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1. SCOPE:

This SAE Aerospace Information Report (AIR) presents preferred practices for sealing of aircraft
integral fuel tanks, including rework of applied fuel tank seals. It addresses engineering designs for
integral fuel tanks as they are currently found in practice; and this document discusses the most
practical and conservative methods for producing a reliable, sealed system.

Design preferences for optimum sealing are not within the scope of this document. Such discussions

can be found in
Handbook, AFW

Key objectives g
corrosion resistg
expected for the

Effective and eff
aircraft designs.

the Air Force sponsored handbook, entitled Aircraft Integral Fuel Ta
AL-TR-87-3078.

f the fuel tank sealing process are to produce a sealing plahe that is
nt, especially at fastener locations, at environmental and @perationd
life of each air vehicle. Factors that can influence the.outcome of tl

cient sealing of aircraft fuel tanks are prime considerations in comm
Sealant fillets inside the tanks are considered-to be primary seals.

Of nearly equal Importance is corrosion control. Sealant§ are used for fuel containm

protection, but tf
that a major objd
considered to be
however, plays §
is a permanent,
two surfaces. E

e purpose of use should never be confused. It is generally accepte
a primary seal, except in adhesive-bonded systems; the faying sur
N extremely important role as a secondary seal. It limits the length
Stable, protected, and essentially non-dislodgeable seal that is sand
ktensive use of faying-surface sealing is highly recommended.

basic design lends)itself to good sealing (key design factors to con
and minimal mévément, among others)

f sealanti-where it is applied; how it is applied

substrate surface is prepared

nk Design

leak-free and
1l conditions
Nis process are:

ercial and military

ent and corrosion
d, for example,

pctive of faying-surface sealing is ¢affosion control. The faying-surface seal is not

face seal,
bf a leak path and
wiched between

sider include

a. How well the

accessibility
b. The choice d
c. How well the
d. Whether sea
e.

lant Tilet dimensions are optimum Tor air venicle contiguration and 1

The degree of resistance of the sealant to the fluid and thermal environment

ight dynamics

The degree of engineering insurance -- i.e., application of adhesion promoters to sealant bond

surfaces, application of organic topcoats over sealants, proper drainage of the fuel tank, etc. --
employed for technical risk reduction.



https://saenorm.com/api/?name=afe991cfc9c4c803d5ed726b214ca3b1

SAE AIR4069 Revision A

1. (Continued):

Sealing philosophies differ within industry and government. However, as stated in 3.1, there is much
greater agreement than dispute. If a particular fuel tank sealing approach appears to be clearly more
reliable, keeping production cycle time and costs in mind, it will be identified as a preferred method.

This document is based on technical opinions from a broad cross-section of engineering experts who
specialize in aircraft sealing.

The user should
develop an indiy

2. REFERENCES:

See Appendix A
3. SEALING PHIL(
3.1 Sealing Objec

The main obje
avoid the intru

consider the engineering requirements and options provided by thig
idual course (or plan) of action from a somewhat more informed-pos

DSOPHY:
ives and Basic Categories:

ctives in aircraft fuel tank sealing are ta preclude fuel leaks for the Iq
5ion of moisture that can cause cortosion, especially at fastener loc

Integral fuel tank designs fall into two basic categories: those with full access to th

tank and thosd
channel sealal
exterior; or (3)
necessary, to

with limited access. Those’in the latter category are repaired by: (
nts from the exterior; or (2) retightening or replacing certain types of f
gaining access to the. interior of the tank through disassembly of str
each the leak sodrce (see Section 12).

Except for channel sealingsall sealing is done inside the fuel tank. Factors to be g

sealing integrg

| fuel tanks<for the two basic categories are given in the following pé

document; then
ition.

ng term and to
htions.

e interior of the

|) injection of
asteners from the
ucture, as

onsidered in
iragraphs.
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3.1.1 Designs Providing Interior Access: Leak paths found in interior access designs originate from skin
splice joints, spar-to-web joints, dry-to-wet bay interfaces, and access doors. Faying surfaces, lap
joints, butt joints, fastener holes, and any other possible path from wet to dry side represent
opportunities for fuel leakage and for moisture intrusion, which will produce corrosion. (Moisture
from water that has combined with fuel inside the tank also is a potential source of corrosion.) Itis
generally accepted by the industry that the primary seal plane is formed by sealant applied inside
the fuel tanks at seams, lap edges, and fasteners.

e it limits the
ng is an essential
uring the

Fay-surface [sealing is also considered to be an important type of sealing becaus
length of leak paths, contains the fuel, and prevents corrosion. Fay-surface-seal
adjunct to fillet sealing to produce a reliable, sealed fuel tank that does not'leak
operational l[fe of the air vehicle.

3.11.1

3.1.1.2

Fasteners
boundarieq
fasteners t
example, g
be wet insf]
lubricants

resistant e
engineerin
adhesion f
adhesion f
injected or
Such a loc
Surge box
pressure b
full fillets.

Faying Sul
boundarieq

and Joints: All fasteners and rivets (even interference\fit fasteners)

should be wet installed and overcoated to ensure-that the tank dog
hat penetrate dissimilar metals must be wet installed with fuel tank s
ee Figure 2 of ARP4118. If pre-cleaned fasteners are not available
alled shall be cleaned, using MIL-C-38736-Type | solvent, prior to ins

It is mandatory that cadmium-plated\permanent fasteners be coat
boxy primer before adhesion prometer is applied. Solid-film lubricar
g material property requirements,of MIL-L-46010 need not be remo
romoter is used. MIL-L-23398 coating, on the other hand, must be
romoter should be applied-before sealant application. Corners and
pre-packed with fuel tank’sealant, except at a junction where three
ation shall be fitted with suitable reinforcement such as corner fitting
bs and vent boxes should be sealed on both sides. Both sides of cd
ulkheads should be sealed. All butt joints, lap joints, and seams sho

faces:<Fay-surface sealing should be employed on all lap joint surf;
and\gnder all attachments to the fuel tank. Major examples of fay-

application

at fuel tank

s not leak. All
ealant; for

the fasteners to
tallation. Dry film

need not be removed but adhesion promoters should be applied before wet
installation|.

pd with a fuel-

ts that meet the
ed provided
removed and
joggles shall be
planes meet.

S Or screens.
mmon fuel and
Lild be sealed with

hces in fuel tank
surface sealing

sdnclude:

Skin-to

o0 T

Shims

-stringer interfaces

Web-to-spar chord
Spar chord to wing skin
Surface under any attachment to air vehicle skin

installed in faying surfaces

After faying-surface sealant is applied, the two surfaces are joined (or clamped-up) to attain
100% extrusion, or squeeze-out of the faying surface sealant. Squeeze-out of the fay seal must
be continuous around the entire periphery of mated fuel tank structures. Next, excess sealant is
removed (while sealant is still wet), the surface is cleaned, and a full fillet of fuel tank sealant is
applied around the periphery.
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3.1.1.2 (Continued):

3.1.1.3

To simplify the manufacturing process, preassembly sealing should be done to the greatest
extent possible. This includes application of fillets around faying surfaces on subassemblies so
that 90% of the sealing is complete on assembly.

Some subassemblies that are often preassembly sealed include:

upper and lower wing panels

front and rear spars

all inteymediate bulkheads and webs, and
boost pgump cover plates.

oo o

Remaining fillets are then applied.

Injection sealing (or non-pressurized groove-injection sealing)\can also be a foym of sealing that
is accomplished during assembly. Where possible, sealants should be injecte¢l while the faying-
surface seglant in these locations is still uncured.

Final assembly sealing includes injection seals, hele*and slot seals, brushcoat] and fillet seals.
All leak path entry edges should be covered with:a minimum of 0.15 in (3.8 mm) of sealant. The

minimum gealant bondline on all fuel tank strugture should be 0.250 in (6.35 mm).

Pressure t

effectivensg

fillet seal s

effectiveng

Generally,

psting of faying surfaces of an assembled tank before fillets are app

Lbcomponents until afterfinal assembly pressure test, in order to m
Ss.

repairs should be'made by fillet sealing the edges of assembled fay

ied reveal the

ss of the faying-surface seall” Some original equipment manufacturgrs (OEMs) do not

bnitor sealing

ng surfaces

(see 12.4.2.3), and notby disassembly of the faying surfaces. Faying surface |seals can be
repaired wjth a high-pfessure injection gun and hollow injection bolts; the aircraft manufacturing
industry refers to-<this’'method as “pressurized groove-injection sealing.”

Considerations in the Adhesive Sealing of Tanks: Adhesive sealing of faying surfaces of an
integral fuerTank with a structural 1iim adnesive requires partcular design characteristics and
special processes and equipment. Mating surfaces must not mismatch by more than 0.015 in
(1.5 mils; 0.38 mm). Tooling must be inspected and verified periodically. After application of film
adhesive, full clamp-up of structural fasteners must be accomplished to produce the necessary
mechanical force (or pressure) to ensure satisfactory adhesive bonding. Lockbolts, threaded
fasteners, and crimp pins installed with nonmetallic seal washers must be located in wet-to-wet
areas of the fuel tank. The entire unit must be placed in an oven to cure the adhesive at 300 °F
(149 °C) for approximately 2 h. Usually, structural voids at fuel tank boundaries are filled with
polysulfide sealant after oven cure is completed. Sometimes a high-temperature sealant
(conforming to AMS 3276, AMS 3277, or AMS 3281) can be used to prepack voids.
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3.1.2 Designs with Limited Access: Designs with limited (or no) access should use pressurized groove
sealing or channel sealing to facilitate fuel tank sealing rework or repair.

3.1.2.1 Considerations in Groove-Sealing or Channel-Sealing: Groove-sealed or channel-sealed

designs incorporate a continuous groove or channel in the faying surface around the entire seal
plane. This allows injection of noncuring sealant from the outside by means of a series of ports
spaced at 3to 5in (76 to 127 mm) intervals. Some groove designs have the groove adjacent to
a row of fasteners, or between two rows of fasteners; others have the groove in-line with the

fasteners,

The groovd
where inte
this type of
pressure s
This desig

Grooves a
surfaces; t
other comy
fastener s
of fastenern

Ribs that d
require cha

groove path are of self-sealing and.can be tightened or replaced from the outs

The size o
inhibit the 1
ease of se
produce vq
sealant (M

preserve the continuity of the groove. Dam configuration includes chamfered |

50 that sealant will surround each fastener.

b design offers distinct advantages in thin-winged aircraft, su¢hyas n
nal access is extremely limited or impossible. This design.gffers a m
air vehicle, since repairs can be made quickly under battlé conditio
palant injection gun and an adapter. Fuel tanks need hot be emptie
N is selected for other aircraft due to the simplicityzof\maintenance a

e machined into aluminum or titanium alloy, component parts of the
ney are molded into carbon-reinforced epoxy, carbon-reinforced bis
posite parts. In the channel for pressurized, noncuring groove-injec
acing is a maximum of six times the diameter of the fastener. The n
used in channel seal grooves is 0:250 in (6.35 mm).

0 not assemble to skin splices, but which form the internal structure
innel sealing. Self-sealing-fasteners are used (Figure 1). Fasteners

the groove, the distance between the injection ports, and design fe
low of sealant through the groove are factors related to design that
hling and, eventually, seal integrity. In many groove designs, joint in
ids or opeti.spaces in the groove line. Restrictions, called dams, m
L-S-88020r AMS 3276) or epoxy adhesive (Fusor 309) are formed

ilitary fighters,
ajor advantage to
ns using a high-

l to repair a leak.
nd repair.

fuel tank faying
aleimide, or

:[r(])n sealant,

hinimum diameter

do not normally
not located in the
de.

atures that can
greatly affect the
tersections

ade of polysulfide
in place to

ands at the ends

(or terming

tions) of each dam. Metal clips (or retainers) may also be used to h

old the dams in

place.

It is best to fay surface seal around the grooves to provide the best seal. Shims should be
avoided as much as possible. Should a shim be required, it should not go across the groove and
should be faying surface sealed.

Liquid shims made of polysulfide or epoxy, or adhesively bonded solid or laminated shims, are
used to improve the basic structural fit-up. Except for all fuel tank boundary locations, liquid
shims may be used in integral fuel tanks, unless specifically prohibited by the engineering
drawing. Gaps must be controlled to 0.005 in (0.127 mm) maximum.
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3.1.2.1

SKIN—\\\

SCREW ASSEMBLY CLOSE TOLERANCE - 100° C'SUNK
SEALING HEAD, "HI-TORQUE" CRES (125 ksi (862 MP.

a) FSU)

DEPRESSED .010
AX.POSITION OPT.

SEAL REQUIRED
/AT SKIN

COMPLETE MFGR'S
DETAIL PART NO.
NOMINAL GRIP + .01

0

L
z
T

CHAMEER

SEAL NOT
REQUIRED
IN TANK

(Continueq):

Sealant-re
characteriqg
place, yet
especially
channel s¢g
can be mo
be used to
(35 °C; ma

Sealant is
the incomi

If’

(WgT)

I

=

.025/.028
ROLLED
RAD LUS

(WET)

RIB OR SPAR

HIi-TORQUE RECESS
PER MS33750

AFTER HEAT
MAX. MAJOR
DIA. SHALL
LESS THAN

FIGURE 1 - Rib/Skin' Assembly

~—

ated factors concern application (processing) and operational perfo
tics are important. Altheugh noncuring, groove sealant must seal a

Linder high-injectionspressures, resulting in sealant flowing into the t
alleviate this‘problem is to warm the channel sealant to approximat
ximum).to improve the extrudability (or flow) of this material.

njected at pressures of several thousand psi by sealant guns desig

pe injectable. If the viscosity is too low, separation of filler from the s

ng-plant air pressure of 80 to 100 psi (552 to 689 kPa) by approxims

\—ST7H25| o
RING

T THREAD RQLLED

TREAT

BE 0.225
BHANK DIA.

'mance. Flow

| gaps and stay in
ealant can occur,
ank. Bead-filled

alants are designed to be effective in filling larger gaps; but these bead-filled sealants
e difficult to extride because of their relatively-high viscosity. One technique that may

bly 95 °F

ned to augment
tely 40 to 50

times. Itis possible to damage the structure, or to distort the air vehicle wing skin, losing sealant
into the tank if pressures exceeding design structural limits are applied. Minimum design
thicknesses for tank components in the area of the channel seal are as follows:

a. Aluminum alloys: 0.190 in (4.8 mm)
b. Titanium alloys: 0.160 in (4.1 mm)

C.

Carbon epoxy composite: 0.190 in (4.8 m)

Pressure regulators on high-pressure channel sealant injection guns are essential. Sealers must
be made aware of injection pressure restrictions for the particular design they are servicing.
Groove sealant can be extruded with as little as 40 psi (276 kPa) input pressure from plant air,

using a 70:

1 ratio.

-10 -
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3.1.2.1

3.1.2.2

3.2

Fuel leaks hay
item of operati
source of great savings.during the operational life of the aircraft. Several methodg
redundancy in

(Continued):

Common failure mechanisms causing leaks in channel-sealed aircraft include:

Swellin

g of the fuel tank sealant

Excessive mismatch of parts [i.e., greater than 0.005 in (5 mils; 0.127 mm)]
Large joint deflections

Thermal expansion and contraction of structure and sealant

Chemical degradation

@~0ooo0op

Corros

Particular attention must be given to selection of a channel sealant that' ensurg

performan
environme

Consideraf
integral fue
special prd
(1.5 mils;
adhesive, {
mechanicg
fasteners,
areas of th
(149 °C) fa
sealant aft

Redundancy in Sealing to Mitigate “Technical Risk:

Vibration

paragraphs.

on

Ce, consistent with the air vehicle’s design configuration. afnd expecte
nt.

ions in the Adhesive Sealing of Tanks: Adhesive sealing of faying s
| tank with a structural film adhesive requires-particular design char
cesses and equipment. Mating surfaces must not mismatch by mo
.38 mm). Tooling must be inspected and verified periodically. After
ull clamp-up of structural fasteners must be accomplished to produc
| force (or pressure) to ensure satisfactory adhesive bonding. Lock

s good
bd operational

urfaces of an
acteristics and

e than 0.015 in
application of film
e the necessary
bolts, threaded

and crimp pins installed with nonmetallic seal washers must be located in wet-to-wet

e fuel tank. The entire unit must be placed in an oven to cure the a
r approximately 2 h. Structural voids at fuel tank boundaries are fillg
br oven cure is completed!

e been one.efithe most serious of integral fuel tank problems and a
pnal maipt&nance and repair. A sealing plan that maximizes redung

0 aireraft fuel tank sealing engineering requirements are provided it

lhesive at 300 °F
d with polysulfide

very expensive
ancy can be a
for introducing
the following

3.2.1 Faying-Surface Sealing: This type of fuel tank sealing should be used to the greatest extent
possible. Faying surface sealing reduces risks of incurring fuel tank leaks and corrosion,
especially at fastener locations. Fay seals also fill potential leak paths, thus, making repairs easier
and less expensive.

