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1. SCOPE:

This document is one of a set covering the whole spectrum of aircraft interaction with
lightning. This document is intended to describe how to conduct lightning direct effects tests
and indirect system upset effects tests. Indirect effects upset and damage tolerance tests
for individual equipment items are addressed in DO-160/ED-14. Documents relating to
other aspects of the certification process, including definition of the lightning environment,
zoning, and indirect effects certification are listed in Section 2.

This docur
associated
which item
criteria for
each partig
described
requiremer

Each test n
setup, test
procedure
test or seri

Natural ligh
types of ve

Eentpresentstesttechmquesforsimutated-ightrimgtestmgofairer
systems. This document does not include design criteria nor does
5 should or should not be tested. Acceptable levels of damageand
he qualification tests must be approved by the cognizant cettificati
ular case. When lightning tests are a part of a certification plan, th
nerein are an acceptable means, but not the only means, of meetin
ts of the certification plan.

nethod is set out in a uniform format, describing the test purpose, té
waveforms (voltage and/or current), measurements and data recor
and data interpretation. Guidance is provided on how to select the
bs of tests, and how the test results can'be assessed.

tning is a complex and variable phenomenon and its interaction wi
hicles may be manifested in many different ways. It is not intended

aft and the

it specify

/or pass/fail

bn authority for
b test methods
j the test

st object, test
ding, test
appropriate

h different
that every

test descrilped herein be applied to every-system requiring lightning verification tests. The

document is written so that specificaspects of the environment can be called put for each
specific pragram as dictated by the vehicle design, performance and mission ¢onstraints.
2. REFERENC[CES:
2.1 Applicable Documents:
The docymenistbelow provide various sources of information relevant to air¢raft lightning
testing including descriptions of the external lightning environment applicablg to aircraft,
methods|ofdetermining lighting zoning of aircraft, regulatory requirements, and guidance
on certifying aircraft by analysis and test.
NOTE: Whenever a reference document appears in this Recommended Practice, it

carries the minimum revision level of the reference document acce

ptable to meet

the intended requirements. Later versions of the reference document are also

acceptable but earlier versions are not acceptable. In all cases, ot

her

documents shown to be equivalent to the referenced document are also

acceptable.
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2.1.1 SAE Documents: Available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001 (Web-Site: www.sae.org).

ARP4754 “Certification Considerations for Highly Integrated or Complex
Aircraft Systems”, issued November, 1996

ARP5412 "Aircraft Lightning Environment and Related Test Waveforms",
issued August, 1999

ARPS4[t3—"Certificatiomof Aircraft Etectricat’Efectromic-Systermsfor the Indirect
Effects of Lightning", issued August, 1999

ARP54(14 "Aircraft Lightning Zoning", issued August, 1999

ARP54{15 "User's Manual for Certification of Aircraff Electrical/Electronic
Systems for the Indirect Effects of Lighining", issued August, 2001,
Rev A issued April, 2002

Report|AE4L-76-1 "Lightning Test Waveforms andTechniques for Aerospace Vehicles
and Hardware", (Blue Book),“dated June 20, 1978

Report|AE4L-81-2 "Test Waveforms and @echniques for Assessing the Effects of
Lightning Induced Transients", (Yellow Book), dated D)ecember 15,
1981

2.1.2 Federal Aviation Regulations (FAR): Available from the U.S. Department ¢f
Transpprtation, Subsequent Distribution Office, Ardmore East Business Cénter, 3341 Q
75th Ayenue, Landover, MD:20785 (Web-Site: www.faa.gov).

US Code of Federal Regulations 14 CFR Parts 21, 23, 25, 27 & 29; Sectigns x.581,
.610, .867, .899, .901, .903, .954, .1301, .1309, .1316, .1431 and .1529 (a$ applicable)
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2.1.3 FAA Advisory Circulars (AC): Available from the U.S. Department of Transportation,
Subsequent Distribution Office, Ardmore East Business Center, 3341 Q 75th Avenue,
Landover, MD 20785 (Web-Site: www.faa.gov).

215

AC 20-53A "Protection of Airplane Fuel Systems Against Fuel Vapor Ignition
Due to Lightning”, dated April 12, 1985. Contains zoning definitions
and procedures that are used for direct effects protection and is
used as a guide to describe zoning as it applies to indirect effects.

AC 20-36 “Protectiorrof Aircraft Efectricat/EtectromicSysternsfor the Indirect
Effects of Lightning”, dated March 5, 1990

AC 21-[16D RTCA Document DO-160D, dated July 21, 1998

AC 23.1309-1C "Equipment, Systems, and Installations"(dated March 12, 1999

AC 25.1309-1A "System Design Analysis", dated dune 21, 1988

AC 27-[1B "Certification of Normal Categoty Rotorcraft", dated September 30,
1999

AC 29-pC "Certification of Transport Category Rotorcraft", dated September
30, 1999

RTCA, |Inc. Documents: Availabledtom RTCA, Inc., 1140 Connecticut Avgnue, NW,

Suite 1D20, Washington, DC 20036-4001 (Web-Site: www.rtca.org).

RTCA/DO-160D "Envifenmental Conditions and Test Procedures for Ajrborne
Equipment", dated July 29, 1997, including Change Np. 1, dated
December, 2000, Change No. 2, dated June, 2001 and Change No.
3, dated December, 2002

EASA Documents: Available from European Aviation Safety Agency, Ottoplatz, 1, D-

50679 Kdélny-Germany (Web-Site: www.easa.eu.int).

CS Parts 21, 23, 25, 27 & 29; Sections x.581, .610, .867, .899, .901, .903, .954, .1301,
.1309, .1316, .1431 and .1529 (Parts and Sections as applicable)
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2.1.6 EUROCAE Documents: Available from EUROCAE, 17, Rue Hamelin, 75783 PARIS
CEDEX 16, France, (Web-Site: www.eurocae.org).

217

EUROCAE ED-14D "Environmental Conditions and Test Procedures for Airborne
Equipment", dated July, 1997, including Change No. 1, dated
December, 2000, and Change No. 2, dated June, 2001 and Change

EUROCAE ED-79

EURO(

EURO(

EURO(

ANSI DO
ANSI Z
IEC Do
East, H

IEC 60

No. 3, dated December, 2002

"Certification Considerations for Highly Integrated or Complex

A LL O i LL ] 4 LA -l 4002
Alrerdrt oysteriis -, UateU ApPIIl, 1937

CAE ED-81  "Certification of Aircraft Electrical/Electronic Systems
Effects of Lightning", dated May, 1996, including’ Ame
dated August 26, 1999

LAE ED-84  "Aircraft Lightning Environment and Related Test Wa\
Standard”, dated August, 1997, including Amendmentf
October 19, 1999

CAE ED-91  "Aircraft Lightning Zoning Stahdard”, dated July, 1998
Amendment No. 1, dated September 6, 1999

ocuments: Available from ANSI Inc., 11 West 42 Street, New York

540.1 “General Requirements for Calibration Laboratories a
and Test Equipment’, dated 1994

cuments: Availablésfrom Global Engineering Documents, 15 Inverr
nglewood, CO 80412.

DG0-2 “High-Voltage Test Techniques - Part 2: Measuring S)
November, 1994

for the Indirect
ndment No. 1,

eforms
No. 1, dated

, including

, NY 10036.

nd Measuring

ess Way

stems”, dated
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2.2 Definitions, Abbreviations and Acronyms:

2.2.1 Definitions:

ACTION INTEGRAL: The integral of the square of the time varying current over its time
of duration. It is usually expressed in units of ampere squared seconds (A’s).

ACTUAL TRANSIENT LEVEL (ATL): The level of transient voltage and/or current that
appears at the equipment interfaces as a result of the external environment. This level

may be
APERT

ARC R
channe

ATTAG

CABLE
conneg

CALIBH
wire log

winding.

COMP
compo

CONTH
(i.e., en
continu

CORO
differen

URE: An electromagnetically transparent opening.

DOT: The location on the surface of a conducting body atwhich th
| is attached while high current flows.

HMENT POINT: A point of contact of the lightning-flash with the ai

(WIRE) BUNDLE: A group of wires and/or‘cables bound or routed
t two pieces of equipment.

RATION LOOP: A heavy duty, low.self-inductance, low resistance,
p passed through the injection transformer to form an insulated se
It should be low enough in impedance to achieve the test level a

DNENT DAMAGE: The(condition where the electrical characteristi
nent are permanently altered so that it no longer performs to its spe

ROL FUNCTION: ;A function that has some automated influence on
gine control system, flight control system) and whose failure would
ed safe flight'and landing of the aircraft.

