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ABSTRACT

LTRI past investigations of lightning hazards and pratection of
multi-jet aircraft have been reviewed for applicati~n %o the KC-135 and
similar type aircraft. Flight experiences of commercial jet operatioas
have beer utilized in determining econorics as well a¢ possible hazards.
Use of protection conductors {or the nose radome is reccmnieaded as
economic as well as effective in reducing a slight hagzard. .Lightning

rotection systems of some type, or at least of review of present systemc,
is recommended for all antennas leading into the fuselage. Current
studies of possible streamer and lightning stroke hazards to tuel vants
suggest the application of lighining diverter systems. No sericus hazaird
is anticipated from most honeycomb censtruction. Consideration should
be given to possible precipitation-static radio interference irom lightning
protection devices and in some cases they can be used to reduce this type
of interfercnce. Suggested for further study are the pnssibility of entry
of DC lightning stroke components into the aircrafit intzrior, lightning
kazards from some types of fuel gage and fuel tank filler caps and
electrostatic hazards from fuel tank liners.
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I Introduction

A generzl review has been completed of past LTRI researches which
relate to lightning protection of the KC-135 and similar type aircraft. The
study has drawn upon the experience which I.ightning & Transients has
obtained in devising lightning protection fnr similar multi-engine jet trans-
ports and by review of the limited number of flight damage reports received
to date on military and commercial multi-engine jet aircraft, A unique
problem for the KC-135 is the large quantity of JP-4 fuel carried in the
fuselage, a fuel which is flammmable throughout the lightring ambient
temperature range. The reduction of precipitation-static radio interference
which has been encountered to date on the three American jet transport air-

craft currently in use has also been considered.

IL. Lightning Protection for the Nose Radome

Artificial lightning discharge mcdel studies werz made earlier on the
three current commercial jet transports and a summary of the strike per-
centages to varicus parts of the aircraft for the three aircraft is presented
in Table I. Insufficient flight damage reports have been received to date
for good comparison with the above table but some severe strikes have been
reported. As shown in Table I, a large parcentage of strikes mavy be
expected to the aircraft nose, which extends quite far ahead of the wing and

therefore lightning damage to the radome may be anticipated.

A variety of lightning protection methods have been devised by
ining & Transients for use on the various types of aircraft radomes in

current use, and these inciude radomes for fire control radar, ECM autenna

Manuscript released »y the authors June, 1961 for pubtication as an ASD

technical note.
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TABLE 1

Probability of Lightning Strikes to Various Pointz .« Determined

from High Voltage Mcdel Studies

Fiight

Damage

Records Jet det Jet

Propeiler ‘ranspert Transporr Transporl
Part Struck Aircraft A B C Average
Rudder &
Vertical Fin 9 16 16 16 16
Mose iz 33 37 24 31
Wing tip 21 21 19 19 20
Elevator &
Horizontal 13 16 22 21. 6 20
Stabilizers
Jet Pod or
Propeller 7 8 3 13.5 8
Tail Cone 4 . 4 3 2.7 3
Misc. 34 2.7 1




equipment, search radar and weather radar. The most direct protection
method is a system of metal strips on the outside of the radome to conduct
the discharge safely across the dome surface to the aircraft frame. These
protection strips may be of various cross-sectiona) @ -¢as, devending upon
a balance of toierated damag. probability in relation to the {requency of
lightning strikes expected. For example, radomes on aircrafi used for
early warning service in which the aircraft may be required to remain in
storm areas for extended periods require semi-permanent protection with
conductors of large cross-sectional area up to 40, 000 circular mils as
illustrated in Figure 1. At the othur extreme, aircrafi such as the modern
jet transports, which fly principally over the weather, may use thin foil
strips for single shot protection as shown in Figure 2, as these are easy
to apply and can probably be replaced beiween recurrent exposties to
lightning. Other methods, which have been used, include conducting
buttons grounded to the radar structure and exposed on the outside of the

radome, lightning diverter rods, and special paints which guide the dis-

(2]

harge over the radome surface, as shown in Figure 3. For the KC-i35

a fai

"

ly substantial external conductor system is suggested, if one can be
provided without excessive interference to the antenna opevation. Also the
use of conductive paint over the radome external surface is suggested, as

it has been found that frictional electrificati»n may puncture the radome
surface Lo produce small pin-holes which, through subsequent rain erssion,
may enlarge to produce extensive radome darnage. Reports have been
received in which failure of the radar dish to revolve was found to be caused
by a large spongy cellular mass inside the radome caused by rain erosion

and absorption on a radome which appeard from the outside to be intact.