-11 -



https://saenorm.com/api/?name=afe991cfc9c4c803d5ed726b214ca3b1

SAE AIR4069 Revision A

3.2.2 Wet Installation and Overcoating of Fasteners: Fasteners are the principal sources of leaks. An
investigation by the U.S. Air Force’s Flight Dynamics Laboratory in 1983 revealed that even with
interference fit fasteners, unless an interference of at least 0.003 in (0.08 mm) is present,
acceptable sealing by the fastener alone could not be expected (see report number
AFWAL-TR-83-3089). Additionally, if one considers the possibility of incurring out-of-round holes
and other potential manufacturing errors, it becomes evident that there is significant value in wet
installing and overcoating fasteners in aircraft fuel tank structure. Overcoating can be
accomplished by applying multiple brushcoats, by applying a brushcoat followed with an

3.2.3

3.24

3.25

extrudable G
alone.

Fillet Sealing
Sealant: At
with a brush
tack-free, ClI

tack-free before Class B sealant is applied, the brushcoat must'be allowed to cu

brushcoat is
material. Th
against joint

Topcoats (M
designed for

fuel tank sedlant inside the tanks as a pratective shield between sealant and met

An extensivg
can cause h
the sealant;
Inc. report n

Adhesion Pr
promoters (g
in-service re
private indug

lass B overcoat, or by the application of a single, continuous coat,Q

- Extrudable Sealant (Class B) Over Brushable (Class A-or'Class (
hin layer of Class A or Class C sealant is worked into the seams and
to ensure all leak paths are closed. Prior to when the'Class A brus
hss B material is applied to form fillet and fastenerseals. If the brus

scuff sanded, cleaned, and adhesion promoted-prior to application
e more viscous Class B sealant provides sealant dimensions neces;s
movement, temperature cycling, and passible mechanical impact.

L-S-4383 BUNA-N or MIL-C-83019%Polyurethane) Over Fuel Tank $
long-term protection of sealant,surfaces (and used by some OEMs

industry-Air Force investigation on sealant chalking discovered that
pbavy chalking of fuel tank -sealant. Chalking was observed primarily
but heavy chalking can result in deterioration of the sealant. (See G
imber GD-16PR1412, dated August 1980.)

bmoters (or.Adhesive Primers) for Polysulfide Sealants: The use of
r adhesive primers) with polysulfide sealants for post-assembly seal

Class B coat

L) Fuel Tank
around fasteners
ncoat becomes
hcoat reaches

re; then the

pf Class B

sary for protection

bealant: Topcoats
are applied over
al ions in the fuel.
metal ions in fuel
on the surface of
eneral Dynamics,

adhesion
5 in fuel tanks and
r Force and

hairs have proven to be particularly effective. Studies by the U.S. A

are properly
whether the

surrace was aged polyurethane or some other material to whic

cleaned and adhesion promoted. This positive outcome occurred r¢gardless of
iT1S normally difficult

try have demonstrated good adhesive bonding of fuel tank sealant }o substrates that

to obtain a good adhesive bond. Extensive use of adhesion promoters in initial manufacture and
any repair operations is highly recommended.
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3.3 Composite Co

4. SUBSTRATES:

3.2.6 Redundancy in Sealing Groove Designs and Adhesively Sealed Designs: Polysulfide fillet sealing

of all joints, structural voids, etc. in the air vehicle’s lower skin area (before the fuel tank is finally
assembled) is strongly recommended. This is a one-time opportunity to add redundancy to sealing

of that portio

n of the tank that will be continuously wet with fuel.

Some companies treat difficult-to-seal areas in the upper skin by applying polysulfide sealant to
upper faying surfaces of groove-designed tanks as a back up to the noncuring channel sealant.
The channel must not be blocked with curing-type fay surface sealant. In such cases, it is prudent

to assume th
the residual
greater than

An increasing
weight. Comp
composite stry
demonstrated
gloss), due to

Composite-to-
interference fit
composite stry

performs an important secondary role as-a’nonconductor between carbon fiber an

thereby helpin

Possible metal s
steel, cadmium
or treated). The
preventive coati

at faying-surface sealant squeeze-out is performed successfully ang
aying-surface sealant -- in between the mating surfaces -- occupies
a 0to0 0.003 in (0 to 3 mils; 0 to 0.08 mm).

hstruction - Sealing Philosophy:

percentage of aircraft structure consists of compasite parts to reduc
psites usually are carbon-fiber-reinforced thermosetting materials; b
cture with a thermoplastic matrix is used. Extensive round robin tes
difficulty in obtaining good sealant adhesion to these materials.
fasteners are used with compaosites; therefore, all permanent faster

cture must be wet installed and’ overcoated with fuel tank sealant. |

j to prevent galvanic corrasion (see ARP4118).

urfaces present within an integral fuel tank include corrosion-resistg
must be eoated), titanium, nickel-based alloys, such as Inconel, ang
e surfaces, however, are almost always coated by a polyurethane g
Ng, (Exeeption: titanium is not coated); thus, fuel tank sealant will be

to the polymeric

stirface. When the corrosion-preventive coating on aluminum struc

completely when
a space not

e air vehicle
It, in some cases,
ting has

that thermoset composites should be scuff,sanded prior to sealing ({fo remove surface

metal joints must be fay-surface séaled and fillet sealed after assembly. Non-

ers penetrating
Fuel tank sealant
d aluminum,

nt (stainless)

| aluminum (bare
r epoxy corrosion-
required to bond
ture is scratched

or damaged, the

surface IS Cleaned, and a chemical conversion coating IS applied 1o

the aluminum. If

sealant will entirely cover the area, it is not necessary to reapply the urethane or epoxy coating before
applying the sealant; otherwise, after chemical conversion coating application, the polymeric
corrosion-preventing coating is reapplied. If only the polyurethane coating has been damaged, it can
be touched up with an epoxy. Polysulfide sealants bond well to most surfaces that will be

encountered.

Composite substrates might not be coated with a corrosion-preventive coating. This surface is scuff
sanded and cleaned with a solvent blend conforming to MIL-C-38736, Type | or Type Il in areas where

sealant will be a

pplied.
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4.1 Corrosion-Preventive Coatings:

4.2

4.3

MIL-C-27725 fuel-resistant and microbial-resistant polyurethane corrosion-preventive coating is a
widely-used primer for coating the entire interior surface of the integral fuel tank. It is applied before
accomplishing any sealing processing, such as filleting, overcoating, or void filling. It will cure
sufficiently for handling in approximately 24 h at 77 °F (25 °C) and 50% relative humidity (RH), but it
will not be fuel resistant for 3-1/2 days. It takes approximately 14 days for this primer to become
resistant to methyl ethyl ketone (MEK).

The exterior of
such as epoxy

the fuel tank is usually covered with an epoxy-based corrosioppre
-polyamide (MIL-P-23377).

Normal techniques for spray painting apply. The gun should be moved parallel to t

proper distanc
produced by b
until the first ¢

Titanium:

Titanium parts
primer or topc
parts can only
Composite Su
Composites w

this document
composite sur

e and speed to avoid running or orange peel effects. The orange p¢
eing too far away as well as too close. Second cgafs of primer shol
hat is tack free.

bat is not generally required on titanidm parts. Proper sealant adhe
be achieved by scuff sanding and promoting prior to sealant applic3

rfaces:
Il be prevalent in airéraft fuel tanks produced in the future. It is beyq

to review the statls of present investigations regarding application
aces; however \itiis well known that current composite structural ma

present an epoxy or bismateimide surface for bonding. Polysulfide sealants bond

surfaces. It ha
solvent cleang
cleaning, abra

d. Fueltank sealant should be applied as soon as possible after con
ding,"and adhesion promoting.

entive coating

he work. Find the
be| effect can be
ild not be applied

are usually treated with an inorganic.ehemical conversion coating; however, organic

sion to titanium
tion.

bnd the scope of
bf sealants to
terials essentially
well to these

s been established, however, that composite surfaces must be scuff sanded, then

npletion of solvent
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4.4 Dry Film Lubricants:

In 1984, AFML tested seventeen dry film lubricants with polysulfide sealants for bonding
characteristics with and without the use of dry film lubricants. It was concluded that adhesion
promoters are required in fuel tank structure surface preparation when using manganese-dioxide-
cured polysulfide sealants. Adhesion promoters are required to ensure 100% cohesive failure
[tested after aging 7 days followed by 70 days at 140 °F (60 °C) in jet reference fluid (JRF)/salt
water]. While the results were not as clear cut with dichromate-cured polysulfides, it left no doubt

that it is highly]
containing dry
to structure.

Reports pertai

(with and without dry film lubricants) are listed as follows by report.number:

a) MLS 85-27
b) MLS 85-2§
c) MLS 85-2¢
d) MLS 85-3(
e) MLS 85-31
f) MLS 85-32
g) MLS 85-33
h) MLS 85-34
) MLS 85-35

5. SURFACE PRE

AMS 3090 has
adhesion promo

5.1 Cleaning:

It is impossible

desirable to use polysulfide adhesion promoters (conforming to AM
film lubricant before application of fuel tank sealant for satisfactory 1

ning to the 1984 AFML study of the bonding characteristics of polys

PARATION:

een prepared fordry film lubricants to which sealants will adhere; th
ter is still needed when AMS 3090 dry film lubricant is on the surfac

tosachieve a good sealant bond if the substrate has not been adeq

S 3100) on parts
onding of sealant

hIfide sealants

e appropriate
b to be sealed.

Lately cleaned,

abraded, and
follows:

rotected against contamination. Fuel tank sealant bond surfaces a

e cleaned as

a. Remove all chips and foreign material, using vacuum cleaners; do not use air pressure.

b. Prepare an aerospace cleaning compound that conforms to engineering material property
requirements of MIL-C-87937, Type optional, or AMS 3166.

c. Pour the cleaning compound (or squirt the cleaning compound) from bottles onto low-linting wipe
cloths (AMS 3819, Type 1 or Type 2, Grade A) and scrub the surface transversely -- for example,
starting from the top down, followed by left to right. Stiff bristle brushes can be used to facilitate

cleaning if

necessary.
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5.1 (Continued):

d. Rinse the cloth or brush frequently in water (not in the cleaning compound) to avoid build-up of
contaminants.

e. Rewet the cloth or brush with cleaning compound; and wipe the surface until it is clean.

f. Using a fresh low-linting cloth, thoroughly rinse with water and perform a final wipe down.

g. Wipe dry with a dry cloth. Do not allow the cleaner to air-dry; evaporation of sufface cleaners will
redeposit dissolved materials on the surface.

h. Repeat the cleaning process as follows using an approved organic solvent blepd, such as
MIL-C-38736, Type | or Type Il, or AMS 3166:

(1) Dispense the solvent mixture from a polyethylene squeeze-bottle onto a tlean low-linting
cloth|(AMS 3819, Type 1 or Type 2, Grade A). Do nebdip the wiper into the solvent.

(2) Clean the surface thoroughly with the cloth, turning’it frequently. Change|to a new cloth as
soil hecomes evident.

(3) Clean from the top down and from the inside out.

(4) Continue cleaning. A brush may bé.used to apply solvent or to promote fapid cleaning.
Rinse the brush by squirting bristles with solvent, not by dipping the brush into the solvent.

(5) Befofe the solvent has a chance to evaporate, rinse the structure using g clean, solvent-
wettgd cloth.

(6) Finally, when theretis no further evidence of soil, wipe the surface dry with a clean and dry
cloth

Reclean the suirface,in accordance with the above procedure, if the surface is not $ealed within 24 h.

are among the

The following solve Ures C
most widely used solvent cleaners:
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TABLE 1
Percent by Weight ~ Percent by Weight
Type | Type 111

Toluene 0 185+ 1.5
Aromatic naphtha (containing 30 parts toluene) 50+ 2.0 0

Ethyl acetatp 20 1.0 355+ 1.0
Methyl ethy| ketone 20+ 1.0 36.0+1.0
Isopropyl al¢ohol 10£1.0 10.0+ 1.0

1 Nonphotoq

hemically reactive solvent blend.

5.1 (Continued):
Other solvents

a) ASTMD 7
b) Naphtha, g
c) Naphtha, 4
d) Toluene, tg
e) Dry cleanii

NOTE 1: Do
NOTE 2: Me
Agq

dis
sul

used successfully for cleaning include the following:

10 Methyl ethyl ketone (MEK), technical grade
liphatic

romatic

bchnical grade

g solvent, high flash

not use methyl@lcohol on titanium.

thyl ethyl.Ketone (MEK) and toluene are classified by the Environme
bncy (EPA) as hazardous air pollutants (or HAPS); therefore, these 1
continged. Environmentally-compliant cleaners, conforming to AMS)
stituted.

ntal Protection
naterials will be
3166, should be
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511

Important Points to Remember Concerning Surface Cleaning:

a. Cleaning cloths should be low-linting and snag resistant and contain less than 0.5% extractable
(or nonfibrous) material (see ASTM D 2257). The cloths should be open weave or nonwoven
to allow for easier absorption of bulk contamination. AMS 3819 defines the properties and the
allowable contamination levels of cleaning cloths.

b. All solvents shall be free of particulate matter and shall leave no residue upon evaporation.

Solvents
the poss

c. Chlorinaled cleaners generally should not be used on titanium structures.

d. Titanium
approveq
e. General
these sh
fans, me

of contarf

(1) per
req
har

(2) corf

bility of dipping cleaning cloths and brushes into clean solvent.

surfaces should be cleaned using both an aqueous,alkaline detergg
organic solvent blend.

Cautions: Be aware of possible sources of sutface contamination in
puld be eliminated. Wind blown dust, unfiltered air from ventilators,
al chips and metal or plastic dust from ngéarby drilling or sanding, are
nination. Additional sources of contamination include:

sonnel transmitting soaps, oils, grease from hands and clothing; a Kk
uirement related to this is that*sealant bond surfaces must not be to
ds;

tamination from equipment;

sture condensation on sealant bond surfaces, which will occur if ter
wed to drop while humidity is high;

bpense silicone materials in the vicinity of sealing operations.

hir should be used when forced into integral fuel tanks for ventilation

shall be dispensed from clean, oil-free containers. Container desigh should preclude

nt cleaner and an

the sealing area;
air conditioners,
potential sources

ey engineering
uched with bare

nperatures are

, curing, drying or

(3) mo
allg

f.  Never di
g. Filtered §
purging.

h. Very Important: If adhesion promoter or sealant is not applied within 4 h, reclean the sealant
bond surface. Only one surface cleaning does not mean that the bond surface will remain
clean. When in doubt, reclean the sealant bond surface.
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5.2 Special Considerations Regarding Surface Preparation:

5.3

Following are engineering requirements which directly affect the cleanliness of fuel tank sealant
bond surfaces:

a.

Adhesion Prorf

Adhesion pron
fuel soaked M
important in se

below:

a. They provi
are strong|

b. Their use 3
MIL-C-277|

C.

Lubricants containing silicones, molybdenum disulfide or graphite shall not be used in drilling,
reaming, riveting, in machine operations, swaging, or in lubricating fasteners on any component
of the integral fuel tank.

The prepa
the area w,

Where fasf
used and d
cleaned fir
sufficient ¢
or fastenef

It is accept
lauric acid

ation and use of silicone material should be isolated from the séalin
here sealants are prepared and handled.

eners are installed on automatic fastening machines or.where taper
etail parts cannot be disassembled after drilling of holes, the detail
5t, sealant applied to faying surfaces, and the partssassembled and

holes. The permanent fasteners should be wet installed.

able to apply sealant for wet installation{o fasteners lubricated with
lubricants.

noters:
noters for polysulfide sealants were developed primarily to ensure a

L-C-27725 polyurethane-fuel tank corrosion coatings; however, they
veral applications and must be used properly in order to be effectivs

e additionakifsurance for guaranteeing the integrity of sealant adh
y recommended for this purpose.

hould_be considered mandatory in making in-service repairs to fuel

g area and from

ed fasteners are
parts should be
held together with

lamping force to ensure intimate contact of detail parts prior to and during the drilling

cetyl alcohol or

Hhesion to aged,
are extremely
b as indicated

esion; and they

tanks containing

P5-polyurethane coatings.

