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------------------------------------------------------------------------------------------------------------

1.0 I'l'1'ltCDtlCTION 

This docuaent presents t.st wavefotn8 aDd tech­
niqu .. for s1malated 11ghtDiDg test1Dg of aerospace 
vehicl.s and hardware. :he wav.forms pr...ated are 
baaed OIl the beat available lmmrledg. of the natural 
lightning 4lllvirom:leDt coupled with a practical COD­
sideration of state-of-the-art laboratory t.chniques. 
'!'his cloc_t does DOt 1Dclud. d .. ip criteria nor 
does it specify vh1ch items should or should DOt be 
tested. 

Tast. aDd aaaociated procedur.. de.cribed hare­
in are divided iDto two Reneral categori .. : 

o Qualification tests 
o Engineer1Dg teats 

Accsptable levals of d ..... aDd/or pa._faU 
criteria for the qualification t •• ts mu.t be provided 
by the cogn1&ant reaulatory authority for each parti­
cular cea •• 

The -.1neerillg t .. t. provide iIIportant data 
that may be _ .. eery to ach1ave a qualifiable d .. 1p. 

T1. term Aerospace Vehicle covers a vide variety 
of .,..t .... 1nclwiillg filted v1D& aircraft. belico~ 
till'S. aia.lle •• and spacecraft. In addition. natural 
lightDillg is a cOlllpla aad variable p ___ and 
ita iDteraction with differ4lllt typ .. of vehicles _y 

be IIIIlnifest.d iD cany diff.rent ways. It 1& thare­
for. difficult to addre •• every poe Bible situation iD 
d.tail. However. the t •• t waveforms described hereiD 
rapr .. ent the significant aapects of the natural ell­
vironaent and ar. therefor. iDdependent of vehicle 
type 01' configuration. ":he rec_ended test techni­
ques have also been kept ganeral to cover a. many 
tast situationa as possible. SOlIe unique situations 
lI&y DOt fit iDto the general guidaline.; iD .uch iD­
.cances. application of tbe wav.form CDIIIPODaDts llluat 
be tailored to the spacific .ituation. 

The test waveforms aDd t.chniqu.. de.cribed 
bereiD for qualification test. s1mulate tl. effects 
of a savere lightDiDg strike to au aerospace vehicle. 
Where it bas been shown that t •• t coad1tioaa can af­
fect results of the t .. t, a specific approach 1& re­
COIIIIiI8Dded a. a guideline to D8W laboratori.. and for 
c0D8ietency of results between laboratori ••• 

It is DOt. iDteaded that wary waveform aDd tut 
daacribed barU.D be applied to avery .,..t_ requir1Dg 
11gbtDillg verification teat.. The doc_t 1. vr1tten 
so tbat specific aspects of the anvir_t can be 
cal1ad out for each specific progr_ a. dictated by 
the vehicle duign. perf01'l!laDC8. aDd lllia.1on coa­
straiDe •• 
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2.0 :.!GHT:l!NG STRIKE Pl!EL'{OliEllA 

2.1 t~tural Lightning Strike Electrical Characteristics 

Lightning flashes are of two fundamentally diff­
erent forma. cloud-to-grouud flashes and inter/intra­
cloud flashes. Because of the difficulty of inter­
cepting and measur1ag inter/intraeloud flashes the 
great bulk of the statistical data on the character­
l8tics of lightning refer to cloud-to-grouud flube •• 
Aero.pace vehicles intercept both inter/intracloud 
and cloud-to-ground lightning flashes a. .hown in 
Pigure 2-1. There 18 evidllllce ,that tha inter/intrs­
cloud flashes lack the high p .. k eurrent. of eloud­
to-ground flashe.. Therefore. tha use of eloud-to­
grouud lightning .trike eharacter18t1cs as duign 
criteria for lightn1ag proteetion .eems eou.ervativa. 

There can be diseharges fram either a positive 
or a negative charge center in the cloud. A _ga­
tive discharge is eharacter:L&ed by .. ver&! intar­
mittllllt strokes and cont1nuiDg currllllts a. shown in 
Pigure 2-2 (A) • A pos1tive di.charge. whieh oeeurs 
only a. small but signif1taDt parclIIltage of the tiDe. 
18 shovn in Pigure 2-2 (B) • It is eharactarize:! by 
both higher average currant and longer duration in a 
single stroke and muat be recognized baeause of its 
greater energy content. The following discus. ion 
describes the more common negative flashes. 

