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SCOPE:

The environment and test waveforms defined in this SAE Aerospace Recommended
Practice (ARP) account for the best lightning data and analysis currently available. The
quantified environment and levels herein represent the minimum currently required by
certifying authorities, consistent with the approach applied in related lightning documents.

Lightning, like any natural phenomenon, is probabilistic in nature. Levels and waveforms
vary considerably from one flash to the next. These standardized voltage and current
waveforms have been derived to represent the lightning environment, and are lised to
assess the direct effects of lightning on aircraft. The standardized external curfent
waveforms have in turn been used to derive standardized transient voltage'and current
waveforms which can be expected to appear on the cable bundles and’at equipment
interfaces

In addition, test waveforms based on current industry best practice are includeg to
supplement these waveforms that are derived directly fromsthe lightning environment.
Considerations such as testability and important waveform characteristics that|can
demonstrgte lightning design effectiveness are taken into account.

The parameters of the standardized waveforms, both external and derived trarsients,
represent severe versions of each of the charaeteristics of natural lightning flaghes and
include alllparameters of interest with respeg¢t-to lightning protection for aircraft, However, it
should be[noted that in every case more,severe versions of each of the characteristics of the
standardiged waveforms have been rec¢orded in natural lightning flashes as well as

interaction with lightning. The purpose of this ARP is to provide the characteristics of
lightning that are encountered by aircraft as well as transients appearing at the interfaces
of equipment associated with electrical/electronic systems as a result of that interaction.
These characteristics are referred to as the aircraft lightning environment. The two other
documents provide information on aircraft lightning zoning (see ARP5414) and aircraft
lightning testing (see ARP5416). The relationship between the three documents is shown
in Figure 1.
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FIGURE 1 - Relationship Between Aircraft Environment, Zoning and Testing
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2. REFERENCES:

2.1

2.2

23

2.3.1

SAE Pu

blications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP541

ARP541

ARP541

ARP541

RTCA Publications:

EUROC

EUROC

Related

Federal Aviation Regulations (FAR):

Federal Aviation Regulations 14 CFR Parts 23.867, 23.954, 23.1309(e), 23

25.581
29.13(

3 Certification of Aircraft Electrical/Electronic Systems for the Indirect
Effects of Lightning

4 Aircraft Lightning Zoning

5 User’s Manual for Certification of Aircraft Electrical/Electronic
Systems Against the Indirect Effects of Lightning

6 Aircraft Lightning Test Methods

Airborne Equipment” Section 22: “Ligk
Induced Transient Susceptibility”

AE ED-14E/RTCA DO-160E “Environmental Conditions and Test R
Airborne Equipment” Section 23: “Ligk
Effects”

Federal Aviation Administration Information:

, 25.954,25.1316, 27.610, 27.954, 27.1309(d), 27.1316, 29.610, 29
9(h),29:1316 and 33.28(d)

AE ED-14E/RTCA DO-160E “Environmental Conditions and Test Hrocedures for

tning

rocedures for
tning Direct

1316,
954,
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2.3.2 FAA Advisory Circulars: The following Advisory Circulars (AC) may provide additional
information.

AC 23.1309-1C, System and Equipment Installations in Part 23 Airplanes, dated March
12, 1999

AC 25.

1309-1A, System Design and Analysis, dated June 21, 1988

AC 27-1B, Certification of Normal Category Rotorcraft, dated September 30, 1999

AC 29

AC 21
March

AC 20

AC 20

Lightning, dated April 12, 1985
2.4 Related [European Aviation Safety Agency.Ipformation:

2.4.1 Europgan Aviation Safety Agency Ceftification Specifications:

Certifig
25.954
29.131

2.4.2 Europgan Aviation Safety Agency Acceptable Means of Compliance:

AMC 2

ACJ 2

2C, Certification of Transport Category Rotorcraft, dated September

1998

53A, Protection of Airplane Fuel Systems Against Fuel Vapor Ignitio

ation Specifications 23.86%, 23.954, 23.1309(e), 23.1316, 25.581, 2
, 25.1316, 27.610, 27.954, 27.1309(d), 27.1316, 29.610, 29.954, 29
6, and E.170

5.581 Lightning Protection

h.899,Electrical Bonding and Protection Against Lightning and Statig

30, 1999

16D, Radio Technical Commission for Aeronautics Document DO-160D, dated

136, Certification of Aircraft Electrical/Electronic Systems for the Indjrect Effects
of Lightning, dated March 5, 1990

n Due to

5.899,
1309(h),

Electricity

AMC 20-1, Certification of Aircraft Propulsion Systems Equipped with Electronic Controls

AMC to CS-E 170, Engine Systems and Component Verification

2.5 Other References:

2.5.1 “The Distribution of Electricity in Thunderclouds”, Malan, D. J. and Schonland, B. F. J.:
Proc. Roy. Soc. London, A 209 (1951)

2.5.2 “Lightning”, Uman, M. A., McGraw Hill Book Company, London 1988
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2.5.3 “Aircraft Triggered Lightning: Process Following Strike Ignition that Affect Aircraft”,
Mazur, V. and Moreau J.-P., Journal of Aircraft, Volume 29, Nr. 4, July/August 1992,

pages

575-580

254 “New Results for Quantification of Lightning/Aircraft Electrodynamics”, F. L. Pitts, R. A.

Perala

, L. Dee, Electromagnetics Vol.7, 1987

2.5.5 “Analysis of Correlated Electromagnetic Fields and Current Pulses During Airborne
Lightning Attachments”, J. S. Reaser, A. V. Serrano, L. C. Walko, and H. D. Burket,

Electromagnetics, Vol. 7, 1987

2.5.6 “Analy

J. C., 11th International Aerospace and Ground Conference on Lightning a

Electri

2.6 Definitio

2.6.1 Definit

ACTIQN INTEGRAL: The integral of the squaretof the time varying current
duratign. It is usually expressed in units of ampere squared seconds (A%s)

APER

APER
wiring

ATTACHMENT POINT: A.point of contact of the lightning flash with the air]

BREA
resultir

CABLH

two pieces.of'equipment.

CHAR

5is of the First Milliseconds of Aircraft Lightning Attachments’,|Moreg
City, Dayton, OH, 1986
hs/Abbreviations/Acronyms:

ons:

TURE: An electromagnetically transparent opening.

or systems by electric or-magnetic fields passing through apertures.

KDOWN: The production of a conductive ionized channel in a dielec
ng in the collapse of a high electric field.

F BUNBDERE: A group of wires and/or cables bound or routed togethe

u J.-P., Alliot
nd Static

over its time

TURE COUPLING: The proeess of inducing voltages or currents in @vionics

craft.

tric medium

that connect

GE TRANSFER: The time integral of the current over its entire dura

of coulombs (A x s).

ion, in units

CONTINUING CURRENT: A low level long duration lightning current that occurs
between or after the high current strokes.