NA: Aluminous discharge that occurs as a result of an electrical pa
ce between the aircraft and the surrounding atmosphere.

essthamorequattothetrarsient controttevetbut shoofd ot begreater.

e lightning

rcraft.
together that
single turn

condary

hd waveform.

ts of a circuit
cifications.

a system
prevent the

tential

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
aircraft or equipment surfaces and structures. It also includes directly injected voltages
and current in associated wiring, plumbing, and other conductive components. Direct

effects

also include shock and flash blindness to personnel.

DISCHARGE: Relative to High Voltage (HV) or High Current (HC) impulse generators,
the transfer of charge from the storage capacitors. This action may or may not cause an
electrical breakdown of the gap between the electrodes connected to the output
terminals of the generator.
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2.2.1

(Continued):

EQUIPMENT INTERFACE: A location on an equipment boundary where connection is
made to the other components of the system of which it is part. It may be an individual
wire connection to an electrical item, or wire bundles that interconnect equipment.

EQUIPMENT TRANSIENT DESIGN LEVEL (ETDL): The peak amplitude of transients
to which the equipment is qualified.

EXTE

X izati ironment for
design [and certification purposes as defined in ARP5412/ED-84.

FACILITY GROUND: Reference ground plane (electrical) for the gxperimgnt or test
configuration.

FLASHOVER: The condition when the arc produced by a.gap breakdown|passes over
or clos¢ to a dielectric surface without puncture.

FUEL YAPOR REGIONS: A region in the aircraft that may have fuel or fu¢l vapor
present.

GAP BREAKDOWN: The electrical breakdown of the gap between the elgctrodes
connegted to the generator output terminals. This breakdown is caused by the
dischange of the capacitors of an HV or-HC impulse generator.

GENERATOR: A set of equipment (waveform synthesizer amplifiers, couplers, etc.) that
delivers a voltage or current waveform, via direct or indirect coupling to the equipment
under test (EUT).

HOT SPOT: A surfage.in contact with fuel/air mixtures that is heated by the conduction
of lightping currents.to a temperature which will ignite the mixtures.

INDIRBCT EFRECTS: Electrical transients induced by lightning in aircraft|electric
circuits

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

LIGHTNING HIGH CURRENT COMPONENTS (A, B, C, D, AND E): Different
standardized high current waveforms. For details refer to ARP5412/ED-84.

LIGHTNING FLASH: The total lightning event. It may occur within a cloud, between two
clouds, or between cloud and ground. It can consist of one or more return strokes, plus
intermediate or continuing currents.

-10 -
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2.2.1

(Contin

ued):

LIGHTNING HIGH VOLTAGE WAVEFORMS (A, B, C, AND D): Different standardized

high vo

ltage waveforms. For details refer ARP5412/ED-84.

LIGHTNING STRIKE: Any attachment of the lightning flash to the aircraft.

LIGHTNING STRIKE ZONES: Aircraft surface areas and structures classified according
to the possibility of lightning attachment, dwell time and current conduction. See

ARP54

LIGHTNING STROKE (RETURN STROKE): A lightning current surge‘tha

the lig

LOCAL
and the
strap o
equipm
the equ

MONIT
transfo
wire bu

MULTI
current
di/dt's).

D=Stforreference:

ning leader makes contact with the ground or another chargée cent

GROUND: Any ground strap or conductor that is connected to thg
same part of airframe structure in which that equipment is installec
- conductor would therefore be bonded to the same ground plane th
ent is mounted to and, during a lightning strike; would be at the san
ipment.

OR LOOP: A close fitting, single turn,wire loop wound through the
rmer to form an insulated secondarywinding. It is used to monitor {
ndle or calibration loop voltage.

PLE BURST: A randomly.spaced series of bursts of short duration,
pulses, with each pulsecharacterized by rapidly changing currents
These bursts may result from lightning leader progression or bran

associa
be mo

MULTIPLE STROKE: Two or more lightning return strokes occurring durir
lightning flash.

PUNCTURE:"Localized irreversible breakdown of insulation properties of
dielectiicaterial.

ted with the cloud-tescloud and intra-cloud flashes. The multiple b
t intense at the time of initial leader attachment to the aircraft.

occurs when

er.

equipment

i. The ground
at the

ne potential as

injection
he induced

low amplitude
(i.e. high

ching, and are
irsts appear to

g a single

A solid

SHIELD: A conductor that is grounded to an equipment case or aircraft structure at both
ends and is routed in parallel with and bound within a wire bundle. It usually is a wire

braid around some of the wires or cables in the wire bundle or may be a metallic conduit,
channel or wire grounded at both ends within the wire bundle. The effect of the shield is
to provide a low resistance path between equipment so connected.

SHIELDED CABLE (WIRE) BUNDLE: A wire bundle that contains one or more shields.
Such wire bundles may include SOME unshielded wires.

-11 -
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2.2.1

(Contin

ued):

STREAMER: Branch-like ionized paths that occur in the presence of a direct stroke or
under conditions when lightning strokes are imminent.

STRUCTURAL IR VOLTAGE: The portion of the induced voltage resulting from the
product of the distributed lightning current (1) and the resistance (R) of the aircraft skin or
structure.

SUB-S

S TEM—AdiviSioTof ettt -as-therct -

SYSTHM: A combination of two or more parts or equipment, generally:ph

separa
necess

ed when in operation, and such other units, assemblies, and basic
pry to perform an operational function or functions.

SYSTHM FUNCTIONAL UPSET: An impairment of systemoperation, eith

or monmn
manua

THERN
conduc

TRANS
appear

UNSHI
UPSET,
Voc A

particu
denote

entary (e.g. a change of digital or analog state)which may or may
reset.

IAL SPARKS: Burning particles emittedby rapid melting and vapo
tive materials carrying current through,a-point contact.

IENT CONTROL LEVEL (TCL): “Fhe maximum allowable level of t
ng at the equipment interfaces.as a result of the defined external e

FLDED CABLE (WIRE)BUNDLE. A wire bundle that contains no s

. (See System Fungctional Upset).

of a system.
sically

parts

er permanent
not require

rization of
ransients

nvironment.

hields.

D Isc: Open ¢ircuit voltage and short circuit current from a test generator for a

r primary<xcitation of the generator. The ratio (Voc/lsc) of the twq
5 the source impedance (see ARP5415 for reference).

VOLT

GETAND CURRENT TEST/LIMIT LEVELS (V, It, VL. AND 1): Volt

quantities

hge and

current|exéitation thresholds for generators used for testing of systems an

Jl equipment.

For details, refer to ARP5412/ED-84, ARP5415 and DO-160/ED-14.

VOLTAGE SPARK: An electrical breakdown of a gaseous dielectric between two
separated conductors.

ZONING (1A, 1B, 1C, 2A, 2B, AND 3): The process (or end result of the process) of
determining the location on an aircraft to which the components of the external
environment are applied. For details, refer to ARP5414/ED-91.

-12 -
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2.2.2 Abbreviations:

A amperes

AC alternating current
C CAPACITANCE
cm centimeters
dorD distance or diameter
dB decibel

DC direct current
forF frequency

ft feet

GQ gigaohms

Hg mercury

Hz hertz

iorl current

K constant

kA kiloamperes
kHz kilohertz

kV kilovalts

L inductance

m meter

mA milliamperes
MHz megahertz

puH microhenries
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2.2.2 (Continued):

uJ microjoules

uS microseconds

mm millimeters

mmHg millimeters of mercury
MQ megohms

nH nanohenries

p pressure

P power

pF picofarad

ps picoseconds

Q ohms

Q resonance characteristics
R resistance

S seconds

\% voltage or volts

W watts

Z impndgnr‘n
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2.2.3 Acronyms:

AC Advisory Circular

ANSI American National Standards Institute
AOA Angle-Of-Attack

ARP Aerospace Recommended Practice
ATL Actual Transient Level

CFC Carbon Fiber Composite

CFR Code of Federal Regulations

CFRP Carbon Fiber Reinforced Plastic
CN Coupling Network

CS Certification Specification

Ccw Continuous Wave

EED Electro-Explosive Device

EASA European Aviation Safety Agency
EM Electromagnetic

EMC Electromagnetic Compatibility
ETDL Equipment Transient Design Level
EUROCAE___European Qrganization for Civil Aviation Equipment
EUT Equipment Under Test

FAA Federal Aviation Administration
FADEC Full Authority Digital Engine Control
FAR Federal Aviation Regulation

FFT Fast Fourier Transforms
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2.2.3 (Continued):

FHA Functional Hazard Assessment

FRP Fiberglas Reinforced Plastic

HIRF High Intensity Radiated Fields

HV High Voltage

IEC International Electrotechnical Commission
IMA Integrated Modular Avionics

IR | * R (structural current times resistance)
LISN Line Impedance Stabilization Network
LRU Line Replaceable Unit

MIL-STD Military Standard

NIST National Institute of Standards and Technology

RF Radio Frequency

RTCA RTCA, Inc., formerly Radio Technical Committee on Aeronautics
SAE Society ©f,/Automotive Engineers

SLPM Standard Liters Per Minute

SSA System Safety Assessment

TCL Transient Control Level

TLD Time-Limited Dispatch
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3. LIGHTNING EFFECTS:

The lightning effects to which aircraft are exposed and the effects that should be reproduced
through laboratory testing with simulated lightning waveforms can be divided into direct and
indirect effects.

