
Federal Aviation Agency AC NO t AC 20-53 

AIRCRAFT 

f FFECTIVR: 10/6/67 

SUiJECT 2 PROTECTION OF AIRCRAFT FUEL 8Y8TJKS AGAINST LIGHTNING 

1. This circular sets forth acceptable means, not the sole meant, by 
which compliance may be shown with fuel eye ten lightning protection 
airworthiness regulations (Section 25.954). 

2. flAHfigmmoM. Advisory Circular No. 25-3A, e f fect ive November 10, 
1966, Is canceled. 

3 - BACKGROUND. Airplanes flying In and around thunderstorms are often 
subjected to direct lightning s tr ikes , and, a l s o , to nearby lightning 
discharges which may produce corona and streamer formations on the 
aircraft . 

4 . KEY FACTS RELATIVE TO LIGHTNING PROTECTION. 

a. Fuel System/Lightning Phenomena Relationship. 

(1) Flammable mixtures may ex i s t in any part of the tank 
vent system. 

(2) Vent out lets may be susceptible to Ignition of vapors 
by either streamerlng or direct strokes. 

(3) Streamers or corona can contain suff ic ient energy to 
serve as an Ignition source. 

(4) Stroke attachment to semi-insulated parts may contain enough 
energy to cause sparking on the inside of the fuel tank which, 
In turn, could igni te flammable vapors. 
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b. T.iahtnlnt Strike Zones. In connection with the foregoin| fuel system/ 
lightning phenomena relationship, the FAA hat conducted a series of 
experiment! end studies with respect to exist ing aircraft and has 
found the following to be erees of high probability. For the purpose 
of these experlmsnts and studies the elrplsnes were divided Into the 
following tones. ?hase stay be treat warranting Investigation for 
future airplanes. 

(1) tone 1. 

(a) All turfacat of the wing tlpa loctttd within 18 inches of 
tht t ip measured parallel to the lateral axlt of the a ir ­
craft , and turfacat within 18 Inches of the leading edge on 
wlngt having leading edge sweep angles of more than 45 
dagreet. 

(b) Frojectlont tuch at engine nacel les , external fuel tanks, 
propeller d isc , and fuselage note, 

(c) Tell group: within 18 Inches of the tips of horitontal and 
vertical s tab i l i ser , trai l ing edge of horitontal s tab i l i ser , 
t a l l cone, and any other protuberances. 

<d) Any other projecting pert thet might constitute a point of 
direct stroke attachment. 

'2) Zone 2. Surfecet for which there i t a probability of strokes 
being swept rearward from a Zone 1 point of direct stroke 
attachment, ^his tone includes turfecet which extend 18 Inches 
laterally to each tide of fore-and-aft l ines passing through the 
Zone 1 forward projection points of stroke attachment. All 
fuselage and nacelle turfecet, including 18 inchet of tdjtcent 
turfecet, not defined t t Zona 1 are included in Zone 2. 

O) Zone 3 . Surfacet othtr than those covered by Zonae 1 & 2. 
Ignition aourcat In thaat t r t t t would ex is t only In the event 
of stretmerlng. 

c. In connection with the foregoing the following definitions apply: 

( ! ) Corona: A luminous discharge thet occurs t t a retult of an 
e lec tr ica l potential difference between the alrcreft and the 
surrounding atmosphere. 

(2) Streamerlna: The branch-like ionised paths thst occur in the 
presence of a direct stroke or under conditions when lightning 
ttroket ere imminent. 

(3) Sweot Stroke: A ter ie t of successive direct strikes swept across 
the surfece of the airplane by the motion of the airplane. 
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( 4 ) Direct Stroke Attachment: Contact of the main channel of a 
l ightning stroke with the a i r c r a f t . 

5 . GENERAL GUIDELINES FOR LIGHTNING PROTECTION OF FUEL SYSTEMS. Effective 
fuel system l ightning protect ion i s obtained i f : 

a * In Zone Is The protect ion takes into account a l l fuel system 
p a r t s , d i rec t s t r i k e s , and possible penetrat ion; vent ou t l e t s 
are protected against the effects of d i rec t stroke attachment; 
and semi-insulated fuel system par t s are designed to prevent 
sparking where flammable vapors can ex i s t . 

D* In Zone 2: Vent ou t l e t s and semi-insulated fuel system par t s are 
protected in the same manner as for Zone 1. 

C a In Zone 3 : Vent ou t l e t s having a protruding configuration are 
protected to avoid ign i t ion of fuel vapors by streamering or corona. 