DART LEADER: A leader which occurs before subsequent strokes without stepping but

with a

continuous progression of the leader tip.
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2.6.1

(Continued):

DIFFUSION: The process by which electric current flow spreads through the thickness
of a conductive material which results in a slower increase in current density on interior
surfaces as compared with exterior surfaces.

DIRECT EFFECTS: Any physical effects to the aircraft and/or equipment due to the
direct attachment of the lightning channel and/or conduction of lightning current. This
includes dielectric puncture, blasting, bending, melting, burning and vaporization of
aircraff or equipment surfaces and structures. It also includes directly injegted voltages
and cyrrents in associated wiring, plumbing, and other conductive compphgnts.

DWELL TIME: The time that the lightning channel remains attached’to a single spot on
the airgraft.

EQUIRMENT INTERFACE: A location on an equipment boundary where connection is
made {o the other components of the system of which i{\is'part. It may be an individual
wire connection to an electrical/electronic item, or wire bundles that intercohnect
equipment. It is at the equipment interface that the.equipment transient depign level
(ETDL) and transient control level (TCL) are defined and where the actual fransient level
(ATL) should be identified.

EXTERNAL ENVIRONMENT: Characterization of the natural lightning envjronment for
design and certification purposes.

FIRSTIRETURN STROKE: Thehigh current surge that occurs when the Igader
completes the connection between the two charge centers. The current surge has a
high pgak current, high rate of change of current with respect to time (di/dt) and a high
action fintegral.

FLASHOVER: This:term is used when the arc produced by a gap breakdown passes
over of close to-a‘dielectric surface without puncture.

INDIRECT.EFFECTS: Electrical transients induced by lightning in aircraft gonductive
compdnents such as electric circuits.

INDUCED VOLTAGES: A voltage produced in a circuit by changing magnetic or electric
fields or structural IR voltages.

INTERFACE TRANSIENTS: Induced voltages and currents appearing in cable bundles
or in individual conductors, and which appear at equipment interfaces.

INTERNAL ENVIRONMENT: The fields and structural IR voltages inside the aircraft
produced by the external environment.
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2.6.1

(Continued):

K CHANGES: Electric (E) field changes and current pulses seen inside the cloud during

cloud t

o ground flashes and often associated with current pulses.

LEADER: The low luminosity, low current precursor of a lightning return stroke,

accom

panied by an intense electric field.

LIGHTNING CHANNEL: The ionized path through the air along which the lightning

currenf pulse passes.

LIGHT
clouds]
interm

LIGHT

LIGHT
to the
ARP54

MULT
pulses
These
appea
MULT

MULT

lightning flash.

PEAK
and m

NING FLASH: The total lightning event. It may occur within,&a¢cloud
or between a cloud and ground. It can consist of one or mere returr
ediate or continuing currents.

NING STRIKE: Any attachment of the lightning flash to the aircraft.
bossibility of lightning attachment, dwell time and current conduction
114,

PLE BURST: Randomly spaced greups of short duration, low ampli
, with each pulse characterized by\rapidly changing currents (i.e., hig
pulses may result from lightningleader progression or branching. T
" to be most intense at the time of initial leader attachment to the airg
PLE STRIKE: Two or.more lightning strikes during a single flight.
PLE STROKE: -Two or more lightning return strokes occurring durin

RATE OFRISE: The maximum value of the derivative with respect
hy be expressed as follows:

between
strokes, plus

NING STRIKE ZONES: Aircraft surface areas.and structures classified according

See

ude current
h di/dt’s).
he pulses
raft.

j a single

o time of i(t)

Peak n

ate)of rise = maximum of di(t)/dt

RECOIL STREAMER: Equivalent to restrike during a cloud to cloud or intra cloud

discha

rge and associated with isolated current pulses.

RESTRIKE: A subsequent high current surge attachment, which has a lower peak
current, a lower action integral, but a higher di/dt than the first return stroke. This
normally follows the same path as the first return stroke, but may reattach to a new

locatio

n further aft on the aircraft.
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2.6.1

(Continued):

SHIELD: An overall conductive covering around wires in the cable bundle. The
covering is usually a wire braid with at least 85% coverage, or a metallic conduit with
100% coverage that is terminated to the equipment case at both ends. The effect of the
shield is to provide an electromagnetic enclosure and a low impedance path between
connected equipment.

SLOW COMPONENTS: The intermediate current and the continuing current

collect

STEPRED LEADER: See Leader.

STRUCTURAL IR VOLTAGE: The portion of the induced voltage resulting

produd

SWEPR
series
motion

SWEPR
subse
virtue

SYSTE
or mofr
manua

UPSE

Vgoi T

order that 90%of all discharges will result in gap breakdown.

ZONIN

vely.

t of the distributed current () and the resistance R of the aircraft skir
[T CHANNEL: The lightning channel relative to theaircraft, which reg
of the aircraft.
T LEADER: A lightning leader that has‘moved its position relative tg

quent to initial leader attachment, and prior to the first return stroke a
pf aircraft movement during leader\propagation.

hentary (e.g., a change pf\digital or analog state) which may or may
| reset.

[ See system fuhctional upset.

his is normally‘the voltage to which an HV impulse generator must b

G: «The process (or the end result of the process) of determining the

from the
or structure.

bults in a

of successive attachments due to sweeping of.the flash across the dircraft by the

an aircraft,

frival, by

FM FUNCTIONAL UPSET: ‘An impairment of system operation, eith¢r permanent

hot require

b erected in

location on

an airg

raftto which the components of the external environment are applie

o

-10 -
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2.6.2 Abbreviations:

26.3

A%s
A
Als

C

action integral (ampere squared seconds)
amperes
amperes per second

charge transfer (coulombs or ampere - seconds)

kA
kV
kV/m
m/s
us

ms

Acrony
AC
AMJ

ATL

CFC

ms:

kiloamperes
kilovolts

kilovolts per meter
meters per second
microseconds
milliseconds
seconds

time

Advisory Circular
Advisory Material Joint

Actual Transient Level

Carbon Fiber Composite

ETDL

FWHM

HC

Equipment Transient Design Level

Full Width Half Maximum: The time interval between 50% amplitudes of
a pulse

High current

-11 -
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2.6.3 (Continued):
HV High voltage
LRU Line replaceable unit: An element of a system which may be removed
and replaced by a line maintenance crew while the aircraft is in
operational status
MB Multiple Burst
MS Multiple Stroke
N/A Not Applicable
TCL Transient Control Level
3. BACKGROQUND:
The envirgnment information and the test waveforms hiave been removed from AC/AMJ 20-
136 and AC/AMJ 20-53, and included in this Standdrd. This Standard also explains the
idealized ¢xternal waveforms and gives a brief diseussion of the mechanisms for
transformipg the external environment into an-internal environment and the resulting
transients|on cable bundles and at equipment interfaces.
4. NATURAL LIGHTNING DESCRIPTION:
4.1 General
Lightning flashes usually-eriginate from charge centers in a cloud, particularly the
cumulorimbus cloud, although they can occur in other atmospheric conditions. The
charges|in clouds are-produced by complex processes of freezing and meltirjg, and by
collisiong and splintering resulting from movements of raindrops and ice crys}als.
Typically, mostpositive charges accumulate at the top of the cumulonimbus glouds,
leaving fhe lower regions negative, although there may be a small positive region near the

base. Thevesult is the typical structure of Figure 2 depicted by Malan (Refefence 2.5.1),

who extensively studied thundersforms in South Africa.