Receiving-inspection should conduct acceptance testing with adhesion promoter conforming to

AMS 3100

. During use, it should be periodically retested.

In new aircraft production, some OEMSs consider it mandatory to use adhesion promoters after

cleaning and prior to post-assembly fillet and brushcoat polysulfide sealing of joints in integral fuel
tanks. Adhesion promoters may also be used during assembly for faying-surface sealing, and on
surfaces under fasteners.
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5.3 (Continued):

Repair of in-service aircraft dictates the mandatory use of adhesion promoters because, as a result
of long-term aging and fuel soaking, the surface of the corrosion-protective fuel tank primer loses
chemically active groups, which augment sealant adhesion. Sealants, therefore, do not bond well
when these chemically active groups are removed from the fuel tank primer’s surface. Adhesion
promoters ensure excellent chemical bonding and provide an added degree of insurance of good

adhesive bond

ing of the fuel tank sealant.

Adhesion promoters that are qualified to AMS 3100 must be kept in closed, sealgd

times except

become ineffegtive. If the material is transferred to smaller bottles for use onythe |

transfer of ma
Small bottles

a. Red, chlori
b. Blue, non-

Always keep t

The storage life of PR-182 waterborne adhesion promoter is 6 months (minimum)

the original, un
be kept free of

It is important
ineffective, it i
activate it. Fo
sealant is appl
thin, continuod
Excessive am
be removed fr

If the sealant i
the adhesion (

hen being used. They will absorb moisture from the air readily.and

erial should be accomplished as quickly as possible; then-the bottled
vith screw caps, once opened and in use on the line, should be disc

nated, after 7 days;
chlorinated, after 24 h, or discarded earlier if theumaterial appears cl

e container tightly capped when not removing material.
opened containers. PR-182 waterberne adhesion promoter is hygr
moisture. Discard waterborne adhesion promoter if a cloudy precif

fo know that, while absorgtioh of moisture eventually renders the ad
mandatory that some moisture be absorbed by the applied adhesid

ied. If the humidityyevel is excessively low, allow 1 h before sealan
s coat of adhesion promoter should be applied without a subsequer
bunts of applied adhesion promoter can reduce sealant adhesion an
bm (by wiping) the sealant bond surface.

5 not'applied over the adhesion promoter within 3 h, reclean the sur

containers at all
will thereby
roduction line,

5 must be sealed.
arded as follows:

budy.

at 40 to 80 °F, in
bscopic, and shall
itate is formed.

hesion promoter

n promoter to

this reason, appliedvadhesion promoter should stand for a minimum of 30 min before

application. A
t wipe-off.
d, therefore, must

ace and reapply

romoter. Adhesion promoter is available in two versions (in bottles g

Ind aerosol cans):

one in a chlori

ated solvent, the other In a nonchiorinated solvent.
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6. SEALANT SELECTION:

Integral fuel tank sealants are available in several polymer types: polysulfides, polyurethanes, nitrile,
fluoro-or cyano-silicones, and polythioethers. Within the polymer types they are available in several
forms: sprayable, brushable, extrudable, rollable, and in a number of cure rates, providing short or

extended work li

ves and cure times.

Nearly all of the sealants found within integral fuel tanks are polysulfides. Several decades ago,

BUNA-N rubber
due to the excel

Fuel resistant flu
(149 °C) are exq
used to repair fly
surface.

6.1 Polymer Typeq

6.1.1 Polysulfide g

consisting off
the prepolym
adhesion, te
inhibit corros
amounts of S
solvent or itS
dichromate 1

The mangan

contains water to solubilize'some of the reactive materials. The catalyst side mg

reaction mod

The base co
produce a s4

was used as a coating over the fuel tank sealant. This practice has,|
ent fuel resistance of present polysulfide sealants.

orosilicones are used in fairly rare instances where temperatures al
ected on a fuel tank wall in high performance aircraft. Only fluorosi
orosilicones because other sealants will not bond well-to the fluoros

5 (Curing-Type Systems):

nd Polythioether: Formulations used invintegral fuel tanks are two-{]
a separately packaged base compound and a catalyst. The base cq
er and additives that influence viscasity, thixotropy, reaction rate, w¢
hsile and peel strength, hardness, and, in some cases, the ability of
ion when moisture intrudes.. The base compound may also contain
olvents, or both pigment and solvents. The catalyst side contains t
inert carrier. The catalyst can be manganese dioxide (a black pow
hixture.

ese dioxide is suspended in an inert organic plasticizer. The dichro
ifiers angrviscosity modifiers.

mpound and catalyst are combined in accordance with the prescribg
alant with the expected rheological and physical/mechanical propef

een discontinued

pove 300 °F
icones can be
ilicone rubber

art materials

mpound contains

bttability,

the sealant to
pigment or small
e catalyst and its

fer) or it can be a

mate carrier
y also contain

bd weight ratio to
ties. Some

polysulfide s

ealants contain corrosion INNIDIOrs and are so identitied In their acc

mpanying data

sheets and recognized by specifications designed for them (for example, see MIL-S-81733).
Corrosion inhibited sealants are used, primarily, in faying sealing of aluminum surfaces of integral
fuel tanks and in wet installation of fasteners. Polysulfide and polythioether based sealing
compounds are available in several basic types for fuel tank application as listed in Table 2:
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TABLE 2
Integral Fuel Tank Sealant MIL-S-8802 -65 to +250 °F -54 to 121 °C
Nonchromate, Corrosion
Inhibiting, Polythioether Sealant AMS 3259 -65 to +320 °F1  -54 to 160 °C
Ambient ordlmmediate Heat
Cure Polythioether Sealant AMS 3263 -67 to +320 °F2  -55]to 160 °C
Integral Fpel Tank Sealant
(High Temp) AMS 3276 -65t0 +250 2R -54lto 182 °C
Integral Fpel Tank Sealant
(Low Denfsity) AMS 3281 -65f04250 °F1  -54Jto 182 °C
Corrosior Inhibiting Sealant MIL-S-81733 *=65 to +200 °F -54(to 93 °C
Nonchromate Corrosion Inhibiting
Sealant AMS 3265 -65 to +200 °F -54|to 93 °C
High Strepgth Fuel Tank Sealant AMS 3269 -65t0 +250 °FY  -54lto 121 °C
One Part|Fuel Resistant Fluoro-
silicone Adhesive/Sealant AMS 3375 -65 to +400 °F -54(to 204 °C
Quick Repair Sealant MIL-S-83318  -65to +250 °F -54(to 121 °C
Access Dpor Sealant
(Low Adhgsion) MIL-S-8784 -65 to +180 °F -54|to 82 °C
Corrosion Inhibiting
Access Door Sealant AMS 3267 -65 to +250 °F -54to 121 °C
Adhesion Promoter
for Polysulfide Sealants AMS 3100

1

These sealants have a maximum continuous use temperature of 250 °F; but they are

resistant to degradation in short-term exposures -- approximately 1 h, maximum -- of

up to 360 °F.

Sealants conforming to AMS 3263 have a maximum continuous use temperature of

320 °F, but are resistant to degradation in short-term (1 h, maximum) exposures at

up to 360 °F.
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6.1.1 (Continued):

The different viscosities of polysulfide-based fuel tank sealants are designed for specific
applications as indicated in Table 3:

TABLE 3
Viscosity-Range-at+—F{25-C)
Base (Poise)
Spgrayable 50to 150
Brushable (Class A) 100to -500
Rallable (Faying Surface, Class C) 1,000 to « 4000
Extrudable/Trowelable (Class B) 6,000't0+16,000
Catalyst Z00to 1,600

6.1.1.1 Brushable
12 to 16%
sealants a

application

1/6 to 4 h;
tank seala
manufactu

6.1.1.2

other appli

(brushcoatjng) of fasteners after the Class A material has been applied. Class

Extrudablg
materials 4

Sealants: Class A and Class C sealants are brushable. They contd
volatiles and flow more than Class B sealants. Class A and Class (
e used around metal fasteners and_ over seams and often as a prec
of Class B sealant. Class A sealants are available in application tir
application times for Class C sgalants typically range from 2 to 48 h
nts are applied with a stiff, short brush. One of the aerospace indus

for evaporation (orflash-off) of solvent before a top coat of any king
ne is based on a.rfecommended Class A or Class C sealant thicknes
in (125 mils; 3.18 mm).

Sealants™)Class B thixotropic fuel tank sealants have no more thar
nd aresused primarily for fillets; these materials are also used for a
Cations, such as hole filling, prepacking, injection sealing, and for to

Fers applies Class A sealaht’as an overcoat to Class B material. Si

sealants cqn contain as much as.16% volatile solvent, at least 1/2 h must be aT
application
flash-off tin
than 0.125

in approximately

C brushable

oat before

nes ranging from
Brushable fuel

ry’'s primary

ce brushable

lowed after

| is applied; this

s of not greater

8% of volatile
vide variety of
bcoating

B fuel tank

sealant is available in application times ranging from 10 min to 12 h. The short (10 to 15 min)
application time material, which conforms to MIL-S-83318, is highly useful for quick repairs
especially at low temperatures; at lower temperatures, the application and cure times are longer.
Most of the fuel tank sealing is accomplished with the 2 h application time (Class B-2) material.
For repairs, the 1/2 h application time (Class B-1/2) material is used. Class B-1/2 sealant is
sometimes used during the winter when plant temperatures fall below 70 °F (21 °C).

During hot summer months, 4 h application time material (Class B 4) is sometimes used. For
faying-surface sealants, 4 and 6 h application time materials (Classes B 4 and B 6) are
sometimes used.

It is important to note that humidity as well as temperature strongly affect the application time,
tack-free time, and cure rate. Cure rates are accelerated by temperature and high humidity.
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6.1.1.3 Rollable Sealants (long work life and open time): Class C fuel tank sealants contain about 10%
or less of volatiles with longer application times (2 to 48 h) and very long assembly times (ranging
from 12 to 336 h); and Class C materials are generally used for faying surfaces where, after
sealant application, other work must be done before the two surfaces can be drawn together. At
the time the two surfaces are pulled together tightly with fasteners, the sealant must still be
sufficiently uncured to enable the sealant to flow and extrude, or squeeze out. Generally, a
0.010 to 0.015 in (1 to 15 mils; 0.25 to 0.38 mm) thick coating is applied and is subsequently
squeezed out to approximately 0 to 0.003 in (0 to 3 mils; 0 to 0.08 mm). Class C fuel tank
sealant cure time can range from 5 to 14 weeks depending upon the assembly time of the
product selected. Moisture cured, one-part sealants are not used as Class C,faying-surface
sealants, since moisture would not be available to activate cure once the two durfaces are
brought together.

6.1.2 Polyurethang¢s: Polyurethanes have not been used as integral fuel tank sealants, since
elastomeric Urethanes with adequate fuel resistance are not available. Highly crgsslinked and rigid
urethane-basged primers are fuel resistant and are used almostexclusively in the form of a
corrosion-protective coatings over structure inside the fuel tank: Engineering material property
requirements applicable to such a product are defined in MIL-C-27725. This material has been
discussed in{4.1.

6.1.3 Fuel Resistant Fluorosilicones (Curing Type): Fuehresistant fluorosilicones are Yised where air
vehicle service temperatures of up to 375 °F (192 °C) are expected. Peel strengths for these
sealants are|significantly lower than those associated with polysulfides (approximately 10 Ib/in
width (1.79 Kg/cm width) versus 20 to 40.lb/in width) (3.6 to 7.2 kg/cm width). For certain locations
in the desigr of aircraft fuel tanks, these-lower peel strengths are adequate. The peel strength is
reduced to approximately 2 to 5 Ib/in-width (0.36 to 0.90 kg/cm-width) at 400 °F (204 °C), but the
bond remainfs intact. A primer must be used with the fluorosilicone sealant to produce good
adhesion.

Two types of fluorosiliconeisealants are available:

a. A one pdrt, maisture-curing material that produces acetic acid upon cure; ang

b. A two-paft‘moisture-curing and condensation-curing sealant that does not release acetic acid
during the curing process.

Adhesive bonding tests on various surfaces and fluid immersion tests of samples bonded to
different surfaces were conducted between 1984 and 1985; these studies were sponsored and
conducted by the U.S. Air Force Materials Laboratory at Wright-Patterson Air Force Base (Dayton,
Ohio).
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6.1.4 BUNA-N Polymers: These polymers systems are used infrequently, and only as a protective

overcoat (MIL-S-4383) over integral fuel tank sealants. A totally different use of BUNA-N coatings
is represented by fill-and-drain sealants. A fuel tank is filled with a medium viscosity, high volatile
content BUNA-N-based sealant. It is then drained from the tank, leaving a coating over the entire
surface of the interior. Solvents evaporate leaving a tough, durable coating. It is seldom used in
large aircraft sealing due to lack of thickness control and weight and because of difficulty in
removing cured materials for other work, such as sealant rework or repair jobs. Weight penalties
resulting from coating surfaces in the tank that need no protection are also a factor.

6.2 Noncuring Pol

Fuel-resistant
nonvulcanizing
groove surfacq
materials are |
currently chos
MIL-S-85334 i
Engineering re

ymer Systems for Groove Design:

channel or groove sealants are putty-like, one-part, formulations thg
) (noncuring). They must be fuel resistant and possess.atacky-type
s that prevents fuel from migrating through the groove‘and out of the
roduced from fluorosilicones, cyanosilicones, polysulfides and poly
bn by aircraft design engineers for this application are usually fluoro
5 a military specification that addresses fluorosilicone-based channg
quirements for qualification and acceptance of polysulfide-based na

injection sealants are provided by a new industry specification -- AMS 3283.

Fillers (often microspheres) are used in channel sealants for several reasons:

a. to minimizg
b.
c. to serve ag

Groove-injecti
Table 4:

b thermal expansion;

to modify \iscosity, and

a gap plugger by producing a log-jamming effect.

bn sealant fillers are‘typically incorporated into the sealant formulati

t are

adhesion to

fuel tank. These
psters. Materials
silicone-based.

| sealants.
ncuring groove-

bn as shown in

TABLE 4
Noncuring Polymer Microspheres % by Weight
#20 to #50 mesh 90.0
#50 to #100 mesh 6.0
#200 to #400 mesh 1.3

Volume change from thermal expansion over the temperature range -65 to +350 °F (-54 to +177 °C)
is on the order of 15% with high-quality formulations and can be as high as 22% with some
formulations. Such volume changes, plus volume increases of up to 25% (fluorosilicones) due to
fuel swell, create pressures that can force sealants through faying surfaces and distort or damage
structural members. Large viscosity changes with temperature also contribute to problems in
maintaining a sealed tank.

-25 -



https://saenorm.com/api/?name=afe991cfc9c4c803d5ed726b214ca3b1

SAE AIR4069 Revision A

6.2 (Continued):

6.3

The most common failure mode is gap extrusion caused by pressure build-up resulting from thermal
expansion, fuel swell, internal tank pressure, and joint flexing.

AMS 3376 covers material property requirements for channel-sealant.

Selection of the appropriate channel sealant involves consideration of the following factors:

(1) Fuel resist
(2) Resistancs
(3) Seal efficig
(4) Corrosion

(5) Extrusion force

(6) Degree of

(a) Anodiz
(b) Titaniu

(c) Aluminum and MIL-C-27725 fuel tank coating

(d) Alumin
(7) Nonvolatilg
(8) Specific gr
(9) Reinjectior

The following

1. Nonvolatilg

2. Extrusion force

3. Fuel resist
Sealant is sup

Selection of P

Ance
to pressure rupture

ncy and flexibility at low temperature
nhibition

tack or adhesion to:

ed aluminum
m

Um and MIL-C-5541
content
avity
time
hcceptance tests should beconducted on each lot of channel sealar
content
Ance

blied in hoth plastic cartridges and 5-gal pails.

plysulfide Sealant Types and Classes Versus Application:

As mentioned

previously, there is a wide variety of available polysulfide-based fue

t received:

tank sealants to

choose from. Table 5 gives examples of the appropriate matching of sealant to each specific
application. It is not suggested that other types and classes cannot be used. Those given below are

appropriate to

the application indicated:
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TABLE 5 - Sealant Class Versus Use

Time (hours)

Use/Application Class Method Application Assembly
Brushing of
Fasteners, Seams A-1/2, A-2, Brush 1/2,2,and 4 2 (Class C only)
A4, C-2
Fillets and Overcoating B-1/2, B-2, Extrude 1/2, 2, 4, and 12 Npne
of Fasteners B-4, B-12
Repair of Fillets and B-1/2 Extrude 1/2 Npne
Fasteners
Faying Surfacgs B-2 Roll or Spread 2 Npne
B-4 4 Npne
B-12 4 Npne
C-20 8 20
C-80 8 80
C-168 48 168
C-336 96 336

NOTE: Itis important that application and assembly times will vary with temperature and
relatiye humidity at the manufacturing facility.

