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fuel leaks from a filled container. The method described employs colour variable
indicators and comprises the steps of preparing and applying a watet soluble non-
staining indicator dye to a test surface, observing colour changes indicative of
hydrocarbon leaks and removing the indicator dye from the test surface. US
patent numbers 4,745,797 and 4,756,854 describe similar methods using colour
variable indicators.

US 4,897,551 describes a leak detector for monitoring the presence of a
liquid having a characteristic fluorescent spectrum. The presence of the liquid is
sensed by detection of a threshold level of collected radiation.

One example where an empty fuel tank is subjected to a method of
detecting potential fuel leakage positions is described in Japanese patent
JP07286930. The method described in this patent involves injecting a detection
fluid i.e. a fluid containing a fluorescent material inside a fuel tank of an aircraft at
high pressure. The fuel tank is sealed from the outside by sealants. After a fixed



time, the | eakage of the detection fluid is tracked back to its source on
t he fuelWOo#aR117§si ng the fluorescent qualities of the derermBonodshei d.
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occur s tlaakagenhelerindhe seany therprassure differential at the seam will be reduced and
a rise in pressure in the vacuum line will be experlenc_ed, thus indicating a leak. .
To pinpoint the leak source, Hawk suggests repeating' his method with smaller
membranes. Such a method of pinpointing leak so_Urces would be very time
consuming if applied to aircraft fuel tank seams which can be tens of metres in
length. Moreover Hawk's method does not determine quantitatively the size of
leak involved which is essential in the case of aircr_a’ft structures where some

leakage below a predetermined level is acceptable.

Where an aircraft's wings are used as fuel storage structures, as is quite -
common in the industry, fuel leaks on the outer surface of the wings are often -
readily apparent.  Internal examination identifies the obvious primary origin of the
leak, but there is a high risk of secondary fuel leaks or tnat the real source of the
leak is elsewhere on the structure. These secondary fuel leaks or remote sources
often do not become apparent until the primary leaks have been repaired, and the
aircraft has been parily refuelled. When this occurs the tanks must be drained to




WO 02/ 01175 PCT/ GBOL1/ 02806 -3 enable a second internal exam nation to be
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objective of the present invention to provide a low risk alternative
nmet hod of | eak source detection which wiglL enable the detection of a | eak
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| eaks, reducing aircraft downtine, increasing aircraft operationa
abi lity, ampiocessitiee abngpmingcraft operational capability. A secondary
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surface; neasuring the vacuum between cover and the surface; and conparing
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of the source of fluid |eaks. The action of sealing a vacuumtight cover to

t he surf ac8ueh asfhiesalagesiand fiselagesahins.ref erred to hereinafter as "baggi ng"
and the vacuumtight cover is referred to hereinafter as the "baggi ng
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b carryi t, t farsg Lwo of t Ve three steps on a surface of the
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X! ci}cum erentially seaﬁng a vacuum tight cover to a surface of the empty fluid

container over a suspected source of fluid leak to form a bagged region of said
surface; '

removing the air between the cover and said bagged region of the surface;
measuring the vacuum between cover and the surface; and

comparing the measured vacuum with a predetermined acceptable datum
vactum value; and, where the measured vacuum exceeds the datum vacuum;

gaining physical access to the interior of the fluid container;
using a leak detector to check the suépect area from the inside; and,
recording the exact location of the source of fluid leaks.

The action of sealing a vacuum tight cover to the surface of the fluid
container is referred to hereinafter as “bagging” and the vacuum tight cover is
referred to hereinafter as the “bagging film".