-12 -
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FIGURE 2 - Generalized Diagram Showing Distribution of
Electrical Charge in Typical Cumulonimbus Cloud

4.1 (Continyed):
During their process.of development thunder clouds extend vertically over more than 3

km. The|strong electric fields can initiate discharges, called lightning flashes,[which may
be of three types, namely:

a. Flashes’between regions of opposite polarity within a cloud (inter cloud discharges),

b. Flashes between regions of opposite polarity in different clouds (inter cloud charges),
and,

c. Flashes from clouds to ground and from ground to clouds of either polarity. Ground to
cloud flashes, however, become only relevant to taller objects (e.g., towers and
mountains).

Over 50% of all flashes are intra cloud flashes.

-13 -
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4.2 Cloud to Ground Flashes:

4.2.1

The Discharge Process: A positive flash lowers positive charge to earth while a negative
flash lowers negative charge.

It is common for a negative flash to discharge several charge centers in succession, with
the result that the flash contains several distinct pulses of current, and these are usually
referred to as strokes.

The process that culminates in a lightning flash begins with the formation_ of an ionized
column called a leader which travels out from a region where the electric fi¢ld is so high
that it Initiates progressive breakdown; this critical field is thought to be abdut 900 kV/m
for waler droplets or 500 kV/m for ice crystals. For a negative disgharge to|earth the
column advances in zigzag steps (hence the name stepped leader) each apout 50 m
long and separated by pauses of 40 to 100 ms.

The digmeter of the stepped leader is between 1 and 10.m although the cufrent, which is
low (albout 100 A), is probably concentrated in a small highly ionized core, about 1 cm
diamefer. The average velocity of propagation is 4:5'x 10° m/s. The leadel may form
branches on its downward path to the ground. When a branch is near to the ground, it
causes high fields to form at projections such®as trees and buildings and these then
send Up leaders, one of which will make contact with the tip of the downwafd
propagating leader. This has the effect.of Closing a switch and the positionin the
channgl where it occurs is known as.the switching point. When that occurdg, a return
strokelis initiated which retraces and discharges the leader channel at a ve]ocity of about
5 x 10f m/s. This initial return streke is characterized by a current pulse of high
amplitide accompanied by high“luminosity. After the first return stroke, further strokes
may og¢cur as higher areas ‘of the negative charge regions are discharged; the dart
leaders for these usually traverse the same path as the first but in one confinuous sweep
at a vdlocity of 2 x 10%ni/s.

Returr| stroke modeling indicates that there is a decrease in the value of the return
stroke|current-as’altitude increases (Reference 2.5.2). This is typical of a rlegative flash
to opep ground, but over mountains and tall buildings the leader may be of|the upward

moving type, originating from a high point such as a mountain peak. When such a
Ieaderﬂmhevmmmwmmudmm TSty d

subsequent events follow the same pattern as for initiation by a downward moving
leader. Thus the “switching” point is near the ground for downward leaders but near the
charge pocket in the cloud for upward leaders. This can make a significant difference to
the waveform and amplitude of the current experienced by an airborne vehicle that forms
part of the lightning path.

-14 -



https://saenorm.com/api/?name=ee9c704603ca6c4a9fac96f0bd599bbd

SAE ARP5412 Revision A

4.2.2 The Negative Flash to Ground: An example of the return stroke current in a severe
negative flash is sketched in Figure 3A. The number of strokes in a negative flash is

423

usually between 1 and 11, the mean value being 3; the maximum number i
The total duration is between about 20 ms and 1 s, with a mean value of 0
interval between the strokes is typically about 60 ms. There is some correl
these parameters, the flashes with the most strokes tending also to be the

s up to 24.

.2s. The time

ation among
longest

duration. The rise time of the first stroke is about 2 us, with a decay time (to half the
peak amplitude) of 40 ps. Subsequent strokes in the flash tend to have a higher rate-of-
rise although lower peak amplitudes than the initial stroke and they can, therefore, be

signifigant for inducing voltages in wiring, where the inductively coupled voltages are

proportional to the rate of change of the lightning current.

Near the end of some of the strokes in a negative flash, there is often a lower level
currenf of a few kA persisting for several milliseconds, known as.an “intermediate current

compdnent,” as shown in Figure 3A. After some strokes a “continuing curr

ent” of 100 to

400 A fflows with a duration of 100 to 800 ms, so that there. is substantial charge transfer

in this phase. It is particularly common for there to be a\continuing current
stroke
Itisg

than n
positiv,
positiv,

g exaniple although not the “super flash” which occurs occasionally.
€ of a posmve flash is 20 ys and the total duration 0.1 s. Although f

after the last

t must cease,

ss frequently

gative flashes, however in certain geographic locations there may e more
flashes to ground. Presentistandards have assumed an average df around 10%
flashes to ground. Positive’flashes are usually initiated by upward moving

ormally they

of a
ke may be

oderately
Typically the
ositive

conS|derat|on in the selection of design and test parameters

thto

-15 -
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Current (A)

For Tleacr}s’rroke':( Sy
me to peak current = 1.5 us
's?ﬂ',‘.’('eRe*“’” Time to half value = 40 us
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100,000 Strokes Intermediate
! Components 8
2 4 7 9
3 5 10
6
10,000
1,000 /
Continuing
. Final Stage
Current: 400A 2008
10 60 110 160 460 520 580 640 700
Time (s
(not to seale)

FIGURE 3A - Model of a Severe Negative Lightning Flash Current Waveform

S50kA
Currént 65 Coulombs up to 2ms
(not to
scal¢) 185 Coulombs after 2ms

[2dt=2.5x10° A%

2ms Sms 10ms

Time
(not to scale)

FIGURE 3B - Model of a Moderate Positive Lightning Flash Current Waveform

FIGURE 3

-16 -
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4.3

4.4

Inter and Intra Cloud Flashes:

The preceding discussion relates to flashes of either polarity to ground since

most

available knowledge relates to flashes of that type. Instrumented aircraft have been
employed in USA and France to record the characteristics of cloud flashes. Generally
speaking, the conclusion is that cloud flashes are less severe than flashes to the ground,
certainly with respect to peak current, charge transfer and action integral. However, the
airborne measurements show some evidence that over a portion of some pulse
wavefronts the rate-of-rise for a short time (less than 0.4 us) may be higher than the figure

related tp cloud to ground flashes. Short pulses of low amplitude but high rat
have begn observed during intra cloud flashes. Similar pulses due to charge
in a cloud have been observed between return stokes in flashes to ground.