To zmmmarize, the usc of a protection system is recommended {or ihe
radome on the ktasis that it is economic as well as safer to provide pro-
tection. The use of a conducting paint over the entire radome surface is
also recommended for prevention of static puncture and subsequent »ain

erosion damage.
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Two million volt art ‘icial liak.ing dischaige to radome
protected by semi-pe maaent aliwiinum conductor.
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Figure 2. Discharge to radome protectsd by single shot foil protection
system,
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Discharge to special radoms
lightning stroke divertine,
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iIlI.  Antenna Lightning Protection

The Lightning and Transients laboratory had earlier devised a special
aircraft lightning arrester, based on the concepl that iightning discharges
should not be allowed to cnter the interior of the aircraft, for in addition to
the direct damage to radio equipment which they may do, the ignition of
fuel vapors may be possible, A capacitor spark gap lightning arrester was
devised by LTRI and is now in general use for HF radio equipment protec-
tion. For isolated gap antennas with fibe: lass structures, the ligh*ning
arresiers perform an equally important function of containing an internc!
lightning stroke arc which could otherwise vaporize plastic resins to produce

high gas pressures and explode the section.

The importance of lightning arresters such as used with the KC-135
probe antenna has been verified by a flight damage report received recent-
ly, and which is shown in the photographs of Figures 4 and %, of a lightning
discharge to a Boeing 707 aircraft probe antenna section, The lightning
arrester had not heen installed and accidentally no ground had been
attached to the antenna. Thus the discharge to the probe passed to the air
frame through the interior of the {in cap section by means of an air arc,
and produced excessive gas pressures to blast out the inspection panels.

In this case no serious structural damage was done. Had the section been
more rigidly contained, the explosive damage might possibly have been
more serious. This case, where no arrester was installed, and where the
antenna was not grounded, illusirates the type of damage possible if an

arrester were not used at all in the {in cap.

Strikes to the nose of the KC- 135 should constitute a large percent-
age of the total strikes, as determined from model studies and these
strikes will be swept along the fusclage by the action of the windstream.
Consequently any type of antenna leading into the {uselage in line with the

swept stroke, whether HF ox» VHRF, mav permit strcke antrv into the
Py & /

-7~
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Figure 4.

Damage from natural lightning discharge
to fin probe antenna, with blown out panel
(2t point of arrow) when lightning arrester
was not inslailed and antenna not grounded,
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Close up view of blown out inspection
panels from natural lightning discharge
to the antenna shown in Figure 4,
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aircrafl anterior. For example, LTRI records of iightning darnage w0
commercial aircraft indicate that as much damage is done to VHF vadio
equipment by lightning strikes as to HF, but no VHF protection has been
used to date because of relatively lower past sonsideracion as to impor-
tance. An illustration of the lightning dan:age to be expected on VHE
anleunas is shown in Figure 6. The damage was produced by a moderate-

ly severe laboratory dischargs,

An alternative to the use of VHF or UHF lightning arcesters is the
development of lightning resistaal VIIT anteunas. In meny ¢sses VHF-UHEF
antennas may be constructed with solid DC grounding, which =ffectively
minimizes the amount of lightning stroke energy which may penetrate
into the aircraft interior. The particuiar construction is important to
assurc that there is adequate current carrying capacity through the stroke

current path, particularly at the coanecticn to the a2'rcraft fuselage

Early warning aircraft are subject to a velatively large amount of
lightning damage, as they are sometimes required to remszin in storm
areas for extended periods of time, and they are struck by lightning dis-
charges which penetrate the interior of the aircraft, generally through
radio antennas. Thus, protection of some type is suggested for all an-

termas located on the fuselage.

IV, Fuel Vents in Relation to Potential Lightning Hazards

Earlier work un aircraft fuel vents considered the direct probiem of
the possibility of a lightning strike to a vent, which might \gnite {lammable
fuel mixture in the vent, With the KC-135 carrying JP-4 fuel, which
is flammable throughout the ambient lightning strike range, this protlem
becomes more important than with the kerosene fueled commercial

transports. Tests of vents similar to the KC-135 have shnwn tha:

-10.-
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Figure 6. VHF antenna biown in‘o threc pieces by mederately
severe artificial lightning discharge.
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because of the vent's shielded location underneath the wing in 2 flat area,
dircet lightning strikes are not highly probable. LTRI records of lightning
discharges to aircraft have shown very few discharges to wing tips further
inboard than one fool. Huwever, additional problems have been considered.
These are: the possibility of inducing streamering on thr vente with nearby
lightning discharges which could produce ignition of the fuel vapors, or
possibly the presence of continuous corona discharges due to friction elec-

trification of the aircraft which might produce ignition of fuel vapors.

