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1 .  SCOPE: 

This Aerospace Information Report (AIR) presents preferred practices for 
sealing and repairing integral fuel tanks. It addresses several basic fuel 
tank designs as they are currently found in practice and 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. 
entitled Aircraft Intearal Fuel Tank Desian Handbook, AFWAL-TR-87-3078. 

Such discussions can be found in the Air Force sponsored handbook 

The basic goal in sealing an integral fuel tank is to produce a system that 
i s  leak-free for the long term under the environmental and operational 
conditions expected. Factors that can influence the outcome are: 

a. How well the basic design lends itself to good sealing (accessibility; 
minimal movement; other design factors) 

b. The choice of sealant; where it is applied; how it is applied 
c. How well the substrate surface i s  prepared 
d. Whether the thickness and contour of sealant fillets and coatings are 

optimum for the configuration and flight dynamics 
e. The degree of resistance of the sealant to the fluid and thermal 

environment 
f. The degree of "insurance" employed (adhesion promoters, top coats over 

sealants, etc.) 

Sealing the tank is a prime consideration. Sealant fillets inside the tanks 
are considered to be primary seals. Of nearly equal importance is corrosion 
control. Sealants are used for both, but the purpose of use should never be 
confused. It is generally accepted, for example, that a major purpose of 
faying-surface sealing is corrosion control. The faying-surface seal is not 
considered to be a primary seal except in adhesively sealed systems. 
indeed plays an extremely important role as a secondary seal. It limits the 
length of a leak path and is a permanent, stable, and essentially 
dislodgeable, protected seal sandwiched between two surfaces. Extensive use 
is highly recommended. 

It 

Sealing philosophies differ within industry and government. There is, 
however, far more agreement than dispute. Where serious differences in 
philosophy prevail, they will be noted. If a particular approach appears to 
be clearly more protective, keeping time and costs in mind, it will be 
identified as a preferred method. 

This document is a distillation of the considered opinions of a broad 
cross-section of experts in the private and public sector. The user is free 
to consider the options and plot his individual course from, perhaps, a 
somewhat more informed position. 

SAE A I R * 4 0 b ï  9 0  W 8357340 005Lb74 b W 
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' 2. SEALING PHILOSOPHY: 

2.1 Sea linu Basic St ructura 1 Confiaurations: The ultimate goal in sealing fuel 
tanks is to preclude the existence of leaks for the long term and to avoid 
the intrusion of moisture that can cause corrosion, Most designs fall short 
of this goal requiring that periodic repairs be made. 

Integral fuel tank designs fall into two basic categories: those with full 
access to the interior of the tank and those with limited access. Those in 
the latter category are repaired either by injection of channel sealants 
from the exterior; by retightening or replacing certain types of fasteners 
from the exterior; by gaining access to the interior of the tank; or by 
disassembling the tank as necessary to reach the leak source. 
with the exception of channel sealing, is done on the inside of the tank. 
Factors to be considered in sealing integral tanks for the two basic types 
are given in the fol lowing paragraphs. 

Des i ans Providinu Inte rior 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 to 
produce corrosion. 
potential source of corrosion.) It is generally accepted by the industry 
that the primary seal plane is formed by sealant applied inside the tanks 
at seams, lap edges, and fasteners. 

Fay-surface sealing is also considered most important, limiting the length 
of leak paths, containing the fuel, and preventing corrosion. 
essential adjunct to fillet sealing to produce a dependable, sealed system. 

fasteners) at tank boundaries should be wet installed and overcoated. 
Several major companies do not wet seal slug rivets or interference fit 
fasteners. 
installed with a curing-type sealant. Fasteners and fastener holes shall 
be solvent cleaned when possible before installation occurs. Automatic 
installation sometimes precludes this step. Dry film lubricants need not 
be removed but adhesion promoters must be applied before wet 
installation. It is mandatory that cadmium fasteners be coated with 
epoxy before adhesion promoter is applied. 
coatings need not be removed provided adhesion promoter is used. 
MIL-L-23398 coating, on the other hand, must be removed and adhesion 
promoter applied.before sealant application. If a dry film lubricant is 
not removed, nor treated with adhesion promoter, it must be specifically 
tested for sealant adhesion. Corners and joggles shall be injected or 
wet packed except at a junction where three planes meet. 
shall be fitted with suitable reinforcement such as corner fittings or 
screens. Surge boxes and vent boxes should be sealed on both sides. 
Both sides of common fuel/pressure bulkheads should be sealed. 
joints, lap joint, and seams should be fillet sealed. 

All sealing, 

2.1.1 Leak paths found in interior access 

(Moisture from combined water in the fuel i s  also a 

1 

It is an 

2.1.1.1 Fasteners and JO ints: All fasteners and rivets (even interference fit 

A1T fasteners that penetrate dissimilar metals must be wet 

MIL-L-8937 and MIL-L-46010 

Such a location 

All butt 

1 
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2 .1.1.2 Favina Surfaces' Fay-surface sealing should be employed on all lap 
joint surfaces in the-fuel tank boundaries and under all attachments to 
the fuel tank. Some major examples include: 

a. Skin to stringer interfaces 
b. Web to spar chord 
c. Spar chord to wing skin 
d. Surface under any attachment to the skin 
e. Shims installed in faying surfaces i 

After faying-surface sealant is applied and the two surfaces are pulled 
together in a 100% squeeze-out (i.e., the squeeze-out should be 

when still wet, the surface cleaned, and a fillet of a fuel-resistant 
sealant applied around the periphery. To simp1 ify the manufacturing 
process, preassembly sealing should be done to the greatest extent 
possible. This would include the application of fillets around faying 
surfaces on subassemblies so that 90% of the sealing is complete on 
assembly. Remaining fillets are then applied. Pressure testing of 
faying surfaces of an assembled tank before fillets are applied reveal 
the effectiveness of the faying-surface seal. Repairs should be made, 
not by. disassembly of the fayíng surface, but by fi 1 let sealing the 
edges. Some of the subassemblies that are often "preassembled sealed'' 
include: upper and lower wing panels, front and rear spars, all 
intermediate bulkheads and webs, and booster pump cover plates. 
Injection sealing can also be a form of "during assembly" sealing, 
Where possible, sealants should be injected while the faying-surface 
sealant in these locations is still in an uncured state. Final assembly 
sealing includes injection seals, hole 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 and the sealant should cover a 
minimum of 0.250 in (6.35 mm) on either side. It is important to note 
that a significant number of companies do not fillet seal subcomponents 
until after the final assembly pressure test for the very reason of 
monitoring sealing effectiveness. 

-continuous around the entire periphery), the excess sealant is removed 

2.1.2 Desiuns Providinu Limited Access : Two types of  integral fuel tank designs 
The groove- or channel-sealed design and the provide only limited access: 

adhesive-sealed design. 

2.1.2.1 Consideration in Groove- or Channel-Sealing: Groove- or channel-sealed 
designs incorporate a continuous groove or channel in the faying surface 
around the entire seal plane of the tank. This allows injection of 
noncuring sealant from the outside by means of a series of ports spaced 
at 3 to 5 in (76 to 127 mm) intervals. Some groove designs have the 
groove adjacent to a fastener row or between two rows of fasteners; 
others have the groove in-line with the fasteners, surrounding each with 
seal ant. 
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SEAL REQUIRED /7- AT SKIN 

SEAL NOT 

I N  TANK 
R I B  OR SPAR 

FIGURE 

2.1.2.1 (Continued): 

- ..-- . 

SEALING HEAD, "HI-TORQUE" CRES (125 ksi (862 MPa) FSU) 

. 
SCREW-ÄSSEHBLY CLOSE TOLERANCE - i o 0 0  CISUNK 

COMPLETE MFGR'S 
DETAIL PART NO. 
DEPRESSED ,010 

X.POSITION OPT. r ~ N O R I N A L  GRIP 2 .O10 

.CHAMFER 

\ T  THREAD ROLLED 
AFTER HEAT TREAT 
M. HAJOR 
DIA. SHALL aE 0.225 
LESS THAN SHANK D I A .  

Y 

The groove design offers d i s t i n c t  advantages i n  thin-winged a i r c r a f t  
where I n t e r n a l  access i s  ex t remely  l i m i t e d  or impossible. This design 
of fers a major advantage to  c a r r i e r  a i r c r a f t  s ince repa i r s  can be made 
qu ick l y  under b a t t l e  condi t ions using on ly  a high-pressure sealant 
i n j e c t i o n  gun. The f u e l  tanks need no t  be emptied to  r e p a i r  the leak. 
This design i s  selected for  other  a i r c r a f t  due to  the s i m p l i c i t y  o f  
maintenance and r e p a i r .  

Grooves are machined i n t o  aluminum or t i t an ium a l l o y  component pa r t s  of  
the f u e l  tank fay ing  surfaces; they are molded i n t o  carbon epoxy, 
carbon-bismaleimide, or o ther  composite par ts .  Fastener spacing i n  the 
channel groove i s  a maximum of s i x  t i m e s  the diameter o f  the fastener.  
The minimum diameter s ize  of fastener  used i n  channel seal grooves i s  
0.250 i n  (6.35 mm). 

Ribs t h a t  do no t  assemb 
s t ruc tu re ,  do no t  norma 
fasteners are used (F ig  
are o f  the se l f -sea l ing  
outs  i de. 

e to  sk in  sp l ices,  bu t  which form the i n t e r n a l  
l y  requ i re  channel seal i ng. Sel f -seal  i ng 

Fasteners not  located i n  the groove path 
type and can be t ightened or replaced from the 

1). 

The s ize  o f  the. groove, the distance between the i n j e c t i o n  por ts ,  and 
design features t h a t  can i n h i b i t  the flow o f  sealant through the groove 
are f a c t o r s  r e l a t e d  t o  design t h a t  g r e a t l y  a f f e c t  the ease o f  sea l ing  
and, eventually,- seal i n t e g r i t y .  I n  many groove designs, j o i n t  
i n te rsec t i ons  produce voids or open spaces i n  the groove l i n e .  
Res t r i c t i ons ,  c a l l e d  dams, made o f  p o l y s u l f i d e  sealant (MIL-S-8802 or 
MIL-S-83430) are formed i n  place to  preserve the c o n t i n u i t y  of  the 
groove. The conf igura t ion  of  the dam includes chamfered lands a t  the 
ends. 
p l  ace. 

Metal c l i p s  or re ta ine rs  may a l s o  be used to  ho ld  the dams i n  
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2.1.2.1 (Continued): 

L i q u i d  shims made o f  p o l y s u l f i d e  or epoxy or adhesively bonded i n t e g r a l  
shims are used t o  improve the basic f i t  and may be used i n  i n t e g r a l  f u e l  
tanks unless s p e c i f i c a l l y  p r o h i b i t e d  by design engineering. Gaps must 
be con t ro l l ed  to  0.005 i n  (0.127 mm) maximum. 

Sealant-related f a c t o r s  concern both a p p l i c a t i o n  (processing) and 
(operat ional  1 performance. Flow c h a r a c t e r i s t i c s  are important. Though 
i t  i s  noncuring, the groove sealant mus t  seal a l l  gaps and stay i n  
place, y e t  be i n j e c t a b l e .  I f  the v i s c o s i t y  i s  too low, separation o f  
f i l l e r  from the sealant can occur, espec ia l l y  under h i g h - i n j e c t i o n  
pressures, r e s u l t i n g  i n  sealant f l ow ing  i n t o  the tank. Bead- f i l l ed  
sealants appear to  flow wel l  and l o g  jam to  f i l l  l a r g e r  gaps. 

Sealant i s  i n j e c t e d  a t  pressures o f  several thousand p s i  by sealant guns 
designed t o  ampl i fy  p l a n t  a i r  pressure of  80 to  100 p s i  (552 t o  689 kPa) 
anywhere from 40 to  110 times. I t  i s  possible to  damage the s t ruc tu re  
or d i s t o r t  the skin,  l o s i n g  sealant i n t o  the tank i f  pressures exceeding 
design s t r u c t u r a l  l i m i t s  are used. Minimum design thicknesses fo r  tank 
components i n  the area o f  the channel seal are as follows: 

a. Aluminum a l l o y s  0.190 i n  (4.8 mm) 
b. Titanium a l l o y s  0.160 i n  (4.1 mm) 
c, Carbon epoxy composite 0.190 i n  (4.8 mm) 

Pressure regulators  on high-pressure channel sealant i n j e c t i o n  guns are 
essen t ia l .  Sealers must be made aware of  the i n j e c t i o n  pressure 
r e s t r i c t i o n s  for the p a r t i c u l a r  design they are serv ic ing.  
sealant can be extruded w i t h  as l i t t l e  as 40 p s i  (276 kPa) i n p u t  
pressure from p l a n t  a i r ,  using a 70:l r a t i o .  

Common f a i l u r e  mechanisms causing leaks i n  channel-sealed a i r c r a f t  
include: 

a. Excessive mismatch of  pa r t s  (greater than 0.005 i n  (0.127 mm)) 
b. Large j o i n t  de f l ec t i ons  
c. Thermal expansion and con t rac t i on  o f  both s t ruc tu re  and sealant 
d. Chemical degradation 
e. Fuel swell o f  sealant 
f. V ib ra t i on  
g. Corrosion 

Groove 

P a r t i c u l a r  a t t e n t i o n  must be given to  the se lec t i on  o f  channel sealant 
to  ensure good performance w i t h i n  the design con f igu ra t i on  and 
operat ional  environment expected. 
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2.1.2.2 Considerations i n  the Adhesive Sea 1 i nu o f  Tanks: Adhesive seal i n g  o f  

f a y i n g  surfaces o f  an i n t e g r a l  f u e l  tank w i t h  a s t r u c t u r a l  f i l m  adhesive 
requi res p a r t i c u l a r  design c h a r a c t e r i s t i c s  and special  processes and 
equipment. Mating surfaces must no t  mismatch by more than 0.015 i n  
(0.38 mm). Tool ing must be proofed and v e r i f i e d  p e r i o d i c a l l y .  A f t e r  
the f i l m  adhesive i s  appl ied, there must be a f u l l  clamp up of  
s t r u c t u r a l  fasteners to  produce the necessary bonding pressure. 
e n t i r e  u n i t  must be placed i n  an oven for  the cure of  the adhesive a t  
300°F (149°C) f o r  approximately 2 h. S t r u c t u r a l  voids a t  f u e l  tank 
boundaries are f i l l e d  w i t h  p o l y s u l f i d e  sealant a f t e r  the oven cure i s  
complete. Lock bo l t s ,  threaded fasteners, and crimp p ins are i n s t a l l e d  
w i t h  the seal washers on the f u e l  side. Some designs inc lude a channel 
or groove between double rows of fasteners around the tank to  provide 
for  a f u t u r e  means o f  r e p a i r  by i n j e c t i o n .  I f  p a r t i a l  access i s  
possible,  r e p a i r s  can be made to  the extent  poss ib le  w i t h  
po l ysu l f i de -cu r ing  sealants i n s i d e  the tank. Other r e p a i r s  no t  
achievable by groove i n j e c t i o n  or by access can o n l y  be done by 
disassembly. 

The 

2.2 Redundancy i n  Seal i n u  - Insurance: 
serious o f  i n t e g r a l  f u e l  tank problems and a very expensive i tem o f  
operat ional  maintenance and repa i r .  A seal ing p lan  t h a t  maximizes 
redundancy can be a source o f  great  savings dur ing the operat ional  l i f e  o f  
the a i r c r a f t .  Several methods for  in t roducing redundancy i n t o  the seal ing 
p lan are given i n  the f o l l o w i n g  paragraphs. 

Fuel leaks have been one o f  the most 

2.2.1 

2.2.2 

2.2.3 

Fayina Surface Seal ing: Some companies use faying-surface seal ing more 
extens ive ly  than others.  
as possible.  I t  no t  on l y  insures a good seal and minimizes corrosion, but  
i t  shortens leak paths, thus, making repa i r s  eas ier  and less expensive. 

I t  i s  s t rong ly  recommended for  as extensive use 

Wet I n s t a l l a t i o n  and Overcoatinu o f  Fastene r s :  Fasteners are the 
p r i n c i p a l  sources of  leaks. An i n v e s t i g a t i o n  by the AFWAL F l i g h t  Dynamics 
Laboratory i n  1983 (Wright Patterson AFB, Ohio) revealed t h a t  even w i t h  
i n te r fe rence  f i t fasteners,  unless an in ter ference o f  a t  l e a s t  0.003 I n  
(0.08 mm) i s  present, acceptable seal ing by the fastener  alone could not  
be expected. Add to  t h i s ,  the f requent occurrence o f  out-of-round holes 
and o the r  manufacturing g l i t c h e s ,  and the value o f  wet i n s t a l l a t i o n  o f  
fasteners and overcoat ing o f  fasteners becomes an evident and inexpensive 
form o f  insurance. Overcoating can be accomplished by apply ing m u l t i p l e  
brushcoats, by apply ing a brushcoat fo l lowed w i t h  an extrudable B 
overcoat, or by the a p p l i c a t i o n  o f  a B coat alone. 

F i l l e t  Sea l i n a  - Extrudable Seala n t  ( B I  ove r Brushable (A ) :  
i s  being questioned i n  many quarters,  arguing t h a t  i f  the class B sealant 
i s  appl ied proper ly ,  the c lass A sealant i s  no t  needed. The f a c t  remains 
t h a t  the c lose a t t e n t i o n  given to  the a p p l i c a t i o n  o f  c lass A mater ia l  
around a l l  fasteners,  j o i n t s  and seams ensures t h a t  leak paths are 
closed. The heavier c lass B type sealant, appl ied w i t h  equal care, 
provides the thicknesses necessary f o r  p r o t e c t i o n  against  j o i n t  movement, 
temperature cyc l i ng ,  and poss ib le  mechanical impact. Recent t h i n k i n g  
favors the use o f  an adhesion promoter i n  place o f  the brushable c lass A 
sealant, then a p p l i c a t i o n  of c lass B-type extrudable sealant. 

This p rac t i ce  
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2.2.4 

2.2.5 

2.2.6 

Top Coats (MIL-S-4383 BUNA N or MIL-C-83019 Polyurethane) over Fuel-Tank 
Sealant: Top coats are used by a f e w  companies. They are appl ied over 
fue l - tank sealant i ns ide  the tanks as a p r o t e c t i v e  s h i e l d  between the 
sealant and the f u e l .  Those who use i t  bel ieve i t  i s  a necessary 
p r o t e c t i o n  against the more chemical ly aggressive f u e l s  used by some 
f o r e i g n  countr ies.  Extensive i n v e s t i g a t i o n  o f  the chalk ing phenomenon 
w i t h  the USA f u e l s  by the A i r  Force Mater ia ls  Laboratory (AFML)/General 
Dynamics ind icated t h a t  even heavy chal k i  ng represents o n l y  a cosmet i c  
change w i t h  no detr imental  e f f e c t  on mechanical proper t ies.  Those who use 
top coatings reason t h a t  the damage can be s i g n i f i c a n t  on t h i n  
brushcoats. Such mater ia ls  are ava i l ab le  for  use i f  desired. These 
topcoats are designed for  long-term p r o t e c t i o n  o f  the sealant surfaces. 
Other topcoats are ava i l ab le  t o  preclude the accumulation o f  chips and 
d i r t  on the surface o f  uncured and s t i l l  tacky sealant by causing a 
tack-free surface to  form q u i c k l y  (see 10.1.5). 

Adhesion Promoters for  Po lvsu l f i de  Sea l a n t s :  
promoters w i t h  p o l y s u l f i d e  sealants for  post-assembly seals i n  f u e l  tanks 
and in-service repa i r s  have proven to  be p a r t i c u l a r l y  e f f e c t i v e .  
Extensive studies by the A i r  Force and p r i v a t e  i ndus t r y  prove t h a t  w i t h  
t h e i r  use, good bonding i s  a f a c t  i f  the substrate i s  cleaned proper ly ,  
regardless of  whether the surface i s  an o l d  polyurethane or other  normally 
hard-to-st ick-to surface. Extensive use i n  both i n i t i a l  manufacture and 
l a t e r  r e p a i r  i s  h i g h l y  recommended. 

