woO 2010/013114 A2 I 10K 0 A0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN 0T 000000000 OO 1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
4 February 2010 (04.02.2010) PCT WO 2010/013114 A2
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
F16L 27/08 (2006.01) F16L 25/01 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR. KZ. LA. LC. LK. LR. LS. LT. LU. LY. MA. MD
PCT/IB2009/006372 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
27 July 2009 (27.07.2009) SE, 8G, SK, SL, 8M, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ,UA, UG, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
12/183,447 31 July 2008 (31.07.2008) Us ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant: EATON CORPORATION [US/US]; Eaton ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Center, 1111 Superior Avenue, Cleveland, OH MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
44114-2584 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Tnventor: FLYNN, William, T.; 7155 Reynolds Road, ML, MR, NE, SN, TD, TG).
Horton, MI 49246 (US). Published:
(81) Designated States (unless otherwise indicated, for every —  without international search report and to be republished

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

upon receipt of that report (Rule 48.2(g))

(54) Title: ELECTRICAL BONDING DEVICE FOR TELESCOPING FLUID LINE ASSEMBLY

’6 28
32 24 29
L\ /)
§4 Hso
U
N 32
Figd

(57) Abstract: The present application is directed to a fluid line assembly comprising a first fluid conveying conduit (12), a sec-
ond fluid conveying conduit (14), and a slip joint (22). The slip joint includes a first fluid conveying conduit section (24), a sec-
ond tluid conveying conduit section (26) positioned radially outwardly from and at least partially surrounding the first conduit
section (24), and an electrical bonding device (30) positioned between and contacting the first and second fluid conveying conduit
sections (24, 26) to form an electrical path therebetween. The electrical resistance between the first and second fluid conveying
conduits (12, 14) is generally constant during relative movement therebetween.
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ELECTRICAL BONDING DEVICE FOR TELESCOPING
FLUID LINE ASSEMBLY

Background

[0001] Many industrial, automotive and aerospace applications require the transfer of
fluid between two components. For example, in certain aircraft it is common to transfer
fuel between two spaced apart fuel tanks or between a fuel pump and a fuel tank or
between a fuel tank and engines. Flexible fluid conveying devices have been developed
that permit differential movement with up to six degrees of orthogonal travel between the
two mating components with no effect on the conveyed fluid or its flow characteristics.
In order to provide the required degrees of flexibility, the flexible fluid conveyance
assembly may include ball style joints, swivels, linear slip or telescopic joints or various
combinations of such devices. No matter how the fluid is conveyed, static electricity will
be generated which can lead to an electrical discharge or “arc” between components
having different electrical potentials. In aircraft, high potential electrical discharges can
affect, among other things, the avionics and other electrically sensitive devices, and may
function as an ignition source within the aircraft’s fuel system. Static electricity is
typically controlled by electrical bonding systems within all of the aircraft’s fluid

conveyance systems and the conveyance system’s discrete components.

[0002] In one such flexible fluid conveying device shown in FIG. 1, an electric wire
jumper provides a low resistance path across electrically isolated components to dissipate
the static electricity. In another fluid conveying device disclosed in U.S. Patent
Application No. 11/203,764 and owned by the Applicant of the present invention, a slip
joint is provided that includes an axially compressible conductive member positioned to

create an electrical path between electrically isolated conduit sections.

Brief Description of the Drawings

[0003] It will be appreciated that the illustrated boundaries of components in the
figures represent one example of the boundaries. One of ordinary skill in the art will
appreciate that one component may be designed as multiple components or that multiple
components may be designed as a single component. Additionally, an internal

component may be implemented as an external component and vice versa.

CONFIRMATION COPY
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[0004] Further, in the accompanying drawings and description that follow, like parts
are indicated throughout the drawings and description with the same reference numerals,
respectively. The figures may not be drawn to scale and the proportions of certain parts

have been exaggerated for convenience of illustration.

[0005] FIG. 1 is a prior art fluid conveying device.

[0006] FIG. 2 is a fluid line assembly according to an embodiment of the present

invention.

