wo 2012/177344 A1 I} W0 0000 OO O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/177344 Al

27 December 2012 (27.12.2012) WIPO I PCT
(51) International Patent Classification: (74) Agents: COUSINS, Clifford G et al.; The Boeing Com-
FI6L 5/14 (2006.01) pany, P.O. Box 2515, MC 110-SD54, Seal Beach, Califor-
(21) International Application Number: nia 90740-1515 (US).
PCT/US2012/038836 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Aéj, BA, BB, BG, B}{, BR, BW, BY, BZ,
21 May 2012 (21.05.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: Enghsh DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13/166,371 22 June 2011 (22.06.2011) Us OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): THE TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
BOEING COMPANY [US/US]; 100 North Riverside . o
Plaza, Chicago, Illinois 60606-2016 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventors/Applicants (for US only): IRWIN, James P. UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[US/US]; 14210 W. LK. Kathleen Drive, SE, Renton, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Washington 98059 (US). MINTEER, David W. [US/US]; EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
2721 185th Avenue, E., Lake Tapps, Washington 98391 MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(US). JOHNSON, Benjamin A. [US/US]; 1229 159th PL TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
SW, Lynnwood, Washington 98087 (US). DOWELL, ML, MR, NE, SN, TD, TG).
Erik W. [US/US]; 8810 52nd PL W., Mukilteo, Washing-
ton 98275 (US).
[Continued on next page]
(54) Title: BULKHEAD FITTING ASSEMBLY

S

\A\\ .

)|

/7 ndid

NI

FIG. 4A

(57) Abstract: Disclosed herein is a method and apparatus for
providing a bulkhead fitting (110) assembly useful for air-
craft, watercraft, spacecraft, architectural, or industrial applic-
ations. The assembly provides a mechanical barrier against
fluid transfer from a wet side to a dry side of a bulkhead (108)
and allows electrical conduction through or from the bulk-
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BULKHEAD FITTING ASSEMBLY

FIELD
The description generally relates to a bulkhead fitting, and more specifically, to a hydraulic

bulkhead fitting asserably for use in a composite structure atreraft,

BACKGROUND

Bulkhead fittings are used as part of a system when it is necessary to pass a conduit, tube, or
other similar apparatus through a fluid impermeable barrier or bulkhead. These bulkheads can be
arranged to form fuel tanks, climate-controlled spaces, air containment units, which are intended to
segregate cither a liquid or a gas from a surrounding environment. These bulkhead fittings are
furnished with redundant seals to prevent external fluid transfer or leakage through the bulkhead
around the tube by means of o-rings, fay and fillet seals.

A bulkhead fitting traditionally functions by providing a robust and reliable connection to
structure allowing flaid to be transmuitted across the interface through a transport element tube, In
hvdraulic systems, the hydraulic fluid {(and therefore hydraulic transfer element tube) may become
heated to high temperatures. This high temperature may damage structure if there is a divect
connection between the transfer element tube and the heat-sensitive structure. Heat may also
deform or modify the interface between the bulkhead and conduit and compromise the sealing
features of the fitting. Therefore, there have been developed means of thermally insulating the
bulkhead fitting and conduit from the bulkhead, therefore preventing damage to the bulkhead.

One example of such thermal insulation is the use of a plastic insulator between the fitting
and bulkhead. This barrier may be up to an inch thick on either side of the fitting, but provides
sufficient insulation to prevent damage to the bulkhead. Another cxample is the use of a wide
thermally conductive surface to dissipate the heat without creating a localized arca of high
femperature.

With the use of composite materials for aircraft, it may be necessary to utilize the hydraulic
conduits as a means for transferring clectrical energy due to lightning strikes or precipitation static.
Because thermal insulating materials tend to also insulate against electricity, this method tends to
not allow for a combined solution of thermal non-conductivity (to resist the flow of heat) with

clectrical conductivity (o pass the flow of clectrical current from fitting to bulkhead) in the

o1



1G

15

24

WO 2012/177344 PCT/US2012/038836
10-1365-WO-PCT

properties of the insulating matenials in a hydraulic bulkhead fitting. To provide for electrical
conduactivity while providing thermal insulation, current may be diverted away from the hydraulic
line.