The use of  adhesion 

Redundancy i n  Sealing Groove Designs and Adhesivelv Sea l e d  Desiuns: 
Po lysu l f i de  f t l l e t  seal ing of a l l  j o i n t s ,  voids, e t c .  i n  the lower skin 
area before the tank i s  f i n a l l y  assembled i s  s t rong ly  recommended. 
i s  a one-time oppor tun i ty  to  add redundancy to  the seal ing o f  the p o r t i o n  
of the tank t h a t  w i l l  be wet w i t h  f u e l  on a more or l ess  continuous basis. 

This 

Some companies t r e a t  d i f f i c u l t  areas i n  the upper skin by apply ing 
p o l y s u l f i d e  sealant t o  the upper f a y i n g  surfaces of  groove-designed tanks 
as a back up to  the noncuring channel sealant. Great care should be taken 
to  avoid possible b lock ing of  the channel w i t h  the sealant. I n  such 
cases, i t  i s  prudent to  assume t h a t  the squeeze-out o f  faying-surface 
sealant i s  performed successfu l ly  and completely, having no more than a O 
t o  0.003 i n  ( O  to  0.08 mm) space i n  the mating surfaces, t h a t  space being 
occupied by the faying-surface sealant. 

2.3 Composite Co n s t r u c t i o n  - Seal i n a  Philosophy: A l  1 graphi te/epoxy t o  metal 
j o i n t s  must be fay-surface sealed. 
j o i n t s .  
assembly. 
i n s t a l l e d  w i t h  co r ros ion - inh ib i t i ng  sealant. Cut edges of  fastener  holes 
should be sealed w i t h  sealant. The sealant performs an important secondary 
r o l e  as a nonconductor between the graphi te  and aluminum prevent ing galvanic 
corrosion. 

An exception - groove i n j e c t i o n  sealed 

A l l  permanent fasteners penetrat ing the composite should be wet 
A l l  graphite/epoxy to  aluminum j o i n t s  should be f i l l e t  sealed a f t e r  
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3. 

3.1 

3.2 

SUBSTRATES: 

The possible metal surfaces present within an integral fuel tank include 
stainless steel, cadmium (must be coated), titanium, and aluminum (bare or 
treated). 
or epoxy corrosion-preventing coating, (exception: 
thus, the sealant will be required to bond to the polymeric surface. When 
the corrosion-preventive coating and metal is scratched or damaged, the 
surface is smoothed, cleaned, and a chemical conversion coating is applied to 
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 i s  reapplied. If only the polyurethane coating 
has been damaged, it can be touched up with an epoxy. 
bond well to all the surfaces that might be encountered. Some companies 
merely cover the entire damaged area (after cleaning) with adhesion promoter 
and sealant. 

The surfaces, however, are almost always coated by a polyurethane 
titanium is not coated), 

Polysulfide sealants 

Composite substrates are not coated with a corrosion-preventing coating. 
This surface is scuff sanded and cleaned with MIL-C-38736 cleaner in the 
areas where sealant i s  to be applied. 

Corrosion-Preventive Coat inas: MIL-C-27725 fuel-resistant polyurethane 
corrosion-preventive coating is used almost universally to coat all of the 
inside aluminum surfaces of the integral fuel tank. 
any sealing process, such as filleting, overcoating, or void filling, is 
accomplished. It will cure enough for handling in 24 h at 77°F (25°C) and 
50% relative humidity ( R H ) ,  but will not be fuel resistant for 3-1/2 days. 
It takes 14 days to become resistant to methylethyl ketone (MEK). 

The exterior of the fuel tank is usually covered with an epoxy type 
corrosion-preventive coating such as epoxy-polyamide (MIL-P-23377). 

It is applied before 

Composi te Su rfaceg: 
future. 
present investigations regarding the bonding of sealants to composite 
surfaces; however, it is we1 1 known that graphi te/epoxy structural 
materials, with its epoxy matrix, presents essentially an epoxy surface for 
bonding. Polysulfide sealants bond well to epoxy surfaces. Current studies 
will reveal whether there will be special idiosyncrasies that ,must be 
accommodated. It has been established, however, that the composite surface 
must be scuff sanded, then solvent cleaned. The sealant should be applied 
as soon as possible although tests have shown that properly protected, the 
surface is still bandable after 30 days. 

Composites will be prevalent in fuel tanks in the 
It is beyond the scope of this document to review the status of 
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3.3 Drv Film Lubricants: In 1984, AFML tested seventeen dry film lubricants 
with polysulfide sealants for bonding characteristics with and without the 
use of adhesion promoters. 
used with manganese-dioxide-cured polysulfide sealants in order to ensure 
100% cohesive failure (tested after aging 7 days followed by 70 days at 
140°F (60°C) in JRF/salt water). While the results were not as clear cut 
with dichromate-cured polysulfides, .it left no doubt that it is highly 
desirable to use polysulfide adhesion promoters (AMs 3100) on parts 
containing dry film lubricant before the application of sealant if a good 
bond is t o  be expected. 
lubricants to which sealants will adhere. 
needed. 

It was concluded that adhesion promoters must be 

SAE AMS 3090 has been prepared for dry film 
An adhesion promoter is still 

4. su RFACE PREPARATION: 
4.1 Cleaning: It is impossible to achieve a good sealant bond if the substrate 

has not been adequately cleaned. In general, all surfaces are cleaned in 
much the same way (i.e.', first by cleaning with an aqueous, 
alkal lne-detergent cleaner fol lowed by organic solvent cleaning). In some 
cases the initial cleaning with aqueous alkaline cleaner is omitted. The 
steps involved in good cleaning practices are simple and logical but must be 
fol lowed sequentially and completely. 

a. Remove all chips and foreign material (use vacuum cleaners, not air 
pressure), 

b. Prepare an aqueous solution of a detergent such as the MIL-C-25769 
solution (superseded by MIL-C-87936). 

c. Pour the detergent solution or squirt it from squirt bottles onto 
lint-free cloths (AMs 3819) or sponges and scrub the surface, working 
from the top down, and the inside out. Stiff bristle brushes can be 
used if necessary. 

d. Rinse the cloth, brush, or sponge frequently in water (not in the 
detergent solution) to avoid the build-up of contaminants. 

e. Rewet the clothlsponge with detergent liquid and wipe until the surface 
appears c 1 ean . 

f. Using a fresh lint-free cloth, thoroughly rinse with water and give a 
final wipe down. 

g, Wipe dry with a dry cloth. Do not allow air evaporation - it would only 
redeposit dissolved materials on the surface. 

h. Repeat the cleaning process using an approved organic solvent blend such 
as MIL-C-38736: 

(1) Dispense the solvent blend from a polyethylene squeeze-bottle onto 
a clean lint-free cloth (do not dip wiper into solvent). 
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4.1 (Continued): 

(2) Clean the surface thoroughly w i t h  the c l o t h ,  t u r n i n g  i t  
f requen t l y .  Change t o  a new c l o t h  as soi l  becomes evident. 

(3) Clean from the top down and from the ins ide  out .  

(4 )  Continue cleaning. A brush may be used to  apply solvent and t o  
a s s i s t  i n  cleaning. Rinse the brush by s q u i r t i n g  b r i s t l e s  w i t h  
solvent - not by d ipp ing the brush i n t o  the solvent.  

Before the solvent has a chance t o  evaporate, r i n s e  the sect ion 
using a clean, solvent-wetted c lo th .  

F i n a l l y ,  when there i s  no f u r t h e r  evidence o f  so i l ,  wipe the 
surface dry  w i t h  a dry  c l o t h .  

(5) 

(6) 

I f  the surface i s  not sealed w i t h i n  24 h, clean i t  again. 

The MIL-C-38736 solvent blend i s  the solvent cleaner most used: 

PERCENT BY WT. 
I Y D L l  Tvpe II* 

To1 uene 

Aromatic naphtha conta in ing 

Ethy l  acetate 

Methyl e t h y l  ketone 

Isopropyl  a l  coho1 

30 pa r t s  to1 uene 

*Nonphotocherni ca l  l y  r e a c t i v e  solvent blend. 

Other solvents used successful ly .for c leaning are: 

TT-M-261 Methyl e t h y l  ketone, technical  grade 

TT-N-95 Naphtha, a l i p h a t i c  

TT-T-548 Toluene, technical  grade 

P-D-680 Dry cleaning solvent,  h igh f l a s h  

O 18.5 

50 O 

20 35.5 

20 36.0 

10 10.0 

0-T-620 Trichloroethane, -1, l . l  technica l ,  i n h i b i t e d .  

NOTE 1: Trichloroethane solvent must no t  be used on t i t a n i u m  or t i t a n i u m  

NOTE 2: Do no t  use methyl a lcohol  on t i tan ium. 
NOTE 3: 

a l l o y s  i f  the surface may see temperatures above 400°F (204°C). 
Some use i t  a t  lower temperatures. 

Local a i r  p o l l u t i o n  regulat ions should be considered i n  se lec t i ng  
solvents. 
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4.1 (Continued): 

IMPORTANT POINTS TO REMEMBER CONCERNING SURFACE CLEANING INCLUDE THE 
FOLLOWING: 

a. 

b. 

C. 

d. 

e. 

f, 

g *  

h. 

i.  

Cleaning cloths should be lint-free and snag resistant and contain less 
than 0.5% extractable material (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 theial lowable contamination levels 
of cleaning cloths. 

All solvents shall be free of particulate matter and shall leave no 
residue on evaporation. Solvents shall be dispensed from clean, 
oil-free containers. 
possibility of dipping cleaning cloths and brushes into the clean 
sol vent. 

The design of the containers should preclude the 

Some question the use of chlorinated cleaners on titanium. 

Titanium surfaces should be cleaned using both an aqueous alkaline 
detergent cleaner and an approved organic solvent blend. 

General Cautions: Be aware of possible sources of surface contamination 
in the sealing area. These should be eliminated. 
unfiltered air from ventilators, air conditioners, fans, metal chips and 
metal or plastic dust from nearby drilling or sanding, are potential 
sources. Additional sources include contamination by personnel 
transmitting soaps, oils, grease from hands and clothing; contamination 
from equipment; moi sture condensation on the surface if temperatures are 
allowed to drop while humidity is high; all are sources o f  
contamination, Finally, do not touch cleaned surfaces with bare hands. 

Wind blown dust, 

Never dispense silicone materials in the vicinity of sealing operations. 

Filtered air should be used when forced into integral fuel tanks for 
ventilation, curing, drying or purging. 

Very Important: 
24 h, clean the surface again. 

Remember: once cleaned does not necessarily mean always clean. 
doubt, clean again. 

If adhesion promoter or sealant is not applied within 

When in 

4.2 Spec ia1 Considerations Reaardina Surface Preparation: Several points that 
affect the cleanliness of the surface are worthy of mention. 

a. 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. 

b. The preparation and use of silicone material should be isolated from the 
sealing area and from the area where sealants are prepared and handled. 
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4.2 

4.3 

(Continued): 

c. Where fasteners are installed on automatic fastening machines or where 
tapered fasteners are used and detail parts cannot be disassembled after 
drilling of holes, the detail parts should be cleaned first, sealant 
applied to the faying surfaces, and the parts assembled and held 
together with sufficient clamping force to ensure intimate contact of 
the detail parts prior to and during the drilling or fastener holes. 
The permanent fasteners should be wet installed. 

d. It is acceptable to apply sealant for wet installation to fasteners 
lubricated with cetyl alcohol or lauric acid lubricant. 

Adhesion Promote rs: Adhesion promoters for polysulfide sealants were 
developed primarily to ensure adhesion to aged, fuel soaked MIL-C-27725 
polyurethane fuel tank corrosion coatings; however, they are extremely 
important in several applications and must be used properly in order to be 
effective, as indicated below: 

1. They provide excellent insurance for sealant adhesion in new aircraft 
production and are strongly recommended for thl s purpose. 

2. Their use should be considered mandatory in making in-service repairs to 
fuel tanks contai ni ng MIL-C-27725 polyurethane coatings. 

3. Receiving inspection should conduct acceptance testing in accordance 
with AMS 3100. During use, it should be periodically retested. 

In new aircraft production, some airframe manufacturers 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 the surfaces under fasteners. 

Repair of in-service aircraft dictates the mandatory use of adhesion 
promoters because the corrosion coating in the integral fuel tank is aged, 
fuel soaked, and has long since lost its chemically active groups on its 
surface. Sealants do not bond well to this surface. Adhesion promoters 
ensure excellent chemical bonding and provide an added degree of insurance 
of good bonding. 

Adhesion promoters must be kept in closed, sealed containers at all times 
except when being used. They will absorb moisture from the air readily and 
will thereby become, ineffective. If the material is transferred to smaller 
bottles for use on the line, the transfer should be made as quickly as 
possible and the bottles sealed. Small bottles with screw caps, once opened 
and in use on the line, should be discarded as follows: Red, chlorinated, 
after 7 days; Blue, non-chlorinated, after 24 h (or discarded earlier if the 
material appears cloudy). Always keep the container tightly capped when not 
removing material. It is important to know that, while absorption of 
moisture eventually renders the adhesion promoter ineffective, it is 
mandatory that some moisture be absorbed by the applied adhesion promoter to 
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4.3 (Continued): 

activate it. For this reason, the applied adhesion promoter should be 
allowed to stand for a minimum of 30 min before sealant is applied. 
humidity level is excessively low, allow 1 h before sealant application. It 
i s  preferred that a thin coat be applied without a subsequent wipe-off of 
"excess" material. 

If the 

If the sealant is not applied over the adhesion promoter within 24 h, 
reclean the surface and reapply the adhesioh promoter. The adhesion 
promoter/cleaner product is available in two versions: one in a chlorinated 
solvent, the other in a nonchlorinated solvent. It is available in bottles 
and in aerosol cans. 

5. SEALANT SELECTION: 

Integral fuel tank sealants are available in several polymer types: 
polysulfides, polyurethanes, nitrile, fluoro-or cyano-silicones, and Buna-N 
rubber. 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 lives and cure times. 
sealants found within integral fuel tanks at the present time (1988) are 
polysulfides. Several decades ago, Buna-N rubber was used as a coating over 
the fuel tank sealant. 
excellent fuel resistance of present polysulfide sealants. Fuel resistant 
fluorosilicones are used in fairly rare instances where temperatures above 
300°F (149°C) are expected on a fuel tank wall in high performance aircraft. 
Only fluorosi licones can be used to repair fluorosi 1 icones because other 
sealants will not bond well to the fluorosilicone rubber surface. Fuel 
resistant polyurethane sealants are currently in development but are not yet 
available on the market. Fuel resistant polyurethane coatings have been 
recently qualified to several commercial specifications. 

Nearly all o f  the 

This practice has been discontinued due to the 

5 . 1  Polymer Types (Cu rina-Tvpe Svste ms): 

5.1.1 Polvsulfide: Formulations used in integral fuel tanks are two-part 
materials consistlng of a separately packaged base compound and a 
catalyst. The base compound contains the prepolymer and additives that 
i nf 1 uence vi scosi ty , thi xotropy , reaction rate wettabi 1 i ty , adhesion, 
tensile and peel strength, hardness, and, in some cases, the ability of 
the sealant to inhibit corrosion when npisture intrudes. The base 
compound may also contain a pigment and/or small amounts of solvents. 
catalyst side contains the catalyst and its solvent or its inert carrier. 
The catalyst can be manganese dioxide (a black powder) or it can be a 
dichromate mixture. 

The 

The manganese dioxide is suspended in an inert organic plasticizer. The 
dichromate carrier contains water to solubilize some of the reactive 
materials. The catalyst side may also contain reaction modifiers and 
vi scos i ty modi f i ers. 

The base compound and catalyst are combined in a fixed and prescribed 
weight ratio to produce a sealant with the expected rheological and 
physical/mechanical properties. 
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are available in several 
below: 

Fuel Tank Sealant 
Fuel Tank Sealant 

(High Temp) 
Corrosion Inhibiting 

Seal ant 
Corrosion Inhibiting 

Sealant (High Temp) 
Quick Repair Sealant 
Access Door Sealant 

(Low Adhesion) 
Corrosion Inhibiting 

Access Door Sealant 
Adhesion Promoter 

for Polysulfides 

The viscosities of the D 

5.1.1 (Continued): 

Some polysulfide sealants contain corrosion inhibitors and are so 
identified in their accompanying data sheets and recognized by 
specifications designed for them (MIL-S-81733 for example). 
inhibited sealants are used primarily in the faying surfaces of integral 
fuel tanks and in the wet installation of fasteners. Polysulfide sealants 

basic types for fuel tank application as listed 

Corrosion 

MI L-S-8802 
MI L-S-83430 

MIL-S-81733 

AMS 3268 

MIL-S-83318 
MIL-S-8784 

AMS 3267 

AMS 3100 

-65" to +250"F 54" - 121°C 
-65" to +360"F 54" - 182°C 
-65" to +2OO"F 54" - 93°C 

-65" to +360"F 54" - 182°C 
-65" to +250"F 54" - 121°C 
-65" to +180°F 54" - 82°C 

-65" to +250"F 54" - 121°C 

lysulfide seal nts are several and are designed 
for specific applications as indicated below: 

BASE VISCOSITY RANGE AT 77°F (25°C) 
(POISE) 

Sprayabl e 50 - 150 

Brushable (Class A) 100 - 500 

Rollable (Faying Surface, Class C) 

Extrudable/Trowelable (Class B) 

CATALYST 

1 O00 - 4 O00 

6 O00 - 16 O00 
700 - 1 600 

5.1.1.1 Brush Coat Seala nts: The Class A type or brushable sealants contain 
approximately 12 to 16% volatiles and flow more than the B or C types 
and are used around metal fasteners and over seams and often as a primer 
coat before the application of B type sealant. Class A type sealants 
are available in application times ranging from 112 to 4 h. They are 
applied with a stiff short brush. Since brushable sealants can contain 
as much as 16% volatile solvent, at least 1/2 h must be allowed after 
application for evaporation of solvent before a top coat of any kind is 
applied. Class A sealant thickness should not be greater than 0.125 in 
(3.18 mm) to allow for solvent evaporation. 
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5.1.1.2 

5.1.1.3 

Extrudable Sealants: The class B type thixotropic sealant has no more 
than 8% of volatile materials and is used primarily for fillets, but is 
also used for a wide variety of other applications such as hole filling, 
prepacking, injection sealing, and by some for top coating of fasteners 
after the class A material has been applied. The class B material is 
available in application times ranging from 10 to 15 min up to 12 h, 
The short application time material (10 to 15 min) is highly useful for 
quick repairs especially at low temperatures; of course, at the lower 
temperatures the application time and *be cure time are longer. Most of 
the fuel tank sealing is accomplished with 2 h application time ( B  2) 
material. For repairs, 1/2 h ( B  1/21 material is used, and sometimes 
used during the winter when plant temperatures fall below 70°F (21°C). 
During hot summer months, 4 h material (B 4) is sometimes used. For 
faying-surface sealants, 4 h and 6 h materials ( 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. 

Rollable Sea lants (lonu work life and open t ime): 
contains about 10% or less of volatiles with longer application times (8 
to 48 h) and very long assembly times (ranging from 12 to 336 h) and 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 flow and "squeeze 
out''. Generally, a 0.010 to 0.015 in (0.25 to 0.38 mm) thick coating is 
applied and is subsequently squeezed out to approximately O to 0.003 in 
(O to 0.08 mm). The cure time can range from 5 to 14 weeks depending 
upon the assembly time of the product selected. 
one-part sealants cannot be used as faying-surface sealants since 
moisture would not be available for the cure once the two surfaces are 
brought together. 

The class C sealant 

Moisture cured, 

Solvent from the class C sealant evaporates during the long assembly 
time before "squeeze-out'' and surface mating occurs. If a short "open 
time" is expected, a slow curing class B sealant is used (such as a B 6, 
i.e., 6 h application time), since it has a lower volatile content - 
thus solvent would not be trapped when surfaces are mated. With any of 
the faying-surface sealants, a minimum of 1/2 h after application should 
be allowed before the surfaces are mated. 

