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independent mechanical barrier between the jomt (110) and surrounding medium, thereby preventing spark propagation to the sur-
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APPARATUS FOR PREVENTING SPARK PROPAGATION

BACKGROUND

The present disclosure relates to hydraulic fitting safety devices, particularly for use in
airplanes or other areraft,

in modern commercial arrplanes, fuel 18 traditionally stored 10 the wings. A number of
hydraulic lines may pass through the fuel storage arca to provide power and control to
hydraulically powered clements, such as wing flaps. These hydraulic lines require a number of
fittings to connect various lengths of hydraunlic tubing to cachother, other fittings, and io
buikhead pancls and direct the hydrauhic find. Durmg operation of the awrcratt, 1t 1s possible that
an clectrical spark could be created between a hydraulic ine and a fitting and propagate to the
fuel tank, thereby causing a potential ignttion source. This risk 18 contained or prevented i a
number of ways, the present disclosure describes an aliernative improved method and apparatus
for mhabiting spark propagation from a fitting to the tuel tank.

The Federal Aviation Administration {(FAA) has expressed concern regarding this
potential 1orition sources i the fuel tank of aircratt. Federal Aviation Regulation (FAR)
25.981{a}3) (14 CFR 25.981(a)(3}) requires that any potential ignition source must be
sutficiently contained by redundant ignition prevention measurces. The specific language
requires "that an igntiion source could not result from cach single faslure, from cach single
failure 1n combination with ¢ach latent fatlure condition not shown to be extremely remote, and
frora all combinations of failures not shown to be extremely mwaprobable.” Ths regulation
generally requires that the system have triple redundancy, or three safety devices which would
have o mdependently fanl, in order to cause an wgnition source to result n the awrcrall fuel tank.
Double redundancy may be sufficient for permanent istaliations where the ignition prevention
measures are shown to be highly rehable,

Current methods of satistving this requirement focus on reducing the possibility of sparks
between the hydraulic ine and fitting. One potential source of sparks 1s clectrical current
flowing along the hydrauhic ines. The electrical current may jump from a hydraulic line to a
fitting, thereby causing a spark. One method n use 1s dissipating or directing electrical current
away from the hydraulic lines so that clectrnical current does not pass through the fuel tank, For
example, in-iine static dissipaters may be used to prevent electrical current. These methods of
muatigating this risk roay require a large number of parts, mcreasing cost, coraplexity, and

installation time.
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Some existing fithing designs mnclude a polymenc hiner within the hitfings to protect tubes
and fittings from wear in surface. Without the use of electrical dissipation this liner could
cxacerbate sparking problems when dielectric breakdown occurs near the tip of the fitting 1t the
fitting 18 forced to carry large amounts of electrical current due to 2 lightning strike. Hydraulhic
tubes 1in carbon fiber reinforced plastic ({CFRP) wings will potentially carry higher current levels
than similar fithings m metal wing awrplanes. Additional safety features may therefore be
required to cnsure safety and compliance with Federal regulations.

In-line electrical solators that disrupt current flow may be used to prevent current flow
through the hydraulic ine, thereby preventing sparking due to clectrical current. These in-hine
static dissipaters are generally electrically non-conductive tubes that are mnserted i the hydraulic
line. These non-conductive tubes resist current flow, thereby causing current to flow through
structure other than the hydraulic hine. This systern may not be desirable because 1t adds
additional weight to the systemn and prevents the use of hydraulic lines as a means to conduct
clectrical current.

Another source of sparking may be hot material that 15 forced out from the fitting under
pressure. This hot material may be lubricant used to protect the fittings, molten metal from
imternal sparking, or any other material which may become heated due to pressure or resistance
to electrical current and forced out trom the hydrauhic fitting,

With the mereased desire for hight weight composite or otherwise non-conductive {or
low-conductivity} materials for the fuel tank and other aircraft structure, it may not be desirable
or possibic to transter electrical current from the hydrauhic lines to the fucl tank to elimmnate the
risk of sparking. Additionally, a composite or non-conductive fuel tank may build up
precipifation static as the aircraft travels through the arr. This precipitation static must be
dissipated away from the fuel tank to prevent sparkmng or damage to the tuel tank, Conductive
hydraulic hnes may be uithized to transter clectrical current or dissipate precipitation static from
the fuel tank.