Key Points Concerning Curing-of-Polysulfide Sealant:

The cure rateq of polysulfide sealants are significantly influenced by temperature gnd humidity. At
55 °F (13 °C) and 40%(RH an AMS 3276 Class B 2 sealant requires nearly 100 h to cure; whereas,
at 85 °F (29 °¢) and ,80% RH, the same material will cure in approximately 24 h.

Work lives assigned to particular fuel tank sealants are stated for a reaction tempedrature of 77 °F
(25 °C) and 50% relative humidity (standard conditions). Factory conditions are seldom at standard
conditions; thus, sealant cure rates will be faster or slower than the stated ideal.

Experiments with variations in humidity, holding the temperature at 77 °F (25 °C) showed that a B 2
sealant (i.e., 2 h worklife) acted like a B 1 when the humidity was raised to 65% RH, and acted like a
B 3 when the humidity was lowered to 35% RH.

Anticipation of weather conditions can enhance selection of faster or slower curing sealants as
appropriate. Moderate acceleration of cure after sealant application can be accomplished by the use
of heat lamps if surface temperatures are monitored closely to 140 °F (60 °C) or less. Increasing the
humidity will also increase the cure rate.
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6.4 (Continued):

Changing the ratio of catalyst (or accelerator) to base is not recommended. Such modifications are
possible with some products but only under instructions from the sealant supplier. For example,
large increases in the quantity of manganese dioxide catalyst can result in softening of the sealant,
which is caused by the sealant’s organic plasticizer carrier and makes adhesion more difficult.

7. SEALANT PACKAGING:

Two-part polysu

sizes are: 1/2 pt

in 50-gal (189 L
of base compou

compound contg

Sealant is also g
(177 mL) sizes f
base materials W

by machine mixi
for later thawing

fide sealants can be purchased from suppliers in a variety of packa
drum kits. Can kits (up to the gallon sizes) include three-fourths of

iner.

eing the most popular. Where large quantities will’be used, 50-gal

hg and freezing in 2-1/2, 6, and 12 fl 0z (74,177, and 355 ml) polye
and use in sealant guns.

It is convenient fo use two-component plastic injection kits for both production plant

These two-comy

base material is
cartridge. Ther
they are combin

use of a ram rod
the end of the c4
the sealer. Thes

a. They eliming
b. They eliming

guantity in a

Sealants can al

onent plastic injection kits meetthe engineering requirements of Ml
pd serves as a shalft for a dasher (agitator blade) for mixing the base
Irtridge. The cartridge is then placed in a pneumatic or manual seal
e kits have the'following advantages:

te mix/freezing cartridges of sealant and storing frozen tubes;

te the need for weighing out sealant base and catalyst in the proper
two-part kit.

(0.24 L), pint (0.47 L), quart (0.9 L), gallon (3.8 L), and 5-gal (19'l) ¢

nd; this is to allow room for addition of the catalyst and mixing within

vailable in two component plastic injection kits withythe 2-1/2 fl 0z (1

ith its accompanying 5 gal (19 L) pail of catalyst are purchased and

contained in the cartridge, and the catalyst in a hollow dasher rod tha

je sizes. The

an kits, as well as
the total quantity
the base

4 mL) and 6 fl oz
189 L) drums of

later repackaged
hylene cartridges

and field repairs.
L-C-38714. The
it extends into the
and catalyst once

bd. The catalyst is forced/out of the dasher rod and into the base material through the
. After mixing is complete, the dasher rod is removed, and the nozz

le is installed on
ant gun for use by

ratio from a larger

0 De purchased 1rom the sealant manuracturer in pre-mixed and qu

ck-frozen form

with the material packaged in 2-1/2 fl oz (74 mL) and 6 fl oz (177 mL) polyethylene cartridges.
Purchasing sealant in this form is a cost-saving convenience for end-users who have no facilities or
equipment for meter mixing and freezing of the sealant. Responsibility for supplying a properly mixed
and frozen product is also shifted to the sealant supplier when the material is purchased directly from
the supplier in pre-mixed and quick-frozen form. For certain polysulfide-based aircraft sealants,
Classes A-Y2 and B-Y are available in premixed and frozen form; however, these faster curing classes
of sealing compound are not available for polythioether-based products.
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8. STORAGE OF SEALANT BEFORE USE:

8.1 Uncured Two Part Sealant Kits:

8.2

Uncured sealants are chemically reactive and perishable systems. Both the sealant manufacturer
and the user share a responsibility for protecting the fuel tank sealant’s shelf life. The manufacturer
will formulate a chemically compatible and stable system; then the manufacturer packages it in
sealed containers under an inert atmosphere to maximize the material’'s shelf life. The user must

recognize the

temperature a
shelf life is not
(cans, foil bag

inert atmosphere (dry nitrogen purge or carbon dioxide) should be restored.

The shelf life d
temperature o
Temperatures

storage tempefratures, both base and catalyst will increase'in viscosity; this can re

the surface of

Users may sighificantly extend the useful life of unmixed sealant by storage at 60

than 80 °F (27|
(10 °C) reduct

storage tempefrature, the less change will:occur in the unmixed Kits in storage. St
°C) or below should be‘\done only in accordance with instructions flom the sealant

kits at 32 °F (Q
manufacturer.

Storage of Mi¥ed and Frozen Tubes:

The reactivity
-40 °F (-40 °C
to show signifi
currently avail

pctivating effect of temperature and relative humidity on aircraft seal
nd humidity controls should be implemented during storage to ghsur
reduced. The user must also appreciate the fact that when €ontain
5, drums), the inert atmosphere is lost. If only partial use of the mat

uoted on labels of most sealant suppliers are based-on a recomme
no more than 80 °F (27 °C). Many user storade’facilities have no g
can reach 130 to 150 °F (54 to 66 °C) in the summer months. As a r¢

the base compound, and the resultant changes will cause rejection

°C). A broad rule of thumb with\chemically reactive systems states
on in temperature reduces reaction rates by 50%. It is obvious then

bf mixed and frozen polysulfide sealant can be essentially suspende
or belew:” Such is not the case for mixed and frozen polyurethanes
cant loss of work life after 30 days at -40 °F (-40 °C). While polyure

Ants. Appropriate
e that the rated
ers are opened
brial is made, the

hded storage

lir conditioning.
bsult of these high
5ult in skinning on
Lipon inspection.

F (16 °C) rather
that an 18 °F
that the lower the
prage of unmixed

d by storage at
, which will begin
thanes are not

hble'as fuel tank sealants, it is important to note this difference betw

een polysulfide

and polyurethane seatants.

Industry data has indicated that Class B polysulfide sealants (2 h of application time, or worklife) can
be stored approximately 10 days at -10 °F (-23 °C), maintaining an acceptable work life. Class A
(2 h work life) polysulfide sealants can be stored no longer than 48 h at 0 °F (-18 °C). Unfortunately,
there is no data substantiating effects of intermediate subzero storage temperatures upon the slow
loss of worklife of frozen sealant. Storage of polysulfide-based fuel tank sealants at -40 °F (-40 °C)
has been proven safe with respect to ensuring sealant application time, or worklife; storage life of
premixed and quick-frozen polysulfide-based sealants can be extended slightly -- i.e., not greater
than approximately 3 days -- by maintaining the freezer temperature at -60 °F (-51 °C).
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8.2 (Continued):

8.3

8.4

Premixing and freezing of polythioether-based sealants, which are available only in Semkit form, is
not recommended; however if polythioether-based products are premixed and frozen, they shall be
stored at -80 °F (-62 °C).

Frequent opening of the freezer or coldroom door will adversely affect the inside temperature. It
should be noted that setting racks of frozen cartridges outside the box or room to rearrange
inventories will also cause sealant cartridges to increase in temperature and lose work life.

Awareness an

have established shelf life limits for frozen cartridges; many use 30 days as(the lin

scrap the carti
(or retest) to d
be extended.

enhance conti

Storage of Elastomeric One Part Fluorosilicones (Fuel Resistant):

Significant quantities of Dow-Corning Q4-2817, a one-part, fuel-resistant, moisturg

fluorosilicone,

1 year from ddte of manufacture; no storage conditions (temperature and relative

specified for th
six months wh
a relatively ne

Dow-Corning $-8733 has been applied-recently on a military fighter aircraft for bon
fluorosilicone gasket into a titaniumygroove machined into the entryway structure g

vehicle’s fuel t
Storage of Ch
Both the nonc

stored at ambi
Table 6. The ¢

[ good practice will protect the sealant’s shelf life. Most users o0ffro
idges at the end of the period, it is practical and worthwhile(to condd
btermine acceptability. Based on retest results, the user determines

Generally, when supported by satisfactory retest data, ‘sealant shelf
nuity of manufacturing operations and contribute tovfeduction of haz

integral fuel tank sealant have been used on certain military aircraft
is product. General Electric produces a similar material, FRV1106;
en stored at temperatures that do not exceed 110 °F (43 °C). Dow-
v one-part fluorosilicone that cures by condensation and by a reacti
Anks.

hnnel Sealants:

iring high-viscosity fluorosilicones and the noncuring polysulfide chg
ent temperature and have the manufacturer’s recommended shelf li

zen cartridges

it. Rather than
ict a worklife test
if shelf life should
life extensions
ardous waste.

-curing

Its shelf life is
humidity) are
and its shelf life is
Corning 5-8733 is
bn with moisture.
ding a premolded
f one of this air

nnel sealants are
ves indicated in

hannel sealants referred to in this group are:
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TABLE 6
Material Spec Manufacturer Product # Comment
Polysulfide None Courtaulds PR-705and PR-705 and PR-706
(noncuring) Aerospace, Inc. PR-706 contain both silica
and plastic beads
Fluorosilicones [None Dow-Corning 94-0311 Contains plastic beads
MIL-S-85334 General G-651 Contgins plastic beads

Electric

MIL-S-85334 Dow Corning Contains plastic beads

Q4-2805%
AMS 3376A (No Qualified Products List)

Lshelf life is 36 months (or 3 years) from date of shipment;

9. SEALANT MIXING:

Each individual batch of a two-part polysulfidetintegral fuel tank sealant has a custon] matched catalyst
system to produge the properties required by the applicable material specification. A particular batch
of base must be|used only with its matehed batch of catalyst if the expected properties are to be

realized. Catalyst of different batches of the same product shall not be interchanged.

Thoroughly mix the base and ¢atalyst to produce the engineering material properties required for the
cured fuel tank gealant. Effective blending of fuel tank sealants is important factor in producing a
uniform mixture without.entrapping air in the sealants.

Class A sealant$ have'the lowest viscosity (approximately 250 poises), and they can be applied by
brushing, injecting-and spraying. Class C products are medium-viscosity sealants (fapproximately
3,000 poises) that are rollable. Class B extrudable materials have a relatively high viscosity
(approximately 12,000 poises), and they are thixotropic. In all cases, no swirling motion should be
produced through stirring (to aid in mixing), in order to prevent air entrapment. All of the base (Part B)
and catalyst, or accelerator, (Part A) must be moved physically by the stirrer. The container walls
should be scraped frequently during mixing to blend the two parts together.
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9.1 Hand Mixing:

Small two-part can kits (up to and including gallon sizes) provide enough space above the base
compound in the container to permit all of the catalyst (or accelerator) to be transferred into the base
container for blending. A sufficient amount of catalyst -- including some excess catalyst -- is included
to accommodate normal transfer losses and still produce the correct ratio of base to catalyst in the

mixed sealant.

It is recommer
than using sm
incorrect weig

It also preclud
catalyst’s cont
remainder with

ded that the full kit be catalyzed to ensure that the proper mix ratig, i
hll portions of a kit, weighing out partial amounts, and encountering
ning.

bs other sources of error, such as removal of nonuniform ‘@mounts o
hiner by failing to stir before removal. There is added ‘danger of not
an inert gas, nor sealing the lid tightly.

Transfer of cafalyst can be more readily accomplished by inverting the closed can &

bottom with a

lengthwise, thi
catalyst that tg
with the botton

Hand mix the |
material over i
different from

range well in g
range expecte

Hand mixing d
refers to mixin
cases the moy
immeasurably

can opener. This produces a continuous opening -- which allows thg
ough the can. The latter procedure also.eliminates the need to mar
nds to accumulate around the rim of the can when the can is positid
h of the can left intact.

ase and catalyst thoroughly.fors min with frequent scrape down of t
self. Don't whip it, incorporating air. If the warehouse storage temp
standard temperature --'i.€., 77 °F (25 °C) -- bring kits into this stang
dvance of mixing to assure that application time and extrusion rates
d.

0es not necessarily mean that all mixing is achieved by hand with a
 with hand<held or mounted lighting mixers or similar motor driven 3
ement.of the mixer blade throughout the material and frequent scra
in praducing a uniform mix.

s obtained, rather
the dangers of

catalyst from the
purging the

\nd cutting out the
b material to flow,
ually transfer

ned right-side up

he walls. Fold the
erature is greatly
ard temperature
will be in the

spatula. It also
hgitators. In all
be down will aid

WARNING: E

tremely 1ast Stirring can cause vortexing, resulting in the mncorpora

ion of air; it can

also heat up the sealant, which will change its viscosity and shorten its work life.

Hand mixing of small quantities of two part sealant in two-component polyethylene plastic injection
kits is described in 11.1.3.1.
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9.2 Machine Mixing:

This type of mixing refers to small batch mixing on a special piece of equipment called a Dasher
Mixer. It also refers to continuous mixing on a meter/mixer machine.

9.2.1 Dasher Mixer/Filler Batch: Small batches of material 1 gt (0.9 L); 5 qt (4.7 L) are sometimes mixed
in a Dasher Mixer (SEMCO Models #1350 and 1378); see Figure 2.

9.2.2

There are nd
agitator tom

without incolporating air. The top of the mixer is in contact with the surfaceof th

counter regig
machine ad]
into polyethy

Meter Mix M
when large @
frozen to -40
pump and a
mounted on
material is p
of the sealar

The follower
material thro
catalyst, in g
separate strq
either a stati

Sealant exits
and 355 mL
[methanol an
temperature

other similar or equivalent products on the market. An air cylinder
ake full strokes up and down (top to bottom) through the material)m

ters the dasher cycles, ensuring uniformity of each cycle from batch
Istment converts the agitator to a pressure disc forcing¢hée material
lene cartridges for quick-freezing or for immediate use.

pchines (Continuous Mixing): Two-part sealantis mixed with a mete

°F (-40 °C) or below for storage until use. A diagram of a typical 5-
50 gal (189 L) base compound pump with-proportioning and mixing
ts stand is shown in Figures 3 and 4.:Generally, a 50 gal (189 L) dr
psitioned on a sealant pump. A follower plate is positioned in the dr
t.

plate stays in contact with-the surface as the positive action of the
ugh hoses to the metering system and to the mix head and delivery
5 gal (19 L) pail, is fitted with a 5 gal (19 L) pump that operates in sir
pams of catalyst and*base exit the metering system in the proper rati
C or dynamic mix_head, where a uniform mixture is produced (see F

the mix head and passes through a valve into a 2-1/2, 6, or 12 fl 02
polyethylene cartridge, which after filling, is immediately submerge
d drydee (CO2) at -100 °F (-73 °C) or liquid nitrogen at -320 °F (-19
of‘the cartridge should be reduced to -40 °F (-40 °C) or below befor

forces the dasher
xing it thoroughly
e sealant. A
to batch. A
but through a port

br/mix machine

uantities of mixed sealant are required. Cartridges are filled and immediately quick

jal (19 L) catalyst
equipment
Im of base
hm on the surface

ump moves the
valves. The

nilar fashion. The
o and are fed into
gure 5).