For intra
recorded
lightning
phase

cloud discharges, recoil streamers of up to 60 kA peak current have
, but are more typically 20 to 30 kA (Reference 2.5.3)~A typical intr
flash is presented in Figure 4. The pulses occurring during the initig
ight also occur in negative cloud to ground flashés.

Flash Parameters:

Most of the available statistical data are from cloud to ground and ground to
lightning flashes. The relevant data are presented in Tables 1 and 2 divided
and posltive flashes. The tables include statistical data for the lightning currg
related parameters of interest for the definition of the external environment.

b- of-rise
redistribution

been
h cloud
| attachment

Cloud

into negative
nts and all
-or a given

flash or stroke parameter, the tables.show that as the magnitude increases, {he

percentage of occurrence decreases. The extreme parameters do not occur
one flash.

Less dafa are available with respect to inter and intra cloud lightning flashes
availabl¢ data indicate that the cloud to ground and ground to cloud flashes 1
most seyere lightning:threat to the aircraft with the only exception being the H
rise pulse wavefronts measured during the initial and the final attachment ph
Instrumeénted aircraft referred to in 4.3. Similar pulses with fast rates of chan
been reported(in cloud to earth flashes which convey negative charge to the

together in

4.3). The
epresent the
igh rate of
hses to the
ge have also
parth.

In additio

ightning strike

event. Initially, these fields result in breakdown of the air to form the attachment and may

also cause breakdown of dielectric materials on an aircraft. The magnitudes
fields are dependent upon air breakdown thresholds and range between 400
kV/m, with rates of rise of up to 1000 kV/m/us.

of these
and 3000
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Single pulses, mostly <30kA

Current
L, (kA)
50
40
e v .
Multiple
recoil
streamers
20 —
N HNH
. 220|||||||| L L1 fime
-zums
aftachment ‘\‘\T / detachment
Low level random pulses
phase phase
| « Intermediate phase > |
FIGURE 4 - Typical Intra Cloud Lightning Flash to an Aircraft
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TABLE 1 - Parameters for Negative Lightning Flashes Measured at Ground

Lightning Lightning Lightning
Parameters  Parameters  Parameters

Parameters Unit 95% 50% 5%

Negative Flashes:

Number of strokes 1-2 3-4 12

Time intervals between strokes  ms 8 35 140

Flash duration S 0.03-0.04 0.2 1

Charge in flash C 1.3 7.5 40
Negative F|rst Stroke:

Peak curfent kA 14 30 80

Peak ratg-of-rise Als  55x10° 1.2 x 10% 3.2% 10"

Time to peak us 1.8 5.5 18

Time to half value V5 30 75 200

Impulse ¢harge C 1.1 5.2 24

Action integral A%  6x10° 5.5 x 10* 55%10°
Negative Subsequent Strokes:

Peak Cufrent kA 4.6 12 30

Peak ratg-of-rise Als  1.2x10" 4x10" 1.2 x 10"

Time to peak us 0.22 1.1 4.5

Time to half value V5 6.5 32 140

Impulse ¢harge C 0.2 1.4 11

Action integral A% 55x10? 6x10° 5.2 x 10*
Continuing|Current: 98% 50% 2%

Amplitude A 33 140 520

Duration S 0.058 0.16 0.4(Q

Charge C 7 26 110
NOTE 1: The abevelightning parameters do not necessarily occur together in ¢ne flash.
NOTE 2: The-percentage figures represent percentiles, that is, the percentage pf events

having a greateramptitudethamthosegiver.
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TABLE 2 - Parameters for Positive Lightning Flashes Measured at Ground

Lightning Lightning Lightning
Parameters Parameters Parameters
Parameters Unit 95% 50% 5%
Positive Flashes:
Flash duration ms 14 85 500
Total charge C 20 80 350
Positive Strgke:
Peak currgnt kA 4.6 35 25(
Peak rate-pf-rise Als 2x10° 2.4x10° 3.2|x 10"
Time to pgak V& 3.5 22 200
Time to hgif value V& 25 230 20Q0
Impulse charge C 2 16 150
Action integral A%s 2.5x 10 6.5x 10° 1.5|x 107
NOTE 1: The¢ above lightning parameters listed above donot-necessarily occur tpgether in
one flash.
NOTE 2: The¢ percentage figures represent percentiles, that is, the percentage oflevents
having a greater amplitude than those given.
5. LIGHTNING INTERACTIONS WITH AIRCRAFT:
A lightning strike to an aircraft will either be triggered (i.e., initiated) by the pregence of the
aircraft in @ strong electric field and-will originate at the aircraft, or will occur as|a result of
encounter{with a naturally oceurring leader which originated elsewhere.
5.1 Strike Ocurrence:
The prolpability of a lightning strike to an aircraft depends on various paramefers, e.g. the
local climate, flight profile, type of aircraft. From a significant sample of repofted strikes to
large transport-aircraft operating in scheduled airline service, the average prgbability of a
IightninJ]strike has been estimated to be approximately one strike in every 10,000 flight

hours. A'separate study of fransport aircraft experience within a region known to be prone
to lightning estimated the average probability of a lightning strike to be approximately one
strike in every 1000 flight hours. Therefore, the average probability of a lightning strike to
a given aircraft will be likely to fall somewhere between one strike per 1000 and 20,000
flight hours.

These data are based on reported strikes, which get noticed because of bright light,
(especially at night), loud noises, or associated physical damage effects or interference or
damage to cockpit avionics. Other strikes to aircraft undoubtedly occur but go unnoticed
or are not reported.
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5.2

5.3

54

Aircraft Intercepted Lightning:

An intercepted flash can occur when a lightning leader advances sufficiently close to the
aircraft to be diverted to it. This latter interaction can occur for all types of discharges:
inter, intra and cloud to ground.