Theretfore, there 18 a recognized need in the art for 2 method and apparatus for increasing
satety of hydraulic yoints by preventing sparks from propagating from a hydraulic joint o the
surrounding medium while maimntaining conductive propertics of the hydrauhic line.

There 18 further recognized a need 1 the art for safety materials which are usetul in
dissipating precipitation static from a compostte fucl tank surface while preventing spark

propagation from the hydrauhic hne to the surrounding medium.
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SUMMARY

The present invention describes an apparatus that is useful in preventing sparks created
between a fitting and a tube from propagating to a surrounding medium. The apparatus includes
a tube, a hydraulic fitting attached to the tube, and a tip seal on the hydraulic fitting that forms a
mechanical barrier between the tube and fitting. This mechanical barrier accomplishes the object
of preventing spark propagation to the surrounding medium.

Also described in this application 1s a method for preventing sparks created in a location
between a fitting and a tube from propagating to a surrounding medium. This method includes
the steps of providing a hydraulic joint that includes the fitting and tube and applying a barrier
between the hydraulic joint and the surrounding medium. This barrier accomplishes the object of
preventing sparks from propagating from the hydraulic joint to the surrounding medium.

The barrier described may be either a tip seal about an internal or external surface of the
fitting or a sleeve wrapped or otherwise applied to the hydraulic joint. This barrier provides a
mechanical barrier against the undesired spark propagation.

Aslo described in this application is a novel method of preventing sparking between a
hydraulic fitting and a tube from propagating to a surrounding medium. The method includes the
steps of applying a tip seal to the hydraulic fitting, joining the fitting to the tube to form a joint,
applying a heat shrink wrap about the hydraulic joint, and heating the heat shrink wrap to adhere
the wrap to the hydraulic joint. The resultant apparatus forms a mechanical barrier against spark
propagation.

Also described 1n this application 1s a method of preventing sparking from propagating to
a surrounding medium, the method comprising: providing a hydraulic joint including a fitting
and a tube, said fitting including a first end having an opening for receiving said tube; and
applying a barrier between said hydraulic joint and said surrounding medium, said barrier being a
tip seal that 1s configured to define an opening that allows for the passage of leaks, said barrier

preventing sparking between said fitting and said tube from propagating to said surrounding

medium.

Also described 1n this application 1s a method of preventing sparking between a
hydraulic fitting and a tube from propagating to a surrounding medium, the method comprising:
applying a tip seal to said hydraulic fitting, said hydraulic fitting having a first end with an
opening for receiving said tube, wherein said tip seal is configured to define an opening that
allows for the passage of leaks; joining said hydraulic fitting to said tube to form a hydraulic
joint, said hydraulic tube having a first end with an opening for receiving said tube; applying a
heat shrink wrap about said hydraulic joint; and heating said heat shrink wrap to form said heat
shrink wrap about said hydraulic joint.

-3 -
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Also described in this application is a method of preventing sparking between a
hydraulic fitting and a tube from propagating to a surrounding medium, the method comprising:
applying a tip seal to said hydraulic fitting, said hydraulic fitting having a first end with an
opening for receiving said tube, wherein said tip seal is applied to an inner surface of said
hydraulic fitting in one or more incomplete circles about said inner surface of said hydraulic
fitting; joining said hydraulic fitting to said tube to form a hydraulic joint, said hydraulic tube
having a first end with an opening for receiving said tube; applying a heat shrink wrap about said
hydraulic joint; and heating said heat shrink wrap to form said heat shrink wrap about said
hydraulic joint.

Also described in this application is an apparatus for preventing sparking between a
fitting and a tube from propagating to a surrounding medium comprising: a tube; a hydraulic
fitting attached to said tube, the hydraulic fitting including a first open end for receiving said
tube; and a tip seal positioned on said hydraulic fitting adjacent said open end, said tip seal
forming a mechanical barrier between said fitting and said tube, wherein the tip seal is an
incomplete ring or spiral defining one or more openings through which hydraulic fluid in the
hydraulic fitting 1s able to leak.