Further, Federal Aviation Regulation (FAR) 25.981 requires a redundant system so that any
single failure combined with a latent failure cannot result in an ignition source within the fuel tank
of an aircraft. There is therefore recognized a need in the art for an improved bulkhead fitting
assembly that satisfies FAR 25.981.

One method of overcoming this restriction has been the use of additional components
included with a bulkhead fitting installation. Installing these additional parts can add time and
wetght to a bulkhead fitting installation but provide for protection against spark propagation. There
is therefore proposed a novel bulkhead fitting assembly to overcome these problems and others in
the prior art. The proposed assembly provides a combined solution in the insulation of materials
using titanium metal {or cquivalent) to provide a more efficient solution than the cxisting methods

offering savings in weight and expense to a manufacturer,

SUMMARY

The present disclosure describes a novel bulkhead fitting that consists of a tube, a mounting
flange, and a thermal shell joining the mounting flange to the tube. The thermal shell consists of a
thin barrier that forms an air gap between the tube and mounting flange, thereby reducing heat
transter between the tube and mounting flange. Further described is a novel method for
manufacturing a bulkhead fitting assembly. The method consists of the steps of providing a tube
with a perimeter shoulder and a mounting flange with a central opening and a cylindrical shell
extending away from the contral opening. The perimeter shoulder and cylindrical shell are welded
together, thereby forming an all metal fitting. This fitting thereby has a thermal shell that includes a
peripheral barrier for leakage prevention and clectrical shielding.

Further described hercin 1s a novel method of scaling an opening in a bulkhead. This method
includes the steps of inserting a bushing through an opening and inserting a hydraulic fitting through
the opening. The hydraulic fitting generally includes a tube for carrying a hydraulic fluid, a
mounting flange, and an adapter for securing the hydraulic fitting to the bulkhead. A jamb nut is
attached to the adapter, thereby sandwiching the bulkhead between the mounting flange of the fitting

and the nut. The tobe s connected to the mounting flange by a thin thermal shell.



15

24

25

WO 2012/177344 PCT/US2012/038836
10-1365-WO-PCT

According to further embodiments, the thermal shell consists of a peripheral flange
extending radially away from the tube and a cylindrical shell extending axially away from the
mounting flange.

According to a further embodiment, the thermal shell provides a contimious all metal path

between the tube and mounting flange.

DESCRIPTION OF DRAWINGS
Fig. | is a perspective view of an aireraft according to one embodiment.
Fig. 2 1s a top plan cutaway view of a wing of the aircraft shown in Fig. 1.
Fig. 3A 15 a side cutaway view of one embodiment.
Fig. 3B is a side cutaway view of another embodiment.
Fig. 4A is a side cutaway view of the fitting assembly.
Fig. 4B is a side cutaway view of another fitting assembly.
{Fig. 5A 15 a side cutaway view of one component of the fitting.
Fig. 5B is a side cutaway view of a second component of the fitting.

Fig. 5C is a side cutaway view of the assembled fitting.

DESCRIPTION

Fig. 1 shows an aircraft 100 according to one embodiment. The aircraft 100 generally
nchudes a fuselage 102 wings 104 and tail 106. The wings 104 may include tanks to store fuel for
the atrcraft 100, Inside the wings 104, the tanks may have bulkheads 138 (Fig. 2) to isolate the fuel
from the rest of the airplane. As further shown in Fig. 2, a number of hydraulic conduits 112 may
pass through the bulkhead 108 with cach hydraulic conduit 112 including a bulkhead fitting 110

While the fitting 110 is generally described as utilized in concert with an aircraft 100, it is
understood that the fitting 110 may be used in other non-aircraft settings, including, without
limitation, industrial, space, construction, or watercraft applications. Further, the fitting 110 may be
used in non-hydraulic applications, including, without limitation, electrical conduits, water conduits,
or pneumatic conduits. Any other conduits, tubes, or apparatus which passes through a bulkhead
FO8 or other barricr may include the fitting described hercin.