Direct effects include burning, eroding, blasting and structural deformation caused by
lightning arc attachment, which includes high-pressure shock waves, magnetic forces and
thermal effects produced by the associated high currents.

Indirect effects are those resulting from the interaction of the electromagnetic
accompanying lightning with electrical/electronic equipment in the aircraft»+ Th
the results |of aperture coupling and structural IR (current times resistance) vo
to lightning| currents in aircraft.

In some cdses both direct and indirect effects may occur to the{same compon
aircraft. Am example would be a lightning flash to an antenha-which physically

antenna ar
the transm
to the ante
couple fron

3.1 Direct Eff
The majq

a. Diele

The (
holes

d also sends damaging voltages resulting from.electromagnetic (E
tter or receiver connected to that antenna. “lnthis document the ph
nna will be treated as a direct effect, whereas the voltages and/or ¢
n the antenna into the radio/radar equipment will be treated as an ir

ects:

ields
ese fields are
tage rise due

ent of the
damages the
M) energy into
ysical damage
urrents that
direct effect.

r examples of direct effects-due to lightning are categorized and listed below.

ctric Puncture

uncture of a dieleetric skin covering electrically conductive elemen
ranging frominholes to large diameter holes. These holes may r

direct

attachment.of the lightning channel to the enclosed equipment. T

punciure is a function of the distance to the conductor underneath the di
thickmess and'dielectric strength of the skin, the condition of the dielectri
the proximity of other conductors. A puncture of the dielectric skin will g

unle

S may cause
bsult in the

ne likelihood of
electric, the

c surface, and

enerally occur

the voltage to puncture the dielectric at any point is significantly

reater than

the voltage required to cause flashover to the nearest conducting point on the
airframe.
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3.1

(Continued):

b. ArcR

oot Thermal Damage and Heating Effects

Burn through and material erosion can occur at the arc root. In metal, this is a function
of current and time. In the arc root area, there is a large thermal input from the arc root
itself, as well as a concentration of ohmic heating due to the high current densities.
Most of the energy is generated at or very close to the surface of the metal. If the heat
generated in the immediate arc root area is in excess of that which can be absorbed

into t
the n
for a

In ca
cond

depth
This
root g

For

can gxceed the minimum requirements.of both current and duration for |
sevefe erosion. In the case of carbon fiber composites, however, short

actio
thern

(1)

given thickness of any given metal below which melt-through ¢anng

Ictance and electrical resistance cause resin melting, vaporization,
delamination. This leads to an increase in “affected-area’ in relation to t

pffect, plus the high bulk resistivity, generatessmore heat in the imm

e metat-by comduction; thermrtheexcessiseithertostimmettinganyg
etal or is re-radiated. There is a minimum charge transfer within‘a

bon fiber composites the thermal effects are more pronounced. TH

of damage. The arc root burning voltage of carbon is higher than
rea and the hot spots remain for a longer period than for most met
etallic surfaces it is primarily the intermediate phase of the lightnin
integral pulses as well as low.gurrent, long duration pulses produg
al inputs, and so all phases of the lightning flash are significant.
Hot Spot Formation
Hot spot formation-may occur on the inner surface of the aircraft sk
with regard-to-ignition of fuel and other highly flammable vapors.

Ohmic'Heating

The energy dissipated as heat in a conductor due to an electrical ¢

vaporizing
minimum time
t occur.

e thermal
and ply

he physical
that of metals.

ediate arc

als.

y flash that

urn through or

Hjuration high

e high

in opposite to

[he lightning attachment point. The effects of hot spots are significant primarily

urrent is

i“R*dt (watt-sec). The ohmic heating generated by the complete lightning pulse

is the ohmic resistance of the lightning path through the aircraft multiplied by the
action integral of the pulse and is expressed in Joules or watt-seconds. In a
lightning discharge, the high action integral phases of the lightning flash are of
too short a duration for any heat generated in an aircraft structure by ohmic

heating to disperse significantly.
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3.1

(Continued):

)

c. Acou
The i
rise

signi
Stiff g

Exploding Conductors (Disruptive Forces)

Conductors may vaporize explosively if they have insufficient cross sectional
area to carry lightning currents. The associated shock wave can give rise to

severe damage particularly in confined spaces. This failure mecha

nism is

particularly significant in electric wiring connected to external equipment, e.g.

navigation lights, antennas, pitot tube heaters, etc. If these are not

adequately

rotectedandareconfimed-mor passthroughclosedcompartmert
pircraft, they can present a significant hazard.

Direct Effects Sparking

Two types of sparking can occur: thermal sparking and)voltage sp3
Thermal sparks occur when currents pass through-the interface joir

sparks occur when the voltage between two separated electrodes ¢
breakdown level and discharge results. Voltage sparks are usually
nduced voltages in the structure or wiring:

Most thermal sparking occurs near the edges of high spots on the

are high current density and inadequate interface area and pressur
sparks consist of burning electrode material.

stic Shock Wave Damage
nteraction of the-are and the aircraft surface can also produce a shq
f the current.>In general, the damage due to acoustic shock wave i

cant on tetal skins. Metal skins may be dented but generally not
omposite skins can suffer cracking and ruptures.

seveC}ity of the shock is dependent upon both the peak current value and

5 in the

rking.
t between two

parts and there is insufficient cross-sectional area'to support the current. Voltage

bxceeds the
the result of

mating

surfaces where the interface pressure is at or close to zero. The pfimary causes

e. Thermal

bck wave. The
the rate of

S not
unctured.
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3.1

(Continued):

d. Magn

etic Force

Charged particles in motion in a magnetic field experience a force that can be
expressed for a current flowing as F = IL x B, where F is the force, | is the current, L is
the length, and B is the magnetic field. F, L, and B are vectors. For lightning currents
flowing in aircraft, this force can manifest itself in various ways. One is a force on the
surface of a conductor carrying lightning current. This effect can be explained as an

elem
causé
that i
the s
exam
curre
even
bond
embr

Anott
curre
cond
force
cond
chan

confimed to small-cross section;conductors as might occur in some exter

equig
side (
peak
respg

eTTtof currentomrone portiomof theconductor producimyga magnetiv
s all other current elements to experience a force. The equationty
5 directed inward on all sides of the conductor. This force is.only si
irface current density is greater than several kilo-amperes, per milli
ple, a conductor of five millimeters diameter carrying a pulse of 20(

relatively small forces can be significant. One such<case is that of
ng straps. These can be compressed to near solid conductors lea
ttlement and subsequent mechanical failure.

er more common concern is that considerable magnetic forces car
nts flowing on separate conductors or from different sections of the
ictor where the lightning current is forced to change direction. The
is to draw the separate conductors ‘together or straighten out the si
ictor. This force can also exist'between current in the aircraft and

nel. This force is usually only-of significance where the lightning cu

ment. Due to a change in current magnitude affecting both terms ¢
pf the equation, thespeak value of the force is proportional to the sq
current (i%). The ultimate effect on the test object depends on the 1
nse of the test object.

field that
elds a force
gnificant when
meter. For

kA peak

ht would experience a surface pressure of 1000 atmospheres. In spme cases

metal braid
jing to metal

exist from
same

action of the
ngle
he arc
rrent is
nally mounted
n the right
Liare of the
nechanical
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3.2

Indirect Effects:

Indirect effects are the result of the interaction of the electromagnetic fields accompanying
a lightning flash with the aircraft which creates a transient lightning internal environment
for the duration of the flash. This internal environment causes voltages and currents on
interconnecting wiring which, in turn, appear at equipment interfaces.