5.1.2 Polyurethanes: Polyurethanes have not been used as integral fuel tank 
sealants, since elastomeric urethanes of sufficient fuel resistance were 
not available. Highly crosslinked and rigid coatings are fuel resistant 
and are used almost exclusively in the form of a corrosion coatings over 
the metal inside the fuel tank. Such a product is described by 
MIL-C-27725. This material has been discussed in 3.1, A polyurethane 
coating (MIL-C-83019) over sealant is mentioned in 2.2.4. Fuel-resistant 
elastomeric polyurethanes are currently in advanced development and are 
expected to be available soon. 
specific gravity products, a broad variety of viscosities and cure rates, 
and stronger materials, if desired. 

They should be able to provide lower 
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5.1.3 

5.1.4 

Fuel Resista n t  F luoros i l icones (Cu r i n a  Type) : Fuel r e s i s t a n t  
f l u o r o s i l i c o n e s  are used where temperatures up t o  375°F (191°C) might be 
expected. Peel strengths are somewhat lower than po lysu l f i des  
(approximately 10 l b / i n c h  width (1.79 kg/cm width) versus 20 to  40 l b / i n  
width) (3.6 to  7.2 kg/cm width) bu t  are adequate. 
reduced t o  approximately 2 t o  5 ï b / i n  width (0.36 t o  0.90 kg/cm width) a t  
400°F (204'0,  b u t  the bond remains i n t a c t .  The on ly  current  usage i s  i n  
the wing tank of  the F-111. A small amount i s  a l so  used i n  the F-14 
wing. A primer must be used w i t h  the f l u o r o s i l i c o n e  to  produce good 
adhesion. 
cure. Bonding t e s t s  on var ious surfaces and f l u i d  immersion t e s t s  o f  
samples bonded to  various surfaces were conducted dur ing the 1984-85 t i m e  
pe r iod  i n  studies sponsored and/or conducted by the A i r  Force Mater ia ls  
Laboratory. 

Buna-N Polymers: These polymers systems are used very i n f requen t l y  and 
on ly  as a p r o t e c t i v e  overcoat (MIL-S-4383) over the i n t e g r a l  f u e l  tank 
sealants. A t o t a l l y  d i f f e r e n t  use of  BUNA-N coatings i s  represented by 
Fi l l -and-Drain sealants. A tank I s  completely f i l l e d  w i t h  a medium 
v i s c o s i t y  (h igh v o l a t i l e  content) BUNA-N sealant. 
the tank, leav ing a coat ing over the e n t i r e  surface o f  the i n t e r i o r .  
Solvents evaporate leav ing a tough, durable coating. 
l a rge  a i r c r a f t  seal ing due to  the l ack  o f  con t ro l  o f  thickness and weight 
and d i f f i c u l t y  i n  removing cured mater ia ls  for  o the r  r e p a i r  work. Weight 
pena l t i es  r e s u l t i n g  from coat ing surfaces i n  the tank t h a t  need no 
p r o t e c t i o n  are a l s o  a f a c t o r .  

The peel s t rength i s  

The one p a r t  sealant (moisture cured) produces ace t i c  ac id  on 

I t  i s  then drained from 

I t  i s  seldom used i n  

5.2 Uncured Polvmer Svste ms for  Groo ve Desiun Sealing: Fuel - res is tant  channel 
or groove sealants are viscous, p u t t y - l i k e ,  one-part, uncrossl inked, 
nonvulcanizing polymeric formulat ions.  They must be f u e l  r e s i s t a n t ,  
se l f -heal ing and possess a tacky-type adhesion to  the groove surfaces t h a t  
prevents f u e l  from mig ra t i ng  by c a p i l l a r y  act ion.  They are produced from 
f 1 uorosi 1 i cones, cyanos i 1 i cones, po l ysu l f i des  and polyesters.  Current ly ,  
both f l u o r o s i l i c o n e s  and cyanosi l icones are used. Two m i l i t a r y  
spec i f i ca t i ons  address channel sealants: MIL-S-81323 (now cancelled) and 
MIL-S 85334 (cu r ren t  m i  li t a r y  s p e c i f i c a t i o n  (Navy)). 
microspheres) are used i n  channel sealants for  several reasons: 
thermal expansion, to  modify v i s c o s i t y ,  and to  serve as a gap plugger by 
producing a log-jamming e f f e c t .  A t y p i c a l  formulat ion i s  the fo l l ow ing :  

F i  1 l e r s  ( o f t e n  
to  minimize 

% bv weiaht 

Noncuring polymer microspheres: 90.0 
#20 to #50 mesh 6.0 
#50 to  #lo0 mesh 2.7 
#200 t o  #400 mesh 1.3 

Volume change from thermal expansion over the temperature range -65°F to  
+350"F (-54' to  +177OC) i s  on the order o f  15% w i t h  the b e t t e r  formulat ions 
and can be as h igh as 22% w i t h  some formulat ions.  Such volume changes, p lus 
volume increases of  up to  25% ( f l u o r o s i l i c o n e s )  due t o  f u e l  swell ,  create 
tremendous pressures t h a t  can fo rce  sealants through the f a y i  ng surfaces and 
can d i s t o r t  or damage s t r u c t u r a l  members. 
temperature a l s o  con t r i bu te  t o  problems i n  maintaining a sealed tank. 

Large v i s c o s i t y  changes w i t h  
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5.2 

5.3 

(Continued): 

The most common f a i  1 Ure mode 
r e s u l t i n g  from thermal expans 
j o i n t  f l e x i n g .  

SAE AMS 3376, issued i n  1985, 
proper t i es 

s gap ex t rus ion  caused by pressure bui ld-up 
on, f u e l  swel l ,  i n t e r n a l  tank pressure, and 

covers the requirements fo r  channel-sealant 

Select ion o f  the appropr iate channel sealank involves considerat ion o f  the 
f o l l o w i n g  fac to rs :  

a. 
b. 

d. 
e. 
f. 

C.  

g -  
h. 
i. 

Fuel r e s i  stance 
Resistance t o  pressure rupture 
Seal e f f i c i e n c y  and f l e x i b i l i t y  a t  low temperature 
Corrosion n e u t r a l i z i n g  or i n h i b i t i o n  
Ext rus ion fo rce  
Degree o f  tack or adhesion to: 
1 . )  Anodized aluminum 
2,) Titanium 
3 . )  Aluminum and MIL-C-27725 - Tank coat ing 
4.1 Aluminum and MIL-C-5541 
Nonvolat i le  content 
Spec i f i c  g r a v i t y  
Re in jec t i on  t i m e  

The f o l l o w i n g  acceptance t e s t s  should be conducted on each l o t  o f  channel 
sealant received: 

a. Nonvolat i le  content 
b. Ext rus ion fo rce  
c .  Pressure rupture 
d. Fuel resistance 

Sealant i s  supplied i n  both p l a s t i c  ca r t r i dges  and 5-gal p a i l s .  

Select ion o f  Po lysu l f i de  Sea l a n t  Types a nd Classes versus Appl icat ion:  
mentioned prev ious ly ,  there i s  a wide v a r i e t y  of  types and classes o f  
p o l y s u l f i d e  sealants ava i l ab le  t o  choose from, 
examples of  the appropr iate matching o f  sealant to  app l i ca t i on ,  
suggested t h a t  o ther  types and classes cannot be used. 
are appropr iate t o  the a p p l i c a t i o n  ind icated:  

As 

I t  i s  no t  
The f o l l o w i n g  t a b l e  gives 

Those given below 
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5.4 

SEALANT CLASS VERSUS USE 

Time (h) 
Use/Applicat i on C1 ass Me € hod App l i ca t i on  Assemblv 

Brushcoating o f  A-2, C-2 Brush 2 

F i l l e t s ,  Overcoating 8-2 Extrude 2 

Repai r F i  1 1 e t s  , B-1/2 Extrude 112 

Fasteners, Seams 

Fasteners 

Fasteners 
Faying Surfaces B-12 Rol 1 /Spread 12 24 

c-20 8 20 
C-80 8 80 
C-168 48 168 

NOTE: I t  i s  important to  note t h a t  the assembly t ime w i l l  vary g r e a t l y  w i t h  
shop temperature. 

Key Points  Co ncerni  nu the Cur i n a  o f  Po lvsu l f i de  Sea l a n t s :  The cure ra tes  
p o l y s u l f i d e  sealants are in f luenced g r e a t l y  by temperature and humidity. 
55°F (13°C) and 40% RH a MIL-S-83430 B 2-type sealant requi res near l y  100 
to  cure, whereas, a t  85°F (29°C) and 80% RH, the same mater ia l  w i l l  cure 
approximately 24 h. 

o f  
A t  
h 
n 

The work l i v e s  assigned t o  p a r t i c u l a r  products are s tated for  a reac t i on  
temperature o f  77°F (25°C) and 50% r e l a t i v e  humidi ty (standard condi t ions).  
P lan t  condi t ions are p r a c t i c a l l y  never a t  standard condi t ions;  thus, the 
sealant cure ra tes  w i l l  be f a s t e r  or slower than the s tated i d e a l .  A rough 
r u l e  of  thumb i s  t h a t  for  every 18°F (10°C) increase i n  temperature the 
r e a c t i o n  r a t e  w i l l  double. Experiments w i t h  v a r i a t i o n s  i n  humidi ty,  ho ld ing 
the temperature a t  77°F (25°C) showed t h a t  a B 2 sealant ( i .e . ,  2 h 
w o r k l i f e )  acted l i k e  a B 1 when the humidi ty was ra i sed  to  65% RH, and acted 
l i k e  a B 3 when the humidi ty was lowered t o  35% RH. 

A n t i c i p a t i o n  o f  weather condi t ions can permi t  the se lec t i on  o f  f a s t e r  or 
slower cu r ing  sealants t o  f i t the occasion. 
a f t e r  sealant a p p l i c a t i o n  can be accomplished by the use o f  heat lamps i f  
surface temperatures are mon1 tored c lose ly  to  140°F (60°C) or less.  
Increas ing the humidi ty a r t i f i c i a l l y  w i l l  a l s o  increase the cure ra te .  

Moderate accelerat ion o f  cure 

Changing the r a t i o  o f  c a t a l y s t  t o  base i s  no t  recommended. 
modi f icat ions are poss ib le  w i t h  some products but  on l y  under i n s t r u c t i o n s  
from the sealant suppl ier .  Large increases i n  manganese d iox ide c a t a l y s t  
b r i n g  w i t h  i t  i t s  organic p l a s t i c i z e r  c a r r i e r  t h a t  can sof ten the sealant 
and make adhesion more d i f f i c u l t .  

Such 
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6, 

7. 

7.1 

SEALANT PACKAGING: 

Two-part p o l y s u l f i d e  sealants can be purchased from suppl iers  i n  a v a r i e t y  of  
package sizes. The sizes are: 1/2 p i n t  (0.24 L), p i n t  (0.47 L I ,  quar t  
(0.9 L I ,  g a l l o n  ( 3 . 8  L), and 5-gal (19-L) can k i ts ,  as w e l l  as i n  50-gal 
(189-L) drum k i ts .  The can k i t s ,  through the g a l l o n  sizes, are 314 
q u a n t i t i e s  of  base compound to  a l l o w - r w m  for the a d d i t i o n  of  the c a t a l y s t  
and mixing w i t h i n  the base compound container.  Sealant i s  a l s o  a v a i l a b l e  i n  
two component p l a s t i c  i n j e c t i o n  k i t s  w i t h  th f  2-1/2 f l  oz (74 mL> and 6 f 1  oz 
(177 mL) sizes being the m o s t  popular. Where large q u a n t i t i e s  w i l l  be used, 
50-gal (189-L) drums of base mater ia ls  w i t h  i t s  accompanying 5 gal (19 L) 
p a i l  o f  c a t a l y s t  are purchased and l a t e r  repackaged by machine mixing and 
f reez ing  i n  2-1/2, 6, and 12 f l  oz (74, 177, and 355 mL) polyethylene 
ca r t r i dges  for l a t e r  thawing and use i n  sealant guns. 

F i  e l  d r e p a i r s  are general l y  accompl i shed through the use o f  a two-component 
p l a s t i c  i n j e c t i o n  k i t  (MIL-C-38714). The base mater ia l  i s  contained i n  the 
ca r t r i dge ,  and the c a t a l y s t  i n  a hol low dasher rod t h a t  extends i n t o  the 
ca r t r i dge .  
mixing base and c a t a l y s t  once they are combined. The c a t a l y s t  i s  forced ou t  
of  the dasher rod and i n t o  the base ma te r ia l  through the use o f  a ram rod. 
The dasher rod, a f t e r  mixing i s  complete, i s  removed and nozzle i n s t a l l e d  on 
the end of  the ca r t r i dge .  The c a r t r i d g e  i s  then placed i n  a pneumatic or 
manual sealant gun fo r  use by the sealer. These k i t s  e l im ina te  the necessi ty 
o f  mix / f reez ing car t r idges of  sealant and s t o r i n g  f rozen tubes. 
e l iminates the need for  weighing o u t  base and c a t a l y s t  i n  the proper r a t i o  
from a l a r g e r  quan t i t y  i n  a two-part k i t .  I t  i s  convenient to  use fo r  both 
product ion p l a n t  and f i e l d  repa i r s .  

Sealants can a l so  be purchased from the sealant manufacturer already mixed 
and f rozen i n  2-1/2 f l  oz (74 mL) and 6 f l  oz (177 mL) polyethylene 
car t r idges.  
f a c i l i t i e s  and equipment fo r  meter mixing and f reez ing  sealant. This a l s o  
s h i f t s  t o  the sealant suppl l e r  the responsi b i  1 i ty  for  supplying a proper ly  
mixed and f rozen product. 

The rod serves as a sha f t  for  a dasher ( a g i t a t o r  blade) for  

I t  

I t  i s  a cost-saving convenience for  those end-users who have no 

STORAGE OF SEALANT BEFORE USE: 

Uncured Two Par t  Seala n t  Ki ts:  
systems. They are per ishable.  
share a r e s p o n s i b i l i t y  for  p r o t e c t i n g  the s h e l f  l i f e  o f  the sealant. The 
manufacturer w i l l  formulate the most chemical ly compatible and s tab le system 
poss ib le  and package i t  i n  sealed containers under an i n e r t  atmosphere to  
maximize i t s  she l f  l i f e .  The user mus t  recognize the a c t i v a t i n g  e f f e c t  of  
temperature and exercise appropr iate temperature con t ro l  i n  storage to  
ensure t h a t  the f u l l  s h e l f  l i f e  expected w i l l  be rea l i zed .  The user must 
a l s o  appreciate the fac t  t h a t  when containers are opened (cans, f o i l  bags, 
drums), the I n e r t  atmosphere i s  lost .  I f  on ly  p a r t i a l  use of  the mater ia l  
i s  made, the i n e r t  atmosphere (d ry  n i t rogen  purge or carbon d iox ide)  should 
be restored. 

Uncured sealants are chemical ly r e a c t i v e  
Both the sealant manufacturer and the user 
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7.1 

7.2 

7*3 

(Conti nued) : 

The shelf life quoted on the labels of most sealant suppliers are based on a 
recommended storage temperature of no more than 80°F (27°C). 
storage facllities have no air conditioning. Temperatures can reach 138" to 
15Q" (54" to 66°C) in the summer months. Both base and catalyst can 
increase in viscosity; a skin can form over the base compound and the 
resultant changes wlll cause rejection upon inspection. 

Many user 

Users may extemd the useful life of the sealant significantly by merely 
storing the sealants at 4Q"F (96°C) rather than 8Q"ß (27°C). 
rule of thumb wlth chemical systems states that an 18°F (10°C) reduction i n  
temperature reduces reaction rates by 50%. Et is obvious then that the 
lower the storage temperature, the less change will occur in the unmixed 
kits in storage, Storage of unmixed ki ts  at 32°F (0°C) or below should be 
done only on instructions from sealant manufacturer. 

Staraee of Mixed and Frozen Tubes: 
polysulfide sealant can be essential ly suspended by storage at -4û"F (-40°C) 
or below. Such 'is not the case for mixed and frozen polyurethanes, which 
will begin to show sigmiflcant loss of work life after 30 days at -40°F 
(-40°C). Whi le polyurethanes are not currently aval lable as fuel tank 
sealants, i t  is important to note this difference between polysulfide and 
polyurethane sealants. 
be stored at -40°F <-40°C> or below. 

A very broad 

The reactivity of  mixed and frozen 

I t  i s  recommended that mixed and frozen polysulfide 

Data from the industry indicate that class B polysulfides (2 h work life) 
can be stored approximately 90 days at -10°F (-%3"C), malntaining an 
acceptable work life. 
longer than 48 h at 0°F (-18°C). Unfortunately, there is no bank o f  data 
available to show the effects of intermediate subzero storage temperatures 
upon the slow loss of  work of  frozen sealant. Suffice it to say that -40°F 
(-48°C) I s  a safe storage temperature. 
opening of the freezer doar or cold room door will affect t h e  inside 
temperature. Setting racks o f  frozen cartridges outside the box or room to 
rearrange inventories w1ll also cause the sealant cartr'ldges to increase i n  
temperature and lose work life. Awareness and good practice will protect 
the shelf l i f e .  
limits for frozen cartridges (many use 30 days as the limit). 
scrap the cartridges at the end of the period, it is practical and 
worthwhile to conduct a work l l f e  test to determine acceptability. 
then at the discretion of the user to extend the shelf life, maintaining 
production continuity and reducing waste. 

Storage of Elastomeric One Part Fluorosilicones (Fuel Resistant): 
Currently, one military aircraft (F-111) uses significant quantities of 
fluorosilicone elastomeric, fuel resistant integral fuel tank sealant. The 
one-part sealant 1 s  used in the lower part of the w'ing tank and on the 
sides. 
used. I t s  shelf life is six months at 88°F (27°C). General Electric 
produces a similar material, FWVl906 and recommends low temperature storage 
(0" to 20°F) (-18" to -6.7"C). 

Class A (2 h work life) polysulfides can be stored no 

Et should be noted that frequent 

Most users of  frozen cartridges have established shelf life 
Rather than 

I t  i s  

It ia a one-part, misture-cured system. Dow Corning (24-281'7 ia 
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7.4 : Both the noncuring high viscosity 
P l  uorosi l i cones and the noneuri ng polysulfide channel seal ants are stored at 
ambient temperature and have a one year shelf l'lfe. 

The channel sealants referred to ln th'is group are: 

MATE R I  AL SPEC. 

Pol y s u l f i de WIb-S-853l 2 
(noneuring) 
Fluorosilicones MIL-S-81323 

#IL-s-81323 
MI b-S-85334 

#I b-a-85334 

AMs 3376 

Produc t s PR-702 
We sear ch 
DOW Corning 94-0'11 (Spec e 

Dow corning 94-039 Cancelled) 
General G659 A Contains 

Dow Corn! ng Q4-2805 Contains 

(No Qual If1 ed Products L I  s t )  

Electrl c plas t l  c beads 

p l  asti c beads 

8 .  SEALANT MIXING: 

Each 'lndiv'ldunl batch of a two-part polysulfide In tegra l  fuel tank sealant 
has a custom matched catalyst system to  produce the properties requlred by 
the specification. A particular batch of  base must be used only with its 
matched batch of catalyst 'IF the expected propertles are t o  be realized. 
Catalyst of d i f f e r e n t  batches of the same product shall not be interchanged. 

Catalyst and base must be mixed thoroughly to  produce the expected properties 
In the cured sealant. 
are quite viscous; the class B extrudable type ia thixotropic. In a l l  cases, 
no swirllng mtion can be produced through stlrring to ald in the mixIspg, 
thus every M t  of base and catalyst must be moved physically by the stirr'lng 
Instrument and the esntatner walls should be scraped frequently during the 
mixing process ln order to  blend the two parts together, A vital factor in 
the proper use of sealants i s  sufficient, effective blending to  produce a 
unlform mixture -- and to  produce that uniform mixture ~ithout stirring in 
air, 

The class A brushable and class C rol lable products 

8.1 Wand Mixing : Small two-part can kits (up to  and Including gallon sizes) 
provide enough space above the base compound i n  the container to permlt all 
o f  the catalyst t o  be transferred into the base container for blend'lng in 
tha t  container. Sufficient '%xtra" catalyst i s  Included to accommodate 
normal transfer lossea and still produce the correct ratio of base to 
catalyst in the mixed sealant. I t  ia recommended that the full kit be 
catalyzed to  ensure that the proper ratio is obtained rather than uslng 
small portions of a kit, weighing out partial arriounta and encountering the 
dangers of incorrect weighing. 