Also described in this application is a method of preventing sparking from propagating to
a surrounding medium, the method comprising: providing a hydraulic joint including a fitting
and a tube, said fitting including a first end having an opening for receiving said tube; and
applying a tip seal between said hydraulic joint and said surrounding medium, said tip seal
forming a mechanical barrier between said fitting and said tube, wherein the tip seal 1s an
incomplete ring or spiral defining one or more openings through which hydraulic fluid in the
hydraulic fitting is able to leak.

The above-described method may include the further step of applying a tape about the
hydraulic joint before applying the heat shrink wrap. This tape may provide an additional layer
of protection and the heat shrink wrap may protect against the tape unwinding due to exposure to

the surrounding medium.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of an aircraft.
Fig. 2 is a cutaway view of a portion of the aircraft wing.
Fig. 3 is a cutaway view of one embodiment of the apparatus.
Fig. 4A is a cutaway view of an alternative embodiment of the apparatus.
Fig. 4B is a cutaway view of an alternative embodiment of the apparatus.
Fig. 4C is a cutaway view of an alternative embodiment of the apparatus.

Fig. 4D is a cutaway view of an alternative embodiment of the apparatus.

- 33 -
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Fig. S 1s a cutaway view of an alicrnative embodiment.

DESCRIPTION
As shown 1w Fig. 1, a commercial aircraft 100 generally consists of a fuselage 102, wings

104, inchuding hydraulic hines 106 and flaps 108, Flaps 108 arc positioned on the wings 1434 to

"I

provide m-thight control for the awrcralt. As shown i Fig. 2, the hydrauhic lines 136 may pass
through the wing 104 of the aircraft and may nciude one or more hydraulic joints 114, These
bydrauhic lines 106 may contrel the fiaps 108 or other control structure for the areratt,
Fig. 3 shows a cutaway view of one embodiment of the improved apparatus. As shown
in this figure, the hydraulic jomnt |10 generaliy consists of a hydraulic fitting 112 18 generally
13 postiioned around hydraulic tubes 114, 116, In this diustration, the hydraulic fitting 11215 a
coupler for jomning a first section 114 to a second section 116 of the hydraulic ime 106, The first
114 and second 116 sections of the hydraulic line 106 may be secured by swaging or any other
means commonly known to those having skall in the art. As further shown in thas figure, the
hydraulic fitting 112 may include imternal seais or fithings (not shown) to prevent hydraubic fhud
15 leaking from the fitting 112,
Further shown m Fig. 3 1s one type of apparatus tor reducing the risk of 1gmition sources
within the atrcraft fuel tank. Generally surrounding the hydraulic tubes 114, 116 and fitting 112
15 a sleeve 118 which may be wrapped tape or a cylhindrical sheath secured by heat shrinking {o
the hydraulic tubes 114, 116 and fitting 112, This siceve 118 may provide a mechantcal barrier
20 preventing spark propagation from within the fitting 112 to the fuel tank,
The sleeve 118 may be formed of a tape wrapped around the fitting 112 and tubes 114,
116, or may consist of g heat-shrink matenal formed onto the hine durmng assembly. Wrapped
tape 18 preferably mstallied during assembly of the fithing 112 to the tubes 114, 116, while a heat
siirink sieeve may be attached to or placed around the fitting 112 prior to assembly of the fitting
25 112 to the tubes 114, 116, Alternatively, the sleeve 11X may consist of both a wrapped tape as
wcil as a heat shrink material about the wrapped tape to prevent unwinding of the tape. Thas
arrangernent would prevent a laver of tape trom losing adhesion due 1o exposure to the tuel
stored 1o the tank. Such a result could compromise the safety of the protective feature.
The physical propertics of the sleeve 118 may vary according to the preferred function of
30 thesleeve 11K, The size of the sleeve 11X 1s adjusted to the intensity of the anticipated sparking,
and therefore the thickness and scope of coverage may vary. Generally the thickness of the
siceve 118 may be 8.005-0.020" and extend 0.25-1.5" beyond the ends of the fittings. This

-4
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arrangement provides sufficient resistance agamnst spark propagation to elumunate the risk of fuel
combustion.