Indirect effects result from the following coupling mechanisms:

a. Aperfures

Aperfures are defined as electromagnetically transparent openings.in the structure.

Exan
Coup
throu

b. Diffus

Diffus
thickr

struc
ampl
the c

c. Struc

Thes
ends
magn
carbd

d. Conductive Renetrations

wave{orm of the external driving current to .the vehicle. For highly condu

ples include windows, canopies, radomes, gaps, nonconductive pe
ling of voltages and currents to internal wiring results fromrthe field
gh apertures.

ion

ion is the process by which electromagnetic.fields penetrate throug
ess of a conductive material. It results.ininternal fields that reflect

ures like aluminum, this generally.results in a coupled current of in
ude. For more resistive materials:like carbon fiber composites, the
pupled current can be significant:

tural IR Voltages
e result from the current flow through the impedance of the structur

of an electrical eireuit. For highly conductive structures like alumin
itude of this veltage is generally insignificant. For more resistive st

n fiber composites, the magnitude of this voltage can be significani.

nels, etc.
5 that pass

h the

a lengthened
ctive
significant

e amplitude of

e between two
m the
ructures like

Any ¢

onductor that is partially external and partially internal to the structlire can form a

path to directly conduct currents to the interior of the vehicle. Examples are wiring
from external elements such as antennas, lights and heaters, and mechanical cables
or tubing that is conductive. If such penetrations are not well bonded or isolated at
penetration points, they can conduct significant currents inside the vehicle.
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4. PLANNING OF LIGHTNING EFFECTS TESTS:

Before conducting tests on airborne equipment and systems for lightning effects, careful
planning for conducting the tests should be accomplished. Many aspects of the testing

need to be determined in advance to ensure a high quality and valid test. Some of these
items are determination of the lightning zone where the hardware is located, the waveforms
that need to be applied, the type(s) of configuration(s) and number of samples for each
configuration, the location and number of test points, and success criteria. Other hardware
items that are needed to simulate an actual installation such as adjacent support structure or

H N L (] L L s L (N i) 1 N L L. N 1
ObjeCtS located-under-dietectricsurfaces nmeedtobetocatedormanufactored:

An important part of the planning process involves developing documentation
actual testing. This documentation may include a separate “test plan’@nd “te
or the congepts of both may be combined in a single document. A test plan w|
provide thg purpose, general scope and aspects of the planned testing to help
program amd customer personnel deal with issues associatedwith planning, b
and supporting the test. The test procedure typically is a mueh more involved
that provides details on the test object, zoning, applicable.waveforms, laboratq
equipment] success criteria, step-by-step procedures for’each individual test,

relevant agpects. The test procedure should adapt.and refine the applicable t
in this ARH to the particular hardware being evaluated. Since this ARP deals
testing, it generally refers to material that should*be contained in a test proced
than a test|plan. It should be recognized that\the terms “test procedure” and “
often been|used interchangeably in the past. Past documents have also used
define ‘Why’ and ‘What’ is being tested and a test procedure to define ‘How’ th
is being tegted.

4.1 Test Obj¢ct Conformity:
Three types of tests are typically done:
a. DeveJopment £ Evaluation of non-conformed, built-up or off the shelf par

thesq tests does not meet the requirements of qualification or certificatio|
may lead-fo-further refinements in design intended for certification.

to support the
5t procedure,”
Il typically
various
udgeting for,
document

ry test

and any other
psts contained
with details of
ure rather

lest plan” have
a test plan to
e test article

s. Data from
n tests, but

b. Qualification - Data taken with quality assurance agreement as to the test set-up and

part number. Data typically used for overall system certification. Test is

run to

specification and data approved by the cognizant airworthiness authority.

c. Certification - Contains all qualification data and part conformity paperwork. Test data
approved by the cognizant airworthiness authority and submitted as a part of aircraft

lightning certification package.
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4.1

4.2

(Continued):

Engineering or evaluation testing may be performed on any system or unit p

rior to a

certification. However, when conducting a certification test the system is required to meet

conformity requirements. Test objects which are of a computer nature must

have verified

and documented software installed. The process of conformity can take some time. The
applicant is advised to start the process early in order to ensure that the proper levels of

conformity requirements have been achieved prior to conducting the test. If

not addressed

early it may impact the test schedule or proper credit for test results may not be obtained.

Due to th
being copducted as well as the type of certification sought, it is recommend
applicanf coordinate these requirements with the certification authorities«wit
reach anlagreement, well in advance of actual testing.

Any diffefences between the configuration of the test article andythe final prg
configurgtion should be analyzed to show that the differencés do not impact
Conformity requirements should be reviewed in detail priorto discussion wit
authoritigs and submission of the test documentation andtest schedule.
Test Progedure:
An outling of a typical test procedure is shownbelow. The content of a speq
procedure may contain more or less material, based on the nature of the tes
recommgnded that the applicant coordinate with the certification authorities
advance |of the final formulation of the‘procedure.
a. INTRODUCTION

e Sfope

e (pjective (include whether Certification is goal)

e Test Location

pe of testing
d that the
a view to

duction
the test.
h the

ific test
ting. Itis
well in

o Test \I\/ifnnccing

b. TEST OBJECT
e Description

o Conformity Aspects
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4.2

4.3

4.4

(Continued):

c. TEST EQUIPMENT
e Description
e Calibration

d. SAFETY CONSIDERATIONS

e. TEST REQUIREMENTS

tailed Description of each Test, using this ARP as the basis
e Ppss/Fail Criteria

perating Modes For Electrical/Electronic Equipment and Evaluatior] Techniques
f. TEST REPORT REQUIREMENTS
Measurement Set-Up Calibration:

Test and|measurement equipment requiring calibration should be calibrated|before
lightning ftests.

The outputs of generation apparatus such as HV generators and amplifiers should be
verified before every test seqlience.

Care shquld be taken to'avoid spurious coupling by the use of optical fibers ffor instance,
levels should'be verified.

Some examples_of-Calibration methods can be found in IEC 60060-2.

Test Saf¢ty.Aspects:

Testing for the direct and indirect effects of lightning requires high-energy electrical
equipment that will be charged to lethal voltages during their operation. Therefore, all
safety precautions relevant to this test apparatus must be complied with. All tests should
be conducted in a controlled access area by personnel experienced in high voltage/high
current testing. Special consideration should be given to personnel safety including the
use of safety barriers/interlocks, well-documented safety procedures and logs, as well as
eye and ear protection. In addition, relevant signage and audible warning of impending
discharges may be appropriate. Fire suppression equipment may be required by local or
company ordinances, and are recommended for any test where explosions and fire may
occur.
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4.5 Test Set-Up:

4.5.1

4.5.2

Test Object Design: It should be recognized that the test object set-up, design (size,
build-up, coating) is one of the most important aspects of any test, whether it is an
engineering test, or certification test. While utilizing full scale, built to drawing parts may
seem the easiest and most ‘fool proof way of testing, it can be very expensive and
ultimately lead to erroneous data. Tests should be run on representative part build-ups,
of appropriate size and shape, to accurately mimic the actual design and installation.
Test object set-up is important to insure that bonding and grounding are properly

implern
is cons
smaller

object ¢urrent distributions and affect test results.