Preferably the predetermined acceptable vacuum value is determined by
carrying out the first two of the above three steps on a surface of the fluid
container in which there are no joints or seams and recording the maximum



consi stent vacuumi.e. the m nimum consi stent pressure achieved as the
datum @WIW78l ue. Preferably the vacuum between the bRgGIGB1/Hisben and
sai d bagged region of the surface of the container is nmeasured over a
predeterm ned period of time and is cpuapared with a predeterm ned .
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time. Once the exact location of the potenti
det er ni néatuum valie. be repaired in accordance with approved processes. The
above nethod should then be repeated until no further |eaks are apparent.
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Figure 2 is a sectioned plan view of part of the aircraft fuel storing w ng
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The invention will now be described by .w.ay of example only and with

reference to the accompanying drawings of which:- -

Figure 1 is a perspective view of a typical aircraft fuel storing wing showing
potential fuel leakage sites;

Figure 2 is a sectioned plan view of part of the aircrait fuel storing wing of
Figure 1 with an enlarged insert showing typical joints between stringers. and wing
planks in cross section;

Figure 3 is a sectioned front elevation of part of the aircraft wing of Figures
1 and 2 on which leak detection apparatus is mounted,;

Figure 4 is a plan view of a seam blanket or vacuum bag forming part of the
leak detection apparatus shown in Figure 3; and

Figures 5A to 5L are photographs of the steps of an example of a method of
applying the sealing bag on an aircraft wing in preparation for the detection of fuel
leak sources.

In Figure 1 a typical swept back wing 1 (in this case a port wing) is shown
having a leading edge 2, a trailing edge 3, a wing tip 4 and deployably attached
leading edge slats 5, trailing edge flaps 6 and ailerons 7. The wing 1 is intended




for attachnent to a fuselage of an aircraft (not shown) at the end 8 renote
from the Wh@MIPH 4. it will be seen fromthe exposed vi eRCEHEBIMEseNd 8 of
the wing | that the internal structure of the wing is hollow with a nunber
of- supporting stringers 9 extending in#&-generally spanwi se direction. The
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also running in a generally spanwi se direction. The spanw se joints 11
bet ween t hthewingditk4. 10 are potential fuel |eakage areas for fuel which is
carried within the wing in generally box-shaped conpartnents bounded by
pl anks 10 and sitrwilids seén flom theyexposed viewpbhitiieseid Saokthehwing ( lihat #wed
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seal ant of compartments baunded by planks 40 and stribgersl®.square in the draw ng.
Such an inner |eak source typically gives rise to a primary |eak

i ndi cation 14 ofn Fi?ﬁr@mt;ﬂlb SlEnk$40 apé shbwn\i 0Yandi 09 wittha spawidesjointor t he
I nner | eak source 15 ag indicated the black circle in the drawing. In

b
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parti cul ar ‘adj‘acent W ng seam or j ol n

gener al | y A anlligtraiting edgbenewber #3Jus conprises a vacuum bag or baggi ng
film16, at least two vacuumvatves 17 in the vacuum bag 16 including a

vacuum val ve home@mmgéa PiserfLh Figdrer2 \showdna Wiio chsseesddtion ldTepAP BRI US
further conprises a nylon _ breather 20 which in use overlays the wi ng seam
11- havi ngWing at Avghovng deinbar seam ghiobetwees thp dwe adjacentplanisuitn and %@” base
19 Seal I ngny v ol bMS IpPARF iR ARY Smgbfs’ 6 PELLRAP Mot shown) is

applied along the length of the seam 11 on both sides and it is deficiencies in this
sealant which are often the sites of fuel leaks.

A typical inside secondary remote source of leaks 15 in the sealant of the
joint 11 is indicated by a black square in the drawing. Such an inner leak source
typically gives rise to a primary leak indication 14 on the outer surface of the wing
at a place remote from the inner leak source 15 as indicated by the black circle in
the drawing. '