investigations carried out carlier under Contract AF 33(616)-3991
and presented in L & T Report 353 have indicated that for most vent
configurations, the possibility of corona ignition of fuel vapors produced
by friction electrification is not likely; however, the probability of light-
ning induced strecamers off ncarly any vent configuration is very nhigh and

streamer ignition may be possible. As a lightning stroke contacts ar

aircraft, it immediately raises the aircraft potential to rany miliions of
volts, which produces streamering off the entire aircraft, iniluding most
vents. Oscillograms of laboratory streamer current magnitudes prescnted
in Figure 7 indicate currents exceeding 50 amperes for i fraction of 2
microsecond. This corresponds approximately to the time-current wave-

form required for ignition of fuel vapors under laboratory conditions as

fu

ctermined al vur iaborarory under an NA>A program, NASA Tech. Note
DN-440,

One additional possibility is the effect of lightning stroke pressure
waves in propagating flame fronts through a vent or merely in passiag
through a vent to produce a detonation type of ignition of the flammable
fuel vapors inside the tark, Therefore, aithough the present vent con-
figuration has represented a reasonable configuration from the view of the
previous state-of-the-art, some questicas of sirzamer ignition and pressurz

wave effects near fuel vents remain to be answered.

-2~
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NASA- LTRI study of explosive fuel flame propagation.
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Where fucls are unavoidably carried quite near the aircraft wing
tip, an arrangement whicl is defin.tely not recommended from a hghtmag
poin: of view, the use of a plastic wing tip section with a metal diverter
rib running the length of the wing tip is recommende ' to reduce the
possibility of strikes inboard which could puncture fuel tank walls to
cause ignition. The rib may be made of solid 2luminum or may incor-
porate & resistive strip along the outside edge to reduce the corona

discharge radie interference.

Because of the low pressure wingtip vortex, the edge of the wing
iip is one of the first points on the aircraft to discharge corona currents
under strong clectric fields produces either by thunderstorm charge
vegions or by charge on the aircraft. These corona discharges can
prodvce serious radio interference if they take place {rom metal or may
quietly discharge the aircraft, if they take place from resistively de-
coupled dischargers. Therefore a combined metal and resistive plastic
rib is recommended. This plastic wing tip with a diverter rib running
longitudinally aiong Lhe tip, has been adopted for smaller aircraft with
less spacing between the {uel tanks and the wingiip, and would also be
recommended for larger jet aircraft for discharging siatic currents as
well as for lightning protection. A diagram of this system is shown in
Figure %. Protection may aiso be provided by lightning diverter rods in
some cases., preferably the graded resistance type to minimize radio
interference. Ope:alion of a graded resistance diverter rod is shown

in Mgure 9.

-14-
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Figure 8. Diagram of the operation of wingtip diverter rib,
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Figure 9. Operation of graded resistance .agltning diverter rod on jet

—

transpourt fin cap.
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V. Heneycomb Materials

Investigations have been made for the three large American jet
transpori aircraft on possible hightming strike hazards to honeycom
matarials which are used extensively for trailing eds »e. flaps, ete., and
thece investigatious have disclosed that because of the nearly continuous
metal paths in the honeycomb, very little damage is done by lightning
discharges. The discharges tend to develop gas pressures by vaporization
of the adhesives used at the external sneect ruetal joints; however, the
extent of the damage is generally limited to a few square inches which
m’ ght be expanded to possibly five or six inches under the influence of
windstream. There remains onc possible honeycomb type of configuration
which could produce a serious hazard, and this is the focamed-in hinge
joint. By imbedding the hinge base in a foam type plastic, loang path
lengths through the dielectric from the outer skin might be possible. It
is this type of path through which lightning discharges can pass to vaporize
the resins and produce very high gas pressures. Conceivably, a foamed-
in type of honeycomb section hinge mounting could be blown entirely away
from the hinge by a discharge to the surface. If thic were a flap surface,
for example, it could constitute a serious hazard to the aircraft. For
most of the honeycomb sections checked to date at LTRI, the damage and

energy produced by severe artificial lightning discharges has been small.