The material of the sleeve 118 15 generally selected so as {o be resistant to corrosion due
to exposure to fuel and hydraulic fluid and may have anywhere from moderate to no electrical
conductivity. A low to moderate level of conducitivity allows static charge to be draimned from
the surface of the sleeve. Alternatively, very low to no conductivity from a diclectnc sleeve 118
may be selecied according to preferred characteristics of the slecve 118,

One example of material {or the sleeve 118 1s Hluorinated cthylene propyiene (FEP). This
material may serve as a diclectric and not allow static charge to be drained to the hydraulic hine.
Alternatively, the sleeve 118 may be constructed of a carbon-impregnated plastic {or other
conductive material} that 1s clectrically conductive and fuci resistant. This conductive sleeve 11¥
may be ufitlized to drain static buildup from the sleeve.

A further example of heat shrink material for the sleeve 118 18 polytetratiuoroethylene
(PTHE). This matenal has a hugh melting pomt, high toughness, and 1s chemcaliy mert, Other
examples are polyetherctherketone (PEEK )} and polyetherketoneketone (PEKK ) that exhibits
cssential properties simnilar properties to PTFE. These materials may capture any sparks which
would otherwise be expelled from the joint. Any spark that manages to escape the shrink wrap
material would have a signmificantly reduced mcendiary capacity. Other materials with simular
chemical durability and operating teroperature range could be used i the apparatus.

(ther mothods of installing heat shrink sleeving are contemplated by the present
disclosure. For example, multiple pieces of slecve tubing could be applied o specific arcas of
joints where metal tubes mect the fitting. These separate picces would mdependently cover a
portion of the fitting and metal tube, thereby reducing the amount of heat shrink material
required. Multiple separate pieces of heat shrink sleeving may also be used on fittings mcluding
the jomnder of more than two pipes, for exarnple 1n a tee or cross fithimg where three or four pipes
are jomned to a single fitting. Because sparks can only be expelled from the specific areas of the
joints where the metal tubes and fitting come together, the use of scparate, smaller pieces of heat
shrink sleeving may be utilized to provide effective spark vatigation while reducing the amount
of heat shrink siceving material that must be used.

An alternative arrangerment of mechanically sealing the hydrauhe fitting 112 and tubes
i14, 116 1s generaily shown 1n Figs. 4A-B. In these cutaway views, tip scals 122 or scaling
matenal 124 1s positioned on the fitbmg 112 to mechanically 1solate sparks from mmteracting with

the tuel.
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Fig. 4A shows the use of a tip secal 122 tor covering the edges of the fittimg 112, In this
arrangement, a diciectric or nonconductive material 18 positioned about the outside perimeter of
the fithing 112 where 1t joins with the tubes 114, 116, Ths tip seal 122 may cover the exposed
cdge of the fitting 112 and adhere to the tubes 114, 116, This arrangement provides a
mechanical seal against spark propagation from within the fitting 112 to the fucl tank.

fn this caseg, the tip seal 122 must be applied after assembly of the fitting 112 to the tubes
114, 116 so that a tight seal can be formed between the fitting 112 and tubes 114, 116,

Alternatively, as shown mn Figs. 4B-13, a sealing material 124 may be positioned on the
mside of the fitting 112 instecad of or in addition to a tip scal 122 around the perimeter of the
cdge of the fittimg 112, The sealhing matenial 124 may be apphlied as one or more mcomplete
rings (Fig. 4B8), spiral (Fig. 4C), or complete circles {(Fig. 4D). The usc of incomplete rings or
spirals may be used to ensure that a lcak i the hydraulhic seal can be detected as the hydraulic
fiuid will leak past openings i the seal. This will further prevent leaking hydraulic fluid from
butlding up pressure behind the fip scal which may cause the fip seal to be dislodged. The use of
compiete circles as shown i Fig. 40 may be sutticient to protect agamnst spark propagation from
within the fitting 112 to the tucl tank.