As noted, most intra cloud flashes are probably less severe than cloud to ground flashes.
If we consider only ground flashes, however, it is likely that the parameters at the altitude
of an aircraft in flight will be different from those measured at stations on the ground. This
is because the lightning channel acts as a lossy transmission line and the return stroke
current ¢xperiences changes in both shape and amplitude as it developsfrom the
switching point towards the vehicle.

Aircraft Triggered Lightning:

Aircraft may also trigger the flashes that they interact with inregions where there are
strong electric fields. These flashes would not have occurred in the absence of the
aircraft. IMany storm cloud penetrations made during in-flight measurement programs
(References 2.5.4, 2.5.5, and 2.5.6) produced lightning strikes which were probably
triggered by the aircraft.

It is thoyght that most triggered lightning flashes have a lower amplitude thar) most cloud
to ground flashes. The latter will, however, continue to be the basis of protegtion design.

Swept Jhannel Process:

If a fast moving vehicle such as an aircraft experiences a direct strike, then throughout the
flash, thé point(s) of arc attachment is likely to be swept backwards along thg vehicle,
since the lightning channeél tends to remain stationary relative to the surrounding air.
Except possibly on smoeth unpainted surfaces, this movement of the attachment point is
not cont[nuous but progresses in a series of discrete irregular steps. The dwgell time at any
particuldr step is not likely to exceed 50 ms, being chiefly dependent on the nature of the

known as the “Swept Channel” phenomenon For an airspeed of 300 knots an aircraft

durationof a1ig ' JHIING K10 a trailing edge,
it can progress no further and may remain there, or hang on, for the remainder of the
flash. When the entry and exit portions of the lightning channel have swept aft to trailing
edges, the channel may rejoin behind the aircraft and the aircraft is no longer in the
lightning current path.
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5.4

5.5

(Continued):

The sweeping action of the channel can have several consequences. For example,
inboard areas of an aircraft wing such as those behind an inboard engine will be subjected
to the Swept Channel phenomenon because they are in the path of a sweeping channel.
On the other hand, the effects of the flash are spread out over a considerable number of
points so that except for an attachment point at a trailing edge, no single point receives the
full energy of the flash. The proportion of the flash experienced by any particular point
depends on its location on the vehicle surface and this has lead to the concept of dividing

the surfz
sweepin

Nearby

ce into Tightning strike zones depending on the probability of initial a
g and hang-on.

Lightning:

Nearby flashes might cause some indirect effects. These effegets, due predo

magneti
lightning

The mag
be estim

where:

H =

C field coupling, are in general significantly smaller than those cause
strikes to the aircraft.

Inetic fields (H-fields), which can be expectedifrom a nearby lightnin
ated by the following expression:

Field strength in amperes per meter
Lightning currentinfamperes

Distance bétween the lightning channel and the aircraft in meters

kftachment,

minantly to
J by direct

) strike, can

(Eq. 1)
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5.6 Lightning Strike Zones:

6.

6.1

IDEALIZE

Due to the lightning attachment process, not all locations on an aircraft are exposed to the
same lightning environment components. To optimize lightning protection, the aircraft will,
therefore, be divided into different lightning strike zones. These zones will then be

protected against their applicable components of the lightning environment.

In general an aircraft can be divided into the following zones:

General

The env|
which ar
wavefor
be comg

lightning.

The star
current \
lightning

In the w

First Return Stroke Zone

. First Return Stroke Zone with Long Hang-On
. Transition Zone for First Return Stroke
Swept Stroke Zone

Swept Stroke Zone with Long Hang-On
Current Conduction Zone

initions and methods of locating them on particulap aircraft are given

D STANDARD LIGHTNING ENVIRONMENT:

ronment waveforms presented in.this chapter represent idealized en
e to be applied to the aircraft forpurposes of analysis and testing. T
ms are not intended to replicate a specific lightning event, but they a
osite waveforms whose-effects upon aircraft are those expected frorn

dard lightning environment is comprised of individual voltage wavefq
vaveform components which represent the important characteristics
flashes.

hveform-descriptions that follow, parameters of particular importance
F indirect) to be considered, are included whereas other parameters

in ARP5414.

vironments
he

e intended to
h natural

rms and
of the natural

to the effects
are omitted.

(direct o

For exarEpIe, for direct effects evaluations, peak current amplitude, action inﬂegral and

time duration are of primary importance, whereas for Indirect effects evaluations, rates of
current rise and decay as well as peak amplitude are important.

Not all surfaces of an aircraft need to be designed to survive the same lightning threat.
The applicable design parameters and test waveforms for each zone are presented in 6.4.

This section presents waveforms and their related parameters to be applied for aircraft
structures and equipment lightning protection design and verification purposes.
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6.2

6.2.1

Idealized Voltage Waveforms:

The idealized voltage waveform represents that portion of the electric field important for
assessment of lightning attachment to aircraft structures.

The basic voltage waveform to which vehicles are subjected for analysis or test is one that
represents an electric field which increases until breakdown occurs either by puncture of
solid insulation such as the fiberglass skin of a radome, or flashover through the air or
across an insulating surface. The path that the flashover takes, either puncture or surface
flashover, depends in part on the waveshape of the electric fields.

It is som
occurs.

rate of v
used on
appear (

etimes necessary to determine the critical voltage amplitude atwhic
This critical voltage level depends upon both the rate-of-risg of volta
bltage decay. Two examples are: (1) determining the strength of the

n a vehicle as a lightning flash approaches.

Since there is a wide range of possible electric field waveforms produced by

lightning
of field r
6.2.4.

Two oth
respecti
that doe
employe
tests.

It has be
aircraft n
order of

, two voltage waveforms have been established, representing fast a

ely. The firstis a full voltage waveform to be used wherever an im

en determined in(laboratory testing that the results of attachment po
hodels are influenced by the voltage waveform. Fast rising waveforn

usually

likelihoof of puncture of dielectric skins. Slow front waveforms (in the order
of microgeconds) produce a greater spread of attachment points, possibly in
attachments'to lower field regions.

a few microseconds) produce a relatively small number of attachme
the apparent high field regions on the model and may produce a g

N breakdown
pe and the
insulation

electrical wiring; and, (2) determining the points from which electricql streamers

natural
d slow rates

se. These are Waveform A described in 6:2.1 and Waveform D presented in

er high voltage waveforms designated B and C are described in 6.2.2 and 6.2.3

Isive field

5 not reach breakdown is required, i.e. streamer testing. The second waveform is
d for fast front model tests:-Waveform D can also be used for slow front model

nt testing of
ns (rise in the
it points,
eater

bf hundreds
Cluding

The voltage waveforms presented in this ARP are intended for evaluation of possible
lightning attachment locations and/or dielectric breakdown paths through non-conducting
surfaces or structures.