Figs. 3A-B illustrate various embodiments of the described apparatus. As shown in Fig 3A,

the bulkhead fitting assembly 110 generally consists of a mounting flange 114 attachable to the

i
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hulkhead 108 (see Figs. 4A-B) and a tube 116 that forms part of the conduit 112 (see Fig. 2). The
tube 116 is joined to the mounting flange 114 by means of a thermal shell 118 that Biroits heat
fransfer between the tube and mounting flange.

As is well known in the art, the amount of heat that can be transferred through a thermal path
is dependent on the cross sectional area of the thermal path, length and thermal conductivity of the
material in the path. The thermal path in the bulkhead fitting 110 through which the heat transfer is
Limited is the shell. By reducing the cross sectional area of the shell 118 and the thermal
conductivity of the material in the shell 118, the amount of heat transferred to the bulkhead 108 is
reduced. By adjusting the length of the thermal shell 118, the heat transferved through the shell 118
can be controlled to protect the bulkhead. Heat that is transferred through the thermal shell 118 1o
the mounting flange 114 and bulkhead 108 may be dissipated from the bulkhead 108 to the
surrounding environment, further reducing the risk of cxposing the bulkhead 108 to high
tempceratures,

Because the cross sectional arca of the thermal shell 118 is reduced, the shell 118 is thin and
therefore must be constructed from a material that provides high mechanical strongth to enable
adequate transfer of mechanical load from the tube to the mounting flange and bulkhead. To cnable
a contimuous all metal design, allowing for clectrical conductivity, the material is preferably selected
to be weldable so that the shell 118 may be constructed of separate picces and manufactured. To
transfer clectrical current from tube to mounting flange and bulkhead a material with reasonably
high electrical conductivity must be sclected. To resist heat transfer a material with relatively low
thermal conductivity must be sclected. One class of materials that meets all of these requircments is
titanium alloy materials. When made from this material, a bulkhead fitting can be a single piece
welded part. Other materials that can be considered are corrosion resistant steel alloys.

As further shown in Fig. 34, the thermal shell 118 may be spaced away fromthe tube 116 1o
torm an air pocket 120 between the tube 116 and thermal shell 118, This air pocket 120 further
encourages heat transfer away from the thermal shell 118, thereby reducing the chance of the
mounting Hange 114 reaching a sufficient temperature to damage the bulkhead 108, This air pocket
120 1s open to the space outside the tank and sealed from the nside of the tank to provide a fhud
barrier. The air pocket 120 may be positioned inside the tank (thereby inverting the fitting), but is

preferably outside the tank so that it does not fill up with flnid.
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Connecting the tube 116 to the shell 118 is a shoulder 119, The shoulder 119 is sized to
transfer the mechanical load from the tube 116 to the shell 118 without mechanical fatlure of tabe
F16 and shell 1IR (for example, cracking of a weld or breaking the shell 118) and to resist deflection
of the tube 116, The shoulder 119 also prevents the tube 116 from bottoming out across the air
pocket 126 if the tube 116 1s shifted or displaced during normal operation. The tube 116 adjoining
the shoulder 119, the shoulder 119, and the shell 118 are sized o transfer the mechanical load from
the tube through the shoulder 119 and shell 118 to the flange 114 without mechanical failure of the
tube 116, flange 114, or shoulder 119 and to resist deflection of the tube 116, thereby preventing the
fitbe 116 from bottoming out across the air pocket 120,

Fig. 3A shows a fitting 110 including an adapter 126 that extends away from the mounting
flange 114 and away from the thermal shell 118, This adapter 126 is useful in attaching the fitting
110 to the bulkhead 108 with a jamb nut 132 that may be threaded onto threads 130, as shown in
Fig. 4A.