A tabular descr ipt ion of zones and protect ion guidelines i s given in 
Table I . 

6. USEFUL METHODS FOR DETAIL DESIGN EVALUATION. The following methods are 
useful in evaluating the protect ion measures provided in following the 
guidelines of paragraph 5 . 

a. Access Doors and F i l l e r c a p s . Those par ts which are usual ly designed 
for ready removal, e i ther for servicing or for a c c e s s i b i l i t y for 
inspection and repa i r , normally const i tu te par t s semi-insulated 
e l e c t r i c a l l y from the main s t r uc tu r e . Even though no de l ibera te 
measures are taken to i so l a t e the parts e l e c t r i c a l l y , conventional 
construction methods usually r e su l t in a ra ther poor e l e c t r i c a l path 
between the part and the surrounding meta l l i c s t r u c t u r e . Paint films, 
anodizing, and other corrosion protect ion treatments usually 
a lso serve as e l e c t r i c a l Insu la to r s . Two bas ic solut ions to prevent 
in terna l arcing and sparking have been used: One, to provide a 
continuous e l e c t r i c a l contact around the e n t i r e periphery of the 
pa r t , or , secondly, to design the part in such a way that any arcing 
or sparking which might occur would take place on the outside of 
the fuel-containing vessel ra ther than on the ins ide . Experience 
to date indicates that one acceptable means for evaluating the 
capabi l i ty of the design to avoid in te rna l sparking i s by specimen 
t e s t ing using typica l par ts and applying the t e s t method shown in 
paragraph 7 .a . below. The use of ohmmeters for measuring res is tance 
across a jo in t has not produced useful r e s u l t s in evaluating the 
adequacy of the e l e c t r i c a l connection between access p la tes and the 
surrounding s t r u c t u r e . Although res is tance measurements are useful 
for determining the adequacy of e l e c t r i c a l bonding, they are 
ineffect ive in examining the design for the probable behavior of 
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the high currents with high frequency characteristics produced as 
a result of a lightning strike (see table XX). 

b. Fuel Vent Outlet Designs* Fuel vent outlets are of three classes 
and can generally be described by their relationship to the fuel 
vapor egress and the boundary layer; 

( 1 ) Class 1 - Vapor discharging into wake caused by boundary layer; 

( 2 ) Class 2 - Vapor discharging into the free air stream (vent 
projects through the boundary layer); 

( 3 ) ClaBB 3 - Vapor discharging Into surface boundary layer* 

For a diagrammatic presentation of the three classes see Attachment 3 . 

c. Vent Cutlet In Zones 1 and 2 . The evaluation of venting systems 
having outlets located in Zones 1 and 2 , regardless of outlet 
configuration, involves consideration of all conditions resulting 
from a strike at or near the outlet* Various means to prevent 
ignition or to arrest flame propagation are feasible; however, the 
actual performance of the protective means should be evaluated. 
Some examples of protective means are: 

(1) Dilution of vented vapors with fresh air to keep the mixtures 
in the "too-lean" range. 

( 2 ) Acceleration of the vented vapors by ram air to an exit speed 
above the flame propagation speed, 

( 3 ) Flame arresters. 

( 4 ) Fire and explosion suppression devices. 

( 5 ) Use of an Inert atmosphere in the venting system. 

d. Vent Outlets in Zone 3 . For vent outlets which are located in 
Zone 3 , the flush designs (Class 3 ) are considered relatively 
immune from streamering and corona formations, whereas the protruding 
types (Classes 1 and 2 ) , are considered to be likely points for 
these formations and protection of the vent against flame propagation 
is important. A flame arrester could furnish this protection; 
however, the design conditions for the flame arrester would not be 
as severe as in the case of vents located in Zones 1 and 2 because 
of the absence of the blast pressure effects. Xn evaluating the 
flame propagation characteristics through vent outlets located in 
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Zone 3, tests may be conducted using a low-energy source for igni- * 
tion, that is, Just sufficient energy to Ignite a flammable mixture. 

e. Flame Arresters. The primary problem in flame arrester design is , 
usually that of determining the most practical type of construction 
necessary to arrest the movement of the flame front with the 
particular venting system being studied. The effectiveness of each 
particular configuration of flame arrester depends upon Its location 
with respect to the vent outlet and termination of the vent pipe in 
the fuel tank. A reliable method for determining the capability 
of a flame arrester design is to test It in a manner similar or 
equivalent to that described in paragraph 7.b. below. The test 
setup involves a reasonably accurate reproduction of the actual 
vent design including tubing bends, obstructions, and outlet shape. 
Evaluation of the flame arrester also Includes the determination 
that no hazards are otherwise Introduced by the addition of the 
flame arrester such as plugging by ice formations. 

f. Resistance to Skin Penetration. The skin should be sufficiently 
thick to provide protection against lightning penetration. Expe­
rience has shown that aluminum alloy sheet of .080 inches or 
greater thickness has the requisite qualities. 