Voltage Waveform A: This waveform rises at a rate of 1000kV/us (£50%) until its
increase is interrupted by voltage breakdown of the intervening air gap, resulting in the
puncture of, or flashover across, the object under test. At that time the voltage collapses
to zero. The rate of voltage collapse or the decay time of the voltage if breakdown does
not occur (open circuit voltage of a lightning voltage generator) is not specified. The
voltage Waveform A is shown in Figure 5.
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6.2.2

6.2.3

6.2.4

volts

dV/dt=1000kV/us + 50%
: ° breakdown

time

FIGURE 5 - Voltage Waveform A

Voltage Waveform B: Waveform B is a 1.2 ys.x 50 ys waveform which is t
industy standard for impulse dielectric tests:* It rises to crestin 1.2 us (220
decays to half of crest amplitude in 50 us(+20%). Time to crest and decay

ne electrical
%) and
time refer to

the open circuit voltage of a lightning.voltage generator, and assume that the waveform

is not limited by puncture or flashover of the object under test. This wavefd
in Figyre 6.

Voltage Waveform C: This\is a chopped voltage waveform in which breakd
gap bgtween an object under test and the test electrodes occurs at 2 ps (+
amplitilde of the voltage’at time of breakdown and the rate-of-rise of voltag
breakdown are notsspecified. The waveform is shown in Figure 7.

Voltage Wayeform D: The slow fronted waveform has a rise time between
us so as to'allow time for streamers from an object to develop. It should gi

rm is shown

own of the
p0%). The
b prior to

50 and 250
Ve a higher

strike fate,to the low probability regions than otherwise might have been e>1pected. This

waveformris—shownmin Figuu—; 8:
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volts
peak T 7m0
T1=1.2us +20%.
T2 =50pus £20%
50(‘.)0 5q [ Beesad ................... N\ e

time

T1 T2
FIGURE 6 - Voltage Waveform B

y
volts

breakdown

time

2us

FIGURE 7 - Voltage Waveform C
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volts .
peak breakdown
T1=150-250us
T2 =~2000ps
AR | o]

time

T1

T2

FIGURE 8 - Voltage Waveform D

6.3 Externallldealized Current Components:

The extgrnal lightning environment is eomprised of current components A, A;
H, and the Multiple Stroke (MS) and-fMultiple Burst (MB) Waveform sets. Thg
comprisgd of components D and-D/2, and the MB is comprised of componen|

sequendges.

, B, C, D, and
e MS is
t H pulse

Current pomponents A, B;.C, and D comprise the lightning flash current wavgform for
evaluating direct effects 'and are shown in Figure 9. Current components A 3nd D, and

Wavefolm sets MS-and MB are applicable for evaluating indirect effects. Th

are shown in Figares 10 and 11.

The curientiedmponents are defined in the following sections.

b |atter two
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current
(not to scale)

— < 500us * < 5ms a’% 0.25s <t<ls %le < 500ps e‘

time

—_—

COMPONENT A (First Return Stroke)

Peak Amplitude : 200KA (+ 10%)
Action Integral : 2 x 10°A%s (£ 20%) (irf 500ps)
Time Duration : <500pus

COMPONENT B.(Intermediate Current)

Max. Charge Transfer : 10 Coulombs (= 10%)
Average’ Amplitude : 2kA (£ 20%)
Time Duration : < S5ms

COMPONENT C (Continuing Current)

Amplitude : 200 - 800A
Charge Transter : 200 Coulombs (£ 20%)
Time Duration . 025to1s

COMPONENT D (Subsequent Return Stroke)

Peak Amplitude : 100KA (+ 10%)
Action Integral : 0.25 x 10°A%s (£ 20%) (in 500ps)
Time Duration : <500us

FIGURE 9 - Current Components A Through D for Direct Effects Testing
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100 kA
10 ms < At < 200 ms
D
50 kA
D/2 D/2 D/2 D/2
—I \ N \\ ‘
1 2 3 k \ 13 14

1.5 seconds

v

r' S

One|current component D followed by thirteen current component D/2s djistributed over a

peripd of up to 1.5 seconds.

FIGURE 10 - Multiple Stroke Waveform Set

50pus < At < 1000ps

fe—
- ‘IM\/\/ N
H H H ’ {H t
1 2 3 20

One burst is composed of 20 pulses.

|4—b| 30ms < At < 300ms

10kA™ —]

18

|1—'| 20 pulses

FIGURE 11 - Multiple Burst Waveform Set
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6.3.1

Current Component A - First Return Stroke: This waveform combines the severe
parameters of both the negative and the positive first return strokes. It occurs most
frequently to aircraft flying at lower altitudes.

For analysis purposes and indirect effect considerations the double exponential

waveform shown in Figure 12A shall be applied.

This waveform is defined mathematically by the double exponential expression shown

below:

where
lo

o

B

ti

The frequency content of current component A is given in Figure 12B.

For dir
unidirg
must h
betweg
(x20%

The ad

energy
canno

t)=lo(e™ —e™)

= 218,810 A
=11,354 5™
= 647,265 s

5 time (s)

en 10 and 90% ofipeak amplitude). The action integral has to be 2 x
, and the total time to 1% of peak value shall not exceed 500 ps.

examp

(Eq. 2)

ect effects testing purposes.component A can be simulated by an odgcillatory or
ctional waveform like those presented in the Figures 13A and 13B. [The current
ave an amplitude of 200 kA (x10%) with a rise time of up to 50 us (the teismg

10° A%s

tion integral, Iizdt, is a critical factor in the extent of damage. It relaites to the

deposijted or absorbed in a system. However, the actual energy deposited
. For

be\defined without a knowledge of the total resistance of the syste
EMM@@&MW&M issi i istor is i2 i ressed in

Watts. For the total energy expended, the power must be integrated over time to get the
total Watt-seconds (or Joules). Action integral can be applied to any resistance value to
identify the total energy deposited.
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I 200kA - s
peak

\ T1=6.4 ps
N T2 =69 ps

Time to 90% =3
e .to . Action Integral=2 x 106 A2s

within 500 ps
50% A--f---eeeeee- , ....................................