Unlike traditional seals or hydraulic sealing rings (such as 3-Rings), the fip seal 122 or
scaling material 124 18 not intended to prevent pressurized fluid from escaping the fitting 112,
but rather stmply provides a mechanical barrier between the location where sparks tend 1o be
created and the fuel tank.

The mternal tip seal further includes characteristics which supplement or replace existing
anti-tretting coatings. These coatings reduce wear at the contact point between the fitting and
metal tube caused by minute relative motion, such as that caused by vibration. The tip seal s
also preferably of sutficient thickness to prevent diclectric breakdown and tough enough to resist
damage during mstallation. It 1s of a matenal seiccted for compatibility with fuel and hydraulic
fhuids and the temperature extremes of acrospace apphications. Matenals such as FEP, PTFE,
PEEK, and silicone elastomers, arc examples of materials which may be suttable for internal tip
seals.

Another aspect of the apparatus shown in Fig. 5 and mnchudes multiple EME protective
features to raitigate spark propagation. o this image, the hydraulic jomt 110 meludes fittimg 112
about tubes 114 and 1106, Tip scals 122 are applicd between the fitting 112 and tubes 114, 116
and provide a barrier agamst spark propagation. A sleeve 118 is apphied about the fithimg 112
and a portion of the tubes 114, 116 as described above to provide a second additional barrier

-6 -
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against spark propagation. These multiple EME protective provide mchude mdependent fadure
modes, thereby ensuring that a single fatlure cannot result in spark propagation from a spark
zone {o the fuel tank. It should be appreciated that the secaling matenal 124 shown in Figs, 4B-D
and described above may be used m addition to or 1n ieu of fip seals 122, Suntable shrink-wrap
slceve materials would include FEP, PTFE, PEEK, or other materials with suitable chemical and
thermal propertics and the abihity to form a shrink-wrap tube.

The first method for preventing spark propagation 18 through the metal-to-metal mtertace
between the fitting 112 and tubes 114, 116, The second 1s through the use of ¢ither external tip
scals 122 or internal sealing material 124, The tip seals 122 or sealing matenial 124 provide a
physical barrier between any Sparking and the fuel tank. A third method for preventing spark
propagation is through the use of a siceve 118 or wrap that forms a mechanical barrier between
the hydraulic jomt 110 and the suwrrounding medium. Each ol these methods of preventing spark
propagation requires an individual failure condition, and therefore a combination of these
methods satisfies the requirernents of FAR 25981,

Theretore, the proposed modified system will at least accomplish the goals as stated
above by providing additional protection mvolving uniguce fatlure modes.

The cxamples presented here are single piece radially swaged or crvogenic fithings. It
will be apparent to one tramed in the art that the principles of scaling with fip seals and covering
with wrap or fubular siceving, mn single or multiple pieces, may apply to multi-prece axially
swaged fittings or other hydraulic fittings.

in accordance with Figures 1-3 and text above, an apparatus s disclosed {or preventing
sparking between a fitting 112 and a tube 114, 116 from propagating to a surrounding medium
wmchuding a tube 114, 116; a hydrauhic fitting 112 attached to the tube 114, 116, the hydraulic
fitting 112 including a first open ond for receiving the tube 114, 116; a tip scal 122 positioned on
the hydraulic fitting 112 adjacent the open end, the tip scal 122 forming a mechanical barrier
between the fitting 112 and the tube 114, 116, In one variant, the tip seal 122 1s applied about an
cxtertor surface of the hydranlic fithing 112 and wheremn the tip seal 122 18 adhered to the tube
114, 116. In one mstance, the tip seal 12218 applied about an imtenor surtace of the hydraulic
fitting 112. In one alternative, tip seal 122 1s applicd in one or more incompiete circles. In one
variant, tip seal 122 18 apphied 1 a helix. The tip seal 122 18 applied 1o one or more corapicie
cireies.