2.1.1 Prestrike Phase 

The l1gbtn1ag flash 1& typic:ally originated by 
a step leader which develop. frOll the cloud t_rd 
the ground or to_rda SllDther eharge center. As a 
lightning step leader approaches aD atr.u.cy of the 
vehicle. high eleetrical field. are produced at the 
surface of the vehicle. These electric field. Cive 
ri.e to other electrical streamer. which propagate 
_y from the vehicle untll one of thea contact. the 
approaching lightn1ag step leadar as sbowD on Pigura 
2-1. Propagation of the stap leader v1ll eontinue 
fr~ other vehicle extremitie. until one of the 
branches of the step leader reachu the groUDd or aD­
other charge center. The average velocity of propa­
gation of the step leader 18 about one mater per a1e­
rosecond and the average charaa in the whole stap 
leader cbannel is about 5 couloabs. 

2.1.2 High Peak Currant Pha.e 

':'he high peak current .. sociated with lightD1ng 
occur. after the step leeder reaches the ground .ud 
foms what i. c.lled tbe return .troke of the liRht­
Ding flash. This return .troka oeeur. vba the 
charge in the leader chame! 18 suddllllly .ble to fl_ 
into the 1_ impedenee ground .nd neutralize the 
charge attracted into tha ragion prior to the step 
leader's contact with the groUDd. Typically, the 
high peak current phua is callecl the r.turn at!!ka 
end is in the range of 10 to 30 leA (aaparu x 10 ). 
Higher currents are pos.ible though le.. probable. 
A peak current of 200 ItA r.presents a very s.vare 
gtroke, one that ill exceeded only about 0.5 percat 
of the t1l:le. '.Jhl1e 200 kA may b. con.idered a pract­
ical maxiaum value of lightDing currllllt. it should be 
~hasized that in rare case. s largar current c.n oc­
cur. ~elisble measurements are f_. but there i. 
circumstantial evidence that peak currenta can ezeeed 
400 kA. The current in the return .troka has a fa.t 
rate of change. typically about 10 to 20 kA par III1cro-
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STEPPED LEADER CIIANNEL 
APPROACHING VEHICLE -'C O ....... 2§?Z.o:f\ 

LEADER CHA.'mEL 
PASSING THROUGl! VEHICLE 

RETURN STROKE 
PASSING BACK 
TOWARD CLOUD 

Fig. 2-1 Lightning fla.h striking an aircraft. 

second and aceediDg. in rare c..... 100 ItA per lIIicro­
.. cond. Typically tha eurrll1lt decay. to half ita peak 
mp11tude in 20 to 40 Jl8sc. :10 correlation has been 
shoun to ex18t between peak currat and rate of riae. 

2.1.3 Conttmuins Currll1lt 

':lw total charsa transported by the lightntmg 
return .troka i. relatively 8111&11, a f.v coulomb •• 
Hoat of the charse 18 tr~orted in two phaaea of 
the lightDiDg flub follGV1ng the fir.t return .troka. 
The.e ara an tmtermediate phase tm which currents of 
a f_ thousand aapere. fl_ for t1lllea of a fev Milli­
seconda and a cont1Dutng current pha.e in wh1ch cur­
rents of the order of 200-400 ampera. fl_ for t1l!!e. 
varying frOl'l .bout a tenth of a aecond to one aecond. 
The 1'IU::Imta chars. tr_ferred in the intermedl8te 
phase 18 about 10 coulCllllbs and tho aax1nula charge 
tr_ported durinS the total continuing current phase 
is about ,200 coulc.ba. 
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(B) lwderate positive lightning flash current waveform. 

Figure 2-2 Lightning flash current waveforms. 
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2.1.4 Restrike Phase 

In a typical lichtning-flash there will be sev­
eral high current strokes followinC the first return 
stroke. '!'hese occur at intervala of several tens of 
milliseconds as different charlile pocl:ets in the cloud 
are tapped and their charge fed into the lightning 
channel. Typically the peak amplitude of the re­
strikes is about one half that of the initial higb 
current peak. but the rate of current rise is often 
greater than that of the first return stroke. The 
continuing current often linke tUR vsrious success­
ive return strokes. or restrikes. 