1% also precludes other sources of error from enterlng (such as the removal 
of nonuniform catalyst from I t s  container by failing to  stir before 
removal), 
inert gas nor sealing the l i d  tightly. 

There i a  the added danger of not purging the remalnder with an 
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8.1 (Continued): 

A useful technique i n  the t r a n s f e r  o f  c a t a l y s t  i s  t o  i n v e r t  the closed can 
and c u t  s u t  the bottom w i t h  a can opener. T h i s  produces a s 1 1 ~ 9 ~ t h  side a l l  
the way to  the top of the can r a t h e r  than having to  manipulate around the 
r i m  o f  the  can i f  removal were attempted w i t h  the can r ' ight  s ide up.  

Wand rnlx the bqse and c a t a l y s t  thor~ughly for  5 min w i t h  f requent scrape 
down of  the  wal ls .  Don't  whip i t9  
incorporat ing a i r .  
d i f f e r e n t  from standard temperature ( 7 4 ° F )  (2%"C) ,  b r i n g  k i t s  i n to  
temperature cont ro l  1 ed (standard temperature) range we9 I f n advance o f  
mixing t o  assure t h a t  the  a p p l i c a t i o n  t i m e  and ext rus ion ra tes  w i l l  be i n  
the range expected. 

Hand mlxing does not  necessar i ly  mean t h a t  a l l  mixing i s  achieved by hand 
w i t h  a spatula. 1% also r e f e r s  to  mixing through the use o f  hand held o r  
mounted l i g h t i n g  m i x e r s  or sllm'ilar mtor  dr iven  a g i t a t o r s .  En a l l  cases the 
movement o f  the m i x e r  blade throughout the mater ia l  and frequent scrape ~ O W R  
w i l l  a i d  immeasurably i n  producing a unlform m i x .  #ARMING: Ex t reme ly  Past 
s t i r i - f ng  can cause vortexing, r e s u l t l n g  i n  the Incorporat ion of  a i r ;  i t  can 
also heat up the sealant, change i t s  viscsaity, and shorten I t s  work l i f e .  

Hand mixing of' small q u a n t i t i e s  o f  two p a r t  sealant i n  s p e c i a l l y  designed 
two component po l  ye thy l  @ne p l  a a t i  c i n j e c t i o n  k i t s  i s descr i  bed i n 1 O. I .3 .1 .  

Fold the mater ia l  over i t s e l f .  
I f  the  warehouse atorage temperature i s  g r e a t l y  

8.2 Machine Mixing: T h i s  type o f  mixing r e f e r s  to  small batch mixing on a 
special  p iece o f  equipment c a l l e d  a Dasher M i x e r .  
csn%.inaiobis mixing on a m e t e r / m l x e r  machine. 

I t  also r e f e r a  t o  

8.2.1 Dasher ß4Sxer /F i l l e r  (Batch):  Small batches o f  mater ia l  ( 9  q t  (0.9 LI; 
Pi q t  (4.4 b ) )  are sometimes mixed i n  a Dasher M i x e r  (SEMCO Models #13%0 
and 1378), Fig.  2. 

There are no other  s i m i l a r  or equivalent products on the market. An a i r  
cy l inder  forces thé dasher a g i t a t o r  to  make f u l l  strokes up and down, top 
to  bottom, through the mater ia l ,  mixing i t  thoroughly wi thout  
Incorporat ing a i r o  
the sealant. A coumter r e g i s t e r s  the dasher cyc les ,  ensuring cyc le  
u n i f o r m i t y  batch to  batch. A machine adjustment converts the a g i t a t o r  to  
a pressure d i s c  f o r c i n g  the mater ia l  out through a p o r t  i n t o  low densi ty  
car t r idges  for quick f reez ing  or f o r  immediate use. 

The top of the m i x e r  i s  i n  contact  w i t h  the surface o f  
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--4 b(ISHEA CYLINDER 

. . . - - - - - .8 COUNTER RESET 

--O DASHERCONTROLVALVE 

8 DASIIER ROO . - . . . -. .. . . __ - _. . 

. . . -c) SEAL ~ S S E M ~ L I  __ .. 

* 3 A S H E I  ISSEMBL" . 

-4 c m m f f i E  FILLER VALVE 

4 RAM -~ 

4 PRESWRECONTRDLVALVE 

FFZSSURE CVLINOEA 
iEiEVAlES CM(1AINEIi  

4 AIR PRESSURE GAUGE 

PRESSURE IEGULhTün 

FIGURE 2 - Dasher Mixer 
8.2.2 Meter Mix Machines (Co ntfnuous Mixing): 

meter/mix machine when large quantities of cartridges of  mixed sealant are 
required. The cartridges are filled and immediately quick frozen to -40°F 
(-40°C) or below for storage unt11 use.  A cifagram of a typical 5-gal 
( 1 9 4 )  catalyst pump and a 50-gal (189-L) base compound pump with 
propsrtionlng and mlxing equipment muriteci on its stand is shown i n  
Figs. 3 and 4. Generally, a 58-gal (189-L) drum of  base material is 
posftioned on a sealant pump. 
on the surface of  the sealant. 

Two-part sealant is mixed with a 

A follower plate i s  positioned in the drum 

The follower plate stays In contact with the surface as the positive 
action o f  the pump moves the material through hoses to the metering system 
and to the m i x  head and dellvery valves. The catalyst, In a 5-gal (99-L) 
paill, 1 s  fitted with a 5-ga1 (19-b) pump that operates i n  similar 
fashion. The separate streams o f  catalyst and base exit the metering 
system in the proper ratio and are fed into either a static or dynamic mix 
head, where a uniform mixture i s  produced. ( F i g .  5 . )  
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FIGURE 3 - DSagrarn of  Oi-GaI ( 1 9 4 )  Catalyst Primp, %Q-Gal (189-b) Base Pump, 
Proportioning Device ,  and MPx Head 

FIGURE 4 - Photo o f  5-GaI (19-L) and 50-Gal (189-b) Pumps, Propsrtloning 
Device ,  M i x  Head, and F i l l  Valves 
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FIGURE 5 - Static and Dynamic M i x  Heads 

8.2.2 (Conti nued) : 

The sealant exits the m i x  head and passes through a valve Into a 2 1/2, 6, 
or 12 f l  oz (74, 177, and 355 rnL) polyethylene cartridge, which after 
f i  1 1  ing ,  is immediately submerged Into a cold bath of  methanol and dry ice 
( C O Z )  at -100°F (-73"C), where the temperature of the cartrtdge should 
be reduced to -40°F (-40°C) or below before msvjng it to  a -40°F (-40°C) 
storage box. 

8.2.2.1 Bvnamic M I X  Heads: The separate streams of  base and catalyst are fed 
i n to  a dynamic m i x  head where a low speed impeller (approximately 
480 rpsur) prov'ides good shearing actfon, mixing t h e  two materials as they 
pasa through the 1 to 2 'In (25 to  59 mm) Song x 2-1/2 i n  (63.5 mm) 
diameter chamber. The opening/closing of  the f i l l  valve downstream o f  
the mix head controls the entire meter/rn'lx system 'Including the supply 
pumps, pressures, materla1 flow, and mix rpm. This sfngle valve action 
provides uniform operation of a l l  the systems and a positive shut o f f  
wi th  the absence of  back pressure. The mix head is double walled and 
may be cooled by refrigerated water. Positive shut off valves, 
positioned at tho  mixing head inlets, prevent compounds from entering 
the m'lxilng chamber unless the fill1 nozzle valve 1 s  act'lvated. 

Dynamic mix heads are Bar more expensive than static mix heads and more 
compl i c a t e d  w i t h  drive motora, impel Sers, heat  exchangers, and 
refri geratIon systems. The resi dence time 'I n the smal 1 m i  x4 ng chamber 
i s  only a matter of  seconds. The sealant i a  not heated appreciably i f  
refrigerant i s  continuously passed through the heat exchanger in the mix 
head. Build-up of sealant on the Impeller is very slow, so downtime for 
cleaning i s  infrequent. 
solvent through the head -- not by disassembly. The drive motor for the 

I t  ia generally cleaned only by circulation of 
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8.2.2.1 (Conti nued) : 

dynamic m i x  head i a  powered by p l a n t  a i r  e20 cfm (566 L/m) a t  ($0 pai  
(620 kPa)ll. The meterímlx system (pumps, metering system, and m i x  head) 
are a l l  pneumatical ly d r i ven  and, therefore,  can be used i n  areas where 
explosion proof  equipment i a  required. 

Several Important po in ts  are worth mentioning concerning the use of  
meterimi x &qui pment: 

a. 

b. 

c. 

d .  

e. 

f. 

!J* 

h. 

i. 

3 .  

k.  

St'Ir the 5 gal (19 L) p a i l  o f  c a t a l y s t  thoroughly ~ 9 t h  a mechanical 
ag i  tator. 

Bo n o t  whip a lr  In to  the c a t a l y s t  ( i a e e 9  do no t  r a i s e  the blade too 
close to  the surface; don ' t  form a vortex by stirring too r a p i d l y ) .  

Scrape down the wal ls  f requent ly .  

If the c a t a l y s t  s i t s  for  48 h a f t e r  atirrimg, at l r  i t  agaln. 

E i t h e r  s t a r t  w i t h  clean hoses for base and c a t a l y s t  and .wi th an 
empty meterímix machine or purge the l i n e s  and meterímix equipment 
w i t h  a t  l e a s t  2 ga l  (7 ,6 L)  o f  base and equiva lent  c a t a l y s t .  

Purge a i r  from the equipment as we l l  as the l i n e s ,  otherwise a large 
number o f  sealant car t r idges w i l l  contain a i r  i n  the mixed sealant, 
B I  eeder val  ves are avai I ab1 e i n appropri a te  locat ions.  

Cal 1 bra te  a v a r i  aial e ratio machi ne i n i  ti a l  ly ,  and f requen t l y  
the rea f te r .  Check a f i x e d  r a t i o  machine f requent ly :  i .e., s t a r t  o f  
each s h i f t  and w i t h  change o f  containers. 

Col I e e t  but ton sampl ea from each ca r t r i dge .  
and correspond1 ng buttons. Thi s u111 reveal  unexpected or 
undetected changes i n  r a t i o  by di f ferences i n  cure r a t e  o f  the 
buttons. 
(observat ion o f  streaks or homogeneous co lo r )  and whether there i s  
excessive a i r  entrapment. 

Number the  ca r t r i dges  

I t  i s  a l so  an i n d i c a t o r  o f  the u n i f o r m i t y  o f  mixing 

I f  operat ions are t o  be shut down temporar i ly ,  the m i x  head can be 
remved, sealed, and frozen. The base and c a t a l y s t  l i n e s  should be 
sealed. 

If a s t a t i c '  m i x  head i s  used, clean i t  i f  the flow rate decreases 
substant i  a l  l y  o 

A i r  pressure to  the meter mix equipment should be s u f f i c i e n t  i n  
volume as well as pressure. &O CU f t í m i n  (1788 U m i n )  a t  9Q p a l  
(621 kPa) i s  standard. 

An automated mixer for mixlng a small anmunt o f  sealant i n  a two 
component polyethylene p l a s t i c  'Inject'lon k1t i s  discussed i n  '10.1.3.1. 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r40

69

https://saenorm.com/api/?name=9be8f6753861ce8af7308a6f748b4966


SAE APR*#4067 90 83593VO 0051700 3 

I AIR4869 Page 32 

Equi pment Cartridges o f  Sealant i n  
a Cold Bath 

8 .2 .2 .2  Statlc M i x  Heads: A static mix head i s  a tube containing an internal 
metal ribbon or containing a series of cyllndrfcal elements wfth drilled 
holes that cause catalyst and base to  fold over many thousands of  times 
to  achieve the uniform mix. The tube can be 
2 to 4 ft (é10 to 1299 mm) long and 2 to  8 i n  (51 to 283 mm) l n  diameter 
depending upon the  degree of  mixlng required and the rate of  throughput 

S t a t i c  m i x  heads are avallalale from several manufacturers and i n  several 
basically different desilgris. 
be selected ln relation to the viscosities o f  the materials involved, 
the ease with which they combine, and the  flow rates desired. 
A major consideration i n  the sele~t.90~ o$ a static mix head is ' I t s  ense 
of  disassembly and ease of cleanlng. Partially cured sealant tends to 
build up on the 'internal elements due t o  the frictOonal heat developed 
through forclng the material through the u n i t .  A design containing a 
permanently installed metallic ribbon can be difficult to  clean. 
Circulating solvent through the unit is a slow procesa. I n  some cases, 
it i s  necessary to  heat the m i x  head ulth a torch, incinerating the 
residual sealant. Mix heads containing a serles of  removable plast!c or 
metallic cylindrical elements is easier to  clean but often the elements 
must be forced out of  the tube with a mechanilcal press. 
once removed are soaked i n  solvent and cleaned w l t h  brushes, 

. 
There are no moving parts. 

requi red o 

The appropriate dlarneter and length must 

The elements 

9 ,  %R EEZING AND THAWING OF MIXED CARTRIDGES: 
9.1 Freezing: Once the  base compound and catalyst are mixed, Fig. 6 ,  the 

appli~atlon %!me w i l l  slip away rapidly unleas the temperature OP t he  2-l/2, 
6, or 12 $1 oz (74, 177, or 354 mL) cartridge of  mixed sealant i s  reduced 
rapidly to -40°F (-48°C) or below. The preferred practice 'Is to position 
the mixing/Pllling equipment immediately adjacent t o  a cold bath of 
methanol/dry i c e  a t  -108°F (-73°C). 
compartments are submerged in the coolant to  rece'ive the cartridges 
Immediately after flll'lng., ( F i g .  7) .  The cartridges are capped on the 
nozzle end and placed in the basket, nozzle end down. The plunger end i s  
up, wl th  the top 1-l/2 to 2 i n  (38 t o  gil mm) of the  cartridge remaining 
above the surface O$ the liquid. 

Metal baskets containing 30 to 4% open 
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Page 33 I AIR4069 

9.1 (Continued): 

Another technique is to place the cartridges in the freezer bath in 
thin-walled aluminum sleeves that are closed at the bottom, thus, 
eliminating any possibility of contamination from the coolant. 
10 min, the basket of cartridges.can be removed from the bath and 
transferred to a cold box or cold room for storage at -40°F (-40°C) below. 
At this temperature, there is, essentially, no loss of application time. 
Cartridges have been held as long as 6 months at -40°F (-40°C) without 
noticeable loss of application time. 

After 

Another approved but less used method of quick freezing is to place the 
freshly-filled low-density cartridge into a nitrogen chamber for 
approximately 2 min to reduce the temperature to -40°F (-40°C) or below. 

9.2 Thawing: 
methods. 

Frozen cartridges of mixed sealant are thawed by three approved 
These methods are di scussed in the fol lowing paragraphs. 

9.2.1 Ambient Air: 
al lowed to warm at room temperature. 
depending upon the temperature of the cartridge, the temperature of the 
ambient air, the closeness of one cartridge to another, and whether they 
are standing vertically or lying horizontally. 
about 30 min. The core of the cartridge should reach 60°F (16°C) before 
application is started. 

9.2.2 Enclosed o r Open Water Bath: 

Frozen cartridges are laid on a bench or table top and 
The rate of warm up is variable 

Ambient thaw usually takes 

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 

Heat transfer from the water through the metal sleeve and snugly. 
polyethylene cartridge is good. 
the thaw takes about 4 min. 

With the water bath at 120°F (49°C) 

b. Frozen cartridges are placed directly into heated or unheated water. 
The cartridges are closed with caps on both ends. A s  the cartridge 
warms, the material inside expands slightly, and water is not drawn 
into the container. Thus, the approach is acceptable. 

9.2.3 Microwaves: The use of a carousel microwave oven is fairly common. 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 i s  most important that the carousel feature be used to 
produce uniform radiation and to avoid 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 diameter while the heat is penetrating to the core. 
These heat guns should be used with extreme caution. 
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AIR4069 1 Page 34 

10, 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 are utilized in 
several of four general forms: sprayable, brushable, extrudable, and 
rollable, This document cannot specifically address each of the many 
individual designs. It can, however, recommend preferred practices in the 
application of  sprayable, brushable, extrudable, and rol lable sealants and 
point out the more desirable contours and thickness to be used in the 
application of sealant in seams, joints, fastener heads, voids, in faying 
surfaces, and in types of configura€ions that are common to all designs. 
This section on two-part sealant appliction will, therefore, address first 
the techniques for applying these four forms of sealant, then discuss 
several specific configurations where additional comment is appropriate. It 
will also mention methods of protecting applied sealant in its early, tacky 
state of cure. The application of groove/channel sealant (uncuring type) 
will be discussed, focusing on key factors necessary for proper application. 

10.1 Two-Part Curinu Tvpe Sea lant: Sealant is applied with two goals in mind: 
achieving a good bond with the substrate and producing a long-term seal 
through proper thickness and contour. Achieving a good bond requires a 
clean surface, sealant with the proper adhesion characteristics for that 
surface (or use of an appropriate adhesion promoter), and application of 
the sealant during its application time when it is still capable of wetting 
the surface. It is well to state again that the use of adhesion promoters 
for polysulfide sealants during the initial production as well as in later 
repair is highly recommended. Experience has 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. 
proven that whether the surface is old or new, clean or partially dirty, 
and be it acrylic, polyurethane or treated aluminum, a good bond is 
produced through its use with polysulfide sealants. 
adhesion promoters is given in 4,3, 
by aerosol spray, brush, or by wiping it on with a clean cloth saturated 
with the materials. 
subsequent wipe-off of "excess" material. 
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 (1 h when the humidity is low) to permit 
activation of the promoter and evaporation of the solvent. 
then be applied. 
within 24 h the surface should be recleaned and the adhesion promoter 
reapplied. Adhesion promoters are available in both chlorinated and 
nonchlorinated solvents. Local company policies dictate which can be 
used. 
ti tani um or titanium al loy surfaces. 

Extensive tests with adhesion promoters have 

A discussion of 
The adhesion promoter may be applied 

The adhesion promoter is 
It is preferred that a thin coat be applied without a 

Sealant can 
If sealant is not applied to the (protected)* surface 

Adhesion promoters with chlorinated solvents should never be used on 

*A surface, after cleaning and application of adhesion promoters, should be 
protected from airborne debris if there is a delay in the application of 
seal ant. 
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Page 35 AIR4069 

10.1 . I  : Two-part sprayable po lysu l f ides  are used by a f e w  
cornrnerclal companies for  corrosion cont ro l  on the outs ide o f  the f u e l  
tank.* P i n t ,  quartp and g a l l o n  (0.47 L, 0.95 b ,  and 3 . 8  b) sjzes can be 
mixed by t r a n s f e r r i n g  a l l  the c a t a l y s t  for  the k i t  'Into the base compound 
conta inerp rep lac ing  the l i d  on the base compound container and shaking 
i t  on a standard g a l l o n  ( 3 . 8  L) capaci ty paf i i t  shaker a t  1350 v i b r a t i o n s  
per minute i n  the u p r i g h t  p o s i t i o n  for  3 mln fo l lowed by 3 min 'In the 
imverted pos i t ion .  Larger q u a n t i t i e s  suck as 5 gal (19 L) are genera l ly  
mixed i n  l0'gal (38 L) pressure pots using an a i r  d r iven  a g i t a t o r .  

When a p a i n t  shaker i s  not  ava i lab le  for the 1 gal ( 3 . 8  L) and smaller 
can k i ts,  they can be mixed mechanically w i t h  a J i f f y  m i x e r  ( a i r  motor, 
J i f f y  blade, T-blade, o r  f l a t  blade). 
wklpping a i r  i n to  the m i x  and to avoid temperature r i s e  from f r i c t i o n a l  
heat. Scrape down the sides f requent ly  dur ing the 5 to  6 mlnute m i x  
per iod.  