(74, 177,
] into a cold bath
6 °C)], where the
e moving it to a

-40 °F (-40 °

C) storage box.
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- @ DASHER CYLINDER

_ -~ ——-- @ COUNTER RESET

-~ @ DASHER CONTROL VALVE

DASHERUP
F
MIXING

... @ DASHER ROD

- - ~@ DASHER ASSEMBLY

-~ @ CONTAINER

@ CARTRIDGE FILLER VALVE
—_— @RrAM

————————@ PRESSURE CONTROL VALVE

——————@ PF<SSURE CYLINDER
IELEVATES CONTAINER)

@ A17 PRESSURE GAUGE

@ PRESSURE REBULATOR

—® STORAGE SPACE

FIGURE 2 - Dasher Mixer
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1V

FIGURE 3 - Diagram of 5 gal (19 L) Catalyst Pump, 50 gal (189 L) Base
Pump, Proportioning Device, and Mix Head
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)
FIGURE 4 - Photo of 5 gal (19 L) aﬁh 50 gal (189 L) Pumps, Proportipning

Device, I\QL)I\Qead, and Fill Valves
N

-
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DYNAMIC MIXING

STAT|IC MIXING

FIGURE 5 - StaticG:and Dynamic Mix Heads

9.2.2.1 Dynamic Mix Heads: Separate streams of base and catalyst are fed into a dynamic mix head
where a low speed impeller (approximately 300 rpm) provides good shearing gction, mixing the
two materigls as they pass threugh the 1 to 2 in (25 to 51 mm) long x 2-1/2 in (63.5 mm) diameter
chamber. [The opening and 'closing action of the fill valve, which is downstream of the mix head,
controls the entire meter/mix system including supply pumps, pressures, matetial flow, and mix
rpm. This single valvesaction provides uniform operation of all the systems and|a positive shut off
with the absence of/back pressure. Positive shut off valves, positioned at the mixing head inlets,
prevent compourds from entering the mixing chamber unless the fill nozzle valve is activated.
The mix hgadis:double walled and may be cooled by refrigerated water.

Dynamic mix heads are far more expensive than static mix heads; and they are more
complicated with drive motors, impellers, heat exchangers, and refrigeration systems. The
residence time in the small mixing chamber is only a matter of seconds. The sealant is not
heated appreciably if refrigerant is continuously passed through the heat exchanger in the mix
head. Build-up of sealant on the impeller is very slow, so downtime for cleaning is infrequent. It
is generally cleaned only by circulation of solvent through the head -- not by disassembly. The
drive motor for the dynamic mix head is powered by plant air [20 cfm (566 L/m) at 90 psi

(620 kPa)]. The meter/mix system (pumps, metering system, and mix head) are all
pneumatically driven and, therefore, can be used in areas where explosion-proof equipment is
required.

Following are several important points concerning the use of meter/mix equipment:
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9.2.2.1 (Continued):

9.2.2.2

Stir the 5 gal (19 L) pail of catalyst thoroughly with a mechanical agitator.
Do cause air entrapment within the catalyst -- i.e., do not raise the mixing blade too close to

the surface, and do not form a vortex by stirring too rapidly.

Scrape down the walls frequently.
If the catalyst sits for 48 h after stirring, stir it again.
Either start with clean hoses for base and catalyst and with an empty meter/mix machine or

purge the lines and meter/mix equipment with at least 2 gal (7.6 L) of base and equivalent

a.
b.
c.
d.
e.
catalys
f. Purge
contair
g.
machin
h. Collect
buttong
rate of
homog
i. If many
sealed
j. Ifasta
k. Air pre
60 cfm
An automg
plastic inje
Static Mix
series of ¢

t.
hir from the equipment and hoses, otherwise a large number of-séal

button samples from each cartridge. Number the cartridges and cg
. This will reveal unexpected or undetected changes in ratio by diff
the buttons. Itis also an indicator of the unifornity of mixing (observ
eneous color) and whether there is excessive.air entrapment.
facturing operations are to be shut down temporarily, the mix head
and frozen. The base and catalyst line§'should be sealed.

ic mix head is used, clean it if the flowirate decreases substantially.
Esure to meter mix equipment should be sufficient in volume as well
(1700 L/min) at 90 psi (621 kPa),is standard.

ted mixer for mixing a small-amount of sealant in a two component
ction kit is discussed in 12.1.3.1.

Heads: A static mix head is a tube containing an internal metal ribbg
lindrical elements with drilled holes, that cause catalyst and base t(

thorough and uniform mix: There are no moving parts. The tube can be 2 to 4

(610to 12
mixing req

|9 mm) leng and 2 to 8 in (51 to 203 mm) in diameter depending up
Lired and the rate of throughput required.

Static mix

néads are available from several manufacturers and in several basi

ant cartridges will

air in the mixed sealant. Bleeder valves are available in appropriate locations.
Calibrate a variable ratio machine initially, and frequently thereafter.” Check
e frequently -- i.e., at beginning of each shift and with ehange of containers.

a fixed ratio
rresponding
brences in cure

ation of streaks or

can be removed,

as pressure.

bolyethylene

n, or containing a
achieve a

ft

bn the degree of

ally different

designs. T

ne appropriate diameter and length must be selected In relation 1o

e viscosities of

the materials involved, the ease with which they combine, and the flow rates desired.

A major consideration in the selection of a static mix head is its ease of disassembly and
cleaning. Partially cured sealant tends to build up on internal elements due to the frictional heat
developed through forcing material through the unit. A design containing a permanently installed
metallic ribbon can be difficult to clean. Circulating solvent through the unit is a time-consuming
process. In some cases, it is necessary to heat the mix head to facilitate removal of residual
sealant. Mix heads containing a series of removable plastic or metallic cylindrical elements is
easier to clean but often the elements must be forced out of the tube with a mechanical press.

The eleme

nts once removed are soaked in solvent and cleaned with brushes.
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10. FREEZING AND THAWING OF MIXED CARTRIDGES:

10.1

10.2

10.2.1 Ambient Air:

Freezing:

Once the-base compound and catalyst are mixed (see Figure 6), the fuel tank sealant’s application
time (worklife) will rapidly decrease unless the temperature of the 2-1/2, 6, or 12 fl 0z (74, 177,

or 354 ml) cartridge of mixed sealant is quickly reduced to -40 °F (-40 °C) or below. The preferred
practice is to position the mixing/filling equipment immediately adjacent to a bath of methanol/dry ice

at approximatg
30 to 48 open
after filling (se
with nozzle en
cartridge, rem

Another techn
are closed at t
10 min, the ba
room for stora
application tim
noticeable loss

Another appro

into a liquid nifrogen chamber for 1 to 2 min to reduce the temperature to -40 °F (-

Thawing:

Frozen cartrid
discussed in t

temperature
temperature
standing ver

ly -100 °F (-73 °C) or liquid nitrogen at -320 °F (-196 °C). Metal ba
compartments are submerged in the coolant to receive the cartridge
b Figure 7). The cartridges are capped on the nozzle end and'place
d facing down. The plunger end, including the top 1-1/2 to2'in (38 {
hin above the surface of the liquid.

que is to place the cartridges in the freezer bath inthin-walled alum
he bottom, thus, eliminating any possibility of contamination from th
sket of cartridges can be removed from the bath and transferred to

je at -40 °F (-40 °C) or below. At this temperature there is essentia
e. Cartridges have been held as long as 6 months at -40 °F (-40 °C
5 of application time.

ved but seldomly-used method of quick freezing is to place the fresh

hes of mixed sealant-are thawed by three approved methods. Thes
e following paragraphs.

Frozen eaftridges are laid on a bench or table top and allowed to w
The rateof warm-up is variable depending upon the temperature of
of thelambient air, the closeness of one cartridge to another, and w
ically or lying horizontally. Ambient thaw usually takes about 30 mi

skets containing
s immediately
d in the basket
0 51 mm) of the

num sleeves that
e coolant. After

h cold box or cold
ly no loss of

) without

ly-filled cartridge
10 °C) or below.

b methods are

arm at room

the cartridge, the
nether they are

. The core of the

cartridge sh

uld reach oU “F (106 "C) berore sealant application IS started.

10.2.2 Enclosed or Open Water Bath: Two approaches are used with hot water baths:

a. An enclosed metal water bath with metal sleeves welded in place top and bottom provides a
dry cylinder into which the cartridges fit snugly. Heat transfer from the water through the metal
sleeve and polyethylene cartridge is good. With the water bath at 120 °F (49 °C), thawing
takes about 4 min.

Frozen cartridges are placed directly into heated or unheated water. The cartridges are closed

with caps on both ends. As the cartridge warms, the material inside expands slightly, and water
is not drawn into the container. Thus, the approach is acceptable.
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FIGURE 7 - Quick Freezing of Cartridges of Sealant in a Cold Bath

10.2.3 Microwaves] AJmicrowave oven may be used for sealant thawing, provided that{the same
microwave oven is not used for thawing of other items, especially food. Microwaves can produce
hot spots in the sealant. If a microwave oven is used, the power level should be on the order of
650 W; there should be an interrupted defrost cycle (i.e., 20 s of heat, 20 s of soak). A 6-fl oz
(177 mL) cartridge can be thawed in approximately 2 min. This method is fairly reproducible if the
same number and size of cartridges are used each time. It is most important that the carousel
feature be used to produce uniform radiation and to mitigate the occurrence of hot spots.

In summary, there are several acceptable methods for thawing frozen cartridges. Hot spots can be
produced by microwaves; they can also be produced by electrical cartridge heating jackets (not
mentioned previously) that can produce very high skin temperatures and cause partial cure of the
outer layer of material as heat is penetrates into the core. Heat guns should not be used.

- 40 -



https://saenorm.com/api/?name=afe991cfc9c4c803d5ed726b214ca3b1

SAE AIR4069 Revision A

11. SEALANT APPLICATION:

Aircraft designs produce a variety of configurations of integral fuel tanks and a variety of
subassemblies, attachments, and fit ups associated with each design. In all cases, two-part, curing-
type sealants (mostly polysulfide-based) are utilized in several of four general forms: sprayable,

brushable, extru

dable, and rollable.

This document cannot specifically address each of the many individual designs. However, this report
recommends preferred practices in the application of sprayable, brushable extrudable, and rollable

sealants; it also
sealant in seam

are common to a&ll designs.

This section on {
various forms of

appropriate. It glso mentions specific methods of protecting applied 'sealant in its e

cure. The applig
factors necessa

11.1 Two-part Curir

Sealant is app

a. To achievd
b. To produce

The following

a. Acleansu
b. Sealant wi

adhesion
c. Applicatior]

boints out the more desirable contours and thicknesses to be used.in
b, joints, fastener heads, voids, in faying surfaces, and in types-6f)Ca

wo-part sealant application will, therefore, address first.the techniqu
sealant; then it discusses several specific configurations where add

ation of groove/channel sealant (noncuring typé) will be discussed,
y for proper application.

g-Type Sealant:
ied in accordance with the following-purposes:

a good adhesive bond with.the’substrate, and
b a long-term seal through:proper thickness and contour.

hre required to achieve a good bond:

rface;

h the properadhesion characteristics for that surface (or use of an
romoter);~ahd

of the.sealant during its worklife, when it is still capable of wetting t

It is appropriat

edo ‘reiterate that the use of adhesion promoters for polysulfide seal

the application of
nfigurations that

es for applying
ional comment is
rly, tacky state of
focusing on key

hppropriate
he surface.

ants during the

initial producti

n as well as In [ater repalr IS nignly recommended. EXperience ha

shown that even

though acceptance tests are conducted on every batch of sealant and on a variety of coated panels,
the production surface can be different and the production cleaning may not be as thorough or
complete as that produced under laboratory conditions.

Engineering testing and evaluation of adhesion promoters have proven that whether the surface is
old or new, clean or partially dirty, and whether it consists of acrylic, polyurethane or treated
aluminum, a good bond is produced through its use with polysulfide fuel tank sealants. A discussion

of adhesion pr

omoters is given in 5.3.
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11.1 (Continued):

The adhesion promoter may be applied by aerosol spray, brush, or by wiping it on with a clean cloth
saturated with the materials. It is preferred that a thin coat be applied without a subsequent wipe-off
of excess adhesion promoter. The adhesion promoter is slightly colored, permitting visual

examination to ensure that the entire surface has been coated.

The applied adhesion promoter should be allowed to stand for at least 30 min (especially when
humidity is low) to permit activation of the promoter and evaporation of the solvent; then the fuel tank

sealant can be
surface should

Adhesion pron
policies dictate
used on titanid

Whenever seq
be protected fi
fingerprints, dd

11.1.1 Sprayable S
corrosion co
sizes can be
replacing thq

capacity painmt shaker at 1,350 vibrations-per minute in the upright position for 3

another 3 mi
10 gal (38 L

When a paint shaker is not available for the 1 gal (3.8 L) and smaller can kits, th

mechanically
80 rpm to aVv
frictional heg

Thinning the

applied. If sealant is not applied to the adhesion promoted surface
be recleaned and the adhesion promoter reapplied.

hoters are available in both chlorinated and nonchlorinated: solvents
which can be used. Adhesion promoters with chlorinated solvents
m or titanium alloy surfaces.

lant application is delayed, the cleaned and adhesion promoted bor
om contamination -- which includes, but is notlimited to, shop mach
st, and other particulate matter.

palants: Two-part sprayable polysulfides are used by some aircraft
ntrol on exterior fuel tank structurexPint, quart, and gallon (0.47 L, O
mixed by transferring all the catalyst for the kit into the base compo
lid on the base compound container and shaking it on a standard d

N in the inverted position._Larger quantities such as 5 gal (19 L) are

pressure pots usingtan air driven agitator.

with a Jiffy.mixer (air motor, Jiffy blade, T-blade, or flat blade). Lim
oid whippifyg air entrapment in the mixed sealant and to avoid temp
t. Scrape’down the sides frequently during mixing.

material -- i.e., reducing the sealant’s viscosity with toluene or with

within 3 h, the

Local company
should never be

d surfaces must
ining fluids,

manufacturers for
.95 L,and 3.8 L)
und container,
allon (3.8 L)

min followed by
jenerally mixed in

by can be mixed
it the speed to
brature rise from

hnother solvent or

solvent mixture -- should not be done, uniess thinning IS specitied In processing

the sealant manufacturer.

The following types are examples of spray equipment that perform satisfactorily:

1.

Air cap AV-1239 #704 Fluid needle MBC-444-E.

2.
lines.

nstructions from

DeVilbiss gun MBC-510 with nozzle combination 704-E Fluid tip 0.070 in (1.8 mm) i.d., AV-601
Binks Model 18 spray gun 62B tip, 01046 orifice 83A needle 63PB air cap, 3/8 in (9.5 mm) fluid

Graco airless spray gun, Model No. 220-959, 0.013 in diameter orifice, 2 to 3 in fan.
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11.1.1 (Continued):

1112

A line pressure of 45 psi (310 kPa) and a pot pressure of 5 psi (34.5 kPa) is recommended.

Sprayable sealants are generally applied to a wet-film thickness of 0.003 to 0.007 in (3 to 7 mils;
0.08 to 0.18 mm) and to a dry-film thickness of approximately 0.0015 to 0.025 in (1.5 to 2.5 mils;
0.038 to 0.06 mm).

Sprayable sealant is usually of the polysulfide-based, corrosion-inhibitive (chromate) type, used for
overcoating slots and depressions and for gapfilling. It is important to note that sprayable

polysulfide s

Polythioethe
integral fuel
sprayable pd

One such sp
containment
was applied
polysulfide-b
sealing desig

Brushable S
fasteners, arn
around all le
the first coat
(30 to 60 mil

Brushable s¢
precoat on s
sealant.