2'.2 Aerospace Vehicle L1.ghtniDa Strike Ph_ 

2.2.1 Initial Attachment 

Initially the lightning flash will enter and exit 
the aircraft at two or IIIOre attachment points. There 
will always be at l ... t one entrance po1Dt aad ooe ait 
pe1Dt. It 18 not possible for tha vehicle to store the 
electrical energy of the lightning flash 1D the capaci­
tive field of the vehicle and so avoid an exit po1Dt. 
Typically thue initial attachment points are at the 
IIXtrl!Clities of the vehicle. These 1Dclude the nose. 
wing tips. elevator and stabilizer tips. protrud1Dg 
antennas. and angine pods or propeller blades. Light­
niDg can alae at tach to the leading edge of swept wings 
and sane control surfaces. 

2.2.2 Swept Stroke Phenomenon 

The l1ghtD1ng channel is --mat atat:I.Dnary in 
space while it is transferr1ng electrical charge. 
When a vehicle 18 1nvolved it becomu part of the 
channel. However. due to the speed of the vehicle 
and the length of time that the lightning chaDDel ex­
ists. the vehicle caD lIIOVe relative to the lightn1Dg 
channel. When a forward 8Xtrem:l.I;y. auch .. a __ 
or wing lIIOunted a1111De poda are 1Dvolved. the aurface 

!'loves through the lightning channel. TIIU9 the light­
ninl; channel appears ~o S\leep \..acv. over the 3uriace 
ao illuBtrateu ill Figurc 2-1. 7:1is is known as the. 
SHopt stroke phenoDenon. Aa the sweepinr, action oc­
curs. the type of surface can cause the lightning 
ChalUlel attach po1nt to dwell at various surface lo­
cations for difforont perioda of ti,n, resultin~ in 
a sj~ippin:; action uhich produces a serios of dis­
creto attaclll'1ent points alom; the sweeping \lath. 

The .mount of d3l3ago produced at /lny point on 
the aircraft by a swept-stroke depends upon the type 
of naterial. the arc dwell t~e at that point, and 
the li!lhtning currents uhich flow during the attach­
ment. Both high peak cunent restrikes with inter­
mediate current camponents and cont1nuing currents 
may be experienced. Restrikes typically produce re­
aetaehDene of the arc at a new poine. 

lo/hon the ligheniDg arc has been swept back to 
one of the trail1Dg edges it may rl!Clain attached at 
that point for the remaining duration of the light­
ning flash. An initial exit point, if 1t occurs at 
a trailing edge, of course. would not be subjected 
to any swept stroke action. 

The significance of the swept stroke phenonenon 
18 that portions of the vehicle ehat wuld not be 
targets for the i1Utial entry and exit point of a 
l~htn1ng flash _y also be 1Dvolved in the light­
n1n& flash process as the flash is swept backwards 
acrosa the vehicle. 

2.2.3 Lightning Attachftent Zones 

Aircraft surfaces can then be divided into three 
zones, with each zone having different lightning at­
tachment and/or transfer character1atica. These are 
defined as follova: 

Zone l: Surfae.. of the vehicle for which there 
1jjjiib1Sh probability of initial lightning fl .. b 
attaclllDent (ctry or edt). 

F1gure 2-3 Swept stroke phenORenon. 
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::one 2: Surfaces of thl! vehicle across uhich 
there is a id.gh probability of a ligiltnin~ flash 
being swept by the airflow frOl:l n Zone 1 point 
of initial flash attncnment. 

Zone 3: Zone 3 includes all of the vehicle 
areas other than those covered by Zone 1 and 
Zone 2 regions. In Zone 3 there is a low prob­
ability of any attachnent of the direct light­
ning flash arc. Zone 3 areas Day carry sub­
stantial aElounts of electrical current but only 
by direct conduction between sOllIe pair of dir­
ect or swept stroke attachment points. 

Zones 1 and 2 oay be further divided into A and 
B regions depending on the probability that the flash 
Will hang on for any protracted period of til:le. An A 
type region is one in which there is low probability 
that the arc will' remain attached and a B type region 
is one in which there is a high probability that the 
arc '1111 recain attached. Some examples of zones are 
as fOllows: 

Zone lA: Initial attachment point ~r1th low prob­
ability of flash hang-on. such as a leading edge. 

Zone IB: Initial attachment point 'lith high prob­
ability of flash hang-on. such as a trailing edge. 