L i m i t  the speed t o  88 rpm t o  avoid 

Thinning (reducing the vlscoslty of)  the mater ia l ,  unless specifically 
sgel l e d  out l n  processing i n s t r u c t i o n s  from the sealant manufacturer, 
should spot be done. 

The f o l l o w l n g  types are examples o f  spray equipment t ha t  perform 
s a t i s f a c t o r i l y :  

1. B e V i l b i s s  gun MBC-510 w i t h  nozzle combination 7044 F l u i d  t i p  
(9.070 i n  (1.8 m) I. B., AV-601 A i r  cap AV-1239 #704 F l u i d  needle 
MBC-4444. 

2. Binks Idodel 98 spray gun 628 t i p ,  01044 o r i f i c e  838 needle 63PB a i r  
cap, 318 i n  (9.5 mm) f l u i d  l j n e s .  

A l i n e  pressure o f  45 ps i  (310 kPa) and a pot pressure o f  5 ps i  
(34.5 kPa) O s recomended. Sprayable sealants are general l y  appl i e d  to  a 
thickness o f  0.003 to  0.807 i n  (0.08 to  0.18 min) wet  (approximately 
0.0015 t o  0.825 I n  (0.038 to  0.06 mm) dry).  The a p p l i c a t i o n  o f  sprayable 
sealant 'is usua l l y  of  the corros ion i nh lb ' i t i ve  (chromate) type, used f o r  
over-coating slots and depressions and for  smoothing gaps. I t  i s  
Important t o  note t h a t  sprayable p o l y s u l f l d e  sealants are seldom, i f  
eve r ,  used w i t h i n  the i n t e g r a l  f u e l  tanks. MIL-C-27725 polyurethane i s  
used as a corros ion coat ing on the ins ide  o f  the tank and MIL-P-23377 
epoxy-polyamide i s  used on the outside. Normal techniques for spray 
p a i n t i n g  apply. The gun should be mved  p a r a l l e l  t o  the work. Flnd the 
proper distance and speed to  avoid running or orange peel e f f e c t s .  The 
orange peel effect can be produced by being t o s  f a r  away as w e l l  as too  
c lose.  Second coats s9iould not be appl ied u n t i l  the f i r s t  coat i s  tack 
f r e e  e 

*'Advanced development successes have been r e a l  'Ized 'In spraying pcslyabilfi des 
i n s i d e  f u e l  tanks. 
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FIGURE 8. - Appl ication o f  Brushable FIGURE 9 - Brushable Sealasit Applied 
Seal ant 

1Q. 1.2 : The class A ,  brushable sealants are 
applied as brush-coat seals on fasteners and i n  locations when a flowable 
material i s  needed. The first coat i s  worked i n  and around all leak 
source areas with a short stiff brush. 
after the first coat i s  tack-free. Overcoats on fasteners are built up 
to  a thickness of 0.038 to  8.Q40 In (0.76 to  1.52 mm). Brushable sealant 
i s  used around crev'Ices, holes, seams, fasteners, and, in some cornpantes, 
on seams and surfaces t o  be later covered w i t h  the thicker class B 
extruded fillet of  sealant. 

The second brush coat i s  applied 

I t  i s  'Important t h a t ,  i n  applying, t h e  brushable sealant be scrubbed 
thoroughly in to  t h e  varloua crevices and seams (some use a circular 
tiootion on surface to ensure t h a t  good wetting of  the surface has been 
achieved). Such attentive appl icatlon prevents the occurrence sf voids 
and, with proper application, minimizes the presence of  a'lr bubbles. 

F i g s .  8 and 9 .9lluatrnte the appl icat ion of  the brush-coat sealant over 
rows of  fasteners prior to  the appllcatlon of the class B extrudable 
materi al . 
Brush coats are applied to  a thickness of 0.038 t o  0.046) in (0.76 to  
1.52 mm) depending upon the locatton and configuration. The sealant 
sh~uld be applied on'ly w i t h i n  i t s  application t ime to ensure good wett ing 
of  the surface. 
of air bubbles i s  unacceptable. The width of  t h e  brushcoat should exceed 
the  wtdth of the fillet to be applied by a t  least 0.90 iss ( 2 . 5  mm) on 
each side. Thinning of the brushable sealant should not be attempted 
unless the sealant suppller provides s p e c i f i c  instructions regarding the 
type and grade of solvent to  be used and the al lovable amunt o f  solvent 
t o  add. Restat!  ng an earl 4 er recommendation, an adhesion promoter should 
be applied to  the clean surface before the base coat i s  applied, whether 
it be i n l t i a l  production or repair, 
seal only when built-up w i t h  multiple coats, such as in the overcoating 
of fasteners. 

Because the coating by defin'ltion i s  thin, the presence 

A brush coat ils used as a primary 
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Page 37 AIR4069 

FIGURE 18 - Sealasst Gun FIGURE Il - Several Cartr ldges arid 
Nozzle S izes  and Shapes 

10.1.3 Extrudable Se a l a n t  Appl i eatilon : 

1Q.1.3.1 Ggnsral: Extrudable class  B sealants are used for  f i l l e t i n g  over 
j o i n t s ,  spl i ces and seams , i n j e c t i n g  slots and joggles,  f i  li i ng corner 
closeout cups, and are also used by some for  overcoat ing and crownlng 
fastener heads, b o l t s ,  and r i v e t s .  
and, i n  some cases, fo r  f a y i n g  surface appl icat lons.  

The class  B sealants are d ls t ingulshed by the' lr  nonaag or low block 
flow character i  st i l  cs  and t h e i r  th-i xot rop i  c nature , both o f  whl ch permil t 
the easy ext rus ion of  a very v'lscous ma te r ia l .  

They are also used for  hole f i l l i n g  

While both the A and B classes of  i n t e g r a l  f u e l  tank sealants are 
equal ly  r e s i s t a n t  t o  j e t  f u e l ,  the nonsag c lass B, which contains fewer 
volat l ' le solvents, i s  used to  provtde the requi red dimensional 
thickness wi thout  the f e a r  o f  trappilng solvents. 

The mixed sealant i s  genera l ly  appl ied from a 2-1/2, 6, or 12 $1 oz 
(74, 977, or 355 nib) Sow-density polyethylene c a r t r i d g e  contained i n  a 
sealant gum powered by p l a n t  a l r  88 to  90 p s i  (552 t o  621 kPa). Manual 
guns are a l s o  avai lab le.  Use o f  greater pressure may cause a h lgh 
incidence o f  plunger f l i p p i n g  (overturning) r e s u l t i n g  i n  a i r  being 
blown d i rectTy through the ca r t r i dge  o f  sealant. 
cartr ' ldge and nozzle 1 s  shown i n  F lgs .  10 and 11. 

The handle o f  the sealant gun i s  removable. 
extends p a r a l l e l  w i th  the b a r r e l o  i s  ava i l ab le  for  use i n  rest r ' le ted 
areas. #ore than f i f t y  nozzle shapes and a'lzes are aval Table from 
several manufacturera t o  aecomrticsdate most aeal'ing s i t u a t i o n s .  For 
another view o f  the gain and nozzle, see Appendix 2, Fig.  A2. 

A sealant gun w i t h  

A t r i g g e r  mechanism, which 
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(Continued) : 

For f i e l d  r e p a i r  and fo r  r e p a i r s  or sea l ing  where frozen ca r t r i dges  o f  
mixed sealant are no t  ava i lab le ,  small q u a n t i t i e s  o f  sealant 12 l / 2  f l  
oz or 6 $1 oz 1 (74 mL, 177 mL.11 can be mixed on s i t e  us ing the 
two-component polyethylene p l a s t i c  i n j e c t i o n  k i t  i l l u s t r a t e d  i n  F ig .  12. 

The base compound i s  contained i n  the ca r t r i dge ,  the c a t a l y s t  i n  the  
hol low s t e m  (dasher rod) .  
the body o f  the base compound as shown i n  F ig .  13. 

A rain rod  i s  used to  fo rce  t h e  c a t a l y s t  i n t o  

An open spoke a g i t a t o r  on the end o f  the dasher rod  i s  used to  m i x  t h e  
c a t a l y s t  and base as the  dasher rod  i s  pushed and pu l l ed ,  r o t a t i n g  
clockwlse s l i g h t l y  each time, Automated equipment i s  a l s o  ava i l ab le  t o  
do the mixing (F ig .  14).  

The s t rok ing  o f  the dasher rod  i s  accomplished by means o f  a revers ing  
a i r  cy l i nde r ,  and r o t a t i o n  o f  the  dasher rod  i s  accomplished by a low 
speed e l  e c t r i  c gear motor. The s e r v i  ce requ i  rements are compressed a i r  
Capproximately 90 p s i  (621 Wal l  and 910 V AC, 68 c y c l e  (or 220 V ,  50 
cyc le) .  The moat e f f e c t i v e  s t r o k i n g  speed i s  between 16 and 2% strokes 
per minute. When the  sealant has been mixed un i fo rmly ,  the  dasher rod  
i s  unscrewed from t h e  a g i t a t o r  and removed. The c a r t r i d g e  i s  f i t t e d  
w i t h  a nozzle and placed i n  a pneumatic or hand operated sealant gun 
for app l i ca t i on .  Dispensing the  f i l l e t  from the nozzle (i. e . ,  
apply ing the f i l l e t  t o  a seam or j o i n t )  i n  aerospace work i s  done i n  an 
opposi te fashion from cons t ruc t ion  cau lk ing  where a t r a i l  o f  sealant i s  
deposited as the d e l i v e r y  t i p  o f  the gun po in ts  t o  the  rea r  of  the  
d i r e c t i o n  o f  t r a v e l ,  A i r  can be trapped under the bead as i t  i s  l a i d .  

I t  i s  not  necessary to  l a y  an undersize f i l l e t  then apply a la rge  
f l l l e t  over i t  i f  a la rge  f i l l e t  bead i s  c a l l e d  fo r .  
technique i s  p rac t i ced  by some, i t  introduces an unnecessary step and 
creates yet another i n t e r f a c e  where a new bond l i n e  must be 
establ ished. 
i n i t i a l l y  and t h a t  on l y  one P i l l e t  be appl ied,  then too led.  
p re fe r red  technique i n  the aerospace indus t r y  i s  t o  ho ld  the  gun about 
30" o f f  perpendicular p o i n t i n g  the nozzle i n  the  d i r e c t i o n  o f  t r a v e l  as 
the  f i l l e t  i s  la ' ld  i n  the  j o i n t  or seam. This fo rces  sealant i n t o  the 
c rev ice  and miniinizes the  p o s s i b i l i t y  o f  a i r  entrapment. Some ho ld  the 
gun near ly  perpendlcular to  the work. Do no t  apply sealant w i t h  the  
t i p  p o i n t i n g  opposi te the  d ' l rect ion o f  t r a v e l .  A f t e r  the bead of  
sealant i s  appl ied,  the sealant i s  too led  as shown i n  F i g s .  1% and 16. 
Thi s produces a f a i  red  con f i  gurat ion,  el  i in9 n a t i  ng the  possi b i  1 i %y o f  
reen t ran t  edges and trapped a i r ,  and ensuring good surface contact .  

While t h i s  

I t  i s  p re fe r red  t h a t  a larger noznlb o r ' l f i ee  be used 
The 
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HO 
. B a  - --- x2 
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1MErnOR s m  s- f 

P Plur~ger 
8 Base 
Og Dasher: internai mixing device 

10 Valve keeps coon-rponents separate 

32 Rantrod: injects ratatyst 
1 a Catalyst 

FIGURE 12 - Two-Component P l a s t i c  I n j e c t i o n  K i t  

FIGURE 13 - Catalyzing the Base Compound: Two-Component 
P l a s t i c  I n j e c t i o n  K i t  

FIGURE 14 - Automated Mixer  for the Two=-Component I n j e c t i o n  K i t  
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S A E  APR*40b9 78 8357348 885%70@1 B 

AIR4049 

FIGURE 15 - Tool ing a F i l l e t  

Note: 250 m i l s  = 8.250 i n  

FIGURE 16 - FIllet Contour 

10.1.3. l 

'10.1.3.2 

10.1 * 3 . 3  

(Conti  nuedl : 

The prlnelpal goal l n  apply ing the appropr iate thickness and contour of  
sealant a t  any p o t e n t i a l  leak source i s  to  use a thickness, r e l a t i v e  to  
the sealant elongwtlon tha t  w i l l  allow j o i n t  movement under operatlonal 
condi t ions wi thout t e a r i n g  the  sealant. For example, I f  a sealant w i t h  
an elongat ion o f  100% were used t o  seal a 3olnt, and the thickness of 
t h e  sealant a t  the j o i n t  were on ly  0.089 l n  (0.025 mm), the  maximum 
al lowable movement a t  that imterface would be only 0.801 i n  a f t e r  whlck 
sealant f a i l u r e  would occur. A thickness of 0.803 i n  (0.88 mm) on the 
o the r  hand, w i t h  the same 100% elongation, would permi t  3 times t h a t  
amount of  j o i n t  movement wi thout  f a i l u r e .  There are numerous jo in t  and 
gap conf igurat ions and a p re fe r red  sealant con f igu ra t i on  for  each. The 
major types are i l l u s t r a t e d  i n  F i g s .  17 and '18. 

O f f s e t s  a ad Sol nta: The appl f cation of f l 1  l e t s  to  offsets and 301 f l t s  
i s  i l l u s t r a t e d  l n  ß l g .  17. 

B u t t  Gaps : B u t t  gaps vary. I n  width and height .  
for  seal ing them 9s shown i n  Fig.  18. 

The p re fe r red  method 

Preferred seal ant  esn f i  gbirations vary company to  company and w'I t h  
var isua gsvsrnment documents. The dlmenslons given i n  Figs. 97 and 18 
present a safe average. Two major f a c t o r s  govern the i e a l a n t  contour: 
Sealant should extend a t  l e a s t  0.250 i n  (6.35 mm) from the p o t e n t i a l  
leak source, and the dlagsnal thlcknesa from the leak source should be 
a t  least 0.150 i n  (3.81 mm). If t h e  thickness of a p l a t e  or o f f s e t  'Is 
l ess  than 8.250 I n  (6.35 mm), i t  should be crowned. Extreme care must 
be taken t o  ensure t h a t  B u t t  gaps are not br idged r a t h e r  than f i  9 led, 
kdhen a b u t t  gap i s  wlder than Q1500 i n  (l2J mm), two separate f i l l e t s  
can be l a l d ,  each extending from i t s  potent la1 leak path 0.250 i n  
(6.35 rnm). 
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A B 

LESSTHAN 150 mil 250 
250 mils mils 

MILS - * 
250 250 
mils mils 

Thickness at D = 150 mils minimum 

Note: 60 m i l s  = 0.060 i n  (1.52 mm) 
150 m i l s  = 0.150 i n  (3.81 mm) 
250 m i l s  = 0.250 i n  (6.35 mm) 

FIGURE 17 - Sealing Offsets and Joints 

I I 

Note: 60 m i l s  = 0.060 n ( 1.52 mm) 
150 m i l s  = 0.150 i n  ( 3.81 mm) 
250 m i l s  = 0.250 i n  ( 6.35 mm) 
500 m i l s  = 0.500 i n  (12.7 mm1 

FIGURE 18 - Sealing B u t t  Gaps 
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I AIR4069 Page 42 

250 mils 

alt+ 
Hole size 

125 mils or less 

Note: 120 m i l s  = 0.120 i n  (3.05 mm) 
125 m i l s  = 0.125 i n  (3.18 mm) 
180 m i l s  = 0.180 i n  (4.57 mm) 
250 m i l s  = 0.250 i n  (6.35 mm) 

FIGURE 19 - Seal i n g  a Small Hole 

250 mils 
min. 60 mils 

150 mils 
min. 

50 mils 
min. 

min. 

F igure 20a 

Note: 60 m i l s  = 0.060 i n  (1.52 mm) 
150 m i l s  = 0.150 i n  (3.81 mm) 

F igure 20b 250 m i l s  = 0.250 i n  (6.35 mm) 

FIGURE 20 - Seal ing a Large Hole Slot w i t h  a Plug and Sealant 

10.1.3.4 Holes a nd Slots: Holes and s l o t s  i n  the i n t e g r a l  f u e l  tank may be 
sealed w i t h  c lass B ext rudable sealant  alone i f  the opening i s  l e s s  
than 0.125 i n  (3.18 mm). 
accommodated i f  the  slot i s  s u f f i c i e n t  t o  g i v e  adequate surface area 
for  adhesion. 
t o o l e d  on both s ides to  the  dimensions shown i n  F ig .  19. 

If the  opening i s  between 0.125 i n  (3.2 mm) and 0.500 i n  (12.7 mm), i t  
can be sealed w i t h  a combination of  sealant  p l u g  and sealant  (F ig .  20) 
or a combination o f  annealed aluminum w i r e  screen and sealant .  

Longer openings t o  0.250 i n  (6.35 mm) may be 

The sealant  should prot rude through the ho le  and be 
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250 mils 

Note: 120 m i l s  = 0.120 i n  (3.05 mm) 
150 m i l s  = 0.150 i n  (3.81 mm) 
250 m i l s  = 0.250 i n  (6.35 mm) 

FIGURE 21 - Sealing a Large Hole o r  Slot w i t h  Screen and Sealant 

FLOATING PLUG 
NOZZLES 

FIGURE 22 - F l o a t l n g  Plug Nozzle 

10.1.3.4 (Continued): 

Metal c l i p s  or p l a s t i c  blocks can be used t o  reduce the hole s ize 
before seal ing.  When w i r e  screen i s  used (Fig.  21) i t  must be trimmed 
to  over lap the hole o r  s l o t  by approximately 0.250 i n  (6.35 mm). 

A t h i n  layer  (1/16 i n  (1.6 mm) o f  sealant i s  appl ied around the opening 
f i r s t .  The screen i s  then embedded i n  the sealant. A t i e  w i r e  i s  
laced t o  the screen and put  through the hole. 
w i t h  sealant from the opposite side. 
s i m i l a r  s ize i s  s i m i l a r l y  pos i t ioned i n  sealant over the hole on the 
opposi te side. 
screens are then f u r t h e r  impregnated w i t h  sealant completely crowning 
them on both sides and f a i r i n g  the sealant edges approximately 0.100 i n  
(2.54 mm) beyond the edge of the screen, completing the seal .  

I t  i s  recommended t h a t  a l l  fasteners penetrat ing the 
f u e l  boundary be w e t  i n s t a l l e d .  
recommended. Sealant can be extruded i n t o  the hole and around the 
surface t o  be under the head o f  fastener .  
use a special  f l o a t i n g  p lug nozzle on the sealant gun, i n j e c t i n g  
sealant i n t o  the hole as shown i n  Fig.  22. 

The hole i s  then f i l l e d  
A second piece o f  screen o f  

The t i e  w i r e  i s  laced t o  the second screen. The 

10.1.3.5 Fastener Sealing: 
The use o f  adhesion promoters i s  

An a l t e r n a t e  approach i s  to  
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100 MILS MiN 

FUEL SIDE 
120 MILS 

250 MILS 

RIVET MANUFACTURED HEAD OR 
RIVET UPSET HEAD 

I 
MIN 

250 

Note: 100 m i l s  = 0.100 i n  (2.54 mm) 
120 m i l s  = 0.120 i n  (3.05 mm) 
250 m i l s  - 0.250 i n  (6.35 mm) 

. 2 O M I L S M I N d A  I 

NUT AND THREAD 

FIGURE 23 - Overcoating a Fastener FIGURE 24 - Overcoating a Rivet  

10.1.3.5 (Continued): 

Once fasteners and b o l t s  are i n s t a l l e d  and t ightened they must be 
overcoated w i th  sealant. I t  has been mentioned prev ious ly  t h a t  an 
overcoat can be b u i l t  up f rq  mu l t i p le  layers of c lass A sealant, or 
can consis t  o f  an A coat fallowid by $n overcoat of  B sealant or B 
sealant alone can be used. When brush coats are appl led,  wa i t  u n t i l  
the surface i s  tack-free before,apply ing the next l aye r  o f  mater ia l .  
Note t h a t  m u l t i p l e  layers o f  class.-A.can be considered a primary seal. 
I t  i s  w e l l  t o  overcoat a l l  fasteners.  Slug r i v e t s ,  on the other  hand, 
are considered absolute seals on t h e i r  own. 

