and the flat area 130 of the spacing block is radially opposite
the o-ring in the groove of the adapter 1200.

The male clipping mechanism enters into contact, via the projection 140,
with a large protuberance 1230 of the female clipping mechanism, causing a
longitudinal abutment effect (position depicted in Figure 14).
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With reference to Figure 14, it is then possible to screw the two parts
100 and 1200 together by applying a screwing torque greater than that applied
up to that point (depicted by a thick arrow in Figure 14).

The clipping mechanism of the spacing block is deformed (not shown)
towards the inside of the spacing block, with the projection 140 being pushed
radially inwards by the large protuberance 1230, which has the effect of a cam

or ramp.

Projection 140 extends beyond the longitudinal abutment position and
comes to rest, reassuming its initial shape in the cavity 1235, which serves as a
radial projection behind the large protuberance 1230,

During this clipping (or ratcheting) stage, the outside diameter of the
clipping mechanism, measured outside the projection 140, which was initially
equal to PB (see Figure 1), whereas the lip of the cavity 1235 had a diameter
equal to IC (see Figure 2 by analogy), is momentarily reduced (PB-IC)/PB by
between 0.5 and 5% depending on the embodiments.

This deformation is reversible, and at this stage, if an unscrewing
movement is applied to the spacing block with respect to the adapter, an
unclipping is possible, causing the projection 140 to come out of the cavity 235,
the momentary deformation of the clipping mechanism toward the interior of the
spacing block and the return to the position of Figure 14

Once the clipping is has been performed, the end of the flat area 1215 of
the adapter closes the space used to establish the seal. The end of the flat
section 130 likewise lies opposite the edge of the large protuberance 230, thus
closing the space used to establish the seal, which makes it possible to ensure
the water tightness of the joint while the conduits are in operation.

The joining process of this invention can thus include a clipping step
performed with a torque of less than 200 N.m, for example a torque of about 3

N.m in certain applications.

With reference to Figure 15, when the assembly is placed onto a
conduit, a conduit tube 500 is inserted into the adapter, up to the section
delimited by the clipping mechanisms. It is guided by the wall of the widened
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section of the spacing block, particularly the wall of the splayed subsection (see
Figure 1).

The conduit tube 500 being used has an outside diameter between the
values PC and PF, and is thus capable of engaging with the inside diameter of
the widened section of the spacing block, and, if it is introduced onto a length
equal to PE, reaching an position of abutment against the projection

corresponding to the flank of center section 150,

The adaptor 1200 comprises a principal cylindrical internal section 1270
capable of receiving a conduit tube.

It likewise comprises, on its outside profile, a circular snap ring 1220,
radially opposite a part of the principal cylindrical infernal section.

With reference to Figure 15, a crimping ring 1400 is positioned on the
adapter 1200, so as to constitute a sleeve for it.

The ring 1400 is then positioned so that it abuts longitudinally against
the snap ring 1220. The latter comprises a landing 1225 complementary to a
positioning section 1410 of the ring, which facilitates the positioning of the ring
against the snap ring (see Figure 16).

The snap ring along with a compression tool (not shown) comprises

compression tongs for the ring 1400.

A longitudinal compression (in the direction L) is applied to the ring,
which causes its material to flaw radially (in the direction R} thus leading to the
crimping of adapter 1200 onto the conduit tube.

fn this configuration, the movement and the deformation of the adapter
1200 are comparabie to those obtained for the adapter 200 in the first
embodiment. The distance between the clipping area and the crimping area

can be relatively large.

With reference to Figure 16, if IF and ID are again defined as being the
longitudinal distances measured from the plane beyond which the crimping is
applied, and IF and IZ are the longitudinal distances from the plane up to which
the crimping is applied (which can be the plane of the end of the adapter), and
ID and IZ are the longitudinal distances that stop at the boundary of the clipping
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piece of the adapter (formed by the large protuberance 1230 and the cavity
1235), - we again have the equation ID = |Z + IF — the ratio IF/ID can, for
example, be about 0.5 (with 1Z positive, as shown in Figures 13 to 16), or
conversely greater than 1 (with 1Z negative), if the abutment 1220 is located
over or beyond the clipping mechanism (not shown).

The radial clamping of the clipping mechanism is in all cases specifically
assured by insertion of the tube 500, which is immobilized by the crimping.

It should be noted that in the two embodiments, once the crimping has
been accomplished, the spacing block 100 is connected to a second conduit
(not shown), at its other end. As was seen in relation to Figure 1, in the
depicted embodiment the spacing block is symmetrical with respect to a plane.
It is therefore easy to apply an identical crimping operation with a second
adapter (not shown) similar to the adapter of Figure 2, with this crimping step
making it possible to immobilize the spacing block, the second adapter and the

second conduit.

Nonetheless, it is apparent that other embodiments are conceivable with
a spacing block having a form that differs from that depicted in Figure 1.
Specifically, it is possible to use a Y’ or a ‘T’ shaped spacing block, leading to a
second and a third conduit. An angled spacing block, e.g. creating an angle of
90° between the axes of the two conduits, can be used. The spacing block can
be joined to the second conduit by means other than that described in relation
to the adaptef 200. This other joining method may or may not involve crimping,
while remaining within the scope of the invention. Specifically, a person skilled
in the art can use any standard connection for installed piping.

In a detailed example, the spacing block has a resistivity greater than

10° Q cm, because of the material used.

In other applications, it has a resistivity between 10% and 10® Q cm,
where the expected resistance is between 0.1 Q and 1 GQ.