VI, Precipitation-Static Related to Lightning Protection

In general, lightning protection devices for aircraft are located at
the aircraft extremities, points where lightning strikes are most prebable,
aud therafnrs, conszideralion mius. be given to precipitation-static reduc-
tiocn, so the lightning protection devices shall also minimize radio inter-
ference. Such lightning protective devices include lightning diverrer
rods on the aircraft wingtips or empennage and protection strips on the

aircraft radomes. Wherever possible, av effort shnuld be mads to

-17-
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resistively decouple the actual corona discharge from the airerafl as it

results in precipitation~static radio interference.

For exarnple, LRI has developed graded resistance lightning
diverter-discharper rods. The primary function of tucse rods is (0
divert lightning discharges approaching the aircraft to specific locations
which have sufficient conducinr cross-sectional arcas to safely carry the
discharge in and out of the aircraft. Instead of being metallic the diverter-
dischargers have graded resistance surfaces, which resistively deconple
the corona dischargés taking place in their extremities from the aircraft,
g0 ithat in addition to preventing the diverter function {rom introducing
interference, the diverter also quictly discbarges the aircrafi functioning

as a combined diverter-discharger,

Another example of this technique is the reduction of precipitation-
stalic which might resuit trom lightning protection conductors-an aircraft
noge radome protective strips. To reduce the interference which might
be produced on such strips, resistive-coatings are strongly recommended
for all radomes. The resisiive coating acts to shield-the metal strips to

greatly decrease the electric field and corona threshhold on the strips.

When longitudinal metal lightning diverter strips are installed on
aircraft wingtips to reduce the tendency for strokes to move inboard into
possible fucl tank areas, again a recistive decoupling strip along the
extremity c¢f the lightning diverting strip is strongly recommended. On
wingtips, the decoupling distance Detween the discharge and the metal
strip is gencrally reduced to a few inches by acrodynaraic requirements,
Huwever, even in these ¢ases, a consideravle reduclion in the interf{ercnce
produced in the aircraft antennas is obtained by usc of the rasistive stvips.
Thus wherever lightning protection is inzslalled, consideration must be
given to the possibility of its producing precipitation~-static radio inter-

ference and adequate interference reductinn methods snculd be employed.

- 18-




LTRI investigations of friction electrification on an aircraft has
indicated that this is a lesser problem than lightning with relation to ig-
nition of fuel vapors. However, one particular problem must be considered
from point of view of both friction electrification and charge transfers due
to lightning cruss fields on the KC-135 and on refueling type aircraft in
general. 7This is the possibility of a difference of poreintial between the
refucling aivcraft and the one being r.fueled, which could result in a static
spark at the entrance Lo the fuel fank. This is an old problem which has
haen considered for many years in ground refueling trucks, and-in view of
the much larger capacities ¢f aircraft, some type of static low-current
drain system, preceding the actual contact of the fuel flow between the two

aircraft is suggested,

VII. Remaining Problems which Suggest Additional Study

High current ligutning discharges with high current rates of change,
such as are common in cloud to ground Jischarges, have high frequency
components, zs considered-from-a Fourier spectrum standpoint, and there-
fore are carried by virtue of skin effect principally in the ouler skin of the
aircraft. As the ovérall resistance from one extremity to the other of the
modern, all-metal aircraft is extremely low, the skin-provides an effec-
tive shield to high frequency fieids, and effects inside the zircraft are very
small. However, with the longer duration, low current rate-of-rise strokes
typical of many cloud tc cloud discharges. the current paths are determined
primnarily by the DC resistance fron: one extrermnity to the other, and this
permits the entry of Jarge currents into the aircraft interior through low
resistance paths, where they rnicy produce sparks dircctly. Uightning
discharges tn aircraft have been known  knock cut nearly all radio eguip-
ment, including HF', VHF, navigation equipment. and some electrical
circuits by entry through aircraft antennza lead-ins. Eecause nf the fuel
carricd in the KC-135 fuselage, the possible ealry of N lightning stroke
components into the aircraft throvwgh low » ~istance interior paths needs

to be considered.
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One point uf possible entry of lightning discharges into the aircraft
is through the wing tip navigation iights, and tiis poianl has not been
suinciently developed to date. Gtrikes through the navigation lights could
permit the entry of stroke currents into the aircrait Snterior wiring. The
distance of penctration would be determin~d primarily by the circuit resist-
ances, parvticularly with low rise discharges wheve inductive effects were

minimized,

Ancther possible point ol entry into the aiveraft ie through inspection
covers for fuel gages or filler caps for {val or oil tanks For example, it
has been found that many aircraft are designed with Q-ring fuel tank filler
caps such that the primary high current paths from the filler cap to the air
frame are inside the fuel tank. Therefore, a lightning discharge to an air-
craft jet pod, for example, could be swept back over the wing surface to a
fuel filler cap to produce coulact resistance spark inside the fuel tank as

illustrated in Figure 10.