In order to detect such primary and secondary leak sources certain leak
source detection apparatus must be used adjacent the wing surface and in
particular adjacent the wing seam or joint 11. This apparatus is shown generally in
Figure 3. The apparatus comprises a vacuum bag or bagging film 16, at ieast two
vacuum valves 17 in the vacuum bag 16 including a vacuum valve hose connector
18 and a vacuum valve base 19. The apparatus further comprises a nylon
breather 20 which in use overlays the wing seam 11- having an airweave pad 21
to provide support for the vacuum valve base 19. Sealing tape 22 extends around



t he periphery of the vacuum bag 16 so that in use it may be attached to the
wi ng sUVOA&YB117Fi gure 4 shows the assenbl ed apparatus i nPEI/&BOVI2806 nount ed
over a spanwise joint 11 between two wing planks 10' and 10", ready for -
| eak source detection. The | eak deteogion apparatus is assenbl ed and used
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Pre Vacwsurfacel As shown in Figure 5A, clean a section of the wing surface
with | ow toxin degreasing agent 8 inches, either side of the seam 11 to be

tested. |t i sFigured showstthecassembled adppdratuseint plam view mesurited dover, a
grease, fuel .and an\ﬁ/tgi ng which nmay prevent. tacﬁy”t ape, 22 (see next step)
adher i ngSRanWisR joit, 1l Jbeiwesrotwe wing planksodl and HQy readysfor leeksaure,
apply Va%é{g?ﬁ g sealant-tape ("tacky tape") six inches either side of the
seamto be tested running parallel to the seamensuring bolt heads are

to ensure. t halhe Heak AHCTorD arpafatf s, mss By, BRA- LSk B el Siueme "scam
11 i nt ergetettionbyfollow .thesgm”oedmejde'mﬁbed)by ﬁdﬁéab't@ 65 balodntantiawith f or
this purpgse is Al RVAC22 AT200Y. Conpl ete the tacky tape process by. taping

across tiRErgacato the sequancenf phetographs 8Adolbt t om ends of ' the Iength of
seam 11 to be tested. DO NOT REMOVE BACKI NG PAPER. 1.3 As shown in Figure
5E, cut hl onPte Yacuum material 20 to match the length of seam 11,
~ensuring its width falls between the boundary of the tacky tape. Secure
bl anket 28 w AdishoalindeigureobA| sldan 4 spetion bh thewing sutfape wWitholow tdxiwn) . - -

One suitable nylon breather_paterial, is "Utraweave" 1332 avaj l.abl e
Crom Al 1 toch GRraREIBE ARG Meboer BT WP 5 1A AT 19, BOPEHoRIER: Fbdel
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anything which may prevent tacky tape 22 (see next step) adhering to the
surface. ' o

1.2  Next, as shown in Figures 5B, 5C and 5D, apply" vacuum b_ég sealant tape
' (“tacky tape”) six inches either side of the seam to be tested runﬁ'i'ng' parallel
to the seam ensuring bolt heads are included within the bounds of the tacky
tape. Speciél care must be taken to ensure that the tacky tape 22 follows
changes in contour where the seam 11 intersects with another seam or

joint.' One suitable sealant tape for this purpose is AIRVAC22 AT200Y.

Complete the tacky'tape process by. taping across two parailel Strips at the
top and bottom ends of the length of seam 11 to be tested.

- DO NOT REMOVE BACKING PAPER.

1.3  As shown in Figure 5E, cut nylon breather material 20 to match the length
of seam 11, ensuring its width falls between the boundary of the tacky tape. -
Secure blanket 20 within boundary of tacky tape with masking tape (not
shown).

One suitable nylon breather material is “Ultraweave” (RTM)1332 available
from Airtech Advanced Materials Group, Corporate HQ, 5700 Skylab Road,
Huntingdon Beach, California, 92647,