Surfacg and corrosion inhibitive coatings are very important parts of the seg
Surface coatings can affect the way in which the arc disperses across the

and co
and pa
determ

For exd

whether a Zone 2A current waveform will.punch though the lightning prote

panel.
A pane
may be

in all directions from the point of attachment, circumferential grounding ma

Experie
give re
pressu

Wavefq

mirror the actual intended installation. In addition, installation location and

be takg
going t
installa

ts. These aspects should be reviewed prior to.test set-up and it sh

hsonable data. Smaller sizes are acceptable if one recognizes that

Iltcd °oU tUDt CUITCI Itb ﬂUVV cliUI Y IUPIUDUIItdtiVU pdti 15 dl Id ti Idt tUbl
stent with actual installation of the part. This is of particular import

part mounting
bhnce on

test objects where edge effects and surrounding structure may:influence test

rosion inhibitive coatings will affect the bond paths/and grounding ¢
ned if they adequately represent the installation.

mple, a full large airliner wing to body.fairing need not be tested to
Reasonably sized and grounded-panels will suffice for the direct at
of sufficient size built to represent the thinnest portion of the middl
adequate (worst case build~up). Because current would theoreticg
nce has shown that 18 X8 inches is of a large enough size of a fl
es and edge effects may skew test results.

rm Scaling:; Multiple joint build-up parts should also be carefully cg

n into acecount in case current level scaling is required. For examp
b be-tested with two fasteners holding two parts together that repre

t-up process.
test object,

f surfaces
ould be

determine
ction and
achment test.
e of the panel
lly be flowing
y be fine.

bt panel to
blast

nstructed to
sizing must
e, if a partis
sents an

iornv of many fasteners holding two parts together, a full scale wave

form may not

be appropriate. Scaling the waveform to show what the effect of the current division

among

the fasteners would be appropriate.
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4.5.3 Waveform Application: For high current direct effects and fuel system tests, the
appropriate waveforms as identified in ARP5412/ED-84 are typically applied in
combination for a given test shot. For example, a Zone 2A direct arc attachment test
would consist of a current component D followed by the B and C* current components
within the same test shot, rather than applied as individual, distinct test shots. The
purpose of this is to more closely simulate possible combinations of effects that may
occur due to a real lightning event. For high voltage direct effects tests only one
waveform is applied at a time, though more than one waveform may ultimately be

applied to the test conflguratlon to assess dlfferent condltlons For |nd|rect effects tests,

typically-ome-w

pulses pr repetltlons are often reqwred as called out in the test methods!
4.5.4 Concurrent Testing: Using the same test object for two concurrenttest co
be diffi¢ult. If a Zone 1B arc entry test and a Zone 3 conducted Guirrent tes
performped concurrently on a test specimen representing a large control su
many latches but the test panel has only two latches, the latches will be oV
because only two are available to carry the current. If the.actual installatig

hat multiple

nditions may
tis to be
[face that has
ertested

n only has two

latches|holding it on, then, this would be a valid test.~This is assuming all surfaces and

surrounding structures were included in the test.

5. DIRECT EFFECTS TEST METHODS:

The Direct [Effects Test Methods outlined in this section are:

e High Voltage Strike Attachment Tests (5.1)

e Initi

al Leader Attachment Test (5.1.1)

Sw

bpt Channel Attachment Test (5.1.2)

¢ High Voltage Strike Attachment Test on Models (5.1.3)

e High Current Physical Damage Tests (5.2)

n
=

L

Arc

i
tf

Aircraft Non-Conductive Surfaces Test (5.2.2)

Conducted Current Test (5.2.3)
e Induced Transients In External Mounted Hardware (5.3)
[ )

Measurement of Injected Transients in External Hardware (5.3.1)

Voltage Stress Assessment Of Circuit Insulation (5.3.2)
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5.

5.1

5.1

5.1

A

A1

(Continued

):

These tests evaluate direct effects protection and issues, except for fuel ignition
considerations which are addressed in Section 7. The high voltage attachment tests are
applied to determine specific lightning strike attachment points and breakdown paths across
or through non-conducting materials. Since the currents that flow during these tests are
typically low, the attachment tests are not intended to show possible damage from a
lightning strike. The high current physical damage tests are used to assess actual damage
from lightning currents. The high current transient tests address cases where electrical

wiring inste
direct injec
wiring (indi
testing that

High Vol

These te
across o

Initial L
Test
initial
ARP*
rador

o L

E

0

n

“UUI VVitiI;ll ahuutwca Ul U)\tUIIId“y |||uuntcd iIdIUIVVdIU ITiay bU oUSU!
lion of lightning currents. However, the effects due to indirect coup,
Fect effects) are addressed in Section 6 of this document. Thisssec
can be applied to both an overall aircraft and particular componen
age Strike Attachment Tests:

5ts are used to determine lightning attachment points and breakdoy
through non-conducting materials.

pader Attachment Test:

Purpose: This test is normally applicable to parts of aircraft that are
leader attachment regions within-Zones 1A and 1B, as described i
p414/ED-91. Examples are wing’tips fabricated of non-conducting 1
nes, and large antenna fairings. This test can be used to assess:
pcations of possible leader attachment locations on full size structu
valuation of radome wall materials,

ptimization. of the location of protection devices,

ashayer or puncture paths, along or through dielectric surfaces, an

eptible to
ing onto
tion includes
s on aircraft.

vn paths

b located in
N the
materials,

res,

d/or

rfarmanca-of nrotaction
HoHRaRGe-o+proteetHohn
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5.1.1.2

5.1.1.3

Test Object: The test object should be full-scale production line hardware or a
representative prototype. Any paint finishes, in particular any coats of anti-static paint
or dielectric coverings on electrically conductive elements, should be included to
ensure realistic development of corona and streamering from the conducting elements.

Electrically conducting objects, such as antenna elements and lights, normally
enclosed by non-conducting test objects should be represented within the test objects.
These may be actual devices, or geometrically correct mockups whose surfaces are at

least as electrically conductive as the items they represent. These items must be

positipred-at-the-sametocations-withimthetestobjectas-they-woutd-be-in the aircraft

installation. If the conducting objects may be oriented in several positiorn]
represent worst cases should be represented in the tests. Normally’theg
positions that result in the smallest distances to the non conducting skin
strongest electric field intensities in directions normal to the aireraft surfg

Othe
be represented.

All cdnducting objects that are normally bonded (i.€. grounded) to the air
electfically connected to the support structure-and mocked up adjacent 3
surfages. Anti-static paint should be bonded'to the support structure in 3
representative manner.

Test Betup: There are three test arrangements, designated Test Setup
B and Test Setup C, that can beused. Test Setups A and B are most a
tests jon complete productionorprototype test objects, such as a radom;d
C is most appropriate for developmental tests to evaluate skin panel con
diver{er strip configurations: Each test arrangement is intended to resulf
electfical activity, such'\as corona and streamering, at the test object (an
exterpal electrode)as-occurs in flight just before a lightning strike attach
ionization of theairin the test object is initiated, the streamer will progre
other|electrode which is to be a large geometry shape intended to repres

s, those that
e are the

5, or the

ce.

conductors such as mounting fasteners, frames, hinges and latch¢s must also

frame must be
ircraft
)

A, Test Setup
bpropriate for
p. Test Setup
struction and
in initiation of
H not at the
ment. Once

5s toward the
tent an electric

influghce-of-the external test electrode on test results is minimized. Ovefviews of the

field ¢quipotential surface some distance from an aircraft extremity. In t}is way the

test grramgements showing the high voltage generator, test object, and

xternal

electrode in Test Setups A, B and C are lllustrated in Figure 1, Figure 2,
Figure 4.

The general test arrangement for Test Setup A is illustrated in Figure 1.

Figure 3 and
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Support Structure \

———  ———»

Lightning Diverters or
other Conductive Objects
Test Object

[ HV Generator

>05m >1.0m

External Elgctrode

on Facility FFloor
\ \ 4 \

I: sufficient to preventflashovers from edges (~4d) |

FIGURE #5nitial Leader Attachment Test Setup A

5.1.1.3 (Coni{inued):

The tpst object-is elevated above the external electrode which is a large [area ground
plang placed on the facility floor. The dimensions of the ground plane and spacing

two or more orlentatlons to represent electric field directions that this part of the
aircraft may experience in flight.
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5.1.1.3 (Continued):
Four conditions should apply for a valid test:
(1) The external electrode should be at least 1 m from the closest conductive element
(inside or outside of the test object).
(2) The external electrode should be at least 0.5 m from the test object skin.

(3) Connection of the streamers should occur in the air away from the test object (this
carmbeconfirmed by protographs of theftashovers—Thetfeadertomection point is

shown in Figure 2.
he streamer from the external electrode must not originate from thel edge of the

4T
electrode.

Test Object

N, -
Ne— Leader from Test Object

v
i
[
]
[

1

1

]
/ \ Leader Connection Point

[}
[
.

'd

/ Leader from External Electrode

\— External Electrode

FIGURE 2 - Leader Connection Point

-30-


https://saenorm.com/api/?name=578af3bbfb6e344ec8ab5e3b61ff6fe7

SAE ARP5416

5.1.1.3

(Continued):
Specific dimensions and test object orientations should be described in the test
procedures.
The general test arrangement for Test Setup B is illustrated in Figure 3.
I: sufficient to prevent flashovers from edges (~4d) =|
¢ Extornat-Eleotrod -}
A
>05m
>1.0m
HV Generator =]
y
/ ‘ \ i~ Lightning Diverters or
other Conductive Objects
d ——»
—————— Support Structure
>=d
Connections of Support Structure
Support==—"7] and HV Generator to Ground Plane \\
Ground Plane on Test Facility Floor
FIGURE 3 - Initial Leader Attachment Test Setup B

The test object is elevated above the ground plane on supports by a distance greater
than the width of the test object ‘d’ to minimize influence of the ground plane on test
results. The external electrode is suspended above the test object and at high
potential when the test is applied. The dimensions of the external electrode and
spacing between the test object and the external electrode are dependent upon the
size of the test object, as indicated in Figure 3. The test object should normally be
tested with two or more orientations, to represent the possible electric field directions
that this part of the aircraft may experience in flight.
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5.1.1.3

(Continued):
Five conditions should apply for a valid test:

(1) The external electrode should be at least 1 m from the closest condu
(inside or outside of the test object).

ctive element

(2) The external electrode should be at least 0.5 m from the test object skin.