in one aspect of the present disclosure, a method 1s disclosed of preventing sparking from

propagating to a surrounding medium. The method meludes providing a hydraukic yomnt 116
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wmchuding a fitting 112 and a tube 114, 116, the fitting mcluding a first end having an opening tor
receiving the tube 114, 116; and applying a barrier between the hydraulic joint 118 and the
surrounding yvacdium, the barner preventing sparking between the fittiimg 112 and the tube 114,
116 trom propagating to the surrounding medium. In one instance, the barrier 1s a tip seal 122
apphicd adjacent the first end of the fitting 112, In one vanant, the barrier compriscs a heat
shrink wrap apphied about the hydraulic jomnt 116, the heat shrink wrap covering the fitting 112
and a portion of the tube 114, 116, In onc mstance, the heat shrink wrap includes 4 dielectric
material, In one alternative, the heat shrink wrap 1s sutficiently electrically conductive o
dissipate static charges. In yet another variant, the barrier further includes a wound tape. Inone
vartant, the method mcludes the steps of winding the tape about the hydrauhic jomt 1106,
positioning the heat shrink wrap about the hydraulic joint 110, and heating the heat shrink wrap
to adhere the heat shrink wrap to the tape.

in another aspect of the present disclosure, a method 1s disclosed of preventing sparking
between a hydraulic fithng 112 and a tube 114, 116 from propagating to a surrounding medium
including the sieps of: applving a tip seal 122 to the hydraulic fithing 112, the hydraulic fitting
112 having a first end with an opening for recerving the tube 114, 116; jomung the hydraulic
fitting 112 to the tube 114, 116 to form a hydraulic yomnt, the hydraulic tube 114, 116 having a
first end with an opening for recerving the tube 114, 116; applying g heat shrink wrap about the
bydraulic joint 110; and heating the heat shnink wrap to form the beat shrink wrap about the
hydraulic joint 110, In one mstance, the heat shrink wrap 18 sutticiently electrically conductive
to dissipate static charges. In one vanant, the tip scal 12218 applied to an immner surface of the
hydraulic fitting 112, In yet another variant, the tip scal 122 15 applied 1n one or more
meomplete circles about the mner surtace of the hydraulic fithing 112, In another instance, the
tip seal 122 18 applied 10 a spiral about the mner surtace of the hydraulic fitting 112, In one
cxample, the method may mclude the step of winding a tape about the hydraulic joint 1160, In
one alternative, the tape is apphied directly to the hydrauhic joint 110 and the heat shrink wrap 1s
applied directly to a portion of the tape.

The various embodiments described above are mtended to be tllustrative m nature and are
not intended to himit the scope of the invention. Any limitations o the mvention will appear in

the claims as allowed.
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What is claimed is:

1. A method of preventing sparking from propagating to a surrounding medium, the method
comprising:

providing a hydraulic joint including a fitting and a tube, said fitting including a first end
having an opening for receiving said tube; and

applying a barrier between said hydraulic joint and said surrounding medium, said barrier
being a tip seal that 1s configured to define an opening that allows for the passage of leaks, said
barrier preventing sparking between said fitting and said tube from propagating to said

surrounding medium.

2. The method of claim 1 wherein said tip seal is applied adjacent said first end of said
fitting.
3. The method of claim 1 or 2 further comprising a heat shrink wrap applied about said

hydraulic joint, said heat shrink wrap covering said fitting and a portion of said tube.

4. The method of claim 3 wherein said heat shrink wrap comprises a dielectric material.

5. The method of claim 3 wherein said heat shrink wrap is sufficiently electrically conductive

to dissipate static charges.

6. The method of claim 5 wherein said barrier further comprises a wound tape.

7. The method of claim 6 further comprising the steps of winding said tape about said

hydraulic joint, positioning said heat shrink wrap about said hydraulic joint, and heating said heat

shrink wrap to adhere said heat shrink wrap to said tape.