It is importarn
seams; som
by the seala

palants generally are not used within integral fuel tanks.

r-based sprayable sealant also is available for production and.repair
anks. Engineering material property requirements for qualifiCation g
lythioether-based sealant are provided by AMS 3279.
rayable polythioether-based sealant is PR-2911, which has been us
n high-risk areas as a back-up seal -- directly.over the Class-B-ove
In on the fleet of DC-8 commercial aircraft.

palant Application: Class A brushable sealants are applied as brush
d in locations where a flowable-material is needed. The first coat i
hk source areas with a short and stiff brush. The second brush coat

is tack-free. Overcoats onfasteners are built up to a thickness of O
5; 0.76 to 1.52 mm), depehding upon the location of the fasteners.

pams and surfaces to be covered later with the thicker Class B ext

b usearcircular motion on the fuel tank structure surface to ensure g
nt_~This prevents voids; and it minimizes the formation of air bubble

sealing of aircraft
ind acceptance of

ed for fuel

on an aging fleet of DC-8 commercial aircraft. The sprayable polythioether material

r-Class-A

ased sealing system. No leaks have been.reported since this implementing this

coat seals on

worked in and
is applied after
030 to 0.060 in

balant is used arodnd crevices, holes, seams, fasteners, and, in sonJ:e cases, as a
r

ded fillet of

t that,-during application, brushable sealant be applied thoroughly into crevices and

iJdequate wetting

D.

Figures 8 and 9 illustrate application of the Class A brushcoat sealant over rows of fasteners prior
to the application of Class B extrudable material.

Class B fuel tank sealant should be applied only within its application time (worklife) to ensure good
wetting of the surface. Itis not acceptable to have air bubbles in the Class B fuel tank sealant. The
width of the brushcoat should exceed the width of the fillet to be applied by at least 0.10 in

(100 mils; 2.5 mm) on each side. Thinning of brushable sealant should not be attempted unless
the sealant supplier provides specific instructions regarding the type and grade of solvent to be
used and the allowable amount of solvent to add. An adhesion promoter (or adhesive primer)
should be applied to cleaned fuel tank structure surfaces before sealant is applied, whether initial
production or repair is being accomplished. A brushcoat is considered to be a primary seal only
when applied in more than one layer, such as in overcoating of fasteners with a double brushcoat.
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b\
ié-btr-l LI KOOI L] 1.1 o4l

FIGURE 9 - Brushable Sealant
Applied as shown in Figure 8

11.1.3 Extrudable Seatant Application:

11.1.3.1 General: Extrudable Class B materials are used for the following types of sealing:

filleting over joints, splices, seams, and shims;

injecting slots and joggles;

filling corner close-out cups;

overcoating and crowning fastener heads, bolts, and rivets;
hole filling;

faying surface sealing applications; and

aerodynamic smoothing and gap filling.

@~pooop
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11.1.3.1 (Continued):

Class B fuel tank sealants are known for their low slump (thixotropic or low blockflow)
characteristics. The latter engineering properties directly contribute to the extrudability of these
viscous materials.

While Class A and Class B integral fuel tank sealants are resistant to jet fuel, the Class B
material, which contains fewer volatile solvents, is used in providing the required sealant
dimensions (or thickness) without entrapment of air or solvents.

The mixed|sealant is generally applied from a 2-1/2, 6, or 12 fl 0z (74, 17Z:-0r' 855 mL) low-
density polyethylene cartridge contained in a sealant gun powered by plant air|80 to 90 psi (552
to 621 kP4d). Manual guns are also available. Use of greater pressuré‘may cause a high
incidence of plunger flipping (overturning), resulting in air being blown directly through the
cartridge. |A sealant gun with cartridge and nozzle is shown in Figures 10 and [L1.

The handlg of the sealant gun is removable. A trigger mechanism, which extepds parallel with
the barrel, |is available for use in restricted areas. More than fifty nozzle shapes and sizes are
available fjom several manufacturers to accommodate most sealing situations.| For another view
of the gun fand nozzle, see Appendix B, Figure B2:

For field repair, and for repairs or sealing wher€ frozen cartridges of mixed sedlant are not
available, $mall quantities of sealant [2-1/2-fl 0z or 6 fl 0z) (74 mL or 177 mL)] fan be mixed on

site using the two-component polyethylene plastic injection kit illustrated in Fig

The sealar

rod). A ram rod is used to forcé.the catalyst into the body of the base compou

Figure 13.

An open spoke agitatorsen the end of the dasher rod is used for mixing the catg

compound
Automated

The strokin

t base compound is contained in the cartridge, the catalyst in the ho|

as the dasher rod is pushed and pulled, rotating clockwise slightly ¢
equipment is also available to do the mixing (see Figure 14).

ure 12.

low stem (dasher
nd as shown in

lyst with the base
ach time.

of the daskh

der, and rotation

g-efthe dasher rod is accomplished by means of a reversing air cyli
_d“—l“tﬁ‘b_l—d_l_r—ﬁ'l‘h_ler Tod IS accomplished Dy a Iow Speed electric gear motor. The Service requirements

are compressed air [approximately 90 psi (621 kPa)] and 110 V AC, 60 cycle (or 220 V, 50 cycle).
The most effective stroking speed is between 16 and 22 strokes per minute. When the sealant
has been mixed to produce a uniform (or homogeneous) compound, the dasher rod is
unscrewed from the agitator and removed. The cartridge is fitted with a nozzle and placed in a
pneumatic or hand operated sealant gun for application.

Dispensing the fillet from the nozzle (i.e., applying the fillet to a seam or joint) in aerospace work
is done in a different manner than caulking in the architectural (commercial building construction)
industry. When the architect’'s method is used -- where a trail of sealant is deposited as the
delivery tip of the gun points behind the direction of travel -- air can be trapped under the sealant
bead as it is applied to structure.
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FIGURE 10 - Sealant C\uq
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i
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FIGURE 11 - Several Sizes and Shapes of Cartridges and Nozzles
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FIGUH
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FIGURE 12 - Two-Component Plastic Injection Kit
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RE 13+ Catalyzing the Base Compound: Two-Component Plastic Injection Kit
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it

FIGURE 14 - Automated Mix@for the Two-Component Injection K

. QS
11.1.3.1 (Continued): C)\\

is not necessary to apply an undersized fillet, followed by

the undersized fillet. While this technique is practiced by some, it
tep and creates yet another interface where a new bond line must
rred that a larger nozzle orifice be used initially and that only one fillet
(or faired) to dimensions required by engineering.

If a large fillet bead is specifi
application of another fille
introduces|an unnecess
be establighed. Itis

be applied| then '%

The preferf Vésﬁnique is to hold the gun approximately 30° off-perpendicular}, and point the
nozzleint irecti illet | i joi his forces sealant
into the crevice and minimizes the possibility of air entrapment. Some hold the gun nearly
perpendicular to the work. Do not apply sealant with the tip pointing opposite the direction of
travel.

After the bead of sealant is applied, the sealant is tooled as shown in Figures 15 and 16. This
produces a faired configuration that eliminates the possibility of reentrant edges and trapped air
and ensures satisfactory contact with the fuel tank structure surface.
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-~

FIGURE 15 - Tooling (or Fairing) a Fillet

N —

A
250 mils
Z X
l
f <]
250
mils

Mote: 250 mils = Q0.250 in

FIGURE 16 - Fillet Contour

- 49 -



https://saenorm.com/api/?name=afe991cfc9c4c803d5ed726b214ca3b1

SAE AIR4069 Revision A

11.1.3.1 (Continued):

The principal goal in applying the appropriate thickness and contour of sealant at any potential
leak source is to use a thickness, relative to sealant elongation, that will allow joint movement
under operational conditions without tearing the sealant. For example, if a sealant with an
elongation of 100% were used to seal a joint, and the thickness of the sealant at the joint were
only 0.001 in (1 mil; 0.025 mm), the maximum allowable movement at that interface would be
only 0.001 in after which sealant failure would occur. A thickness of 0.003 in (3 mils; 0.08 mm)
on the othe¢r hand, with the same 100% elongation, would permit 3 times that. gmount -- i.e.,
0.003 in --[of joint movement without failure.

There are pumerous joint and gap configurations and a preferred sealant configuration for each.
The major ftypes are illustrated in Figures 17 and 18.

A B 5 B

LESS THAN 150 mil
250 mils

¥ 60 MILS J:Egn 5" o
_i' iy _IT_ ;._; } ETmIS

250 ﬁ\siz 350
mils mils

—_—tfr

Fhicknass at D = 150 mils minimum

Note: 60 mils 0.060 in (1.52 mm)
150 mils 0.150 in (3.81 mm)
250 mils = 0.250 in (6.35 mm)

FIGURE 17 - Sealing Offsets and Joints
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A B c
; 150 60 250 mils 250 zf“m"‘:'i
Less than g mils o more E IR

20 mis _yy ig. i ™| »{2so|2sope- | ¢
vt YR

T . T |

Lass than E0— . 500 mils
250 mils 250-500 mils o s
Fill =nd Crown Fill 1o 250 mil dapth Apply separafa Tilldis

Thickness at D « 150 mils minimum

Note: 60 mils = 0.060 1n .52 mm)
150 mils = 0.150 o™ 3.81 mm)
250 mils = 0.250C%n ( 6.35 mm)
500 mils = 0.500%in (12.7 mm)

FIGURE 1805 Sealing Butt Gaps
11.1.3.2 Offsets angl Joints: The application-of-fillets to offsets and joints is illustrated in Figure 17.

11.1.3.3 Butt Gaps| Butt gaps vary in width and height. The preferred method for sealing them is shown
in Figure 18.

Preferred sealant configurations vary company to company and with various gpvernment
documentg. The dimgnsions given in Figures 17 and 18 present a safe average.

Two major|facters govern sealant contour:

a. Sealant should extend at least 0.250 in (6.35 mm) from the potential leak source;
b. The diagonal thickness (also called the throat) from the leak source should be at least 0.150
in (3.81 mm).

If the thickness of a plate or offset is less than 0.250 in (6.35 mm), it should be crowned.
Extreme care must be taken to ensure that butt gaps are filled and not bridged. When a butt gap

is wider than 0.500 in (500 mils; 12.7 mm), two separate fillets can be laid, each extending from
its potential leak path by 0.250 in (250 mils; 6.35 mm).
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11.1.3.4 Holes and Slots: Holes and slots in the integral fuel tank may be sealed with Class B extrudable
sealant alone if the opening is less than 0.125 in (125 mils; 3.18 mm). Larger openings to
0.250 in (250 mils; 6.35 mm) may be accommodated if the slot is sufficient to give adequate
surface area for adhesion. The Class B fuel tank sealant should protrude through the hole and
be tooled on both sides to dimensions shown in Figure 19.

If the opening is between 0.125 in (125 mils; 3.2 mm) and 0.500 in (500 mils; 12.7 mm), it can be
sealed with a combination of sealant plug and sealant (see Figure 20), or a combination of
annealed gluminum wire screen and sealant.

Metal clips| or plastic blocks can be used to reduce the hole size before Sealing. When a wire
screen (or[mesh) is used (Figure 21) it must be trimmed to overlap thée 'hole or|slot by
approximately 0.250 in (250 mils; 6.35 mm).

A thin layef -- i.e., approximately 1/16 in (63 mils; 1.6 mm) -xof\sealant is applied around the
opening first. The screen is then embedded in the sealant./ A tie wire is laced to the screen and
put through the hole. The hole is then filled with sealant-ffrom the opposite sidg. A second piece
of screen ¢f similar size is similarly positioned in the sealant over the hole on the opposite side.
The tie wirg is laced to the second screen. The sereens are then further imprelgnated with
sealant, and the seal is completed by crowning.both sides of the screens and fairing the sealant
approximately 0.100 in (100 mils; 2.54 mm) beyond the edge of the screen.

250 ¥yhils
Fuel side '-Pk 1“ i _ 120 mils min.'
1 _+m§§§§:3<.,.. | 180 mils max.|
d : I+
i | 1

¥
[y

Hole size
125 mils or less

Note—Homtts =020 n (305 mm——
125 mils = 0.125 in (3.18 mm)

180 mils = 0.180 in (4.57 mm)
250 mils = 0.250 in ¢(6.35 mm)

FIGURE 19 - Sealing a Small Hole
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min, 60 mils

min.
' kil -—* 150 mils
e ~N e

min.

Figure 20a

2y}
e i e 15G mils
50 mils : F—ir
min.
Note: 60 mils = OnDBO in
150 mils = AN150 in
Figure 20b 250 milss=“0.250 1n

FIGURE 20 - Sealing a Large Hole or Slot with'a’Plug and Sealant

250 mils

-.1120 mils

f '
120-150 milEhole size Wira mesh

Note: SP20 mils = 0.120 in (3.05 mm)

150 mils = 0.150 in (3.81 mm)
250 mils = 0.250 in (6.35 mm)

FIGURE 21 - Sealing a Large Hole or Slot with Screen and Seala

nt

(1.52 mm)
(3.81 mm)
(6.35 mm)
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11.1.3.5 Fastener Sealing: All fasteners penetrating the fuel tank boundary (or sealing plane) must be
wet installed. Sealant can be extruded onto the fastener or into the hole and on the surface
under the head of fastener. An alternate approach is to use a special floating plug nozzle on the
sealant gun, injecting sealant into the hole as shown in Figure 22.

Once permanent fasteners and bolts are installed and tightened, they must be overcoated with

sealant. An overcoat of sealant can be formed using only Class B sealant, by applying multiple
layers of Class A sealant, or from a Class A single brushcoat followed by an overcoat of Class B
sealant.

When muliiple layers of sealant brushcoats are applied, wait until the surface is tack-free before
applying the next layer of material.

Note that multiple layers of Class A can be considered a primary‘seal. Slug riyets, on the other
hand, are ¢onsidered absolute seals and, therefore, overcoatifng of these partq is not required.

Fasteners jare overcoated by several techniques:

P

@—-v—\ —

[ ] R s \

J_ﬂf@fﬁ_—/ \ e

FLOATING PLUG
NOZZLES

FIGURE 22 - Floating Plug Nozzle
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11.1.3.5 (Continued):

11.1.3.6

Artist's Brush - Starting at the base of the fastener, rotate the brush around the head and

adjacent surface until it is coated and surrounded by faired fillet, as shown in Figures 23 and

Beehive Technique - Start the application of sealant from the nozzle of the sealant gun at the

base of the fastener head. Rotate the nozzle in a spiral motion until the head is completely
covered. Tool to the proper configuration.

Flared Tube Applicator (Daubing) - The flared tube applicator is a beveled or flared copper or

a.
24.
b.
c.
alumin
sealan
withdrd
d. SealC
materid
proper
the fas
formed
e. e.Miscq
excludg
fair --- 1
fastens
bridgin
vertica
becom
fair the
Some com
operations
and conve
Nylon caps
sufficiently

If fastenery

im tube (see Figure 25) that is closed at one end. It is filled with se
gun, pressed over the fastener head to the surface, and slowly‘rotg
wn.

Aps - A variety of sizes of premolded seal caps cast from polysulfide
| that conforms to MIL-S-8802, and aluminum seal caps are availab
size are selected, filled with Class B sealant, and pressed into placd
ener head and collar. Excess sealant squeezes gutat the base of {
into a fillet. The cap is left in place permanently:

bllaneous - All of the techniques mentioned herein are acceptable if
b air bubbles, to avoid air entrapment, to avoid bridging, and to tool

he configuration to provide the dimensional thickness required by e
rs are overcoated or filleted near a vetftical obstruction, care must b
j of sealant will occur. If the fastene¥is closer than 0.250 in (250 mil
structure, apply sealant completely around the fastener. Wait until
bs tack-free; then fill in the space between the fastener and the vert
sealant up the side as shown in Figure 26.

panies use seal caps.only at lower levels where foot traffic during p
may bump and sCuff coated fasteners. Others use seal caps becal
nient and do not.limit their use to special areas.

are not recommended, due to difficulty in bonding to the surface af
broad-data base to recommend this type of seal cap.

alant from the
ted as it is

sealant, including
le. Caps of the
 -- directly over
he cap and is

care is taken to

- i.e., to shape or
gineering. When
e taken that no

5; 6.35 mm) to the
the sealant

cal structure, and

oduction
se they are quick

d lack of a

are widely separated -- i.e., greater than 0.500 in (500 mils; 12.7 m

m) apart -- they

can be ov

rcoated (rileted) Individually as shown In Figure Z7.