Zone 2A: A swept stroke zone with low probabil­
ity of flash hang-on. such as a wing aid-span. 

Zone 2B: A swept stroke zone with h1&h proba­
bUity of flash hang-on, such 8s a wing inboard 
trailing edge. 

2.3 Aerospace Vehicle Lightning Effects Phenomena 

The lightning effects to which aerospace vehi­
cles are exposed and the effects which should be r_ 
produced through laboratory testing with .imulated 
lightning waveforms can·be divided into DIRECT EF­
PECTS and DIDIRECT EFFECTS. The direct effects of 
lightning are the burning. eroding, blasting, and 
structural deforl:l8tioQ caused by lightning arc at­
tachment, as well as the high-pressure shock. waves 
and magnetic forces produced by the associated high 
currents. The indirect effects are predominatly 
those resulting from the interaction of the electro­
ma~netic fields accompanyin~ lightnin~ with electical 
spparatus in the aircraft. Hazardous indirect effects 
could in principle be produced by a lightning flash 
that did not directly contact the aircraft and haace 
was not capable of producing the direct effects of 
burnin& and blasting. However, it is currently b_ 
lievad that most 1Ddirect efface. of :Importance will 
.... associated with a direct lightning fiash. In so_ 
cases both direct and indirect sffecta !!lay occur to 
ths S811111 cOlllponent of the aircraft. An example would 
be a lightning flash to an antenna which physically 
damagl!8 the antenna and also sends daaaging 'VOltagea 
into the tranllDitter or receiver connected to that 
aneenna. In this document ehe physical damaAe to the 
antenna will be discussed as a direct effect and the 
voltages or currents coupled from the antenna into 
the cOl!llllllnicationa equipment will be treated as an 
indirect effect. 
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2.3.1 Jirect r.ffects 

TI,t'1 nature of the.. particular direct effects as­
sociated with any lightning flash depends upon ehe 
structural conponent involved and the particular 
phaBe of the lightning current transfer discussed 
anrlier. 

2.3.1.1 Burning and I'.rodine 

the continuing current phase of a lightninG 
stroke can cause severe burning and eroding damage 
to vehicle structures. The mst severe damage oc­
curs when the lightning channel d_lls or hangs on 
at one point on the vehicle for the entire period of 
the lightning flash. such as in ~one lB. This can 
result in holes of up to a few centiMeters in dia­
meter on the aircraft sk.in. 

2.3.1.2 Vaporizaeion Pressure 

The high peak current phase of the lighening 
flash transfers a large amount of energy in a short 
period of tine, a fe'4 tens of microseconds. This 
energy transfer cnn result in a fast thermal vaporiza­
tion of materi"l. If this occurs in a confined arell 
such ss a radome, a hiJth pressure may be created 
which may be of suffiCient magnitude to cause 
structural damage. The vaporizaeion of ~etal and 
other mater isIs and the hanting of the air insiclc 
the radOl'le. create the hiRh internal pressure that 
leads to structural failure. In s~e instantces 
intire redomes have been blown frOl'l the aircraft. 

2.3.1.3 Uaeetic Force 

During the high peak current phase of the light­
ning flash ehe flow of current through sharp bends 
or corners of the aircraft structure can cause ex­
teaaive Baguetie flux interaction. In certain cases, 
the reaultant asglletic forces can twist, rip. dis­
tort. and tear scructures away from riveta. screws, 
snd other fastener.. these asp.tic forc.. ar. pro­
portioul to the aquare of the aspetic fi.ld inten­
aity &ad thua are proportional to the square of the 
l1ghtn1Dg current. The damage produced ia related 
both to the mapet1c forc. and to the r • ."onae t:lllle 
of the ay.ce. 

2.3.1.4 Fire and ~plo.ion 

Fuel vapors and other combustiblea may be ig­
nited in several ways by a lightning flash. During 
the pr •• trik.e pha •• high electrical str ..... around 
the vehicle produc. stream.rs from the aircraft ex­
tremities. The d .. ip and location of fuel vents 
dete~ their suaceptibility to stream.r condi-. 
tiona. If str-.&'s occur from a fuel vent in which 
fl~ble fuel-air mixtur •• are present, ignition 
-y occ:ur. If this ignition is not arreated, fl_ 
can propagats into the fuel tank. area and cause a 
major fuel explo.ion. 
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