[0007] FIG. 3 is a slip joint according to an embodiment of the present invention, .

shown partially assembled, which may be used in the fluid line assembly of FIG. 2.

[0008] FIG. 4 is an electrical bonding member according to an embodiment of the

present invention, which may be used in the slip joint of FIG. 3.

[0009] FIG. 5 is a cross-sectional view of the slip joint of FIG. 3 shown in the

assembled condition.

[0010] FIG. 6 is a cross-sectional view of a slip joint according to another

embodiment of the present invention.

Detailed Description

[0011] Referring to FIG. 2, a fluid line assembly 10 is shown that includes a first
fluid conveying conduit 12 and a second fluid conveying conduit 14. First and second
fluid conveying conduits 12, 14 are generally tubular in shape and sized such that first
conduit 12 may move (e.g., axially, rotationally) within second conduit 14. Fluid line
assembly 10 extends from a first end 16 to a second end 18. While the fluid line
assembly 10 illustrated in FIG. 2 is a telescoping fluid line assembly, it not limited

thereto and may include other flexible configurations.

[0012] Each end 16, 18 includes a coupling 20 for attaching fluid line assembly 10 to
another structure, such as a fuel tank. It will be appreciated that any type of coupling 20
may be attached to ends 16 and 18, including, without limitation, flanges, threaded

couplings, bail joints, quick connect/disconnect couplings, or other types of couplings.
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Furthermore, the couplings 20 are not limited to a specific size and can cover a wide
range of both conventional and unconventional sizes. Fluid conveying conduits 12, 14
and couplings 20 may be constructed of a metallic material, such as aluminum, titanium,
stainless steel or an electrically conductive composite material. It will be appreciated that
the conduit and coupling materials are not necessarily limited thereto, provided that the
fluid line assembly satisfies the mechanical and electrical requirements of a given

installation.

[0013] Referring to FIG. 3, fluid line assembly 10 also includes a slip joint 22
including a first fluid conveying conduit section 24 and a second fluid conveying conduit
section 26 positioned radially outwardly from and at least partially surrounding the first
fluid conveying conduit section 24. At least one bearing member 28 (e.g., polymeric or
metallic or a combination of polymeric material powered metal filled) and a sealing
member 30 (e.g., O-ring seal, quad seal, Tee seal, spring energized U-cup seal) may be
positioned between first and second conduit sections 24, 26 to facilitate movement and

inhibit fluid leakage, respectively, therebetween.

[0014] An electrical bonding device 30 is also positioned between and contacts first
and second fluid conveying conduit sections 24, 26 to form an electrical path
therebetween. In an embodiment, electrical bonding device 30 includes at least one
cantilevered, generally resilient, electrical bonding member 32. Like fluid conveying
conduits 12, 14, electrical bonding member 32 may be constructed of a metallic material,
such as spring tempered alloy or spring tempered stainless steel; however, it will be
appreciated that the material is not necessarily limited thereto, provided the material also
satisfies the mechanical and electrical requirements of a given installation (e.g. spring

tempered electrically conductive polymeric material).

[0015] In an embodiment of the invention, electrical bonding member 32 is received
in an'axially extending groove 34 in one of first and second conduits 12, 14. When
contained in outer conduit 14, groove 34 is provided in an inner surface 36 of conduit 14,
and when contained in the inner conduit 12, groove 34 ié provided in an outer surface 38

of conduit 12. As conduit 12 is inserted into conduit 14 to form slip joint 22, electrical
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bonding member 32 engages the adjacent conduit and is compressed within groove 34 to

electrically bond the otherwise electrically isolated conduits 12, 14.

[0016] In an embodiment of the invention, electrical bonding device 30 includes a
number (N) of electrical bonding members 32—the number (N) being determined by the
electrical bonding resistance required between first and second conduits 12, 14. The total
electrical resistance between first and second conduits 12, 14 is generally dependant on:
i) the resistively of the materials employed in first and second conduits 12, 14 and
electrical bonding member 32; ii) the contact surface area between first and second
conduits 12, 14 and electrical bonding member 32; iii) the force of contact between first
and second conduits 12, 14 and electrical bonding member 32; and iv) the shape and
dimensions of first and second conduits 12, 14 and electrical bonding member 32. Any
or all of these parameters may be modified to obtain the desired electrical bonding
resistance. Generally, an increase in the number (N) of electrical bonding members 32
will reduce the electrical resistance measured between the first and second conduits 12,

14.