Dome Nut Sealing: Extrudable sealant is applied around the base of dome nuts as shown in
Figure 28. Completely encapsulate the dome nut, including the base and fasteners, holding the
dome nut in place and using Class B sealant, or by applying two coats of Class A brushable
sealant. Thicknesses of sealant and tooling (or fairing) requirements described earlier apply to
this sealing operation.
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100 MILS MIN

FUEL SIDE
120 MILS MIN

., b,

S 250 MILS

—

RIVET MANUFACTURED HEAD OR
RIVET UPSET HEAD

Note: 100 mils
120 mils
250 mils

0.100 in (2.54 mm)
0.120 in (3.05<%mm)
0.250 in (6£3% mm)

FIGURE 23 - Overcoating a Rivet

120 MILS MIN — 24— |

L ,
FUEL SIDE N j;liilm L 100 MILS MIN
| ]

L

250 MILS MIN- ¢ 120 MILS
NUT AND THREAD MIN

FIGURE 24 - Overcoating a Fastener
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.\@

FIGURE 25 - F@E}]er Sealing Applicator

O

N\
O o

B Ay RN T ==
Sil
Q\Q
g :
O 1 _ N

<,

e TR PR T R

"l = IF FASTENER 1O VERTLCAL [E
LESS T 250 RILS. FELL

SERLANT ACRDSE T0 VERT|[AL

Note: 60 mils = 0.060 in (1.5 mm}
120 mils = 0.250 in (6.4 mm)

FIGURE 26 - Sealing Fastener Near a Vertical Surface
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SEALING INDIVIDUAL FASTENERS

250 Hils —

I
- - =250 Mits

IF '"C'" |15 GREATER THAMN 500 MILS
FASTENERS CAM BE INDIVIDUALLY SEALED.,

Note: 250 mils = 0.250 in ( 635/ mm)
500 mils = 0.500 in (12,70 mm)

FIGURE 27 - Sealing Individual Fasteners

FIGURE 28 - Dome Nut Sealing

11.1.3.7 Prepacking: Extrudable (i.e., Class B) sealant is also used for prepacking voids created at
structural intersections. Sealant is packed into the void area and onto fuel tank structure
surfaces that will enclose it. The parts are then joined together, avoiding entrapment of air.

Sealant must squeeze out from all edges of the part. After assembly of these parts, remove
excess sealant using a nonmetallic tool and fair the material to form fillets at structure edges.

An example of prepacking is given in Figure 29. When prepacking a gap is impossible or
inappropriate, use injection sealing (see 11.1.3.8).
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11.1.3.8

~PREPACK EXCESS SEALANT |INTO
A WD FORHER  WHEM COANER
FITTING 15 |MSTALLED.

FILLET —

Injection S
sections af
debris or tq
Pipe clean

Finally, Cla

COANER FITTIKG
b

FIGURE 29 - Prepack Sealing

paling: After assembly, various channelsycrevices, and holes result
nd subassemblies of integral fuel tanks. 'Such voids cannot be left o

become unobserved areas for degradation. All voids and channel
rs can be used with solvent cleaners to clean and adhesion promo

1ss B extrudable sealant is.injected, using an appropriate nozzle shag

Inject sealant until it extrudes from(the opposite side. Extrusion of sealant fron

opening of
filled.

If there is 1f
from the fif

posite to where sealant-injection begins is an indication that the ope

from assembly of
pen to collect

5 must be filled.
te these areas.

pe and length.
h a structural
ning is completely

hore than one\epening, plug the other openings (or exits) until sea\l/ant has extruded

st openingicthen sequentially unplug each of the other openings.

extruded flom eachepening, withdraw the nozzle and ensure that the entrance

sealant. R

emove, excess sealant with a nonmetallic tool; and fair the sealant g

hen sealant has
b is filled with
t each exit area.

+ tod 1 o 20
muotratcu immr

Injection s

H 1 L
L1} IUUIC oAV
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INJECT UNTIL SEALANT APPEARS
ON OPPOSITE END

FIGURE 30 =Injection Sealing
11.1.3.9 Access Ddor: There are three types.af,access door seals:

a. Molded-in-place seals;

Bondedg-in-place seals; and

c. Formed-in-place seals{which are also called formed-in-place gaskets. Th¢se seals, or
gaskets, are not used because of the permanent compression set of the pglysulfide). A
formed-in-place seal'is produced using a two-part polysulfide sealant.

o

The following types of sealant are used for sealing of access doors:

a. Low peels
AMS 3267.

b. MIL-S-8802 and AMS 3276 polysulfide-based sealants with a nonsilicone parting agent on
the door. The sealant (Class B) is applied to the door frame and smoothed uniformly over the
surface to a thickness of approximately 0.020 in (20 mils; 0.51 mm). The door is installed
while sealant is still tacky. The fastener should be tightened sufficiently to obtain continuous
squeeze-out of the sealant. After the sealant has become tack-free, which requires
approximately 24 h (or less) at standard conditions, the specified torque can be applied for
installation of the fasteners. The faying surface should be wide enough (i.e., greater than
0.25in (6.4 mm)) to form a good seal.

il 84 or
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11.1.4 Faying-Surface Sealant Application: Faying-surface sealants are applied between overlapping

surfaces (see 3.1.1.2 and 3.2.1). Since those surfaces will be drawn tightly together by fasteners,
rivets, bolts, and screws, most of the applied sealant will be squeezed out. Squeeze-out must
occur during the assembly time (or squeeze-out life) of the faying surface sealant.

After surface cleaning and application of adhesion promoter, the sealant is applied by extruding
several beads across the surface to be coated. The sealant is then spread to a uniform thickness
of approximately 0.010 in (10 mils; 0.25 mm) by a spreader or roller, as shown in Figure 31.

An alternativ
threaded en

When the tw
periphery of
temporary fa
value within

If a continuo
reapplied. F
surfaces are
remaining is
only a stain i

Several alter

e method of application is through use of a roller nozzle assembly)th
| of a standard cartridge in a sealant gun (see Figure 32).

0 surfaces are fastened together, the sealant squeezes.oat uniforml
the overlap. (If permanent fasteners are not installed within the ass
steners should be installed in every other hole and+tightened to app
the sealant’s assembly time.)

IS squeeze out is not achieved, the panels, must be opened; and the
or maximum structural strength, and to.minimize later metal fatigue,
fastened together with the objective .of.achieving metal to metal cor
a thin film, approximately 0.003 t0:0-005 in (3 to 5 mils; 0.08 to 0.13
h the immediate area of the fastener.

native approaches are takep’after obtaining fay seal squeeze out, dg

excess sealant andyapply a fillet;

the excess sealant, and do not apply a fillet until after final assembly
r faying-surface leaks;

the excesssealant, retaining enough sealant for forming and fairing
time accelerator to avoid entrapment and accumulation of debris --
I particulate matter -- in the applied sealant.

at attaches to the

y around the
embly time,
ropriate torque

e sealant must be
the two faying
tact. The sealant
mm) thick, and

pending upon the

and pressure

of afillet; apply a
i.e., chips, dirt,

ng-surface sealant is corrosion-inhibiting, wipe off the excess sealar

t and apply a fillet

company:
a. Wipe off
b. Wipe off
testing fd
c. Wipe off
tack-freg
and othe
d. Ifthe fay
of seala

Tthat conforms to the engineering requirements of MIC-S-8802 or AMS 3276.

Most companies favor application of the fillet at the subassembly stage, during close-out of the
faying surfaces.

-61 -



https://saenorm.com/api/?name=afe991cfc9c4c803d5ed726b214ca3b1

SAE AIR4069 Revision A

TOOTHED
SPREADER

SPREADING
SEALANT

FAYING SURFACE SEAL

FIGURE 31 - Application of Sealant to Faying Surface
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11.1.5 Protection of
sealing, or fg
free (usually
chips, dust, {
contaminatid
and sealant

Three techni
a.
b.
C.

d.

Sealing shoy
or sanding,

Physical
Applicati
Applicati
conformg
Applicati

reapplied.

FIGURE 32 - Roller Nozzle for Faying-Surface Sealing Applicatio

ying-surface sealing -- the sealant surface-is quite tacky, eventually|

n will require that fuel tank sealant' be removed, the sealant bond s

ques are used for protecting the tacky sealant:

protection by polyethylene plastic sheet, paper, cardboard, etc.;
bn of a quick-drying overcoat;

bn of an organic; chemical and corrosion-resistant fuel tank primer, s
to requirements of MIL-C-27725;

bn of a_taek-free time accelerator (or detakifier).

It is also desiral

Id be performed ina faC|I|ty where the alr is filtered.

=]

Sealant During the Tacky State: After sealant application -- i.e., briishcoating, fillet

becoming tack-

within the first 7 to 24 h). During this.period, it is vulnerable to collection of metal
hnd other debris from manufacturing’operations in the area. Too mu

ch surface
rface recleaned,

uch as primer that

ble that no drilling

,,,,,, - - acky-period. Since this

is not always possible, protection must be prowded Draplng plastlc sheets over applied fuel tank
sealant is not without problems including the risk of marring the sealant surface.

A quick-drying, sprayable overcoat (see item b., above), such as Courtaulds Aerospace’s PR-715,
will protect the surface of the fuel tank sealant. PR-715 is a sprayable, one-part, water-based
polyurethane, which becomes tack-free in approximately 30 min at standard conditions. Itis
applied with a soft, camel hair brush to avoid disturbing the surface of the sealant. Do not apply by
spraying and restrict overlap to 0.25 in (6.4 mm).
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11.1.5 (Continued):

The last method mentioned above (item d) -- a tack-free time accelerator (or detakifier) -- is not a
coating; it is applied from an aerosol can as a mist-coat to the surface, and it accelerates the

polymeric reaction on the surface of the sealant, producing a thin and tough skinin 1to 2 h. The
sealant under the surface continues to cure at its normal rate. It is preferred because it does not
introduce a foreign substance or change surface characteristics in any way.

The tack-free time accelerator (or detakifier) does not cure the fuel tank sealant sufficiently for

pressure tes
free time acq
pressure tes
11.2 Application of

Groove and ch

This section di
during sealant

ling or fueling of the air vehicle; thus, when a sealant is made tack-f
elerator, it should be done only for surface protection -- not for-quic
ting.

Groove-Injection (Channel)-Sealant:

annel design and sealants were discussed in 3.1.2\1 and 6.2.

scusses preparation of surfaces and application of sealant, includin
application.

11.2.1 Surface Preparation and Pretreatment:

11.2.1.1 Substrates:

finished wi
a. MIL-A-
b. MIL-A-

c. lonvay

lon vapor (

Substrates may be aluminumcalloys, titanium, or composites. Alu
th one of the following coatings:

B625, Type I, Class 1 (chromic acid anodize);
B625, Type I, Class 4. (sulfuric acid anodize);
or deposited aluminum, in accordance with MIL-C-83488, Type Il,

Occasionally, MIL-C-5541, Type 1A, chromate conversion coating will be empl

critical rea

sons, butthis is actually less desirable because of reduced corrosio

The fuel-w

ptted aluminum surfaces and the aluminum faying surfaces are norr

ree by the tack-
er refueling or

) equipment used

minum alloys are

flass 1.

leposition ofsaluminum is used mostly for fatigue and fracture critical parts.

pyed for fatigue-
N resistance.

nally coated with

the MIL-C-

Z( (25 polyurethane-pased tuel tank primer to a thickness ot appro

imately 0.001 in

(0.025 mm). Injection grooves in carbon-epoxy, carbon-bismaleimide, and other composite
laminates do not normally require finish treatments other than cleaning to remove parting agents.
Titanium and composite surfaces are coated only if they interface with galvanically dissimilar

materials.

Application of fuel tank primer to detail parts can be performed either before or after fitting,
drilling, and reaming operations, provided the surfaces are clean, scratch-free, and chip-free
prior to assembly. Subsequently, any scratched or damaged areas of this coating can be locally

repaired.
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11.2.1.2 Substrate Cleaning: After initial assembly of all parts forming the fuel containment area and all
fitting, filling, drilling, reaming, and countersinking is completed, parts are disassembled and
chips and burrs removed.

11.2.13

Prior to reassembly of aircraft wing skins to substructure, faying surfaces and channel grooves,
and all interior surfaces of the fuel tank, are cleaned using one of the following cleaning solvents:

a. MIL-C-38736, Type I,

b. ASTM D 740 methyl ethyl ketone (technical grade); or

c. AMS 3166 cleaning solvents.

The above|solvents are applied with an absorbent, low-linting, low-extractable
The cleaned surface should be given a final wipe with a clean cloth, @ot allowin
evaporate o dryness on the substrate.

Protect the
can be apy
they are to

Wherever
discontinui
fuel tank s

MPS -- an
and EA 93
service to

Prepacking
assembly,
case, it is 4

Dams mad
manufactu
by injectin

surface from recontamination after cleaning. Paper masking tape
be left open for any length of time.

here are discontinuities in the channel, such as openings or mismat
ties must be closed using solid shim§’ or moldable plastic shims (MP
nould exceed 0.005 in (5 mils; 013 mm).

Ppoxy-based material in use-within the aerospace industry -- include

77. EA 9377, which is designed for high-temperature applications w
190 °F (88 °C), has_been applied on military aircraft fuel tank structu

or the structure can be assembled then injected with channel sealar
till necessary to inject after assembly to ensure that no voids remai

e of MIL-S-8802 or AMS 3276 can be installed during the prepackin

Fing‘plan calls for prepacking the grooves prior to assembly), or latef.

cloth (see 5.1).
g rinse solvent to

br masking discs

lied to the exterior of all fastener holes designated as injection or olyservation ports if

ches, these
5). No gaps in the

5 Hysol's EA 9394
ith continuous
re.

) and Cleaning:\The grooves may be prepacked with channel sealant before

1t. In the former
i

g operation (if the
Install the dam

MIL-S-006UZ Or AMIS 5276 polysultide sealant using a standard (no

high-pressure)

sealant extrusion gun fitted with a plastic nozzle. The injection is accomplished by inserting the
nozzle into the dam area with the initial nozzle position at the edge of the channel, withdrawing it
slowly as sealant is extruded, filling the dam area. No polysulfide sealant should enter the

channel gr

oove itself.

Once the polysulfide sealant has cured completely, the prepacking with channel sealant can be
completed (or can be started if the dam is built first, before any prepacking has been
accomplished).
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11.2.1.3 (Continued):

11.2.2

To prepack the grooves, place a plastic cartridge of channel sealant in a standard (not high
pressure) sealant extrusion gun. Do not fit the cartridge with a nozzle. Hold the gun
perpendicular to the surface with the cartridge opening pressed against the groove edges. Inject
the sealant, moving the gun along the groove at a rate sufficient to continuously fill the channel
groove. If the dam has not yet been installed, terminate prepacking within 1 in (25 mm) of

area(s) wh

ere a sealant dam will be installed.

Once the @
a plastic (o
Ensure thg

Appropriat
sealing, m
sealant co

Once all f4
requiremel
with a high
3to5in (7

Equipment f
from standarf
names and 1
types of equ
used, it is nd
sealing oper

The Grover 1
70-to-1. Sin
6,000 psi (13
-- from apprd
The regulatg

hannel has been filled, trowel the prepacked sealant level with the gn
r other nonmetallic) scraper. If necessary, fill voids or low spots With
t all corners are filled. Solvent clean excess sealant from adjacent

b sealing operations, including (but not limited to) fillet sealing and f:
Ist be accomplished on joints and overlap edges of lower skins, usi
nforming to MIL-S-8802 or AMS 3276.

steners and fittings are installed in accordance with applicable engi
nts, the assembly is ready for injection of channel sealant. Channel

-pressure injection gun through externalports spaced at intervals of
6 to 127 mm).

br Groove Injection: Equipment-used for injecting channel sealant ig
d sealant extrusion guns used, for example, in fillet applications. S¢
nodels are mentioned as examples of the aerospace industry’s mos
pment necessary to perform this task. Although this equipment is t
t the only equipmentithat is available and capable of accomplishing
htions.

223 injection-gun (see Figure 33) magnifies the plant air pressure |
,790 t0-41,369 kPa), factory air pressure must be regulated to a low

ximately 80 to 90 psi (552 to 621 kPa) to approximately 25 to 60 psi
r€cemponent of the Grover injection gun allows full-line pressure to

oove edges using
channel sealant.
mating surfaces.

hying-surface
ng fuel tank

neering drawing
ealant is injected
approximately

radically different
bveral brand
t-widely-used

ne most-widely-
groove-injection

y a ratio of

Ce tip injeetion pressures required for the various groove sealants range from 2,000 to

er pressure range
172 to 414 kPa).
hccumulate within

the chambe

, and It regulates the pressure 1or controlied injection or noncuring

roove sealant.