Fasteners are overcoated by several techniques : 

a. A r t i s t ' s  Brush - S t a r t i n g  a t  the base of the fastener,  r o t a t e  the 
brush around the head and adjacent surface u n t i l  i t  i s  coated and 
surrounded by f a i r e d  f i l l e t ,  as shown i n  Figs. 23 and 24. 

b.  Beehive Technique - S t a r t  the a p p l i c a t i o n  o f  sealant from the 
nozzle o f  the sealant gun a t  the base o f  the fastener  head. 
the nozzle i n  a s p i r a l  motion u n t i l  the head i s  completely 
covered. T o o l  to the proper conf igurat ion.  

Rotate 
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FIGURE 25 - Fastener Seal'Ing Appl icator  

10.1.3.5 (Continued): 

e. Flared Tube Appl icator  (Daubing) - The f l a r e d  tube app l l ca to r  i s  a 
beveled or f l a r e d  copper or aluminum tube ( F i g .  25) t h a t  1 s  closed 
a t  one end. 
pressed over the fastener head to  the base surface, r o t a t e d  slowly 
as i t  1% withdrawn. 

I t  i s  f i l l e d  w i t h  sealant from the sealant gun, 

d .  Seal Caps - A varl lety of  sizes o f  aluminum caps are ava i l ab le  to  
the sealer. 
c lass B sealant from the sealant gun and pressed i n  place. Excess 
sealant squeezes out a t  the base and i s  formed i n t o  a f i l l e t  around 
the base o f  the cap. The cap i s  l e f t  i n  place permanently. Seal 
caps can also be f i l l e d  and f rozen for  l a t e r  use. On thawing, care 
must be taken (by covering the open end) to  avoid accumulatkm of  
water condensate on the surface of  the sealant. 

Caps of the proper s i ze  are selected, f l l l e d  w l t h  

Some companies use seal caps on ly  a t  lower l e v e l s  where foot 
t r a f f i  c duri ng product ion operations may bump and s c u f f  coated 
fasteners.  Others use seal caps because they are quick and 
convenllent and do no t  l i i n l t  t h e i r  use to  special  areas. 
caps and caps c a s t  from MIL-S-8802 type sealant are a l s o  used. 
Caps are being developed for  r i v e t s  as we l l .  Adhesion promoter 
should be appl led to  the  i n a l d e  of the cap before i t  i s  f i l l e d  w i t h  
sealant to ensure t h a t  a good bond forms w i t h  no chance for  
dlslodgement l a t e r .  
due t o  diff.fcu'lty 'In bond'lng to  the surface and l a c k  o f  a 
s u f f l c i e n t l y  broad data base to  recommend i t. 

P l a s t i e  

Nylon caps are no t  recommended a t  t h i s  p o i n t  
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rFASTEIIER HEIGHT 
PLUS 60 NILS (FEATHER1 u 

h I 

Note: 60 mils = 0.860 l n  ( 1 . 5  mm) 
120 m i l s  = €1.250 i n  (6.4 mm) 

FIGURE 26 - Sealing Fastener Near a Vertical Surface 
smI% I ~ I V I B U A L  FASTENERS 

k 2 5 0  M i l s  

I F  "C1I I S  GREATER THAN 500 M I L S  
FASTENERS CAN BE I N D I V I D U A L L Y  SEALED. 

~ 8 t e :  250 i n i l s  = 0.250 i n  ( 6.35 mm) 
588 mils = 0.500 in (12.70 mm) 

FIGURE 27 - Sealtng IndIvidual Fasteners 
'10.1.3.5 (Continued): 

e .  Miscellaneous - All of the te~hniquea mentioned are acceptable i f  
care i s  taken to exclude air bubbles, to  avoid a i r  entrapment, to 
avoid bridging, and t o  tool or shape the  configuration to  provide 
the fa1 red edges and the $hi ekness 1 nd! cated.  When fasteners are 
overcoated or Billeted near a vertical obstruction, care must be 
taken that no b r l d g i  ng o f  sealant w i  1 1  occur. If the fastener i s  
closer than.O.250 in (6.35 mm) to the vertical structure, apply 
sealant completely around the fastener. Wait until the sealant 
g e l s ,  then fill 'In the apace between the fastener and the vertical 
and f a i r  the sealant up t h e  side as shown in F i g .  26. 

I f  fasteners are widely separated (i.@., greater than (4,500 1n 
(12 .7  rnm) mi 1 s apart), they can be overcoated (f i 1 leted) 
Individually as shown 'In Fig. 27, 
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I I l '  ' I  I 

FIGURE 28 - Dome Nut Seal ing 

b,c. 

REPACK EXCESS SEALANT INTO 
O I D  FORMED WHEN CORNER 
I T T I N G  I S  INSTALLED. 

F I L L E T  

a 
CORNER F I T T I N G  

b 

C 

10.1.3.6 

10.1.3.7 

FIGURE 29 - Prepack Sealing 

Dome Nut Sea l i n g :  
dome nuts as shown i n  Fig.  28. Some completely encapsulate the dome 
nu t  w i t h  two coats o f  brushable sealant. Sealant i s  appl ied around the 
base o f  the dome nut,  encapsulat ing the fasteners used t o  hold i t  i n  
place. The thicknesses of sealant and t o o l i n g  requirements described 
e a r l i e r  apply t o  t h i s  seal ing operat ion.  

Extrudable sealant i s  appl ied around the base o f  

Prepackinq: 
created a t  s t r u c t u r a l  i n te rsec t i ons .  Sealant i s  packed i n t o  the vo id  
area and onto the surfaces t h a t  w i l l  enclose i t . The pa r t s  are then 
j o i n e d  together, avoiding the poss ib le  t rapping o f  a i r .  Sealant must 
squeeze out from a l l  edges of  the pa r t .  A f t e r  securing i n  place, 
remove excess sealant using a nonmetal l ic  tool and f a i r  the mater ia l  as 
f i l l e t s  around the edges. An example o f  prepacking i s  given i n  
Fig.  29. When prepacking a gap i s  impossible or inappropr iate,  
i n j e c t i o n  seal ing i s  used. 

Extrudable sealant i s  a l s o  used for prepacking voids 
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INJECT UNTIL SEALANT APPEARS 
ON OPPOSITE END 

10.1.3.8 

10.1.3.9 

FIGURE 30 - Injection Sealing 
Ingection Sea ling: 
holes result from the fastening of sections and subassemblies 
together. 
become unobserved areas for degradation. 
be filled. Pipe cleaners can be used with solvent cleaners to clean 
the areas. Adhesion promoter is then applied with clean pipe 
cleaners. Finally, class B extrudable sealant is injected, using an 
appropriate nozzle shape and length. Inject sealant until it extrudes 
from the other side. 
until the first is full, then unplug each of the others in turn. When 
each i s  full, withdraw the nozzle, filling the entrance. 
excess with a nonmetallic tool and fair the sealant at the exit areas. 
Injection sealing is illustrated in Fig. 30. 

Access Door Sealing: 
molded-in-place seals, bonded-in-place seals, and formed-in-place seals 
(form-in-place gaskets are generally not used due to permanent 
compression set of the polysulfide). 
produced through the use of a two-part polysulfide sealant. 
types of sealant are used: 

a. 

After assembly, various channels, crevices, and 

Such voids cannot be left open to collect debris or to 
All voids and channels must 

If there is more than one opening, plug the other 

Remove the 

There are three types of access door seals: 

The formed-in-place seal is 
Three 

Low peel strength C2 lb/in (350 N/m) of  width1 MIL-S-8784 or 
AMS 3267, 
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10.1.3.9 (Continued): 

b. MEL-S-8882 sealant with a nonsilicone parting agent on the dosr. 
The sealant (class B) i s  applied to the door frame and smoothed 
unPformly over the surface to a thickness of approximately Q.020 in 
(0.51 mm). The door is installed while the sealant 'Is s t i l l  
tacky. The fastener should be tightened sufficiently to  obtain a 
cont'lnucws squeeze out of sealant. After the sealant has become 
tack free (approximately 24 h or less at standard conditions), the 
specified torque can be applied t o t h e  fasteners. 
understood, of course, that the faying surface should Be wide 
enough (i .e. greater than 1 /di in (6.4 mm) to form a good seal .  

c .  Abis 3267 corroslon-9nhlbiting access door sealant 

It i s  

18.1.4 : Faying-surface sealants are applied 
between sverl appi ng surfaces (See 2 o 1 . I  2 and 2.2.1 1 e 

surfaces will be drawn tightly together by fasteners, rivets, bolts, and 
screws, mat of t h e  applied sealant will be squeezed out. The squeeze 
out must occur during the assembly tirne or "open time" of the sealant, 
while the sealant is still sufficiently uncured to flow, After surface 
cleaning and application of  adhesion promoter, the sealant is applied By 
extruding several beads in a wavy pattern across the surface to be 
coated. The sealant 4s then spread to  a uniform thickness of  
approximately 0.890 in (0.25 m) by a spreader or roller as shown i n  
Fig. 39. 

Sil nce those 

An alternative method of  applicat'Ion is through the use o f  a roller 
nozzle assembly. that attaches to the threaded end of a standard cartridge 
in a sealant gun (Fig. 32). 

Clahen the two surfaces are fastened together, the sealant squeezes out 
uniformly around the periphery of  the overlap. 
are not installed withOn the assembly time, temporary fasteners should be 
'Installed in every other hole and final torqued within the assembly 
t i m e ) .  
opened and sealamt reapplied. For max'Imum structural strength and to 
minimize later metal fatigue, the two surfaces are fastened together with 
the goal of  achieving metal to metal contact. The sealant remaining ia a 
t h l n  f i l m  0.003 to  0.005 i n  (0.08 to (9.13 m) thick and only a stain i n  
the 'immediate area of  the fastener. 

( I f  permanent fasteners 

If a continuous squeeze out I s  not achieved, the panels must be 
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/J .. 

FIGURE 31 - Application o f  Sealant to h y i n g  Surface 

FIGURE 32 - Roller Nozzle for Faying-Surface Sealing Application 
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10.1.4 (Continued): 

Several alternative approaches are taken after squeeze out, depending 
upon the company : 

a. Wipe off the excess and apply a fillet 

b. Wipe off the excess and do not apply a fillet until after final 
assembly and after pressure testing for faying-surface leaks 

c. Wipe off the excess, retaining enough to form and tool a fillet; 
apply a tack free time accelerator to avoid the embedment of chips 
and accumulation of dirt 

d. If the faying-surface sealant i s  a corrosion-inhibited one, wipe off 
the excess and apply a fillet of MIL-S-8802 or MIL-S-83430 type 
seal ant 

Most companies favor application of the fillet at the subassembly stage 
at the time the faying surface is closed. 

10.1.5 Protection of Sealant Durinu the Tacky State: After sealant application, 
be it brush coat, fillet, or faying-surface sealant, the sealant surface 
is quite tacky, eventually becoming tack free usually within the first 7 
to 24 h. During this period, it is vulnerable to the collection of metal 
chips, dust, and other airborne debris that is carried in the air from 
other work being done in the area. Too much surface contamination will 
require that the sealant be removed, the surface recleaned, and sealant 
reapplied. 

Three techniques are used for protecting the tacky sealant: 

a. Physical protection by polyethylene plastic sheet, paper, cardboard, 
etc. 

b. Application of a quick drying overcoat 

c. Application of a fog of tack-free time accelerator 

Sealing should be performed in a facility where the air is filtered if at 
all possible. 
in the area during the tacky period. 
protection must be provided. Draping plastic sheets is not without 
problems including the risk of marring the sealant surface. 

it is also desirable that no drilling or sanding be done 
Since this is not always possible, 

The use of a quick drying, sprayable overcoat will protect the surface of 
the sealant. Sometimes a chromate primer is used. A one-part 
polyurethane (PRC?s PR-1062) is the only material currently available 
that was designed for this purpose. it is tack-free in 1 h. 
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10.1.5 (Continued): 

It is applied with a soft, camel's hair brush to avoid disturbing the 
surface of the sealant. 
1/4 in (6.4 mm). The third method mentioned above, a tack free time 
accelerator, is not a coating, it is a mixture of accelerators normally 
used in polysulfide sealants. It is sprayed lightly on the surface as a 
fog or mist. 
of the sealant, forming a thin, tough skin in 1 to 2 h. It is preferred 
because it does not introduce a foreign substance or change the surface 
characteristics in any way. It is easy to apply from an aerosol can 
(PRC's Pro-Seal 815). It also is the only product of its kind on the 
market currently. It i s  important to note that only the surface is tough 
and tack free; the remaining body of sealant under the surface continues 
to cure at its normal rate. The sealant is not cured sufficiently for 
pressure testing or fuel on-loading; thus when a sealant is made tack 
free by the tack-free time accelerator, it should be done only for 
surface protection -- not for quicker refuel ing or pressure testing, 

Do not apply by spraying and restrict overlap to 

It merely accelerates the polymeric reaction on the surface 

10.2 Groove- and Channel-Sealant Application: Groove and channel design and 
sealants were discussed in 2.1.2.1 and 5.2. 
and application of sealant (and equipment used) is the subject o f  this 
sect i on. 

The preparation of surfaces 

10.2.1 Surface Preparation and Pretreatment: 

10.2.1,l Subs trates: Substrates may be aluminum alloys, titanium, or 
composites. Aluminum alloys are either MIL-A-8625, Type 1 ,  Class 1 ,  
chromic acid anodized or MIL-A-8625, Type II, Class 1 ,  sulfuric acid 
anodized or ion vapor deposition aluminum coated in accordance with 
MIL-C-83488, Type II, Class 1. The latter surface treatment is more 
often adopted for fatigue and fracture critical parts. Occasionally, 
MIL-C-5541, Type lA, chromate conversion coating will be employed for 
fatigue-critical reasons, but this is actually less desirable because 
of reduced corrosion resistance. 

The fuel wetted aluminum surfaces and the aluminum faying surfaces are 
normally coated (0,001 in (0,025 mm) thickness) with MIL-C-27725 
polyurethane corrosion coating. 
coated only if they are to interface with dissimilar metals. 
in titanium or composites are normally not coated, 

The application of the polyurethane coating 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. 
of the coating can be locally repaired. 
carbon-epoxy, carbon-bismaleimide, and other composi te laminates do not 
normally require finish treatments other than cleaning to remove 
parting agents. 

Titanium and composite surfaces are 
Grooves 

Subsequently, any scratched or damaged areas 
Injection grooves in 
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10.2.1.2 Subst r a t e  C leaning: A f t e r  the i n i t i a l  assembly o f  a l l  pa r t s  forming 

the f u e l  containment area and a l l  f i t t i n g ,  f i l l i n g ,  d r i l l i n g ,  reaming, 
and countersinking i s  completed, pa r t s  are disassembled and a l l  chips 
and burrs  removed. 

Prior to  reassembly o f  the skins to  the substructure, f a y i n g  surfaces 
and channel grooves and a l l  of the tank i n t e r i o r  surfaces are cleaned 
using a c leaning solvent (MIL-C-38736; or 0-T-620 l , l , l - t r i c h l o r o -  
ethane*; or TT-M-261 methyl e t h y l  ketone ( technica l  grade), appl ied 
w i t h  an absorbent, l i n t - f r e e ,  low ext ractable c l o t h  (See 4.1). The 
cleaned surface should be given a f i n a l  wipe w i t h  a clean c lo th ,  no t  
a l l ow ing  the r inse-solvent to  evaporate t o  dryness on the substrate. 

Protect  the surface from recontamination a f t e r  cleaning. Paper masking 
tape or masking d iscs can be appl ied to  the e x t e r i o r  o f  a l l  fastener 
holes designated as i n j e c t i o n  or observat ion po r t s  i f  they are to  be 
l e f t  open for  any length o f  time. 

Wherever there are d i s c o n t i n u i t i e s  i n  the channel 'or openings or 
mismatches where sealant can escape, the openings must be closed by 
l i q u i d  shims, using two p a r t  p o l y s u l f i d e  sealant (MIL-S-8802 or 
MIL-S-83430) or one o f  several epoxies, such as Hysol's EA-934 NA. No 
remaining gap should exceed 5 m i l s  (0.13 min), Dams (made of  MIL-S-8802 
or MIL-S-83430 sealant) can be pu t  i n  place a t  t h i s  t i m e  or l a t e r  
dur ing the prepacking operat ion i f  the manufacturing p lan c a l l s  for  
prepacking the grooves p r i o r  to  assembly. 

10.2.1.3 Prepack i n a  and Clean Up: The grooves may be prepacked w i t h  channel 
sealant before assembly or the s t ruc tu re  can be assembled then i n j e c t e d  
w i t h  channel sealant. I n  the former case, i t  i s  s t i l l  necessary to  
i n j e c t  a f t e r  assembly to  ensure t h a t  no voids remain. 

. 

To prepack the grooves, place a p l a s t i c  c a r t r i d g e  o f  channel sealant i n  
a standard (not  h igh pressure) sealant ext rus ion gun. 
c a r t r i d g e  w i t h  a nozzle. Hold the gun perpendicular t o  the surface 
w i t h  the c a r t r i d g e  opening pressed against  the groove edges. I n j e c t  
the sealant, moving the gun along the groove a t  a r a t e  s u f f i c i e n t  to  
cont inuously f i l l  the channel groove. (Note: Terminate prepacking 
w i t h i n  1 i n  (25 mm) o f  any dam area, i f  the dam has no t  y e t  been 
i n s t a l  led) .  

Do no t  f i t  the 

I n s t a l l  the dam by i n j e c t i n g  MIL-S-8802 or MIL-S-83430 p o l y s u l f i d e  
sealant using a standard (no t  h igh pressure). sealant ext rus ion gun 
f i t t e d  w i t h  a p l a s t i c  nozzle. The i n j e c t i o n  i s  accomplished by 
i n s e r t i n g  the nozzle i n t o  the dam area w i t h  the i n i t i a l  nozzle p o s i t i o n  
a t  the edge o f  the channel, withdrawing i t  slowly as sealant i s  
extruded, f i l l i n g  the dam area. No p o l y s u l f i d e  sealant should enter 
the channel groove i t s e l f .  Once the p o l y s u l f i d e  sealant has cured 
completely, the prepacking w i t h  channel sealant can be completed (or 
can be s tar ted,  i f  the dam i s  b u i l t  f i r s t ,  before any prepacking has 
been accompl i shed) 

*Many do no t  use ch lo r i na ted  solvents w i t h  t i tan ium. 
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10.2.1.3 (Continued): 

Once the channel has been f i l l e d ,  the prepacked sealant should be 
troweled l e v e l  w i t h  the groove edges using a p l a s t i c  (or other  
non-metal l ic) scraper. 
channel sealant. Ensure t h a t  a l l  corners are f i l l e d .  Excess sealant 
should be cleaned from the adjacent mating surfaces. Solvent-wetted 
c l o t h s  should be used. 

I f  necessary, f i l l  any voids or low spots w i t h  

I t  i s  important to  note t h a t  j o i n t s  and over lap edges of the lower 
skins are f i l l e t  sealed and other  appropr iate seal ing i s  done w i t h  
MIL-S-8802 or MIL-S-83430 p o l y s u l f i d e  sealant whi le  access i s  s t i l l  
ava i l ab le  i ns ide  the tank. 
sealant i n  selected areas before tank components are reassembled. 
permanent type fasteners are i n s t a l l e d  and torqued per engineering 
drawing requirements. 
The assembly i s  now ready for  the i n j e c t i o n  o f  channel sealant. 
Channel sealant i s  i n j e c t e d  through external  p o r t s  spaced a t  3 to  5 i n  
(76 to  127 mm) i n t e r v a l s  around the per iphery o f  the tank by means o f  a 
h i  gh-pres sure i n j e c  t i on gun. 

Some companies a l s o  apply faying-surface 

I n j e c t i o n  f i t t i n g s  are i n s t a l l e d  and torqued. 