(3) Conjunction of the streamers should occur in the air away from the test object, as

illgstratedmFigure 2:
(4) The streamer from the external electrode must not originate from‘the)

electrode.

(5) The aircraft end termination of the diverter strip or other.conductive g
elevated above the ground plane by a distance greater than the widt
object ‘d’ to minimize influence of the ground plane ©nh test results.

edge of this

bject must be
h of the test

Specific dimensions and test object orientations should be described in the test

procgdures.
The general test arrangement for Test Setup C is illustrated in Figure 4.

In thi$ arrangement candidate protective devices and device locations o
conduictive skin specimen can be gvaluated prior to establishing a prote
and installing such devices on aproduction or prototype test object.

A typjcal skin panel would-be 1m square, although other sizes and shap
acceptable, sufficientto-accommodate a full scale arrangement of proted
Produiction - like skin.materials, surface finishes and paints should be ap
typical use of this.test is to determine the spacing ‘D’ of diverter strips to
on a fadome.@r antenna fairing. The diverters should be as long as they
the a|rcraftinstallation. A mockup of any conductive items behind the pr|
surfage shotld be placed an appropriate position behind the skin at the ¢

N a non-
ttion design

s would be
ttion devices.
plied. A

be installed
would be in
ptective
listance ‘d’.

The protéection devices are normally at facility ground potential and the €

lectrode is at

high potential. In order to apply a realistic test condition, experience has shown that
the electrode should be positioned midway between the diverter strips, as in the
example of Figure 4, to prevent attachment around the edge or an unrealistic result.

The electrode should be elevated above the panel surface by a distance
dimension of the panel if square, or the smaller dimension of a rectangul
diverter strips may be repositioned at a greater or smaller spacing to opt
design and still prevent puncture.

equal to the
ar panel. The
imize the
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Electrode Electrode

5.1.1.3

D¢

FIQ

(Continued):

The 4
Test
deve
verifi

Test
dime
provi
from

Test

termining Distance 'D' as a Function of Proximity 'd’ to.an.Internal Conductor
Distance 'a’ is the shorter dimension of the panel’s width or height

URE 4 - Arrangement for Protection Dévice Evaluations Test Setu

rrangement of Figure 4 is not.equivalent to the verification test arrg
Setups A and B, but experience has shown that diverter spacing de
opment tests as illustrated in Figure 4 have proved successful in su

Setup A is the most desirable arrangement, since it usually allows &
nsion externalelectrode (i.e. a conductive surface on the laboratory
led; however this arrangement necessitates that the test object be
the laboratory ceiling.

Setup B is intended to create a similar electric field arrangement ab

V{

I5) Q

$ S

s E | Hardware Hardware

o - --A—I’/ Mockup A/Mockup
i il

H ! )

o | S 4 Q|

(5] @

[5) @

: :

NN o

: S 7

° ° |_—— Diverter \

o 4/34/ Ground Wire

S 3

o| Dielectric |o

(5] @

o[ | Panel |3

ngement of
termined from
bsequent

cation tests of test abjects, such as radomes, employing similar diverter spacing.

larger
floor) to be
suspended

out the test

objectwhiteattowing fargeror heavier test objectsandsupportstructure

S to be placed

on the laboratory floor. In this arrangement a large diameter electrode must be
suspended above the test object.

Test Setup C is most appropriate for developmental tests to evaluate skin panels and

diverter strips. However, tests of flat panels should not be employed for verification of
protection designs, since the flat panel specimens do not represent significant features
of the non-conducting structures being verified.
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5.1.1.3

(Continued):

Test Setup A

(1) Mount the test object to a support structure containing mocked-up surfaces (or
actual structure if available) representative of the adjacent vehicle surfaces.
Ensure that electrical bonding of the test object to the support structure represents
the actual installation.

(2) Electrically connect all conductive hardware on or within the test object that is

n

)

o w

Test

sfructure represents the actual installation.

prTatty grounded-totheairframe tothe-supportstructure:
uspend the supporting structure and test object above the ground
stance from the test object to the ground plane should be as)descr
gure 1.

ectrically connect the output of the HV generator to¢he support str
Setup B

ount the test object to a support structureeontaining mocked-up s\

ctual structure if available) representative of the adjacent vehicle s
st Setup A. Ensure that electrical bonding of the test object to the

ectrically connect all conductive hardware on or within the test objg
brmally grounded to theg@irframe to the test support structure.

stance from the-test object to the ground plane should be as descr
gure 3.
ectrically_connect the support structure to the ground plane.

SetupC

lane. The
bed in

icture.

rfaces (or
irfaces, as for
support

ct that is

evate the supporting:structure and test object above the ground plane. The

bed in

(1) Mount the test panel to non-conducting support structure. A mockup of any
conductive items behind the panel should be placed an appropriate distance
behind the panel at the appropriate position. Place the test panel and support
structure on a conducting ground plane.

(2) Position the HV electrode above the test panel as shown in Figure 4.

(3) Electrically connect all conductive hardware on or behind the test panel that is
normally grounded to the airframe to the ground plane.

(4) Electrically connect the output of the HV generator to the HV electrode.
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5.1.1.3

5114

5.1.1.5

(Continued):
All Test Setups

(1) Electrically connect the HV generator return to the ground plane.

(2) Be sure that the elevated connections between the HV generator and the test
object are farther away from the ground plane than the test object.

lly present
between the test object and the aircraft to also be included in theitést setup, it is
npt necessary that any specified electrical bonding resistances.be megt for these
h
¢

gh voltage strike attachment tests. Electrical continuity is important, but
bnnections via low resistance bonds are not.

(4) Set up sensing and recording equipment. This includés a HV divider, a recording
oscilloscope and cameras to photograph the flashovers. Additional
instrumentation, to measure discharge current and to photograph streamering
within or behind the test object may also be included.

Test Waveforms: Voltage waveform D as defined in ARP5412/ED-84 should be
applied for Test Setups A and B, since this'is most representative of the |electric field at
an aifcraft extremity during an initial leader attachment. Either voltage waveform A or
D shquld be applied for Test Setup'C- Waveform A is added since this i most
representative of the electric fieldassociated with lightning re-attachment to aircraft
surfages, radome, located in swept leader and swept channel zones. The test voltage
should be applied at both polarities. Normally, two discharges in each pplarity should
be applied in each test abject or electrode orientation.

If the|HV generatordischarge current exceeds the range of typical leadef current of up
to 20P0 A it may produce unrealistic effects which are beyond the scope|of this test.

Meadurements and Data Recording:

e Photographs and description of each test setup.

e Waveform plots of the test voltage and current waveforms.

e Photographic records of all high voltage discharges. These should have complete
coverage of the tested surface. One camera should enable immediate preliminary
analysis of the test shot to be made so that any punctures are identified
immediately.

e Photograph of each electrode configuration.
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5.1.1.5 (Continued):
¢ Photographs of puncture locations or other significant effects.

e Records of laboratory environmental data (such as temperature, pressure and
humidity), dates of testing, personnel performing and witnessing the tests, and test
location.

e Record of any deviations from the test procedure.

. cords of the results of each discharge showing polarity, voltage.amplitude, and
veforms.

5.1.1.6 Test Procedure: This test procedure is applicable to all testsetups (A, B, and C).
(1) Measure laboratory environmental conditions.

(2) Review and implement safety procedures. Some areas of concern gre as follows.
Test areas must be safe and clear of personnel prior to charging of test equipment.

pacitor banks must be shorted out aftef tests and prior to re-entry|of personnel
o the test area. Eye and ear protection must be appropriate.

(3) Calibrate the HV generator and instrumentation as follows:

() Carefully inspect the test.object for any blemishes that might later be confused
with effects of the tests, and identify these so that they are not qonfused with
subsequent test results.

(1) Drape the testjobject with a conductive foil.