Fig. 3B shows the fitting 110 according to an altornative embodiment. In this view, the
adapter 126 is omitted and mounting studs 136 are provided as an alternative method of attaching
the fitting 110 to the bulkhead 108, as shown and described below with reference to Fig. 4B,

Figs. 4A and B show various methods of mounting the fitting 110 to the bulkhead 108, The
bulkhead 108 separates a wet side 122 (for example, the inside of a fucl tank) from a dry side 124
{(for example an air pocket or outside of a fuel tank). According to the embodiment shown, the
mounting flange |14 is placed on the wet side 122 of the bulkhead 108 and the tube 116 extends
through an opening in the bulkhead 108, However, those skilled in the art will appreciate that the
fitting may be reversed without departing from the scope of the disclosure.

As shown in Fig. 44, the {itting 110 may include an adapter that enables a mounting
provision (jarmn not in this figure} 126 extending through the bulkhead 108, A bushing 128 may be
mserted between the adapter 126 and bulkhead 108, As shown, the adapter 126 preferably includes
a threaded portion 130 on the part that extends beyond the bulkhead 108, This threaded portion 130
is adapted to receive a jamb nut 132 that locks the fitting in place.

Further included in the assembly illustrated in Fig. 4A may be an O-ring 134 that provides
additional sealing between the mounting flange 114 and the bulkhead 108, This O-ring 134
functions in a8 manner that is well known in the art to provide sealing against fluid passing through

any gaps between the mounting flange 114 and bullchead 108,

~5.
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The assembly Hustrated in Fig. 4A therefore is held in place by sandwiching the bulkhead
{08 between the mounting flange 114 of the fitting 110 and the jamb nut 132, The pressure
provided by this joint deforms the O-ring 134, thereby compressing it 1nto place and preventing
fluid from leaking past the bulkhead 108, After assembly a fillet seal may be applied peripherally
arcund the mounting flange 114 to prevent fuel from leaking past the bulkhead 10K,

An alternative assembly method is illustrated in Fig. 4B, As shown in this figure, a number
of mounting studs 136 may extend away from the mounting flange 114 opposite the thermal shell
118, These mounting studs 136 preferably include threaded portions on the parts that extend beyvond
the bulkhead 108, These threaded portions are adapted to receive muts that lock the fitting in place.
As shown in the alternative assembly of Fig. 4B the nut 140 interacts with the mounting stud 136 to
secure the fitting 110 to the bulkhead 108, As with the assembly shown in Fig. 4A, the plurality of
mounting studs 136 and nuts 140 sandwich the fitting to the bulkhead 108, Bushings 138 may be
inscrted between the mounting studs 136 and bulkhead 108. These bushings protect the openings in
the bulkhead from the mounting studs 136 during installation and repair. Further similar to the
asscembly shown in Fig. 4A, the assembly shown in Fig. 4B may inchade an O-ring 134 about the
perimeter of the mounting flange 114 in a single picce or about the perimeter of the openings in the
bulkhead for the tube and cach mounting stud in separate individual picces. After assembly a fillet
scal may be applied peripherally around the mounting flange 114 to prevent fuel from leaking past
the bulkhead 108,

The noproved fitting 110 iHustrated in these figures accomplishes the objectives of providing
a bulkhead 108 scal with a single piece welded metal part that 1s generally impermeable to fluid
transfer from a wet side 122 to a dry side 124 of the bulkhead 108, Further, the fitting 110 reduces
heat transfer from the tabe 116 to the mounting flange 114, thereby reducing the potential to damage
the bulkhead 108, The redoction in heat transter is achieved by means of a thin metal shell that is
strong encugh to transfer the moechanical load from the tube to the mounting Hange without
structural failure. Finally, the fitting 110 provides a peripherally continuous metal path for electrical
condaction of corrent from the tube directly to the bulkhead 108, thereby shielding the interior of a
tank from the electrical environment outside of the tank and climunating the need for additional
structure to pass current to the bulkhead 108,