A l l  

10.2.2 Equipment f o r  Groove I n l e c t i o n :  Equipment used for  i n j e c t i n g  channel 
sealant i s  r a d i c a l l y  d i f f e r e n t  from the standard sealant ex t rus ion  guns 
used i n  f i l l e t  app l i ca t i on .  

Several brand names and models must be mentioned as examples o f  the type 
o f  equipment necessary to  perform t h i s  task. This discussion I n  no way 
means to  imply t h a t  t h i s  i s  the on ly  equipment capable of  doing the job.  
The equipment to be mentioned are those most widely used however. 

The Grover #223 i n j e c t i o n  gun (Fig.  33) magnif ies the p l a n t  a i r  pressure 
by a r a t i o  o f  70:l. Since t i p  i n j e c t i o n  pressures requi red fo r  the 
var ious groove sealants range from 2000 to  6000 p s i  (13 790 to  
41 369 kPa) the p l a n t  a i r  pressure must be regulated down from 80 to  
90 p s i  (552 t o  621 kPa) to  a l e v e l  o f  25 to  60 p s i  (172 t o  414 kPa). 
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FIGURE 33 - G r o w e r  f 2 2 3  High Pressure Pn3ectlon Gun 

(Continued) : 

T i p  pressures are kept under 3000 p a l  (28  684 kPa) Lair pressure at 27 to 
29 ps! (186 to 200 kPa)ll for thin-skinned alrcraft l i k e  the F-4 and but 
can be as high as 6008 p s i  (41 349 kPa) for heavier-winged aircraft. I t  
i s  critleal to the success of  the sealant appllcatisn that the operator 
be acutely aware of the llmitation on line pressure since the structure 
can be damaged, panels can be distorted or rippled, and sealant can be 
forced Into the tank itself. 

The Grover #223 gun utillzes a #224358 SEMCO cartridge adapter to permlt 
the use of  a 4-f1 oz (179 mL) plastic cartridge of  channel sealant. The 
Products Research & Chemical Corporat'ion SEW60 hfsdel #%IO injection gun 
( F i g .  34) provides a ll0:l ratio of line pressure magnif!eatisn. I t  can 
accept 6, 8, or 20 $9 oz (177, 237, or 591 mb) cartrldges of channel 
sealant. It provides a contlnuous bead o f  material when actuated. It i s  
fltted w i t h  a regulator for adjustirtg to the viscoaitles o f  various 
channel seal ants and for control 1 i ng t i p  pressure. Aga4 n, 1 i ne pressure 
limits must be a part of the process Instruction to ensure that design 
structure channel width and cross-sect90no sealant VI scosi ty, and 
injection gun prasure are compatible. 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r40

69

https://saenorm.com/api/?name=9be8f6753861ce8af7308a6f748b4966


__ ~ 

SAE A%R*qOb'I  90 A357340 O053724 b 

18.2.2 

10.2.3 

FIGURE 34 - SEMCQ Model f510 High Pressure I n j e c t i o n  Gun 

(Conti  nued) : 

Another method of  i n j e c t i n g  channel sealant i s  from equipment t h a t  
contains the sealant i n  bu l k  g5 gal (19  L I 1  r a t h e r  than through t h e  use 
of sinal9 p l a s t i c  car t r idges.  The equipment t ha t  pumps from ol 5 gal  
(19 L)  container generates the 30QQ+ p s i  (20 684 kPa) of t l p  pressure 
from the pump i t s e l f .  The a p p l i c a t i o n  gun I s  therefore q u l t e  small. 

The Pylea Dispenser System Model 990018-462-008 'Is connected to  the shop 
a4r pressure supply. The equipment has a 38:l  pressure multiplier 
rat9s. When the ai[r pressure s e t t i n g  i s  180 p s i  (689 kPa) the t i p  
pressure w i l l  be on t h e  order of  3708 p s i  (25 511 kPa); when the a i r  
pressure 3 %  50 p s i  (345 kPa) the injection pressure i s  approximately 
1900 ps0 (93  108 kPa). The lower pressure i s  used for  the i n j e c t i o n  
seal ing o f  t h i n  carbon-epoxy skins t o  metal or carbon-epoxy substructure, 

2 h nna 1 n : The I n j e c t i o n  procedure can be s ta r ted  a t  
any p o i n t  on the tank. 
drawings w i i ï  ~ n d i c a t e  where the ~ n j e c t i o n  process w S i I  s t a r t .  
s t a r t i n g  p o i n t  i s  not cr l t iea l  . I t  i s  c r i t i c a l  however, t h a t  the p o r t  
adjacent t o  the  p o r t  i n  vh'lch the I n j e c t i o n  f i t t i n g  i s  i n s t a l l e d  i s  open 
for the sealant to  e x i t  i n d i c a t i n g  t h a t  the channel i n  between has been 
f i  l led.  

Local process spec i f i ca t i ons  or engineering 
The 

I t  i s  necessary to  provide proper clamp up of  the  seal-groove s t ruc tu re  
throughout the i n j e c t i o n  phase. Only the fasteners from the I n j e c t i o n  
p o r t  i n  use and i t s  adjacent p o r t  are reimved. 
be i n s t a l l e d  and torqued. 

A11 o the r  fasteners must 
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Page 57 sifie@ AIR4069 

10.2.3 (Continued): 

When removable fasteners are involved i n  the per iphera l  seal ing, 
i n j e c t i o n  f i t t i n g s  should be torqued i n t o  both the i n j e c t i o n  and e x i t  
holes. 
match i t  to  the p o r t  i n j e c t i o n  f i t t i n g .  
set  screw i n  the fastener.  I t  can be removed to  a t tach  the i n j e c t i o n  
f i  tti ng) . 

I t  i s  necessary to  measure the depth o f  the sealant groove and 
(Some permanent fasteners have a 

I n j e c t i o n  f i t t i n g s  are i n s t a l l e d  and torqued so t h a t  the s lo t  i n  the 
f i t t i n g  i s  a l igned w i t h  the. d i r e c t i o n  o f  the sealant groove, being 
ca re fu l  no t  to  exceed the torque range for  the f i t t i n g .  With the 
adjacent e x i t  hole open, the gun i s  attached t o  the i n j e c t i o n  f i t t i n g  and 
the sealant f low star ted.  When sealant appears a t  the l e v e l  o f  the sk in  
or spar or a t  the bottom of  the countersink, the sealant flow i s  
stopped. The i n j e c t i o n  f i t t i n g  i s  then i n s t a l l e d  i n  the hole prev ious ly  
used for  sealant e x i t  and the next adjacent fastener i s  removed to  permit  
e x i t  of  sealant when the process i s  systemat ica l ly  repeated. Con t inu i t y  
i s  thus ensured, p o r t  to  po r t .  The sealant gun i s  hand held and pressed 
against  the i n j e c t i o n  f i t t i n g  whi le  sealant i s  i n jec ted .  F i x tu res  are 
a l s o  a v a i l a b l e  for  support ing the weight o f  the gun when overhead pa r t s  
are i n jec ted .  

Some noncuring sealants are s t i f f  when co ld  and extrude a t  a much lower 
r a t e  producing more back pressure. Local heat ing o f  the s t ruc tu re  w i t h  
heat ing pads w i l l  a i d  i n  the movement of  the sealant. 

Once the seal ing operat ion i s  completed a l l  accessible excess sealant 
should be removed from the tank 's  i n t e r i o r  and e x t e r i o r  surfaces. 

Fasteners used i n  a d d i t i o n  to  those i n  the groove path must be o f  the 
se l f -seal ing type (O-rings) and capable o f  being replaced from the 
outs ide o f  the tank. 

11, LEAK REPAIR: 

11.1 Repa i r  Philosop hv: During i n i t i a l  manufacture, leaks are repai red when 
they are discovered. When the a i r c r a f t  i s  i n  operat ional  use, repa i r s  may 
be noted bu t  deferred for  a c t i o n  a t  the t ime o f  scheduled maintenance. I f  
the leak i s  s i g n i f i c a n t ,  i t  may be downgraded by the use o f  a temporary 
r e p a i r ,  w i t h  permanent r e p a i r  deferred u n t i l  the t i m e  o f  scheduled 
maintenance. 
smal 1 leak condi t i o n ,  the plane must be grounded. 
made t o  the outs ide o f  the i n t e g r a l  f u e l  tank sometimes wi thout  defuel ing.  
Such a r e p a i r  can never be accepted as a permanent r e p a i r .  Permanent 
repa i r s  are made ins ide  the tank. 
mater ia l  de f i c ienc ies ,  poor workmanship, and f l i g h t  environment, which can 
produce bond f a i l u r e s ,  s t r u c t u r a l  cracks, corrosion, and loosening o f  
fasteners.  The most common leak sources are non-self-seal ing fasteners 
penetrat ing the f u e l  b a r r i e r  wal ls.  Proper i n i t i a l  seal ing o f  a l l  
fasteners i s  imperative. Repair ing leak ing fasteners i n  the f i e l d  i s  more 
d i f f i c u l t  since some types may requ i re  somewhat d i f f e r e n t  seal ing contours 
and dimensions, and r e p a i r  personnel must recognize the d i f ferences i n  the 
seal ing requirements o f  each type. 

I f  a s i g n i f i c a n t  leak cannot be downgraded to  a no leak or 
Temporary repa i r s  are 

Leaks are caused by design def ic ienc ies,  
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I AIR4069 Page 58 

11.1 

1 1  ' 2  

(Continued) : 

Fuel tank leaks have been c l a s s i f i e d  by the m i l i t a r y  and by commercial 
i ndus t r y  i n  much the same way, recogniz ing t h a t  i n t e r n a l ,  nonvented leaks 
are more serious than i n t e r n a l  vented ones, which i n  t u r n  are more serious 
than external  leaks. Rate o f  leak ing i s  a second element determining the 
seriousness o f  the leak, 

Leak C1 ass i f  i c a t i  ou : The seriousness of  leaks i s  broken i n t o  f o u r  
categor ies by the A i r  Force" A=slow seep, Beseep, Cæheavy seep, D=running 
leak.  These leaks are q u a n t i f i e d  i n  the f o l l o w i n g  tab le .  The l e v e l  of  
a c t i o n  t o  be taken depends upon how much of a l eak  i t  i s  and where i t  i s  
located. A and B are e s s e n t i a l l y  the 
same - the small leak i s  documented t o  be p e r i o d i c a l l y  inspected for  leak 
growth. Under l e v e l  A, i t  i s  not mandatory to  r e p a i r  when the tank i s  
opened for  inspect ion or other  r e p a i r .  Under l e v e l  B,  r e p a i r  should be 
scheduled when the a i r c r a f t  i s  down fo r  maintenance or when i t  i s  opened 
for  another inspect ion or r e p a i r .  Level C requi res documentation and 
r e p a i r  to  a no leakage or small leakage condi t i o n  (1 eve1 A or B) 

There are three l e v e l s  o f  act ion:  

Location & Act ion 
6-Mi nute Leak External I n t e r n a l  

Leak Cateaorv L i m i t  JP-4 Vented Unven ted 

A- Slow Seep O to  114 i n  s t a i n  1 1 2 
B- Seep > 1/4 - 3/4 i n  s t a i n  1 2 3 
C- Heavy Seep > 3/4 - 6 i n  s t a i n  2 3 3 
D- Running Leak > 6 i n  or d r i p s  and runs 3 3 3 

Note: 1 /4 i n  (6.4 mm) ; 314 i n  (19.0 mm); 6 i n  (152 mm) 

S l i g h t l y  d i f f e r e n t  s t a i n  areas and d r i p  ra tes  are spel led o u t  fo r  AV Gas 
and fo r  JP-5 and JP-8. JP-5 and 8 are categorized the same. 

11.3 Temporarv Repa irs.: External repa i r s  (except for  groove i n j e c t i o n )  are 
consi dered temporary. Temporary r e p a i r s  are designed t o  downgrade the 1 eak 
c l a s s i f i c a t i o n  to a f l y a b l e  cond i t i on  u n t i l  scheduled permanent r e p a i r s  can 
be accomplished. Several types of  patch k i t s  are ava i l ab le .  

Groove i n j e c t i o n  r e p a i r s  are permanent. I n  groove designed tanks, If a 
sealant dam f a i l s ,  large losses o f  channel seal to  the e x t e r i o r  w i l l  be 
observed. Fasteners occurr ing outs ide the groove path w i l l  be d e a l t  w i t h  
as w i t h  other  designs i n  using seal ing washers or O-rings. 

11.3.1 Aluminum F o i l  Patch K i t :  Leaking fasteners are repai red most e f f e c t i v e l y  
by the app l i ca t i on  o f  an aluminum f o i l  patch, bonded w i t h  an e x t r a  f a s t  
s e t t i n g  epoxy or p o l y s u l f i d e  sealant. 
(F ig .  35) or equivalent,  conta in ing e s s e n t i a l l y  a l l  o f  the items needed, 
i s  used. 

A k i t ,  such as a SEMCO 400A1 

* A i r  Force Technical Manual T.O.l-1-3 
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Pags 58 

FIGURE 35 - Aluminum F o i l  Patch # I t  
(Natlonal Stock MO. 4920-450-6925) 

11.3.1 (Continued): 

The a i r c r a f t  does no t  need to  be defueled if the f a s t  s e t t l n g  epoxy i s  
used. The procedure Por use i a :  

l .  Clean the fastener area w i t h  MIL-6-38936 cleaner. Mote: Do no t  
remve the o r i g i n a l  sealant topcoat on the fastener before apply ing 
the patch. 

2. Use a patch eut from the 8.002 i n  (0.05 m) thlck aluminum foil 
suppl ied I n '  the r e p a i r  k i t .  The diameter should cover the head o f  
the fastener and extend l / 2  I n  (12.9 mia) beyond the head of  the 
fastener e 

3 .  Clean the surface o f  the f o l 1  patch w i t h  MIL-C-38736 cleaner. 

4. M l x  and apply the quiek s e t t i n g  epoxy t o  the cleaned side of  the 
aluminum patch. Apply i t  to  a thilckness 0.015 to  0.02Q i n  (0.38 Po 
0.59 min). 

5 .  Press the patch i n t o  place over the fastener head. 
w l t h  the k i t  f i x t u r e  provided. Cure time: 
75°F (24°C). 

Wold .0n place 
approximately 45 min a t  

6 .  CAUT%ON: Do no t  heat to  accelerate cure, Heat cur'ing causes the 
epoxy to  beesme b r l t t l e  and f a l l .  

4 .  To remove the patch (when a permanent r e p a i r  i a  to  be made), heat the 
patch to  200" to  258°F (93" t o  921°C) w i t h  a heat gun. Use a p l a s t i c  
scraper to  p r y  up the patch. 
patch. Heat and scrape u n t i l  epoxy 1 s  removed. 

Use needle-nosed p l i e r s  t o  remove the 
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S A €  AIR*4069 90 a357340 0 0 5 % 9 2 8  3 

19.3.1 

11.3.2 

11.3.3 

NOTE: 
fast setting epoxy, the  plane must be defueled to a level below that of 
the 'leak, Proceed as above. A f t e r  the patch 'Is applied, apply heat to  
the patch using the heat applicator in the  repair kit. Cure for 
approximately 30 min at 140°F (68°C). At temperatures below 50°F ( I O " C ) ,  
preheat the surface around the fasteners for a few minutes before the 

I f  MIL-%-8882 two-part polysulfide sealant l s  used in place of the 

patch is applied. . 

Several other less favored types of  externally applied patches are 
available, utlllming epoxy or polysulfide sealants and using un'lque 
appl i cation $1 xtures. 

: Flush fasteners can be 
resealed (temporary repair) ulthout defueling through the injection of 
MIL-S-46163 (previously MIL-S-22473) boct l te  sealant a t  a pressure of 
approximately 9QQ p s l  (6205 kPa). (Paint w i l l  have been removed from 
around the fastener and the surface cleaned.) After the Compressed Air 
Injector Kit has been used, the head of  the fastener is covered with 
alumlnum tape and the sealant is heat cured (heating iron, 140°F (60°C), 
5 t O  IO rilin) to S t O D  t h @  leak, 
seals i n  faying surfaces, high pressure .tnject!on repair should not be 
used. ) 

(HOTE: bihen the aircraft WIpIQyS Bcina-M 

The equipment required i s  a part of  the kit and includes a position 
locator, suction cups, cylinders, and jacks for holdlng the assembly to 
lower-ulng surfaces. After the sealant i s  cured the tape i s  removed. 

App11catlon o f  Ouick Hardening kfaterlal: 
teiilporary repair of fastener leaks requires f i r s t  cleaning the surface 
around the fastener with  methyl ethyl ketone (MEK), then applying a 
material t h a t  w i  1 1  harden over t h e  fastener head. 

A simple method for the 

a. Use Oyltite Stik (Air Force 1.D.  1 %  D-103). Soften i t  by dipping the 
end i n t o  methyl ethyl ketone 

b.  Firmly apply around the fastener head unt4l the leak stops 

c .  Remove Bxcess 

1'1.4 Permanent Wepalrs: Permanent repnlrs are made from i n s  I d e  the tank 
(exception: grsove-sealant injection). Each leak requires a leak path 
analysis to ideritify the leak exit point, the leak path, and t h e  leak 
source. The appropriate aircraft manual u9 1 1 Identify t h e  seal ants used on 
the structure fasteners, access doors, and components. 

The types of  seals  made with curing-type sealant are: 

a.  Prepaeked and 'Injectlorn seals - Inject if possible and add a fillet 
seal around the periphery and any other opening. 
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Page 61 AIR4069 

11.4 (Continued): 

Is. 

c .  

d. 

e. 

f. 

Faying surface - Dlsassembly would be necessary. Normally leaks are 
repaired by the use of fillet seals. 
used for injecting faying-surface sealant to effect repair. Hand held 
pressure will prov'lde an adequate "pressure release system'' to prevent 
panel distortion. The fastener is then reinstalled and sealed. 

I n  some cases hollow bolts can be 

Fillet Seals - Repaired by remval of the fillet in the affected area, 
tapering the remalnlng ends to an approximate 3Q" angle. Abrade l/2 In 
(12.7 mm) on each end, clean, apply adhesion promoter, apply brushcoat 
class A sealant, then apply fillet. 

Brush coats - The brush coat is recommended for f'lllets and is applied 
before the fillet 1 s  deposited. it i a  never applied over fillet seals 
as a leak repair. 

Hole and slot - Repaired by removing old 
reapplylng sealant. 

Overcoat Seals - As previously mentioned 

(1)  Multlple layers of class A material 
the prior layer surface is tack free 

sealant and seals, and 

four approaches are acceptable: 

f each layer i s  applted after 

(2 )  Class A sealant layer followed by class B sealants applied after 
the A material is tack free. 

( 3 )  Class B material applled alone. 

(4) 1% is recornended that, with any of  these approaches given above, 
adheslon promoter be applied first. 

11.4.1 ,eak Path Analvsis: There is a leak source inside the tank, a leak path 
to the outside of the tank, and a leak exit polnt. A leak can occur 
directly through (beside) a fastener to the outside or It can travel many 
feet through crevices l n  assembled structure before appearing at an exit 
point. The task consists  of tylng the leak exit to the leak source. 
Study of the tank design drawings and the method by which it was sealed 
can give valuable clues as to the probable path from exit to source. 
Locating al9 leak exits and tying them to their leak sources i a  a 
necessary prerequisite to making permanent repairs. 
opened, all the leak sources must be identifled and repalred and other 
defects corrected to make the total effort cost effective. For this 
reason, the value of leak path analysis cannot be overstated. 

bdhen the tank is 

11.4.1.1 : There are four wldely used methods for 
determlning the leak exit: 
red wetted by fuel; (2) torn paper - absorption on paper reveals a 
leak; (3 )  tank pressurization with gas/soap bubbles on the outside and 
(4 )  helium, argon, ammonia, or nitrous oxide pressurization; outside 
detection e 

( 1 )  red talcum powder, which turns bright 
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BEGURE 36a - P l a s t l c  Powder Dispenser FIGURE 36b - Spray Can Dispenser for 
Powder 

FIGURE 36 - Red Leak Detectloss Powder 

11.4.1.1 (Continued): 

The more recent method i s  dyed f u e l ;  de tec t i on  by U.V. l l g h t ,  

a .  Red Talcum Powder (F igs .  36 a ,b)  - A recommended method. 