[0017] Referring to the embodiment shown in FIGS. 4 and 5, a first end of electrical
bonding member 32 includes a tab 40 received in a corresponding receptacle 42 located
in groove 34 to inhibit axial movement of electrical bonding member 32 within groove
34. Prior to assembly of fluid line assembly 10, a generally elliptical cantilevered portion
44 of electrical bonding member 32 extends outward from outer 38 or inner 36 surface a
predetermined distance. This distance effects the amount of compression and,
accordingly, the contact force between the engaging surfaces of conduits 12, 14 and
electrical bonding member 32. A distal end 46 of bonding member 32 may be turned
outward away from the inner surface of groove 34 to facilitate axial movement within
groove 34 as bond member 32 is radially compressed during assembly. While a
generélly elliptical profile is shown in the illustrated embodiment for portion 44, the
portion 44 may include other profiles that increase or decrease the contact surface area

between conduits 12, 14 and electrical bonding member 32.

[0018] In the fluid line assembly configuration illustrated in FIG. 3, three electrical

bonding members 32 are spaced approximately 120° apart to maintain the concentricity
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of conduits 12, 14 and to balance the forces between the conduits 12, 14. In applications
where at least two bearing members 28 are employed to separate and support movement

between conduits 12, 14, as few as one electrical bonding member 32 may be used.

[0019] Referring to FIG. 6, a slip joint according to another embodiment of the
present invention includes an electrical bonding member 132 received in an axially
extending groove 134 in one of first and second conduits 12, 14. A second axial groove
135 is included in the other of conduits 12, 14 to receive a cantilevered portion 144 of
electrical bonding member 132. As conduit 12 is inserted into conduit 14 to form slip
joint 22, electrical bonding member 132 engages the adjacent conduit and is compressed
within groove 134 until it is received within groove 135, whereby it is partially
uncompressed to engage an inner surface of groove 135. Grooves 135 provide an axially
extending, fixed path for electric bonding members 132 and substantially prevent rotation
of one conduit 12, 14 relative to the other. The embodiment shown in FIG. 6 is
particularly useful in applications that require first and second conduits 12, 14 to remain
in substantially the same radial orientation during axial movement of conduits 12, 14

relative to one another.

[0020] In the device disclosed in U.S. Patent Application No. 11/203,764, the
resiliently compressible conductive member may be compressed axially during relative
movement of the conduits, increasing the contact force between the conductive member
and the mating components and, accordingly, reducing the electrical resistance
therebetween. By contrast, compression of electrical bonding member 32 and,
accordingly, the electrical resistance between conduits 12, 14 and bonding member 32,
remains generally constant during axial or rotational movement of conduit 12 relative to
conduit 14. In further contrast to the device disclosed in U.S. Patent Application No.
11/203,764, electrical bonding device 30 requires less space and resists relative rotation
between conduits 12, 14 in accordance with the amount of force applied by the
compressed bonding member 32 against the adjacent conduit. Furthermore the electrical
resistance between the conduits can be more readily tailored to a given application by the

addition or subtraction of electrical bonding members 32 in a fixed envelope design.
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[0021] The present invention has been particularly shown and described with
reference to the foregoing embodiments, which are merely illustrative of the best modes
for carrying out the invention. It should be understood by those skilled in the art that
various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention without departing from the spirit and scope of the
invention as defined in the following claims. It is intended that the following claims
define the scope of the invention and that the method and apparatus within the scope of
these claims and their equivalents be covered thereby. This description of the invention
should be understood to include all novel and non-obvious combinations of elements
described herein, and claims may be presented in this or a later application to any novel
and non-obvious combination of these elements. Moreover, the foregoing embodiments
are illustrative, and no single feature or element is essential to all possible combinations

that may be claimed in this or a later application.
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What is claimed is:
1. A fluid line assembly 10, comprising:
a first fluid conveying conduit 12;
a second fluid conveying conduit 14; and

a slip joint 22 including a first fluid conveying conduit section 24, a second fluid
conveying conduit section 26, and an electrical bonding device 30 positioned between
and contacting the first and second fluid conveying conduit sections 24, 26 to form an
electrical path therebetween, wherein electrical resistance between the first and second
fluid conveying conduits 12, 14 is generally constant during relative movement

therebetween.