— di/dt=1x10"A/s @ 0.5us

Time to 10% = 0.15ps

“ Peak di/dt = 1.4 x 10"A/s @ t=0
Tl V)
time

FIGURH 12A - Current Component A for Analysis and'Indirect Effects Test Hurposes

Amplitude 1E2

(Amps/Hz) IEI «— breakpoint:1.8kHz

7 — break point: 103kHz
1E-1+
1E-2~
1E-3
1E-4-

LE-5+

IE-6

1E-7 . | , w r
1E2 1E3 1E4 1E5 1E6 1E7 1E8

Frequency (Hz)
Frequency

(Hz)
FIGURE 12B - Frequency Content (Amplitude Spectrum) of Component A

FIGURE 12
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Ipeak .
200kA
Action integral 2.0 x 106 A2s
within 500ps
S —
\/ \-/ <5004s
FIGURE 13A - Damped Sitiusoidal Current
200kA | Action integral 2.0 x 106 A2s
180kA |1 T within SOOHS
\
20KA - < 500ps
“ > time
<50us

FIGURE 13B - Unipolar Current

FIGURE 13
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6.3.2 Current Component A, - Transition Zone First Return Stroke: The amplitude and
waveform of the first return strokes, which might hit an aircraft, depend on the flight

6.3.3

altitude.

altitudes.

In general, lower amplitudes and action integrals can be expected at higher

For analysis purposes a double exponential as shown in Figure 14A shall be applied.
This waveform is applicable in the transition Zone 1C and represents the estimated

shape

of the first return stroke (Component A) at higher altitudes.

This W

where
lo
o
p
ti

For din
unidire

amplityide of 150 kA (£10%) with' a rise time of up to 37.5 ps (the time betw

90% p
time fa

Currer
interm

aveform Is defined mathematically by the following double exponenti

It)=1,(e™ —e™)

= 164,903 A
= 16,065 s™

= 858,888 5™
5 time (s)

ect effects testing, component A, can be simulated by an oscillatory
ctional waveform as shown-in Figures 14B and 14C. The current m

bak amplitude). Thevaction integral has to be 0.8 x 10° A%s (+20%),
r the current to decay to 1% of peak value shall not exceed 500 ps.

t Component.B - Intermediate Current: This component represents
bdiate currents following some of the negative initial return strokes a

Al function:

(Eq. 3)

or
st have an
een 10 and
and the total

mainly the
hd/or restrikes

(see Fljgure 3A):
For anplysis purposes a double exponential current waveform could be usgd as
presentedHrHgure—5A—This-waveferm-is-deseribed-mathematically-by-the following
expression:

I(t) =1,(e™ —e™) (Eq. 4)
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Ipelk
150kA ;
N T1=4.72 ps
i AN T2 =149 ps
[ ) Action Integral= 0.8 x 106 AZs
| Time to 90% =225 ps within 500 ps
[ N
50% - ’}, ................................ -
i/ di/dt = 1x 10"A/s @ 0.375ps ~_
: H ~_
| Time to 10% = 0.11ps ~_

=

Peak d/dt = 1.4 x 10"A/s (@ t=0

150kA

T1 T2

FIGURE 14A - Current Component Ay, for Analysis Purposes

Action integral 0.8 x 106/A2s
within 500ps

time

- Example of Current Component A, for Direct Effects, Damped Sin

<500ps

time

isoidal Current

FIGURE 14B
150KA -
0 Action integral 0.8 x 106 A2s
within 500ps
T~
\\
—
10% ... .
time
<500us

FIGURE 14C - Example for Current Component A, for Direct Effects, Unipolar Current

FIGURE 14
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6.3.3

6.3.4

6.3.5

(Continued):
where:

lo=11,300 A

a=700s"

B=2000s"

tip time (s)
For dinect effects testing, this component should be unidirectional{e:g. rectangular,
exponegntial, or linearly decaying as shown in Figures 15B and 15C. The ajerage
amplitilde must be 2 kA (£20%) flowing for a duration of 5 msy(x10%) with & charge
transfgr of 10 coulombs (£10%).
Current Component C - Continuing Current: This current component repregents the
lightnimg environment that might be caused by the<leng duration currents which may

follow
stroke

For an
utilized

For dir
200 ar
coulon
or line

Comp
compd
that pg
metal

some restrikes of the negative cloud to greund lightning strikes and 4
of the positive cloud to ground lightning'flashes.

alysis purposes, a square waveform of 400 A for a period of 0.5 s sh
(Figure 16A).

ect effects testing, the Gomponent C should have a current amplitud

Iso the return

ould be

e between

d 800 A, a time duration between 0.25 and 1.0 s and transfer charge
bs (£20%). This waveform should be unidirectional; e.g. rectangul

5kins..vComponent C* is a current averaging not less than 400 A for

to the

dwell time minus the 5 ms duration of the component B. An exampl

 of 200
, exponential

brly decaying. Some examples are presented in the Figures 16B an¢l 16C.

bnent C* - Modified Component C: This component represents the portion of
nent C which flows into an attachment point in Zone 1A or 2A if the dwell time at
int exceeds 5 ms. Component C* is primarily used for evaluating melt through of

period equal
of

component C* for test applications is shown in Figure 17.

The combination of components A or D, B, and C*, therefore represent the dwell time,
which may range from 1 to 50 ms. For aircraft surfaces finished with conventional
primers and paints dwell times of 20 ms will normally be sufficient. Other surfaces may
experience shorter or longer dwell times. For example, dwell times of 1 to 5 ms are
typical of lightning attachments to unpainted metal surfaces when only components A or
D, and B would be applied. Dwell times on surfaces covered with especially thick or

high di

electric strength coatings may range from 20 to 50 ms.
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Average current 2000 A

/

/ Charge transfer 10 Coulombs

F

¢

FIQ

. time

FIGURE 15A - Current Component B for Testing and Analysi§)Purposés

Sms

2000 A

Charge transfer 10 Coulombs

time

Sms

EURE 15B - Example of Current Component B for Direct Effects Tesling

Average current 2000 A
Charge transfer 10 Coulombs

Sms

URE 15C - Example of Current Component B for Direct Effects Tesfing

FIGURE 15

-36 -



https://saenorm.com/api/?name=ee9c704603ca6c4a9fac96f0bd599bbd

SAE ARP5412 Revision A

400 A
Charge transfer 200 Coulombs

time

0.5s
FIGURE 16A - Current Component C for Analysis Purpose

800 A

Charge transfer 200 Coulombs

time
0.25s

FIGURE 16B - Example:of Current Component C for Direct Effects Tesfing

200 A

Charge transfer 200 Coulombs

time
1s

FIGURE 16C - Example of Current Component C for Direct Effects Testing

FIGURE 16
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FIGURE 17 - Application of Current Component C

-38 -



https://saenorm.com/api/?name=ee9c704603ca6c4a9fac96f0bd599bbd

SAE ARP5412 Revision A

6.3.6

6.3.7

Current Component D - Subsequent Stroke Current: Current Component D has two
applications.

For direct effects assessments current Component D represents a subsequent stroke.
(Figure 9).

For direct effects testing, Component D can be simulated by either oscillatory or
unidirectional waveforms (Figures 18A and 18B) with a total time duration to 1% peak
value of 500 ys. The amplitude shall be 100 kA (£10%), the rise time shall not exceed
25 ps (time between 10 and 90% of the amplitude). The action integral is 0.25 x 10° A%s
(x20%).