8. A method of preventing sparking between a hydraulic fitting and a tube from propagating
to a surrounding medium, the method comprising:

applying a tip seal to said hydraulic fitting, said hydraulic fitting having a first end with an
opening for receiving said tube, wherein said tip seal is configured to define an opening that allows
for the passage of leaks;

joining said hydraulic fitting to said tube to form a hydraulic joint, said hydraulic tube
having a first end with an opening for receiving said tube;

applying a heat shrink wrap about said hydraulic joint; and
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heating said heat shrink wrap to form said heat shrink wrap about said hydraulic joint.

9. The method of claim 8 wherein said heat shrink wrap i1s sufticiently electrically conductive

to dissipate static charges.

10. The method of claim 8 or 9 wherein said tip seal 1s applied to an inner surface of said
hydraulic fitting.
11. The method of claim 10 wherein said tip seal is applied in one or more incomplete circles

about said inner surface of said hydraulic fitting.

12. The method of claim 10 wherein said tip seal is applied in a spiral about said inner surface

of said hydraulic fitting.

13. The method of any one of claims 8 to 12 further comprising the step of winding a tape

about said hydraulic joint.

14. The method of claim 13 wherein said tape is applied directly to said hydraulic joint and
said heat shrink wrap 1s applied directly to a portion of said tape.

15. A method of preventing sparking between a hydraulic fitting and a tube from propagating
to a surrounding medium, the method comprising:

applying a tip seal to said hydraulic fitting, said hydraulic fitting having a first end with an
opening for receiving said tube, wherein said tip seal is applied to an inner surface of said
hydraulic fitting in one or more incomplete circles about said inner surface of said hydraulic
fitting;

joining said hydraulic fitting to said tube to form a hydraulic joint, said hydraulic tube

having a first end with an opening for receiving said tube;
applying a heat shrink wrap about said hydraulic joint; and
heating said heat shrink wrap to form said heat shrink wrap about said hydraulic joint.

16. An apparatus for preventing sparking between a fitting and a tube from propagating to a
surrounding medium comprising:

a tube;

a hydraulic fitting attached to said tube, the hydraulic fitting including a first open end for

recelving said tube; and
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a tip seal positioned on said hydraulic fitting adjacent said open end, said tip seal forming

a mechanical barrier between said fitting and said tube,

wherein the tip seal is an incomplete ring or spiral defining one or more openings through

which hydraulic fluid in the hydraulic fitting 1s able to leak.

17. The apparatus of claim 16 wherein said tip seal is applied about an exterior surtace of said

hydraulic fitting and wherein said tip seal 1s adhered to said tube.

18. The apparatus of claim 16 or 17 wherein said tip seal 1s applied about an interior

surface of said hydraulic fitting.

19. A method of preventing sparking from propagating to a surrounding medium, the method
comprising:

providing a hydraulic joint including a fitting and a tube, said fitting including a first end
having an opening for receiving said tube; and

applying a tip seal between said hydraulic joint and said surrounding medium, said tip seal
forming a mechanical barrier between said fitting and said tube,

wherein the tip seal is an incomplete ring or spiral defining one or more openings through

which hydraulic fluid in the hydraulic fitting 1s able to leak.

20. The method of claim 19 wherein said tip seal is applied adjacent said first end of
said fitting.

21. The method of claim 19 or 20 further comprising providing a barrier that comprises a
heat shrink wrap applied about said hydraulic joint, said heat shrink wrap covering said
fitting and a portion of said tube.

22. The method of claim 21 wherein said heat shrink wrap comprises a dielectric material.

23. The method of claim 21 or 22 wherein said heat shrink wrap is sufficiently electrically

conductive to dissipate static charges.

24, The method of any one of claims 21 to 23 wherein said barrier further comprises a wound

tape.
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25, The method of claim 24 further comprising the steps of winding said tape about said
hydraulic joint, positioning said heat shrink wrap about said hydraulic joint, and heating said heat

shrink wrap to adhere said heat shrink wrap to said tape.

26. The method of claim 19 or 20, further comprising:
applying the tip seal to said hydraulic fitting;
joining said hydraulic fitting to said tube to form the hydraulic joint;
applying a heat shrink wrap about said hydraulic joint; and
heating said heat shrink wrap to form said heat shrink wrap about said hydraulic joint.
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