2. The fluid line assembly of claim 1, wherein the first and second fluid conveying
conduits 12, 14 are generally tubular in shape and sized such that the first conduit 12

moves within the second conduit 14.

3. The fluid line assembly of claim 1, wherein the fluid line assembly extends from a

first end 16 to a second end 18, each of the ends 16, 18 including a coupling 20.

4, The fluid line assembly of claim 1, wherein the slip joint 22 includes at least one
of a bearing member 28 and a sealing member 30 positioned between the first and second
conduit sections 24, 26 to facilitate movement and inhibit fluid leakage, respectively,

therebetween.

5. The fluid line assembly of claim 1, wherein the electrical bonding device 30

includes at least one generally resilient, electrical bonding member 32.

6. The fluid line assembly of claim 5, wherein the electrical bonding member 32 is

received in an axially extending groove 34 in one of the first and second conduits 12, 14.



WO 2010/013114 PCT/IB2009/006372

7. The fluid line assembly of claim 5, wherein the electrical bonding device 30

includes a number (N) of electrical bonding members 32.

8. The fluid line assembly of claim 7, wherein the number (N) is determined by the

electrical bonding resistance required between the first and second conduits 12, 14.

9. The fluid line assembly of claim 6, wherein a first end of the electrical bonding
member 32 includes a tab 40 received in a corresponding receptacle 42 located in the
groove 34 to inhibit axial movement of the electrical bonding member 32 within the

groove 34.

10.  The fluid line assembly of claim 5, wherein the electrical bonding member 32

includes a generally elliptical cantilevered portion 44.

11.  The fluid line assembly of claim 5, where in the electrical bonding device 30
includes three electrical bond members 32 spaced approximately 120° apart to maintain

the concentricity of conduits 12, 14 and to balance the forces between the conduits 12,
14.

12.  The fluid line assembly of claim 5, wherein the electrical bonding member 32 is
received in a first axially extending groove 134 in one of the first and second conduits 12,
14 and extends into a second groove 135 in the other of first and second conduits 12, 14
that provides an axially extending, fixed path for electric bonding member 132 to

substantially prevent rotation of one conduit 12, 14 relative to the other.

13. A fluid line assembly 10, comprising:

a first fluid conveying conduit 12;
a second fluid conveying conduit 14; and

a slip joint 22 including a first fluid conveying conduit section 24, a second fluid

conveying conduit section 26 positioned radially outwardly from the first conduit section,
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and an electrical bonding device 30 positioned between and contacting the first and
second fluid conveying conduit sections 24, 26 to form an electrical path therebetween,
the electrical bonding device 30 including at least one generally resilient, electrical
bonding member 32 compressed between the first and second fluid conveying sections
24, 26, wﬁerein compression of the electrical bonding member and electrical resistance
between the first and second fluid conveying conduits is generally constant during

relative movement therebetween.

14. A fluid line assembly 10, comprising:

a first fluid conveying conduit 12;
a second fluid conveying conduit 14; and

a slip joint 22 including a first fluid conveying conduit section 24, a second fluid
conveying conduit section 26 positioned radially outwardly from and at least partially
surrounding the first conduit section, and an electrical bonding device 30 positioned
between and contacting the first and second fluid conveying conduit sections 24, 26 to
form an electrical path therebetween, the electrical bonding device 30 including at least
one cantilevered, generally resilient, electrical bonding member 32 received in an axially
extending groove 34, 134, 135 in one of first and second conduits 12, 14 and compressed
between the first and second fluid conveying sections 24, 26, wherein compression of the
electrical bonding member and electrical resistance between the first and second fluid

conveying conduits is generally constant during relative movement therebetween.
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