When secured to the bulkhead, the bushings 128, 13K serve the function of providing an all-

metal interface for an electrical connection through the bulkhead fitting between the bulkhead 108

-6 -
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and tube 116, The all-metal interface assisis in providing lightning strike protection by creating a
current path from tube through fitting to bushing and bulkhead 108 that resists sparking during the
fransfer of current. As the cither the jamb out 132 or nuts 140 are in engagement with both the
fitting 110 and flange 128, 138 {(as shown in Figs. 4A and 4B), an all-metal spark resistant bond path
to the fitting 1 10 throungh the mounting nuts 132, 140 is provided.

An additional element that may be included s the provision of a thin-walled dielectric layer
142 that further isolates the bulkhead 108 from the mounting flange 114 of the fitting 110, This
thin-walled dielectric layer 142 between the mounting flange 114 and bulkhead 108 provides
electrical insulating advantages to prevent possible sparking from the flange 114 to the bulkhead 108
mnside the tank. The layer encompasses the full monnting surface and extends a specified distance
outside the perimeter of the mounting surface. The thin-walled diclectric fayer 142 may be cither
integrated into the bulkhead or integrated into the fitting 110,

Finally, a fillet scal may be provided around the perimeter of the mounting flange 114 during
assembly to provide a mechanical barrier against leakage of fluid through the impermeable bulkhead
barrier. Scalant may also be applied arcund each nut 132, 140 and cach bushing 128, 138, The fillet
scal may also provide a barrier against sparks that may develop in the interface between the fitting
P10 and bushing 128, 138, and bulkhcad 108.

The combination of all metal connection from tube to bushing, o-ring scal and fillet seal
provided in the installation of the bulkhead fitting may be used to ensure satisfaction of FAR 25.981
by providing at least three independent features for the prevention of spark propagation within the
fucl tank. Therefore, all of the objectives of the disclosure have been satistied.

A novel method of constructing the hydraulic bulkhead fitting 110 1s disclosed for a
continuous metal part. As shown in Figs. SA, a tube 116 is provided having a peritacter shoulder
144 extending radially outward from the tube 116, This perimeter shoulder 144 way form the first
part of the thermal shell 118,

As shown 1o Fig, 5B, a mounting flange 114 is provided having a cylindrical shell 146
extending axially away from the mounting flange 114, This cylindrical shell 146 is preferably thin
and may form the second part of the therroal shell 118,

As shown in Fig. 5C, the oounting flange 114 and tube 116 are joined by a perimeter weld
148 between the perimeter shoulder 144 of the tube 116 and the eviindrical shell 146 of the

mounting flange 114, This perimeter weld 148 joins the components together, thereby providing a

~1
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complete thermal shell 118 and maintaining an air gap 120 {see Fig. 4A) between the thermal shell
118 and tube 116, with a continuous metal peripheral barrier from tabe 116 to bulkhead 108 for
leakage prevention and clectrical shiclding.

As illustrated in the above detailed description and Figs. 1-5C, a method of sealing an
opening in a bulkhead 108 is disclosed including inserting a bushing 128, 138 through said opening;
mserting a hydraulic fitting 110 through said opening, said hydraulic fitting 110 including a tube
F16 for carrving hydranlic fluid, a mounting flange 114, and an adapter for securing said hydraulic
fitting 110 to said bulkhead 10K; and attaching a jamb nut 132 10 said adapter, said nut 140
sandwiching said bulkhead 108 between said mounting flange 114 of said fitting 110 and said mut
148; wheretn said tube 116 s connected to said mounting flange 114 by a thin thermal shell 11X,