In addition to penetration resistance, the possibility of "hot spots" 
as a source of fuel vapor ignition should be considered. These 
"hot spots" could occur because of the relatively poor heat dissi­
pating qualities of the particular material. 

g. Non-Metallic Wingtip Fairings and Tip Fuel Tanks, Non-metellic 
materials, such as resin-bonded glass fiber materials, are sometimes 
used for wingtip fairings and for wingtip fuel tanks. Experience 
with lightning strikes to aircraft having such parts indicates 
that there is a tendency for a lightning strike channel to penetrate 
and damage these materials on its way toward the metallic extremities 
of the wingtip. In a sense, the stroke does not "see" the non-
metallic parts. 

h. Various methods of protecting non-metallic parts against damage 
have been developed and tested. One example la the application 
of metal foil strips on the outside of radomes to serve as con­
ducting pacha to metallic structure. For parts which do not need 
to serve as electromagnetic "windows" an external conductive 
coating could serve the same purpose. Evaluation of a particular 
construction to withstand lightning strikes without damage could 
be made by tests with simulated strikes as described in paragraph 
7,c. below. 
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1. The extent of the areas termed as Zone 1 (see psragraph 4.c.) 
is measured In a lateral direction from the outermost end of 
the metallic structure when non-metallic wingtip parts are used 
which do not incorporate electrically conducting elements. 

7 . USEFUL TESTING METHODS; 

a . Access Doors. Fillercapa. and Similar Parts. 

(1) To simulate a lightning strike, It will be acceptable to use 
electrical conditions having the following successive components 
applied to the outer surface of the test specimen; 

(s) An initial component rising from eero to a crest value of 
200,000 amperes in not more than 15 microseconds and 
decaying to 50,000 amperes in not more than 30 micro­
seconds from initiation. 

(b) A second component consisting of a charge transfer of at 
least 500 coulombs having a duration of two to five 
seconds. If the component being tested is designed so as 
to prevent such a current transfer, it should then be 
substantiated that the initial component has not disturbed 
this design and that an applied voltage for two seconds 
will not damage the cap. 

(2) The following test apparatus has been used successfully for 
testing fuel filler caps (see attachment 2): 

(a) Sixty leva power supply. 

(b) Capacitors (total capacitance 14 microfarads). 

(c) Current limiting resistors (not required if self-contained 
in power supply). 

(d) Switches (as necessary). 

(e) High current shunt. 

(f) Brass electrode. 

(g) Test chamber. 

(h) D. C. generator. 
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(i) Isolating Induction coll. 

(j) Oscilloscope, 

(k) Camera. 

(1) Miscellaneous hardware for interconnecting, rigging, and 
operating the various components listed above. 

( 3 ) The following procedure was used to obtain the desired electri­
cal compone&ts using the equipment listed above: 

(a) Mount teat article in cabinet. 

(b) Position camera and set shutter stop. 

(c) Close test cabinet access door and remotely open camera 
shutter. 

(d) Position the electrode. 

(e) Open switch between capacitors and electrode. 

(f) Close switch connecting high voltage power supply to 
capacitors. Charge capacitors. 

(g) If power supply is not designed to handle the high 
inverse peak voltage that will result subsequent to 
discharging the capacitors, disconnect the power supply 
from the capacitors after charging them. 

(h) Shut down power supply. 

(1) Activate and calibrate oscilloscope. 

(j) Place d.c. generator on the line. 

(k) Close switch from capacitors to electrode. 

(1) After a sufficient time has elapsed to substantiate the 
second component, shut down generator. 

(m) Ground high voltage side of capacitor. 

(n) Develop film, 

(o) Examine test article. 



ftgt 6 

(4) Sons saftty precautions that should ba uaad arat 

(a) Provida a systaa that raqulraa two operators to chars* 
tha capacitor•I on* operator to hold open a swlteh 
that w i l l ground tha capacitors whan released, tha 
othar oparator to charge tha capscitori . This v i l l 
pravant ona person from charging tha capacitors and 
leaving tha charged capacitors unattended. 

(b) Provida a booth for tha operators that la ef fect ive ly 
iaolatad from high voltage arcing during charging and tha 
poss ib i l i ty of hasards from tha high voltage dischargs. 