On the KC-135, the fueling boom extends from the rear of the fuselage,
where many lightning strike may be expecied., Lightning strikes to this
boom, although probably ! .. :d from fuel tank areas by valves and pumps,
may produce sparking att: .- ection points, which couvld produce fuel
vapor ignition inside the fuselage. Thus, tonding of the fueling boom to
the fuselage structnre should be checked., The use of graded resistance
diverter rods at the trailing end of the boom to attract and carry the light-
ning discharges would be desirable bui could interferc with the boom
operation and would require careful tests for proper installation with

respect to both lightning and fueling operation.

Another point to be checked, thongh not pertaining to lightning, is
that of electrostatic hazards inside fuel tanks. Recent investigations of
high speed fueling have shown that extensive electrification is produced,

but that there is little tendency for ignition. The reuvent development of

-20-
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Figure 10, Sketch of fuel tank ffiler cap on which lightning discharge
nroduces arc inside tank.
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high dielectric strength paints stch a5 the eponies has imroduced a possible
elecirostatic bazard. The advaniages of this material for corrosion in-
hibiting have led to its usc in flammable areas. The high resistivity dielec-
tric strength can produce and store energics which r ay be 1000 times as
great as those produced by fueling electritication, as the lattcr can involve
only the spaces or ligunid surface capacilies which are minor compared to
the capaciiies of a thin dielectric film paint surface. The stored encrgies
produce large electrical discharges in the 10's of joules range correspond.
ing to the ignition energy of an aircraft spark piug. he use of the high
dielectric strength surface coatings for the interior of the fuel tanks :n the
KC-135 should be checked to assure that they are not introducing an un-

necessary hazard in themselves,

VIII, Concluding Discussion

The specific lightning protection and interference reduction program
vroposed for the KC-135 type aircraft include tests of the weathering and
ruggedness of the graded resistance lightning diverter rod and the wing tip
protection rib and evaiuation of various type dischargers. The graded
resistance lightning diverter-~discharger rods have been checked in the
laboratory to determire their cffectiveness in diverting laghtning discharges
out their resistance to flight environment, weathering and rain erssion
remains to be determined. A flight test program on a KC-135 aircraft is

propcsed.

Considerable research work remains necessary on advancing the
"state-of-thc-art" knowledge on a2ircratt fuel system hasards from light-
ning in general, as bad been proposed by LTRI for MASA and Industry
support. In the interim a program is considered worthwhile for completing
development of VHF lightning arresters and for the investigation of the
other specific points of possible hazard on the KC-135 ¢nch as wing lights,

fuel tank covers and 1efueling bcoms.

-22-~
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AIR FORCE

1

W-PAFR

ATTN: ASAPR (LIBRARY)
" ATAPT
" ASNDCD
i ASNLS
" ASNPRE-1
" ASNSSP
1 ASRMD5-34
" ASRNCS-2 (i Repro)

Rome Air Deveiopment Center
ATTN: RCUACM
Griffis AFB, New Yovk

AFCIN
Wright-Failterson A¥B, Ohio

Deputy Inspector General for Safety
ATTN: AFIFS-C-1
Nerton AFB, California

Mihitary Air Transport Service
ATTN: MAMME-2
Scott AFB, Il

WESTAF
ATTN: WTEZMT

'Travis AFB, California

EASTAF
ATTN: WTMTX
McGuire AFB, New Jerscy

Warner Robins Air Material Area
ATTN: WRNCSA
Robins AFB, Ga.

Oklal.oma City Aiv Materiel Area
AT3N: OCNBDE
Pinker AFB, Oklahoma




AIR FORCE (Coniin. d)

COFIES
1 San A . onio Air Macerial . rea
ATTN SANREC
Kelly FB, Texas
. 2 Hq 54 .
ATTN IQOCEO-A
Offutt .- B, Nebr.
1 Dayton Vir Force Devot
ATTN: MDNEM
Gentile \FB, Ohio
16 Comm: der
Armed "ervice Technica Infor:
ATTN: TIPDR
Arlingt 1 Hall Stn,
Arlingtu . 12, Va.
NAVY
10 Chief '
Bureau " Naval Weapo' s
ATTN: RAAV-4422)
Wash, 25, D. C.
ARMY
Comman-ing General
U. S. Ar 1y Signal Rer zarch and De
ATTN: :chnical Doc .ments Cente:
Fort Mo: .aouth, New ‘arsey
~-24-
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