in one instance, bushing 128, 138, jamb mat 132, and hydraulic fitting 110 provide a
continuous all metal path for electrical current from a hydranlic line through said hydraulic fitting
110 to said bulkhead 108. In onc variant, the thermal shell 118 includes a perimeter flange
extending radially about said tube 116 and a cylindrical shell 146 extending axially away from said
mounting flange 114, The method may include providing an ¢g-ring 134 between said mounting
flange 114 and said bulkhead 108, The method may further include providing a fillet scal about the
perimeter of said mounting flange 114, In one instance, the installation complics with FAR 25.981
to prevent sparking inside a fucl tank. In vet another instance, the compliance is achieved by means
of a continuous all metal path between said hydraulic fitting 110 and said bulkhead 108; a peripheral
o-ring 134 scal about every opening in said bulkhead 108 and a peripheral scal about said mounting
flange 114, In one variant, thermal shell 118 prevents fluid transfer by means of peripheral
concealment, o-ring 134, and fillet scal.

While the application has been described in detail, it should be apparent to those having skill
in the art that a nuomber of obvious variations oay result without departing from the scope of the
disclosure. Any descriptions are used as examples and not intended to be limiting of the scope of
the disclosure. Detatled dimensions are the result of analysis that inclhudes maximuom hydraulic
teroperature and structural temperature limitations, and other performance conditions. Any

himitations will appear in the claims as allowed.
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What s claimed is:

I. A bydraulic bulkhead fitting (110) assembly consisting of:
atube (116);
a moounting flange (1 14); and
a thermal shell (118) joiming said mounting flange (114) and said tube (116}, said therroal
shell (118) consisting of a thin barrier and forming an air gap {120) between said tube (116) and said

mounting flange (114).

2. The hydraulic bulkhead fitting (110} of claim I wherein said thermal shell (118) includes a
first protrusion substantially perpendicular to said tube (116) and a second protrusion substantially

perpendicular to said bulkhead fitting (110) and parallel to said tube {116).

3. The hydraulic bulkchead fitting (110} of any of claims 1-2 further comprising a bushing (128,

138) and a jamb nut (132).

4. The hydraulic bulkhead fitting (110} of any of clanms 1-2 further comprising a phurality of

bushings (128, 138} and a plurality of mounting studs (136).

5. The hydraulic bulkhead fitting (110} of any of claims 1-4 further comprising an O-ring
(134).
6. A method of manufacturing a bulkhead fitting (110) assembly comprising the steps of:

providing a tube (116) having a perimeter shoulder extending radially away from the tube
{116}

providing a mounting flange (1 14) having a central opening for receiving said tube (116) and
a cylindrical shell (146) extending axially away from said central opening;

welding the mounting cylindrical shell (146} to said perimacter shoulder, thereby forming an
all-metal fitting having a thermal shell (118} with a peripheral barrier for leakage prevention and

clectrical shielding.

7. The method of ¢laim 6 wherein said theroal shell (118) is thin and Himits heat transfer from

said tube (116} to said mounting flange (1 14).
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8. The method of any of claims 6-7 wherein an air gap (120} 1s formed between said thermal
shell (118) and said tube (116).

g The method of any of claims 6-8 wherein said thermal shell (118) prevents fluid transter by

means of peripheral concealment, o-ring (134), and fillet seal.

14, The method of any of claims 6-9 wherein satd mounting flange (114) further comprises an
3 £ £ )

adapter extending axially away from said central opening opposite said cylindrical shell (146).

I The method of claim 10 wherein said adapter inchudes a threaded portion on an end opposite

said mounting flange (114},

12. The method of any of claims 6-11 wherein said mounting flange (114) includes a plurality of

threaded mounting studs {136} for attaching said mounting flange (1 14) to a bulkhead (108).

3. The method of claim 12 wherein said bulkhead (108} includes a plurality of openings
radially distant from said central opening and cach mounting stud (136} is inserted through one of

said openings and sccured to the bulkhead (108) by means of a nut (140).

i4.  An apparatus for creating g fitting comprising a assernbly of any one of the claims 1-5and a

method of any one of the claims 6-13.

is. A manufacturing process for creating a fitting comprising a method of any one of ¢laims 6-

13 and an assembly of any one of claims 1-5.

-10 -
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