(@) Select-theinitial polarity and initiate a test to the foil, while meaguring the
applied’'voltage. It is advisable for the initial test object polarity fo be positive
(¥); regardless of being in Test Setup A or Test Setup B. Experjence has
shown that this condition results in a lower probability of punctufe of non-
conducting-materials-since-streamers-originating from-test objedt protective

devices progress further into the air gap before being joined by opposing
streamers from the negative electrode.

(d) If the waveform is not per the requirements of ARP5412/ED-84, adjust the
generator parameters or electrode spacing as necessary to obtain the
specified waveform.

(e) Repeat steps (c) through (d) as necessary to obtain the required conditions.

(f) Remove the foil from the test object.
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5.1.1.6

5.1.1.7

(Continued):

(4) Clean test object with appropriate technique to remove dust, debris, and other
contaminants which could affect test results.

(5) Apply a discharge to the test object, while measuring the applied voltage and
taking photographic evidence of the path of the flashover. Ensure that the
discharge still occurs on the rising wave front before the crest of the voltage
waveform.

(6) If
a

(9) Reepeat steps (5) through (8), if more than one test under the same ¢

NOTE:

(10)3

(11)R

ccumulate on the dielectric surfaces, charge levels should be meas
field mill and, if significant, be removed with a grounding stick before

btermining the location of small punctures that might'be difficult to s
bked eye.

s failed. If it is deemed to have failed, then the test sequence may

environmental conditions and materials are such that static charge

spect the test object and document the results. A Tesla coil is use

puncture has occurred, perform an assessment to determine if the

rminated.

quired.

Since the dielectri¢c-properties of the test object may progre
degrade, the total discharges should be limited to two (2) at
combination:of HV electrode and test object positions. If m
required; the symmetry of the object may be used to reloca
electrode’for additional tests.

witch the polarity of the HV generator.

epeat’steps (4) through (7).

may
ured with a
proceeding.

ful for
ee with the

test object
need to be

onditions is

5sively

any particular
pre data is

le the HV

(12)Reposition the HV electrode and test object, as required by the test procedure.

(13)Repeat steps (4) through (11), as required by the test procedure.

Data Interpretation: Test objects should undergo a thorough post test evaluation to
determine the adequacy of the design against the acceptance criteria.
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5.1.2 Swept Channel Attachment Test:

5.1.21

Test Purpose: This test is normally applicable to parts of an aircraft that are located in

Zone 1A but not exposed to initial leader attachment. That is, those portions of Zone
1A where initial leader attachment is predicted should use test method 5.1.1; those
extensions of Zone 1A defined by aircraft movement relative to the established
lightning channel should use this test method. See ARP5414/ED-91 for guidance on
defining initial leader attachment locations and Zone 1A extensions due to sweeping
leader effects. This test is also applicable to areas in Zones 1C, 2A or 2B that are

expo
91. 1

his test can be used to assess:
pssible puncture locations on non-conducting (i.e. dielectric)surfac
ashover paths over non-conducting surfaces, or

erformance of protection devices, such as diverter'strips on antenn

This {est is normally conducted with a high voltage generator that is not

produ

cing the current components that woulddflow into the test object in

with the lightning strike zone that the test object is to be located within.

equip
curre
cond
5.1.2.2 Test
repre
diele

ment is available to produce the required test voltage followed by t
ht components, then the high current physical damage test of 5.2 ¢
Icted together with this test.

Dbject: The test object Should be full-scale production line hardwa
sentative prototype. (Any paint finishes, including any coats of anti-
tric coverings on electrically conductive elements, should be proviq

realistic developmentof-corona and streamering from the conducting elg

static

The t
anten
be a

paint should be bonded to conducting structure in a representative

est object_may also be a non-conducting surface, such as an acces
na fairing that is integral with the airframe. In this case the test obj
production item or representative prototype, installed in a panel tha

repre|

(It ££ 4 £ : T I 1 1 ! L (- AD
pCU LU 1T TIITULS Ul SWCTPUINTY TTYTIUTTTy Lridariricis ds UcsUocu 1t A P5414/ED'

p fairings.

capable of
qccordance
However, if
he applicable
an be

e ora
static paint or
ed to ensure
ments. Anti-
manner.

S cover or
ect would also
is

entative of the surrounding aircraft surface
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5.1.2.3

Test Setup:

An overview of a typical test arrangement showing the test object and typical test
electrode position is illustrated in Figure 5 and Figure 6. Large test objects, of
dimensions on the order of 0.25 m or more, usually that tests be applied from
several electrode positions, as illustrated on Figure 5. Smaller test objects can
usually be tested from one test electrode location centered over the test object, as
illustrated in Figure 6. The sphere gap spacing, g, and the test electrode spacing,
d, are determined during the test set-up calibration.

ount the test object to a surface representative of the actual vehicle region under
tgst. Ensure that electrical bonding to the surrounding surface.represents the
actual installation. Production hinges or fasteners, surface finishes, gaskets and
s¢alants should be present.

round all hardware to the test object structure that-is normally groupded to the
alrframe or electrically connected to other equipment in the aircraft installation.

Cpnnect the output terminal of the HV generator to the high voltage ¢lectrode. The
tgst electrode should be a round rod of no(greater than 50 mm diameter.

Setup equipment to measure and record the test voltage and current].
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Sweep distances

>
Electrode
N "
» positions
_____4 (Typ.)
Base plate
K / \ / not shown
e [ e 1
< [ ) [ ) [ ] 2
Fprward
\\» o o o A// 3
A B Cc
Test Objects > 0.25 m
Plan View
HV
! /Test Electrode Generator
Sphere —t i
g
€
" QT d
o 1
[ | \ ] : ]
) ) \
Test object fastenied to Representative
representative'skin with Test Object Aircraft Skin
production fasteners,
gaskets and sealants
Side View
FIGYRE 5 - Arrangement for Swept Channel Test of Large Test Obje¢ts
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5.1.2.4

5.1.2.5

Fl

Test
applig

Sweep distance

—

J

Test Object \
®

Base plate and
representative

( skin not shown
A v

——<0.25m —»

Plan View

pd.

e P

Measljrements and Data Recording:

otographs and description of each test setup and electrode positign.

HV
/Test Electrode Sl
Sphere J; l
= QT :
o[ 1, 4
L | \ | | ]
L ) \
Test object fastened to Representative
representative skin with Test Object Aircraft Skin
production fasteners,
gaskets and sealants i .
Side View

SURE 6 - Arrangement for Swept Channel Test of Small Test Obje

Cts

Vaveforms: \oltage waveform A as defined in ARP5412/ED-84 sHould be

Photographic records of all tests. Cameras should provide 360 degree coverage

of the test object. One camera should enable immediate preliminary analysis of
the test shot to be made so that any punctures are identified immediately.

Photographs of puncture locations or other significant effects.

Records of laboratory environmental data (such as temperature, pressure and

humidity), dates of testing, personnel performing and witnessing the tests, and test
location.
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5.1.2.5

5.1.2.6

(Continued):

¢ Records of any deviations from the test procedure.

e Records of the results of each test showing voltage polarity, amplitude, and

waveform.

Test Procedure:

(1) Measure Taboratory environmental conditions.

(2) Review and implement safety procedures. Some areas of corieern gre as follows.
Test areas must be safe and clear of personnel prior to charging of tgst equipment.

pacitor banks must be shorted out after test and priordo@e-entry g
o the test area. Eye and ear protection may be apprépriate.

arefully inspect the test object for any blemishes/that might later be
Ibsequent test results.
(4) Calibrate the generator and instrumentation as follows:

(3) Determine the desired test voltage based on a 140kV/m multipli
sweep distance. For sweep-distances less than 0.5 m the desir
shall be 70 kV. The high,voltage generator shall be configured
Voltage Waveform A as defined in ARP5412/ED-84.

NOTE: High veltage generators configured to produce voltage
may(yield a noisy waveform at low test voltages. High
generators configured for waveform B with a high crest
be used to maintain the 1000 kV/us (£500 kV/us) requir
waveform A.

(1)~ Set up the sphere gap (g), as shown in Figure 5, and set the sp

C
effects of the tests, and identify these so that they are not confused with
s

f personnel

confused with

ed by the
ed test voltage
lo produce

wvaveform A
oltage
voltage may
ement of

here gap to

spark over at a voltage that is 120 to 130% of the desired test v

ltage.