(c) Provida a backup ground rod to ba uaad by tha oparator as 
added assurance that tha capacitors have baan grounded. 
Grounding can ba affected by bridging tha rod between tha 
high voltage and ground connactlona of tha capacitor (a ) . 

(d) Do not use personnel that have not baan trained In tha 
handling of high voltaga equipment. 

(5) Prior to evaluating tha teat a r t i c U . i t ahould ba determined 
from tha oscilloscope trace or othar aultabla measuring equip­
ment that tha alaetrical conditions specified In paragraph 7.a 
(1) have baan achieved. Tha avaluation of tha taat ar t i c le 
conaista of a visual examination of the a r t i c l e , an examination 
of tha photograph, and a pressure taat ( i f applicable) to 
determine whether tha ssaling capability has baan affected. As 
an aid in evaluating tha photograph, i t would ba helpful to 
have a monitor hole, Dri l l Mo. 70 ( .028), dri l led In tha cabinet 
near the taat a r t i c l e . This w i l l confirm that tha film has baan 
exposed and that tha print la va l id . 

(6) HASHING - HAZARDOUS: Only competent technical personnel ahould 
operate tha apparatus described haraln. Tha tasting apparatus 
daacrlbad in thla circular la a high voltaga, high currant 
setup and could raault in a fatal aocidant to any paraon 
attempting to operate It without being completely ski l led and 
qualified to do so, or i f operated without observing normal and 
nacaaaary aafaty precautions. 

http://articU.it
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b. Flame Arresters, An acceptable means for substantiating flame 
arresters is by using s test procedure similar or equivalent to 
the arrangement explained In FAA Technical Report ADS-18, 
"Lightning Protection Measures for Aircraft Fuel Systems Phase II", 
dated May 1964, Document No. AD-603232. The test apparatus 
essentially consists of a drive tube arrangement which produces a 
moving flame front having pressure characteristics similar to the 
conditions likely to be encountered from a natural lightning stroke. 
The tests are to show that the arrester is effective in arresting 
a flame front under the conditions expected to prevail during a 
lightning strike, taking into account that the vent is a flowing 
system which may alternate between inflow and outflow. 

c. Simulation of Lightning Strikes. Artificial lightning generator 
facilities may be used to reproduce the characteristics of natural 
lightning discharges which would be of most significance in deter­
mining the effectiveness of particular protection designs. Such 
testing is used for evaluating designs on which insufficient 
information is available from previous experience, previous test 
work, or established designed criteria to ensure a satisfactory 
design. 

One acceptable generating facility is shown in Section 2b of FAA 
Technical Report ADS-17, "Lightning Protection Measures for Aircraft 
Fuel Systems Phase I," dated May 1964, Document No. AD-603232. 
This document and the one mentioned in paragraph 7b. may be procured 
from the Clearinghouse for Federal Scientific and Technical Info-
mat ion, 5285 Port Royal Road, Springfield, Virginia 22151. The 
price of ADS-17 is $4.00 and ADS-18 is $6.00. 





ATTFTOBMBT 1 
PAC* A 

R ^ B B B — p a r a s — 

OUXXTBT - A V S T M 5 0 , 0 0 0 500,000 

Aftta OF OBRFJBCV T I M 
• Aapi/u«t«OE9D 2 0 , 0 0 0 300,000 

flhargt Traaafar 
- OOOXEABA JOAOO 600 

Voltaaa MAPVOLTA 1 0 0 5 0 0 

BOTES: 

a* Mgfrtnlnt; strlka raporta iaAloats tbat a nuabar of divtot ttrlfcaa art 
•omttaaa raoaltad Aurlag a aiatfa ttaaaaratox* paaata*. Booh aultipXa 
ttrikaa, hovarar, uooaUj ooour vital* a tlaa parlod of a fav alaitas. 

b. strata** foraatlcaa ON aircraft balna; oubjaatad to tha lataaaa aXaotrc-
aagnatic f lal ia of thuaateatoni ooadltlona ara beliarad to paralat orar 
r a l a t iTa iy long tlaa periods durlag a aaaala FLISFET — for axaapla, 3 0 
mlnutaa OAR mora. 
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in paragraph 7(a)(2) of the advisory circular. 

SCHEMATIC-HIGH VOLTAGE TEST CIRCUIT 
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Attachment 3 
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CLASS I 
VENT MAST DISCHARGING INTO WAKE 

CLASS 3 
FLUSH VENT DISCHARGING INTO SURFACE BOUNDARY LAYER 