-7 1.4 Cut 3 inch square places of nylon breather material as vacuum pads
(21) (see“mwlé"SSF) Pl ace these pads--where vacuum val REFGBYL/8e5 t 0 be
positioned (i.e. mnimmof two at diagonally opposite conmers). Tape pads
2% to surface of ai rbleed material 20. Dependi ng on the | ength of the seam
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sui t abl e baggi ng filmmaterial is sold under the code 400". 1.7
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22. 2.0 Apply runduim®. 1 Attach vacuum pi pe 18 to the vacuum val ve hose
connector top 18, as shown- in Figure 5J, ensuring collar on connector

sli cks int ¢.60l acat bé?Qilng filgo e tumﬂapeaa(yrtape zmmowmg plepty olekdéds® k6 i s

pul l ed down evenly along its |ength with no _kinks or cks around the

vacuum val ves 19asetuckagrereauired., {Minimums: i10) '“ﬁr@’@k’ﬁﬁg;i‘t rungatggaliow fon m 16
for kinks and t I rv al ve
17 as shown in%?%re%%@?%gﬁg §mg q%é\qb ealtk?éng or%ﬁo(r%ap ro\pé) on

vacuum gauge, {WEB40®@n tape and tucks with a di bber 30 as shown in Figure
5L. The dibber 30 may be a sinple PTFE bl ock. WO 02/01175 PCT/ GB01/ 02806

1.7  Starting at one end remove backing paper 22’ from tacky tape 22. Apply
bagging film 16 to exposed tape 22 and press down firmly.

1.8  Starting at the top end and keeping bagging film 16 taut gradually remove
backing tape from the eides, as shown in Figure 5G, at the same time
securing film 16 to tacky tape 22. Cut a cross in vacuum bag 16 at
locations vacuum valve base 19 (see Figure 5H), and screw vacuum vaive
hose connector top 18 as shown in Figure 5l

1.9  Secure other end of bagging film 16 to tacky tape 22.
2.0 Apply Vacuum

2.1 Attach vacuum pipe 18' to the vacuum valve hose connector top 18, as
shown- in Figure 5J, ensuring collar on connector slicks into place. Apply
some vacuum ensuring that the bagging film 16 is pulled down evenly along
its length with no kinks or tucks around the vacuum valves 17.

2.2  Apply full vacuum, still checking the bagging film 16 for kinks and attach
vacuum gauge 17’ to diagonally opposite vacuum valve 17 as shown in
Figure 5K. If there is audible leaking or a rapid drop on vacuum gauge,
press on tape and tucks with a dibber 30 as shown in Figure 5L. The
dibber 30 may be a simple PTFE block.



-8- 2.3 Using the wandering m crophone (not shown) of an U trasonic Leak

Det ect orWOHP1¥Aown) carry out full |eak checks around tRETIGBYYE$06r ea and
around each valve 17. Repeat operation 2.2 until no | eaks apparent. The
U trasonic Leak Detector converts the-gktrasoni c sound produced by | eaking-
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I s dependent pmauraheeamoe | ocation.and -additional users of the
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tacky tape and the bagging film material.

2.4 Record vacuum indicated on vacuum.gauge and compare with the vacuum
datum reading established from the test piece (see step 3.2 below). With a
dedicated vacuum pump 28 ins Hg is typ’ic_:élly the maximum vacuum
obtainable.

2.4.1 Take reading.
2.4.2 Disconnect vacuum sdpply.

2.4.3 Time vacuum loss over one minute, (e.g. the acceptable drop in
vacuum is 5 ins Hg in one minute).

3.0 TestPiece

3.1 Tﬁe amount of vacuum available is dependent upon the type, location and
additional users of the compressed air supply. Typically approximately 20
ins Hg of vacuum can be obtained from a compressor available in the
average aircraft workshop or hangér.

3.2 Toidentify the “datum” vacuum available carry out the processes detailed in
section 1.0 and 2.0 on a section of wing 1 in which there are no joins and
seams 11 and record the maximum consistent vacuum achieved as the
“datum” for that task.
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used a vargsant Pindlleakthesk to test for air leaks in aircraft pressurised
vessels e.g. fuselages and fusel age cabins. WO 02/01175 PCT/ GB01/ 02806
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a fluid containe
Stage 2 and Stage 4 ensuring that no further leaks are apparent.