Condit ions: Used on ly  external  to the tank 
Used before defuel i ng 
Used where leaks are observed or suspected 

I .  S t r i p  any e x t e r i o r  sealant from the seams 'In the suspected area. 

2. Wipe o f f  the lenk area thoroughly w l t h  cotton wlpes ( 3  to 4 
changes or turns) .  

3 .  Blow o u t  a l l  seams and corners w i t h  compressed a i r  I00 p s i  
(689 kPa) rnax: hold nozzle a t  l e a s t  l / 2  i n  (12.9 min) away from 
a l 1  sealant and s t ructures) .  

4. D u s t  immediately; use thick camel's h a i r  brush or aerosol dust  
spray. Wetted powder w i l l  t u r n  b r i g h t  red. 

5. Observe long enough to  detect  sequence 'If o the r  leak e x i t s  are 
to appear. 

4. I d e n t i f y  (mark) e x i t  p o i n t ( % )  with  a marklng penc i l  and wipe 
o f f  the rerna'lning t a l e .  
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Page 63 AIR4069 

11.4.1.1 (Continued): 

b. Torn Paper - A recommended method. 

Condit ions: Used on ly  external  to  the tank 
Used before defuel i ng 
Used where leaks are observed or suspected 

1. S t r i p  any e x t e r i o r  sealant from the seams i n  the suspected area. 

2. Wipe o f f  the leak area thoroughly w i t h  cot ton wipes ( 3  t o  4 
changes or turns).  

3 .  Blow o u t  a l l  seams and corners w i t h  compressed a i r  100 p s i  
(689 kPa) max: ho ld nozzle a t  l e a s t  112 i n  (12.7 mm) away from 
a l  1 sealant and s t ructures) .  

4. Apply fuzzy edge o f  t o r n  paper (an absorbing type) t o  the 
suspect area. 

5 .  Move the fuzzy edge slowly along the suspect area. 

6. Mark the spots where l i q u i d  i s  absorbed. 

c. Gas Pressure - This method i s  to  be used w i t h  caut ion,  bu t  i t  i s  
necessary i n  order t o  f i n d  e lus i ve  leaks. Observe a l l  safety  
precautions for  deal ing w i t h  pressur ized systems. Establ ish what 
the pressure l i m i t s  are for  the tank. Be aware of  the a i r c r a f t  
vent system. Make a check l i s t  of  a l l  plugs, cover p la tes,  and 
caps i n s t a l l e d  dur ing the t e s t .  A f t e r  the t e s t ,  review and remove. 

1. 

2. I n s t a l l  p la tes  to  a l l  f i t t i n g s .  

Defuel and purge tanks to  a f i r e - s a f e  condi t ion.  

3.  Attach the a i r  supply and water manometer. 

4. Pressurize tank. 

5. Apply a noncorrosive soap bubble s o l u t i o n  (MIL-L-25567 or 
equivalent)  to  the tank e x t e r i o r .  

6. Mark a l l  leaks w i t h  a marking p e n c i l ,  

7. Relieve pressure slowly over a t  l e a s t  a 15-min per iod.  

d. Helium or Argon Gas Pressure/Detector - Condit ions and steps 
through (c4) a ove are the same except t h a t  the tank i s  pressurized 
w i t h  hel ium or argon. A hel ium or argon leak detector  i s  used t o  
scan the ex te r  or surface to  f i n d  the leak e x i t s .  Mark them w i t h  a 
marking penc i l  
per iod.  

Relieve pressure slowly over a t  l e a s t  a 15-min 
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11.4.1.1 (Continued): 

When the leak e x i t  i s  found near two adjacent tanks, i t  i s  
necessary t o  e s t a b l i s h  which tank i s  leaking, or i f  both are 
leaking. The procedure i s  s t r a i g h t  forward. A b r i e f  summary i s  
g iven below: 

1. Defuel out 
i s  t h  

2. Defue 
stops 
tanks 
1 eak. 

1 ea 

the 
the 

are 

oard tank and l e t  dra in .  
e r .  I f  not, proceed to  2. 

o ther  tank and r e f u e l  the f i r s t  one. I f  the leak 
defueled tank i s  the leaker,  I f  not,  e i t h e r  both 
eaking or res idual  f u e l  i s  g i v i n g  the i n d i c a t i o n  of  

I f  leak stops - t h i s  tank 

I 

3 .  I f  res idual  f u e l  i s  suspected, defuel both tanks and d r a i n  a l l  
res idual  f u e l  t o  stop the leak. 

4. F i  11 one tank. I f  no' leak appears, the o the r  i s  the leak. 

5. If a leak appears, d r a i n  the fue led  tank; wa i t  for  the leak to  
stop, then f u e l  the other  tank. I f  a leak shows, both are 
1 eaki ng . 

e. Dyed Fuel and Detect ion by U l t r a v i o l e t  L i g h t  - The Widger Chemical 
Dye-Lite leak de tec t i on  system has been adopted by several major 
air f rame manufacturers and a i r  c a r r i e r s  f o r  f u e l  tank leak 
detect ion.  
the j e t  f u e l .  
Procedures con t ro l  the concentrat ion of  the dye, the method o f  
dispersing i n  the f u e l ,  the t i m e  before de tec t i on  scanning s t a r t s ,  
and the spec i f i ca t i ons  fo r  the u l t r a  v i o l e t  lamp. 

A dye which f luoresces i n  u l t r a v i o l e t  l i g h t  i s  added to  
The e x t e r i o r  i s  then examined w i t h  the l i g h t .  

11.4.1.2 Findinu the Leak Source: The leak source can be (1) the sealant, ( 2 )  
loose, cracked, or missing fasteners,  or ( 3 )  a s t r u c t u r a l  f a i l u r e .  A 
s t r u c t u r a l  f a i l u r e  can produce an e a r l y  i n v i s i b l e  crack. 
procedural steps for  de fue l i ng  and opening a tank for  access should be 
taken. Several dependable methods for  f i n d i n g  a leak source are 
summarized below. I t  i s  important to  emphasize t h a t  s t r u c t u r a l  
drawings must be studied and the o r i g i n a l  seal ing p lan  considered i n  
order t o  determine the most l i k e l y  paths from source t o  e x i t .  I t  i s  
a l  so important to  reemphasize t h a t  every leak e x i t  be p o s i t i v e l y  
i d e n t i f i e d  to i t s  leak source before permanent r e p a i r s  begin. A f t e r  
analys is  of  s t r u c t u r a l  drawings and seal ing procedures, inspect the 
i n t e r i o r  o f  the tank. 

Standard 

a. Inspect ion - S t a r t  a t  po in ts  opposite the leak e x i t s .  

1. Defect ive sealant - cracks, a i r  bubbles, so f t  spots, shrinkage, 

Look for :  

scars, d i sco lo ra t i on ,  chalking, loss o f  e l a s t i c i t y  
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11.4.1.2 (Continued): 

2. Loss o f  adhesive bond - apply p l a n t  a i r  C100 ps i  (689 kPa) maxl 
w i t h  an a i r  gun placed approximately 1/2 i n  (12.7 mm) from the 
sealant; i f  debonded sealant i s  found, the sealant should be 
s t r ipped away without damaging the corros ion coat ing 

3 .  Missing, cracked, l o o s e  fasteners 

The m o s t  l i ke ly  leak paths should be inspected c a r e f u l l y ,  using mirrors 
where d i r e c t  viewing i s  not  possible.  

b. T e s t  Methods for Finding the Leak Source 

1. Blow Back Method - One worker w i t h  a compressed a i r  hose ins ide  
the tank appl ies the nozzle (pressure 100 ps i  (689 kPa) max) 
approximately 1 / 2  i n  (12.7 mm) from the suspected sealant or 
s i t e .  
s o l u t i o n  (MIL-L-25567) t o  the suspected area. Bubbles should 
reveal  leaks which are then marked. This t i e s  leak e x i t  w i t h  
leak source. The same t e s t  i s  appl ied to  a l l  suspect areas. 
Then recheck by apply ing the a i r  a t  the outs ide and the soap 
bubble s o l u t i o n  on the ins ide.  

A second worker on the outs ide appl ies a soap bubble 

2. Dye I n j e c t i o n  Method - (Use i f  (1) above f a i l s  t o  reveal  the 
source/ex i t ) .  This procedure, summarized b r i e f l y ,  consists o f  
i n j e c t i n g  a small quant i t y  o f  dyed f u e l  through the leak e x i t  
then en ter ing  the tank t o  observe the suspected leak source 
areas for  evidence o f  the dye. 
hol low hole i n s t a l l e d  i n  a fastener hole near the leak e x i t .  
Dye i n j e c t i o n  and pressur iza t ion  may cause the dye t o  f o l l o w  
the leak path t o  the source. Other techniques using dyed f u e l  
(vacuum cup, pressure box) are a l s o  used t o  move the dye along 
the leak path. 

An a l t e r n a t e  approach employs a 

3. Vacuum - Negative Pressur izat ion o f  Fuel  Tank Summary: An 
approved negative pressure i s  appl ied to  the f u e l  tank. Dyed 
f u e l  i s  appl ied to  the outs ide o f  the tank a t  the leak e x i t .  
The vacuum i s  released slowly, then the i n s i d e  of  the tank i s  
inspected for  evidence o f  dye which reveals the leak source. 

I t  must be s tated s t rong ly  t h a t  s t r u c t u r a l  cracks cannot be repai red by 
the use o f  sealant. I t  must be s t r u c t u r a l l y  repaired, thus, such leak 
sources must be t rea ted  d i f f e r e n t l y  i n  planning permanent repa i rs .  

11.4.2 Permanent Repairs w i t h  Two-Part Cur i n a  Sealant: 

11.4.2.1 Prepacked Sea 1s: Without disassembly, remove per iphera l  sealant, 
clean, apply adhesion promoter, and r e p a i r  w i t h  a f i l l e t .  
f i l l e t .  

Tool the 
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11.4.2.2 I n j e c t i o n  Seals: Without disassembly, remove per iphera l  sealant, 
clean, apply adhesion promoter tuse a p ipe c leaner  i f  necessary), 
r e i n j e c t ,  t oo l  the outer  surface. 

11.4.2.3 Fayinq-Surface Seals: Remove the f i l l e t  around the edge, clean, apply 
adhesion promoter, apply brushcoat, apply f i l l e t ,  tool. More extensive 
r e p a i r  (i .e., replacement o f  the faying-surface sealant)  would requ i re  
disassembly, i n v o l v i n g  s i g n i f i c a n t  t i m e  and cost. I n  some cases hol low 
b o l t s  can be used fo r  i n j e c t i n g  faying-surface sealant t o  e f f e c t  a 
. repai r .  

11.4.2.4 F i l l e t  Sea 1s: The r e p a i r  o f  a f i l l e t  seal invo lves the f o l l o w i n g  steps: 

a. Remove the de fec t i ve  sealant using nonmetal l ic  t o o l s ,  ( s t e e l  knives 
or scrapers must no t  be used). 

b. Cut the remaining ends o f  f i l l e t s ,  taper ing them to  approximately 
30". A t  l e a s t  1 /2  i n  (12.7 mm) on each f i l l e r  end should be 
abraded. 

c. Clean the surface. (See Section 4.) 

d. 

e. 

Repair the corros ion coat ing w i t h  an epoxy. (See Section 3 . )  

Apply adhesion promoter (a l l ow  30 min for  a c t i v a t i o n ) ,  
po in t ,  there are two methods fo r  proceeding, both acceptable. 

A t  t h i s  

Method 1 - Apply a brushcoat of  c lass A p o l y s u l f i d e  sealant a t  a 
s u f f i c i e n t  width along the seam or j o i n t  t ha t ,  a f t e r  the f i l l e r  i s  
appl ied and tooled, the I1Al1 ma te r ia l  extends 0.100 i n  (2.54 mm) wider 
on each side of  the f i l l e t .  

Apply the c lass B extrudable f i l l e t  sealant and tool i t . 
companies which use th i s  technique, the l'BI1 i s  app l i ed  any t ime a f t e r  
the "A" mater ia l  i s  tack f ree .  
apply ing the "8" mate r ia l ,  the "A'I surface would have t o  be cleaned.) 

Those companies which do n o t  use t h i s  technique f e a r  t h a t ,  unless the 
solvent from the c lass A brushcoat has a chance t o  evaporate ( they 
consider the t ime t o  be s i g n i f i c a n t l y  longer than the t i m e  to  become 
tack f r e e )  i t  can be a source of  bond f a i l u r e  between A and B ,  Such 
has no t  been the experience o f  those using t h i s  method. There i s  no t  a 
s t rong bank o f  data t o  prove the s u p e r i o r i t y  o f  the "B1' over "A" 
technique. 

I n  those 

(If more than 24 h passes wi thout  

Method 2 - Apply the c lass B extrudable p o l y s u l f i d e  f i l l e t  d i r e c t l y  t o  
the f r e s h l y  appl ied adhesion promoter (no sooner than 30 min a f t e r  the 
adhesion promoter was appl ied and no l a t e r  than 24 h). 
f i l l e t .  While some a l s o  apply a brushcoat o f  c lass A sealant over the 
f i l l e t ,  i t  i s  no t  recommended since the brushable l'A1' sealant alone 
does no t  produce a primary seal and could mask a leak i n  the f i l l e t .  

Tool the 
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11.4.2.4 (Continued): 

There is a body of opinion favoring elimination of the brushcoat under 
the fillet as well. By cleaning the surface, applying adhesion 
promoter, applying the extrudable class B sealant, and tooling it, 
there is no need for the extra step of applying a brushcoat. 

11.4.2.5 Brushcoats : Brushcoats of class A polysulfide sealant are applied by 
stiff brush, working in a close circular motion Into and around 
crevices, holes, seams, around and over fasteners and on surfaces to be 
sealed with a fillet of class B material. It is recommended that after 
cleaning the surface, adhesion promoter should be applied before the 
brus hcoat i s appl i ed . 

11.4.2.6 Fasteners: Since there are several types of fasteners, the major types 
should be addressed. 

a. Interference Fit Fasteners - Leaks in interference fit fasteners 
are repaired by removing the sealant fillet or overcoat if any; 
cleaning the surface, applying adhesion promoter; overcoating with 
class B polysulfide, using either a brush or an extrusion gun 
(other techniques previously mentioned in 10.1.3.5 are acceptable): 
and fairing/feathering the edges. 

b, Fastener with Sealing Washer or O-Ring - Retighten; if leak 
persists, remove the fastener, clean the surface, replace the 
sealing washer, replace the fastener, tighten. An alternative 
method: after retightening the existing fastener if leaking 
persists, clean the surface of the fastener thoroughly (inside the 
tank) with an acceptable solvent cleaner and overcoat with a class 
B extrudable sealant, observing the thickness and dimensions 
described in 10.1.3.5. 

c. Fasteners Sealed with a Brushcoat/Fillet - Repair as 
11.4.2.7 Access Doors P reviouslv Sea led with Polysulfide Sea lant: 

a. Retighten fasteners 

n 11.4.2.6a. 

b, Remove leaking screw or bolt, clean it, apply class A or B sealant 
to the shank and under the screw or bolt head, reinstall. If leak 
persists, remove door, remove seal, clean, reapply access door 
sealant as described in 10.1.3.9. 

11.4.3 Permanent Repa irs with Groo ve/Channe 1 Sea lant: Leaks 
difficult-to-reach areas requiring the removal o f  equ 
repairs can be made. The most common failure mode is 
pressure build-up due to thermal expansion, fuel swel 

Thermal expansion and contraction can also cause void 

occur at times in 
pment before 
gap extrusion from 
,and other factors. 

formation. Other 
causes of ieaks include leaching of the lower molecular weight polymers 
by the fuel, polymer chain scission from vibration and shearing action, 
and hydrolysis of the polymer from absorbed water in the fuel. 
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11.4.3 (Continued): 

Finding the leak source is the first order of business. This can mean 
removing access panels and wiping out the area of the suspected leak 
source to identify it. Once found, the channel in that area must be 
reinjected. The fuel level can be lowered below that of the leak to 
avoid spillage when the injection and observation ports are opened. 

Repair personnel must be alert to the temperature of the aircraft and the 
sealant since the sealant extrudability varies greatly with temperature 
requiring signif i cantly different tip injection pressures 

It may be necessary in some cases to warm the aircraft in the vicinity of 
the injection ports to be used. 

Starting with the first and second cover screws to the left of the leak 
exit, inject channel sealant until it exits the second port in a length 
equivalent to the distance between the ports C3 to 5 in (76 to 127 mm)l 
and/or until no voids or fuel is observed. Close the first port, open 
the third port, Again observe sealant 
exiting the third port until that segment between has been replaced. 
Close the second port and inject into the third port, opening the fourth 
port for exiting of old sealant. 

Inject into the second port. 

Close the third and fourth ports. 

In the event that the design includes fasteners not located in the 
channel, they are generally of the self-sealing type which are 
replaceable from outside the tank. Other fasteners that are accessible 
from inside the tank (if any) are repaired as described in 11.4.2.6. 

If a fuel leak is observed near a dam location and the leak cannot be 
stopped by injecting sealant across the dam area, the cause could be a 
failed dam. If large amounts of channel sealant escape to the exterior 
of the tank, a ruptured dam is confirmed. The aircraft then must be 
defueled before repair. After access is gained to the area, remove any 
extruded groove sealant; then remove any residual dam material 
(MIL-S-8802 or MIL-S-83430 sealant) using smal 1 probes or dri 1 1  s (dri 1 1  s 
should be hand or air operated only). 

CAUTION 

Follow the configuration of the structural gap - Avoid 
damage to metal or composite surface. 

Clean the dam gap of all debris and contamination using small wire bottle 
brushes wetted with solvent and rotated in a drill motor. 

Clean the brushes frequently. 
surfaces with clean, wetted cotton swabs. The adjacent surfaces o f  the 
repair site should also be cleaned for a distance of &in (51-mm) minimum 
in all directions. 
oil-free cloth wetted with methyl ethyl ketone (MEK). Wipe the surface 
dry with a dry wiper. 

Cleaning is completed by wiping the 

Wipe the surface dry with an approved lint and 
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CHAMFERED LAND 
(TO PREVENT DAM 
BLOWOUT DURING 

W I N G  R I B  
FLANGE 

CHAMFERED LAND 
(TO PREVENT DAM 
BLOWOUT DURING 
SEALANT I N J ECT I ON) 

SPAR FLANGE 

11.4.3 

11.4.4 

PREPARED BY SAE COMMITTEE G-9, AEROSPACE SEALING COMMITTEE 

FIGURE 37 - A Typical Dam 

(Continued): 

Rebui I d  the dam using MIL-S-8802 or MIL-S-83430 p o l y s u l f i d e  sealant 
( B  1/21. Apply w i t h  a sealant gun by i n s e r t i n g  the nozzle i n t o  the dam 
area to  the groove channel and slowly withdrawing the t i p  as the dam area 
i s  f i l l e d .  Also apply sealant on the outs ide o f  the r e p a i r .  A f t e r  
complete cure o f  the p o l y s u l f i d e  sealant, the channel can be r e i n j e c t e d  
w i t h  groove sealant. 

Permanent Repairs i n  Adhes i v e l v  Bonded Tanks: Such tanks o f t e n  combine 
adhesively bonded faying-surface seal ing w i  t h  groove and conventional 
seal ing.  Leakage i n  adhesively bonded f a y i n g  surface areas are repai red 
by apply ing curable sealants as f i l l e t s  or brushcoat p lus f i l l e t  t o  the 
i n t e r i o r  o f  the tank. Where design permits, i n j e c t  sealant i n t o  the 
ava i l ab le  channel i n  leak areas. Any leaks not accessible otherwise w i l l  
r equ i re  disassembly. Attempting to  make a r e p a i r  by a p p l i c a t i o n  of  
sealant on the outs ide of  the tank i s  no t  acceptable and i s  no t  an opt ion.  
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