Spacing blocks with a measured resistances between 0.1 and 15 kQ
depending on their sizes constitute illustrative embodiments of the invention.
Specifically, a spacing block with a usable length of 7.5 cm, an outside
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diameter of 54 mm, an inside diameter of 11 mm and a resistance of 5 kQ,
made of PEEK

loaded with carbon nanotubes constitutes a preferred embodiment of the
invention that yields good results on stainless steel conduits.

The invention is not limited to the embodiments that are described.
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WHAT IS CLAIMED IS:

1. Process for joining at least a first and a second conduit to control the
electrical resistance of a conduit circuit, characterized in that it comprise of the

following steps:

- placing a cylindrical section of an adapter (200; 1200) onto one end of
a first conduit (500),

- crimping of at least a part of the ¢ylindrical section onto a first conduit,
a spacing block (100) made of a polymer material having a previously chosen
conductivity, being positioned in the extension of the end of the first conduit and
clipped onto the cylindrical section, with the crimping serving to lock the
spacing block with respect to the adapter.

- joining of the spacing block to the end of the second conduit.

2. Joining process according to claim 1, characterized in that the
crimping step includes a deformation of an assembly consisting of a clipping
piece (180) of the spacing block and a complementary clipping piece (230, 235,
236) of the adapter, so as to immobilize the two clipping pieces with respect to
one another parallel to the axis of the cylindrical section of the adapter.

3. Process according to claim 1 or claim 2, characterized in that prior to
the crimping stage, the first conduit (500) is positioned so as to immobilize an
assembly comprising a clipping piece of the spacing block (180) and a
complementary clipping piece (230, 235, 236) of the adapter in the clipped

position.

4. Process according to one of the claims 1 to 3, characterized in that
the longitudinal distance between a clipping piece of the adapter (230, 235,
238) and a section of the adapter to which the crimping is applied is less than
two times the reference transverse width of the first conduit (500).
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5. Process according to one of claims 1 to 4, characterized in that the
crimping is an external crimping operation by means of a jaw having a variable
diameter (400).

6. Process according to one of the claims 1 to 4, characterized in that
the crimping is performed by translation of a sleeve (1400) along an external
surface of the adapter parallel to the axis of the cylindrical section of the
adapter, with the external surface having an increasing diameter in the

translation direction.

7. Process according to one of the claims 1 to 6, characterized in that at

least the first conduit is made of titanium.

8. Process according to one of claims 1 to 6, characterized in that at

least the first conduit is made of stainless steel.

9. Process according to one of claims 1 to 6, characterized in that at

least the first conduit is made of aluminum.

10. Coupling device for conduits for the purpose of controlling the

electrical resistance of a conduit circuit, with the device comprising

- an adapter (200; 1200) comprising a cylindrical section that can be
placed onto the end of a first conduit (500) and crimped onto it.

- a spacing block (100) made of polymeric material, the spacing block
being capable of being clipped to said cylindrical section, and likewise being

capable of being joined to the end of another conduit.

with the device allowing of at least one part of the cylindrical section to
be crimped onto a first conduit (500), while the spacing block is clipped to the
adapter in the extension of the end of first conduit (500), resulting in the locking
of the spacing block with respect to the adapter.

11. Coupling device according to claim 10, characterized in that

- the adapter comprises an area, called the crimping area (200S) to

which the forces applied by a crimping tool can be applied,
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- the spacing block comprises a clipping piece (180) which can engage
with a complementary clipping piece (230, 235, 236) of the adapter,

the crimping area (200S) of the adapter being subjectable to the
crimping action being applied onto the crimping area (2008) causing the
deformation of the assembly formed by the two clipping areas, so as to
immobilize one with respect to the other along the axis of the cylindrical section
of the adapter.

12. Device according to claim 10 or claim 11, characierized in that the
spacing block comprising a clipping piece (180), capable of engaging with a
complementary clipping piece (230, 235, 236) of the adapter, is in addition
capable of enabling the positioning of a conduit into a position suitable for
crimping.

said position suitable for crimping being such that a conduit in the
crimping position immobilizes the clipping piece (180) in the clipped position. |

13. Device according to one of claims 10 {0 12, characterized in that the
spacing block (100} is furthermore capable of enabling the positioning of a first
conduit (500) with a longitudinal positioning freedom of the first conduit with
respect to the spacing block equal to at least 2% of the transverse reference

width of the spacing block.

14. Device according to one of claims 10 to 13, characterized in that the
clipping piece (180) of the spacing block and the complementary clipping piece
(230, 235, 236) of the adapter allow for a rotational symmetry.

15. Joining device for a conduit according to one of the claims 10 to 14,
characterized in that the spacing block (100) is made of polyurethane ketone
(PEEK).

16. Joining device according to claim 15, characterized in that the PEEK
is loaded with between 5 and 45% of a material providing for mechanical

reinforcement, for example glass or carbon fibers.

17. Joining device according to claim 15 or claim 16, characterized in
that the PEEK is loaded with up to 10%, or preferably between 0.1 and 3% of

carbon nanoctubes.
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18. Joining device according to one of the claims 15 to 17, characterized
in that the PEEK is loaded with carbon nanotubes and a material providing for

mechanical reinforcement.

19. Joining device according to one of the claims 10 to 14, characterized
in that the spacing block is made of polyphenylene sulfide.

20. Joining device according to one of the claims 10 to 19, characterized
in that it is applicable for connecting two conduits of aluminum, titanium or
stainless steel located in an aircraft.

21. Device according to one of the claims 10 to 20, characterized in that
the spacing block comprises a non-conducting section with a longitudinal
dimension of between 5 and 50 mm.
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