6.0 Refuel Aircraft

Refuelftransfer fuel into the repaired and re-sealed tank in accordance with
current approved processes. Monitor site(s) of repair, as referenced on the
leak map, for signs of fuel leaks. '

Many variations and modifications of the invention will now suggest
themselves to those familiar with teak detection technology. For example, before
the bagging steps are carried out, potential leakage sites in the seams of the
aircraft wing surfaces could be identified by filiing the fuel tanks with fuel. Leakage
of fuel from the seams would leave witness marks on the wing surface at primary
leak source locations. These locations could be subsequently investigated in
detail by the method according to the invention.

It will be appreciated that the method of detecting the sites of potential leaks
could be applied to a variety of containers, other than aircraft wing fuel storage
tanks, for containing fluids, other than aviation fuel. We have also successfulty
used a variant of the method to test for air leaks in aircraft pressurised vessels e.g.
fuselages and fuselage cabins.
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gaining physical access to the interior of the fluid container:
using a leak detector to check suspect areas from the inside; and,
recording the exact location of the séurce of fluid leaks.

2. A method of locating a potential source of fluid leakage in a fluid container
as claimed in claim 1 and wherein the predetermined acceptable vacuum is
determined by carrying out the first two of the steps listed in claim 1 on a
surface of the fluid container in which there are no joins or seams and

- recording the maximum consistent vacuum achieved as the datum vacuum
value. '

3. A method of locating a potential source of fluid leakage in a fluid container
as claimed in claim 1 and wherein the vacuum between the cover and said
bagged region of the surface of the container is measured over a |
predetermined period of time and is compared with a predetermined
acceptable drop in the datum vacuum value over the same predetermined
time.

4. A method of locating a potential source of fluid leakage in a fluid container
as claimed in any of the preceding claims and further including the step of
using a leak detector to detect air leakage from said bagged region of the

surface after the step of removing the air between the cover and the surface
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-11 and if air |eakage is detected appropriately repairing the cover or its
seal to tWOO03MHTEce. 5. A nethod of |ocating a potential PEIVGRN/02806 | ui d

| eakage in a fluid container as clained in any precedi ng clai mand wherein
the | eak detector used is an ultrasoni¢ileak detector. 6. A nethod of

locating a pot esid flairieskade Ridétbstbd abﬁﬁiﬁﬁﬁé\}% Peﬁaifiﬁ%{% EfEr 3 8 'seaf®d

cl-aimed in any of the preceding clains and, ere a potential source of
| eakage is | ocatheduriagel uding the further steps of: repairing the source;
repeating the nethod and repairing any further sources found; and filling
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recordi ng the dRakage isdacated, ipcluding thedudhersstepsief: | eaks for subsequent
repair. 8. A nethod-of |ocating a potential source of fuel |eakage in an
aircraft fuel nepakingdbetsaurdeal |y as herei nbefore described and with
reference to Figures 1 to 4 and 5A to 5L of the acconpanyi ng draw ngs.
111111 ULl 11 epeating the method and repairing any further sources found; and .

filling the container with fluid and monitoring it for fluid leaks.

7. A method of locating a potential source of fuel leakage in an aircraft fuel
tank including the steps of:

applying a bagging film to a surface of the empty fuel tank over a suspected
source of fuel leak;

removing the air between the bagging film and the surface;
measuring the vacuum between the bagging film and the surface;

comparing the measured vacuum with a predetermined acceptable datum
vacuum value; and, where the measured vacuum exceeds the datum
vacuum;

gaining physical access to the interior of the aircraft fuel tank;
using a leak detector to check subject areas from the inside; and,

recording the exact location of the source of fuel leaks for subsequent
repair.

8. A method of locating a potential source of fuel leakage in an aircraft fuel
tank substantially as hereinbefore described and with reference to Figures 1
to 4 and 5A to 5L of the accompanying drawings.
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