For indirect effects investigations and analysis purposes, the double{expongntial current
waveform presented in Figure 19A should be used. This waveform.represents the initial
stroke|in the Multiple Stroke waveform set (Figure 10).

The waveform is defined mathematically by the double exponential expresgion shown
below:

It)=1,(e™ —e™) (Eq. 5)
where
lo|= 109,405 A
af= 22,708 s™
BE 1,294,530 s
tip time (s).

The frequency contentof component D is given on Figure 19B.

Multiple Stroke(Waveform Set: In many cases up to 14 randomly spaced sfrokes have
been gbseryved’in negative cloud to ground flashes. Also several pulses of
approjimately 30 kA can occur in a random sequence in an intra cloud event as
illustrated’in Figure 4.

The synthesized Multiple Stroke Waveform set is defined as a current component D
followed by 13 components D/2 as shown in Figure 10. The components D/2 are
distributed randomly over a period of up to 1.5 s according to the following constraints:
e the minimum time between components is 10 ms

e the maximum time between components is 200 ms

The D/2 Waveform parameters are identical to the current component D parameters with
the exception that I = 54,703 A.
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100kA
90%

10% -t

.......

/\ Action integral 0.25 x 10° A%s within 500us

|

< 500us

| \\/\v,.\v.__ﬁ_m

FIGURE 18A - Damped Sinusoidal Current

within 500 ps

........... y Action integral 0.25 x 106 AZs

time

FIGURE 18B - Unipolar Pulse

FIGURE 18

500us
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100kA GO0 [bannBonEeg T
: T1=3.18 ps
'\ ? T2=345ps
5 Action Integral = 0.25 x 10° A%
é within 500 ps
Time to 90%
=1.5us
50% - / --------- T :

J' arart TU 73S

— @ 0.25ps

| Time to 10% = 0.08 ps
" peak di/dt = 14x10" Als @ =0

time

T1 ™

FIGURE 19A - Current Component D for Analysis Purpose and’Indirect Effects Test Purposes

Amplitudg 1E1
(Amps/Hz)
)

break point: 3.6kHz

break point: 206kH3

1E-1
1E-2 -
IE-3 -
1E-4 -
1E-5 |

LE-6~—

1E-7 I \ T T \
1E2 1E3 1E4 1ES 1E6 1E7 1E8

Frequency
(Hz)

FIGURE 19B - Frequency Content (Amplitude Spectrum) of Component D

FIGURE 19
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6.3.7

6.3.8

(Continued):

The primary purpose of the Multiple Stroke Waveform set is to evaluate system functional
upset of systems that may be susceptible to effects of multiple induced transients. It is not
necessary that this Waveform set be applied at the defined levels in a test. Instead, the
internal environment due to a single component may be determined by analysis or test
and the Multiple Stroke combination of induced transients applied to the
system/equipment.

The Multiple Stroke Waveform set is used only for indirect effects evaluation.

Multipl
H wav
and tin
found

throug
4). Wi
nature
recom
20 pul
pulses

The 3
o th
e th

If the 1
Burst

Wavef

of these pulses may cause interference or upset'to certain systems.
mended waveform set comprises repetitive component H waveforms
bes each as shown in Figure 11. The minimum time between induce
within a burst is 50 ps and the maximum ds 1000 ps.

pursts are distributed according to the following constraints:
e minimum time between bursts’is 30 ms

B maximum time between“bursts is 300 ms

naximum times between individual pulses and bursts were assumed
Vaveform set would occupy 0.62 s.

It) =1,(e™ —e™)

e Burst Waveform Set: The Multiple Burst Waveform set is compris¢d of component
eforms. Component H represents a high rate-of-rise current pulse whose amplitude
ne duration are much less than those of a return stroke. Sueh’pulses have been

0 occur in groups at the initiation of a lightning strike to an aircraft apd randomly
hout the lightning flash duration, together with the other current components (Figure
nile not likely to cause physical damage to the aircraft, the random and repetitive

The
in three bursts of
d Component H

the Multiple

brm H can be:mathematically described by using the following formuja:

(Eq. 6)

where
lo=10,572 A
o=187,191s"
B=19,105,100 s
tis time (s)

Component H is presented in Figure 20A.

The frequency content of component H is given on Figure 20B.
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10KA. -

A

| Time to 90%
/ =110ns

TN

|

T1=245ns
T2=4 ps

50% -

f .
; Time to 10% = 5.3 ns
}/ peak di/dt = 2.0x10"" A/s @ t=0
/ : S — time
T1 T2
FIGURE 20A]|- Current Component H for Analysis Purposes andyIndirect Effects Tlest Purposes
1E-1
Amplithde break point: 3.0MHz
(Amps{Hz)
1E-2
break point: 29.8kHz
1E-3 —
1E-4
1E-5 -
1E-6
1E-7 ] , - w I T
1E2 1E3 1E4 1ES 1E6 1E7 1E8
Frequency (Hz)

FIGURE 20B - Frequency Content (Amplitude Spectrum) of Current Component H

FIGURE 20
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6.3.8 (Continued):

The primary purpose of the Multiple Burst Waveform set is to evaluate system functional
upset of systems that may be susceptible to effects of multiple induced transients. It is
not necessary that this waveform set be applied at the defined levels in a test. Instead,
the internal environment due to a single component H Waveform may be determined by
analysis or test and the Multiple Burst combination of induced transients applied to the
system/equipment.

The Multiple Burst Wavetorm set is used only tor indirect effects evaluation,

6.4 Applicatlon of the Idealized External Environment Waveforms/Components t¢ Aircraft
Testing:

The application of the lightning environment waveforms and components to gpecific zones
as descifibed in ARP5414 is shown in Table 3.

TABLE 3 - Application of Lightning Environment to Aircraft Zones

Alrcraft Zone Voltage Waveforms(s)-.< Current Component(s)
1A A, B,D A, B, C* H

1B A, B,D A,B,C,D,H
1 A Ah, B, C*, D, H
2A A D, B, C*H

2B A D,B,C,H
3|(Conducted) - A, B,C,D,H
3|(Direct A A/5, B, C*
attachment for new

of novel designs-

refer to 6.4.1)

Lightning Strike* C
Model Tests

Subsels of-thése waveforms are to be used for direct and indirect effect evaluation.
Wavefprms appropriate for direct effects include voltage Waveforms A, B, C, D, and
current Components A, A, B, C, C*, and D.

Waveforms appropriate for indirect effects evaluation include current components A, D,
and H which are individual components of the single stroke, MS and MB Waveform sets.
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