Tip pressures are kept under 3,000 psi (20,684 kPa) [air pressure at 27 to 29 psi (186 to 200 kPa)]
for thin-skinned aircraft, but can be as high as 6,000 psi (41,369 kPa) for heavier-winged aircraft. It
is critical to the success of sealant application that the operator be acutely aware of the limitation
on line pressure since the structure can be damaged, panels can be distorted or rippled, and
sealant can be forced into the tank itself.
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(e

175"

S S
13”

FIGURE 33 - Grever # 223 High Pressure Injection Gun
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FIGURE 34 - SEMCO Model # 510, High-Pressure Injection Gun
11.2.2 (Continued):

The Grover #223 gun utilizes a #226358.SEMCO cartridge adapter to permit use of a 6-fl 0z

(177 mL) plastic cartridge of channeksealant. The Courtaulds Aerospace SEMQO Model #510
injection gun (see Figure 34) provides a 110-to-1 ratio of line pressure magnification. The Model
#510 injectign gun is fitted with a‘regulator for adjusting to viscosities of various ¢hannel sealants
and for controlling tip pressure; it can accept 6, 8, or 20 fl oz (177, 237, or 591 nL) cartridges of
channel sealant, and it prevides a continuous bead of material when actuated. Line pressure limits
must be a p4rt of the process instructions to ensure that design structure channgl width and cross-
section, sealant viscosity, and injection gun pressure are compatible.

Another method of |nject|ng channel sealant is from equment that contains the sealant in bulk
[5gal (19 L)];T ' ' ent that pumps
fromab5gal (19 L) contamer generates 2,000 pSI (13 789 kPa) or greater tip pressure from the
pump. The application gun is therefore quite small.

The Pyles Dispenser System Model 710018-462-000 is connected to shop air pressure supply.
The equipment has a 38-to-1 pressure multiplier ratio. When the air pressure setting is 100 psi
(689 kPa) the tip pressure will be on the order of 3,700 psi (25,511 kPa); when the air pressure is
50 psi (345 kPa) the injection pressure is approximately 1,900 psi (13,100 kPa). The lower
pressure is used for injection sealing of thin carbon-fiber-reinforced epoxy (composite) skins to
metal or carbon-epoxy substructure.
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11.2.3 Injection of Channel Sealant: The injection procedure can be started at any point on the fuel tank.
Applicable materials and processes specifications or engineering drawings indicate where the
injection procedure begins. The starting point is not critical. It is critical, however, that the port
adjacent to the port in which the injection fitting is installed is open for the sealant to exit, indicating
that the channel in between has been filled.

It is necessary to provide proper clamp up of the seal-groove structure during injection of the
channel sealant. Only fasteners from the injection port in use and its adjacent port are removed.
All other fasteners must be installed and tightened to specified torque values.

When remoyable (or temporary) fasteners are involved, injection fittings should e installed into
injection and exit holes. It is necessary to measure the depth of the sealant grooye and match it to
the size (depth) of the port’s injection fitting. Some permanent fasteners have alset screw in the
fastener; thig set screw can be removed when attaching the injection fitting.

Injection fittings are installed and torqued so that the slot in_the fitting is aligned wjth the direction of
the sealant groove, being careful not to exceed the torque-range for the fitting. ith the adjacent
exit hole opgn, the gun is attached to the injection fitting and the sealant flow started. When
sealant appears at the level of the skin or spar, or atthe bottom of the countersink, the sealant flow
is stopped. The injection fitting is then installed inthe hole previously used for sgalant exit and the
next adjacerft fastener is removed to permit exit.6f sealant when the process is dystematically
repeated. Cpntinuity is thus ensured, port to-port.

The sealant pun is hand held and pressed against the injection fitting while sealant is injected.
Fixtures are jalso available for supporting the weight of the gun when overhead garts are injected.

Some noncuring sealants are &tiff when cold and extrude at a much lower rate, groducing more
back pressure. Local heatingof the structure with heating pads will aid in movement of the
sealant. Oncge the sealing-0Operation is completed, all accessible excess sealant{should be
removed from the tank's.interior and exterior surfaces.

Fasteners used.indaddition to those in the groove path must be of the self-sealing type (O-rings)
and capable|of‘being replaced from the outside of the tank.
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12. LEAK REPAIR:

12.1 Repair Philoso

phy:

During initial manufacture, leaks are repaired when discovered. During the aircraft’s service life,
repairs may be noted; but they may be deferred for action at the time of scheduled maintenance. If
the leak is significant, it may be downgraded by use of a temporary repair, with permanent repair
deferred until the time of scheduled maintenance. If a significant leak cannot be downgraded to a no

leak or small I

Temporary ref
Such a repair
tank.

Leaks are cau
environment W
fasteners. Thd
barrier structu
the field is mo
dimensions; ai

Fuel tank leak
way. Internal,
than external |
leak.

12.2 Leak Classific

The severity o

A - slow sdg
B - seep;

pak condition, the aircraft must be grounded.

S
L

5ed by design deficiencies, material deficiencies, gp@or workmanship
b most common leak sources are non-self-sealing fasteners penetr
nd repair personnel must recognize theudifferences in the sealing req
type of fastenqr.
5 have been classified by the military and by commercial industry in

baks. Rate of leaking issahother element used for determining the s

airs are made to the outside of the integral fuel tank sometimes-wit
an never be accepted as a permanent repair. Permanent.repairs ar

hich can produce bond failures, structural cracks, corrosion, and lod

e. Proper initial sealing of all fasteners is imperative. Repairing le
e difficult, since some types may requirg_ somewhat different sealing

=

nonvented leaks are moré.sérious than internal vented ones, which

htion:

f aircraft fugl tank leaks is categorized by the U.S. Air Force as follo

ep;

out defueling.
e made inside the

, and flight
sening of
ing fuel tank

jtking fasteners in

contours and
uirements of each

much the same
are more serious
eriousness of the

C - heavy Seep;
D - running leak.

oo oW
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12.2 (Continued):

These leaks are classified as described in the following paragraphs. The level of action to be taken

depends upon

the magnitude and location of the leak.

Following are the three levels of action:

a. A and B are essentially the same - the small leak is documented to be periodically inspected for
leak growth. Under level A, it is not mandatory to repair when the tank is opened for inspection

or other re
b. Under leve
opened for
c. LevelCre

Level A or

Slightly differe
and JP-8 are

Further inform
document:

Mahoney, J. W
Rockwell Nort

12.3 Temporary Re

External repai
repairs are de
permanent req

12.3.1 Aluminum F
foil patch. T
necessary it

pair.

| B, repair should be scheduled when the aircraft is down for mainten
another inspection or repair.

uires documentation and repair to a no-leakage or small-leakage g
Level B.

Nt stain areas and drip rates are spelled out for AY-Gas and for JP-5
ategorized the same.

ation concerning fuel tank leak classifications can be obtained from

N American Aircraft Operations,A.0s Angeles, CA, December 1987.
pairs:

s are considered temporary. Groove-injection repairs are permane

il Patch Kit: Leaking fasteners are repaired most effectively by app
his pateh.is bonded with an extra-fast-setting epoxy or polysulfide s¢
bms.afe provided in a kit (see Figure 35).

ance or when itis

ondition --i.e., to

and JP-8. JP-5

the following

., et. al., AFWAL-TR-87-3048, "Aircfaft Integral Fuel Tank Design Handbook,"

\t. Temporary

signed to downgrade the leak classification to a flyable condition untjl scheduled
airs can be accamplished. Several types of patch kits are available.

ying an aluminum
balant. All of the

Defueling th
follows:

alrcrart IS not necessary I a 1ast-setting epoxy IS used. [he proce

ure for use is as
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12.3.1

12.3.2

Clean the fastener area with MIL-C-38736 cleaner.

NOTE: Do not remove the original sealant topcoat on the fastener before applying the patch.

Use a patch cut from the 0.002 in (0.05 mm) thick aluminum foil supplied in the repair kit. The

diameter should cover the head of the fastener and extend 1/2 in (12.7 mm) beyond the head

Clean the surface of the foil patch with MIL-C-38736 cleaner.
Mix and apply the quick setting epoxy to the cleaned side of the aluminum patch. Apply itto a

5 0.015 to 0.020 in (0.38 to 0.51 mm).

b patch into place over the fastener head. Hold in place with the-kit
p: approximately 15 min at 75 °F (24 °C).

N: Do not heat to accelerate cure. Heat curing causes the-epoxy to 4

e the patch (when a permanent repair is to be made, heat the patch
1 °C) with a heat gun. Use a plastic scraper to pry~Up the patch. U
femove the patch. Heat and scrape until epoxy‘is removed.

two-component polysulfide sealant is used In place of fast setting e
5t be defueled to a level below that of thefeak. Proceed as above.
lied, apply heat to the patch using thetheat applicator in the repair K
roximately 30 min at 140 °F (60 °C)” At temperatures below 50 °F
surface around the fasteners for,approximately 3 to 5 min before af

(Continued):

1.

2.
of the fastener.

3.

4,
thicknesg

5. Press th{
Cure tim

6. CAUTIO
fail.

7. Toremo
(93 to 12
pliers to

NOTE: |If 4

mu
apy
apf
the
Injection-of §

fasteners ca
single-comp
MIL-S-46164

bealant Around Flush Fasteners: Temporary repair of fuel tank seals
N be accomplished, witheut defueling the air vehicle, by injection of
bnent, anaerobic, thread-locking compound that conforms to the req
. After the area surrounding the fastener has been cleaned, includi

paint, injection is performed‘at a pressure of approximately 900 psi (6,205 kPa).

After the Compressed-Air Injector Kit has been used, the head of the fastener is

aluminum ta
approximate

be andthe sealant is heat-cured to stop the leak. Heat-curing is pe
y 516,210 min, with the heating iron set at 140 °F (60 °C).

fixture provided.
ecome brittle and

to 200 to 250 °F
5e needle-nosed

boxy, the aircraft
After the patch is
it. Cure for

10 °C), preheat
plying the patch.

hnt on flush
il
uirements of

ng removal of any

covered with
formed for

NOTE: Wh
rep

en the aircraft employs BUNA-NSeals in faying surfaces, high-pressure injection

air should not be used.

The equipment required is a part of the kit and includes a position locator, suction cups, cylinders,
and jacks for holding the assembly to lower-wing surfaces. After the sealant is cured, the tape is

removed.
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12.3.3 Application d
requires cled
ketone (MPK

a. Use Oylt
b. Firmly af
c. Remove

12.4 Permanent Re

Depending on

can be made With polysulfide or’polythioether sealants. Other repairs not achieva

injection or by

Permanent rej
sealing. Desig
fasteners arou

FIGURE 35 - Aluminum Foil Patch/Kit
(National Stock No. 4920-450-6925)

f Quick Hardening Material: A simple method-for temporary repair
ning the surface around the fastener withdmethyl ethyl ketone (MEK
), then applying a material that will harden over the fastener head.
te Stik (Air Force ID is D-103). Soften it by dipping the end into ME
ply the quick-hardening materiabaround the fastener head until the
excess material with a plasti¢-scraper or spatula.

pairs:

access intg)the tank can be done only by disassembly.

airs afe generally made from inside the tank; exception to this is gr
ns ‘onvsome military airplanes include a channel (or groove) betwee

bf fastener leaks
) or methyl propyl

K;
leak stops;

the degree to which access into the fuel tank is possible, permanent sealant repairs

ble by groove-

bove-injection
n double rows of

nd.-the perimeter of the fuel tank to allow future repair by injection.

Each leak requires a leak path analysis to identify the leak exit point, the leak path, and the leak
source. The appropriate aircraft sealing engineering materials and processes specification,
technical manual, or technical order will identify sealants used on the structure, fasteners, access
doors, and components.
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12.4 (Continued):

Types of fuel tank seals made with curing-type sealant are:

a.

any other opening.

b.

Prepack and injection seals - Inject if possible and add a fillet seal around the periphery and at

Faying surface - Disassembly would be necessary. Normally leaks are repaired using fillet seals.

In some cases hollow bolts can be used for injecting faying-surface sealant to effect repair.
Apply manual pressure to prevent panel distortion. The fastener is then reinstalled and sealed.

Fillet Seals
ends to an
adhesion
Brushcoats
deposited.
Hole and s
Overcoat §

1.

-

Multipl
free.

Class £
applied
Class |

2.
3.

With any of the
resealing.

12.4.1 Leak Path A
and aleak e
many feet th
leak path an
drawings an
from exit to 4
prerequisite
identified an

- Repaired by removal of the fillet in the affected area, then taperin
angle of approximately 30°. Abrade 1/2 in (12.7 mm) on each-énd,
romoter, apply brushcoat Class A sealant, then apply the fillet:

5 - The brush coat is recommended for fillets; and it is applied beforg
It is never applied over fillet seals as a leak repair.

lot - Repaired by removing old sealant and seals, thenreapplying s¢
beals - As previously mentioned, the following four-approaches are 2

b layers of Class A material if each layer is applied after the prior lay

\ sealant layer followed by a layer of Class’B sealant. The layer of
after the Class A sealant is tack-free.
B material applied alone.

halysis: There is a leak.source inside the tank, a leak path to the ol
it point. A leak cantoccur directly through a fastener hole to the outs
Fough crevices in assembled structure before appearing at an exit p
hlysis consistsof associating the leak exit to the leak source. Study
] the method-by which it was sealed can give valuable clues as to th
ource. -Locating all leak exits and tying them to their leak sources is
to making permanent repairs. When the tank is opened, all the leak
] repaired and other defects corrected to make the total effort cost €

g the remaining
clean, apply

b the fillet is

balant.
\cceptable:

er surface is tack

lass B material is

pse approaches, it is recommended that adhesion promoter be applied prior to

tside of the tank,
ide or it can travel
pint. The task of
pof the tank design
e probable path

b a necessary
sources must be
ffective. For this

reason, the \

ale of leak pafh nnalyeic cannot he overstated

12.4.1.1 Finding the Leak Exit: The following four widely used methods are used for determining the

location of

1.

a leak exit:

when wetted by fuel; Zyglo-dyed fuel is detectable with UV light;

2.
3.

Application of torn paper (absorption of fuel on the paper reveals a leak);
Tank pressurization with gas -- i.e., helium, argon, ammonia, or nitrous oxide -- with outside

detection using soap solution.

Addition of Zyglo dye or red talcum powder to the fuel; red talcum powder turns bright-red

The currently-used method is Zyglo-dyed fuel [see 12.4.1.1, item (1)], followed by inspecting for
fuel leaks with ultraviolet (UV, or black) light.
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12.4.1.1 (Continued):

Recommended Methods:

1. Addition of Zyglo dye or Red Talcum Powder (see Figures 36a and 36b):

a. Conditions: Usually performed on external surfaces of fuel tank, prior to defueling, where
fuel leaks are observed or suspected. The Widger Chemical Dye-Lite leak detection

fue
fuel;

the

specifications for the UV lamp.

(1)

(2)
3)

(4)
(5)
(6)

2. TornP

Conditi

a. Re

(1)
(2)
3)

(4)

one such dye is caIIed Zyglo. The exterior is then examlned with

method of dispersing it in the fuel, the time before UV detegtion scg

Strip excess sealant from exterior fuel tank surfaces, including sear
suspected area.
Wipe off the leak area thoroughly with cotton wipes (3 to 4 changes
Blow out all seams and corners with compressed air 100 psi (689 kH
hold the nozzle at least 0.5 in (12.7 mm) away from sealant and fug
Dust immediately; using a thick camel’s hair brush or aerosol dust S
powder will turn bright red.
Observe long enough to detect sequence in case other potential leg

method was used, wipe-off-remaining talc.

hper:

ons: Used only external to the tank, prior to defueling.
commended-Method:

Strip exterior fuel tank sealant from structural seams in suspected &
Wipeloff the leak area thoroughly with cotton wipes (3 to 4 changeg
Blow out all seams and corners with compressed air 100 psi (689 K

the Zyglo dye is used, observe@ny fuel leaks using UV (black) light|.
Identify the leak exit point (of-exit points) with a marking pencil; if talc application

system has been adopted by several major alrframe manufacturers and air carriers for

is added to the

the light.
Prgcedures control the concentration of the dye -- which is approximate

ly 2%, by volume,
nning starts, and

ns, in the

or turns).

a) maximum; and
| tank structure.
pray. Wetted

k exits appear. If

irea.

or turns).

Pa) maximum:

hold nozzle atTeast 0.5 in (12.7 mm) away from all sealant and Stru
Apply fuzzy edge of absorbing type of torn paper to suspect area.

ctures.

(5) Move fuzzy edge of paper gradually along surface of the suspect area.

(6)

Mark the spots where liquid is absorbed.
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