Operate the high voltage generator such that a flashover occurs at the sphere
gap. The sphere gap sparkover should occur on the wavefront of Waveform
A. Record the breakdown voltage for the sphere gap. If necessary, adjust the
spacing of the sphere gap such that the sphere gap breaks down at 120 to
130% of desired test voltage and repeat the sphere gap breakdown voltage
demonstration. If the required waveform is not correct, adjust the generator
parameters or electrode spacing as necessary to obtain the specified

waveform.
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5.1.2.6 (Continued):

(c) Connect the output terminal of the high voltage generator to the
test electrode. The test electrode should be round rod of no greater than 50

mm diameter.

high voltage

Install the test object underneath the test electrode such that the electrode is

over one of the test locations. Ground the test object to the high voltage
generator return. Place a sheet of metal foil overtop of the test object and

(7) In
p

ground-thefoittothe-highvottage generator returm—Theetectro
placed 50 mm away from the surface (d) of the test object to.ref
voltage applied by a lightning channel sweeping over the surfac
object.

) Operate the high voltage generator such that a flashover occurs
electrode. Record the breakdown voltage for the test electrode
adjust the spacing (d) of the test electrode such’that the electro
down at the desired test voltage (-0/+10%).and repeat the elect
breakdown voltage demonstration.

Remove the metal foil from the test object.

ean test object with appropriate technique to remove dust, debris &
pntaminants which could affect.iest results.

pply test voltage to the electrode, while measuring the applied voltg
hotographs of any flashovers that occur.

NOTE: If no flashever occurs to the test object the test has been s\

applied. . This is an indication that insulating surfaces of the
can successfully withstand the lightning channel voltage.

spect the test object and document the results. Mark and photogrg
inctures or other effects on the test object.

le should be
resent the
e of the test

at the test

If necessary,
le breaks
rode
nd other

ge and taking

ccessfully
test object

ph any

(8) If puncture has occurred, perform an assessment to determine if the test object
has failed. If it is deemed to have failed, then the test sequence may need to be
terminated.

(9) Repeat steps (4) through (7) for each of the tests, electrode polarities and

el

N

ectrode positions called for in the test procedures.

OTE: Since the dielectric properties of the test object may progressively
degrade due to repeated electrical stressing, experience leads to the
recommendation that an acceptable number of tests are two (2) at each

polarity at a particular electrode position.
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5.1.2.7 Data Interpretation: Test objects should undergo a thorough post test evaluation to
determine the adequacy of the design against the Pass/Fail criteria.

5.1.3 High Voltage Strike Attachment Test on Models:

5.1.3.1

Test Purpose: The test is used to locate the initial leader attachment regions on an

aircraft. This is the first step in the method for determining lightning zones by test, as
described in ARP5414/ED-91. In some cases, tests on models need to be
supplemented by other means to determine detailed initial leader attachment

locati
cond

ictive structural materials.

Two {est setups are described to simulate either a naturally approaching

aircrg
5.1.3.2 Test
not le
be el
rador
deter|
entirg
surfa
strike
and §

ft initiated strike.

Dbject: The test object should be an accurate model of the vehicle
ss than one meter in its largest dimension. Exterior surfaces of the
bctrically conductive, even though some surfaces of the aircraft, su
ne and windshields, are made of non conducting materials. Model
mine detailed attachment locations on nen-conductive surfaces. Tt
model is provided with conductive surfaces and the test determing
ces would be potentially susceptibleto initial leader attachments. H
attachment tests of full scale non-conductive structures as describ

punciure possibilities, or the effectiveness of protection devices. If more

vehic
bem
5.1.3.3 Test
M

C
e

e configuration exists or-is'planned, the various possible configura
bdeled separately.

Setup:

ount the model on electrically insulated stand-offs or suspend it fro
bnducting lines such that it is positioned in space between a high v¢

lectrode;and a ground plane.

T

pIIS— T s Case is particutarty true of arcraftmvotving targeamourts

of non-

leader or an

exterior that is
model should

th as a

tests can not
erefore the

s which

igh voltage

ed in 5.1.1

.1.2 must be applied to establish detailed strike locations, surface flashover or

than one
ions should

m non
ltage

Db Simulate a naturally occurring leader the upper electrode may be

A rod or small

sphere not exceeding 50 mm diameter to represent a leader approaching the
aircraft.

To represent an aircraft initiated strike, a large flat plate should be used to

represent the ambient field condition preceding the formation of bi-directional
leaders from the aircraft. The flat plate electrode should be sufficiently large so
that field concentrations at electrode edges do not influence test results (i.e.
flashovers should occur to the flat surfaces and not the edges of the electrode and
ground plane. This typically requires that electrode and ground plane dimensions
be a minimum of three times the largest dimension of the model. Figure 7 shows a
typical setup for the naturally occurring leader case. Figure 8 shows the
arrangement to represent the aircraft initiated strike.
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«— Electrode
Aircraft Coordinate System &

/ Ground Plane 6 =180°

FIGURE 7 - Test Setup to Determine Initial*L.eader Attachment Locations on Mogdels Naturally
Occurring Leader Simulation Shown
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High voltage electrode

50 m strike distance at full scale

Tests are applied with

mpdel in positions at 30 o l
dggree increments in ’\}

edch plane ‘(“'r

(symmetrical positions
mpy be eliminated)

> largest model dimension

Ground Plane

FIGURE 8 - [Test Setup to Determine Initial Leader Attachment Locations on Mgdels Aircraft

5.1.3.3 (Confinued):

Injtiated Strike Simulation Shown

Fpr determination of locations where approaching leader attachments are possible,
tgsts should be applied that represent lightning leaders approaching ffrom all
ppssible directions expected in flight. If the aircraft initiated strike logations are
being determined, the model should be capable of being exposed toambient
electric field directions possible in flight. In most cases it is more practical to
change the orientation of the model rather than to reposition the electrodes. Since
lightning leaders and ambient electric fields may occur from all directions, the
model must usually be positioned at many orientations with respect to the
electrodes. Experience has shown that tests of the model in 30 degree
incremental positions about the airplane roll, pitch and yaw axes usually identify all
of the initial leader attachment locations experienced by similar shaped aircraft in
flight. Some additional orientations, representing directions intermediate from the
reference planes may be advisable when evaluating strike possibilities to areas
such as engine nacelles. Adjust the position of the electrode and the model for the
following conditions.
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5.1.3.3

5134

(Continued):

For the approaching leader case the high voltage electrode should be positioned to
represent a striking distance of 50 m from the nearest model surface. The striking
distance is scaled by the same factor as the model. Thus if a 1/30 model is tested
the HV electrode would be positioned 50/30 = 1.67 m from the model. The
distance from the model to the ground plane is less important, since the ground
plane in fact represents an equipotential plane anywhere in space. Typically this
distance has been a minimum of the largest dimension of the model, measured

fr

5 to maintain the modeled 50 m striking distance, but the height:of

tHe ground plane need not be changed. For each model orientation

nould be positioned over the center of the model.

br the aircraft initiated leader case the model is positioned midway
[V electrode and the ground plane. The distances from the model t
nd ground plane should represent the 50 m striking distance to the
tremity of the model, but the electrode need.not be repositioned w

striking distance.
frike locations associated with flashovers from the HV electrode ms
bnsidered initial leader ‘entry’ points; whereas locations from which

oceed to the ground plane may be considered ‘exit’ points; howevg

‘exited’ the model should be considered as initial leader attachme
puld actually be eithlier'entry or exit locations on the aircraft.

elect an initial\polarity and connect the test voltage generator to thg
ound plané:

et up/cameras to photograph the test strikes, and equipment to rec

ntation of the

odel to new positions may necessitate adjustment of the HV electrpde location so

e model to
the electrode

between the

b the electrode
closest

hen the model

oriented such that the distances to the electrode are greater than the scaled 50

y be
flashovers
r there is no

al significance to these @efinitions. All places where test strikes either ‘entered’

nt points that

electrode and

brd the test

blfage waveshape. Two cameras should be used that are at right jngles to each

Test Waveforms: Tests to determine naturally occurring strike locations should be
conducted with voltage waveform C, at an amplitude set to produce flashover to the
model in 2 ps as defined for this waveform in ARP5412/ED-84. Variations in times to

flashover (i.e. breakdown) of £1 us are acceptable for these tests.

Tests to determine locations of aircraft initiated leaders should be conducted with
voltage waveform D. The amplitude of this waveform should be set to produce

flashovers to the model at times between 50 ps and 250 us as defined for this
waveform in ARP5412/ED-84. The aircraft initiated leader tests may also be

conducted with DC voltage, applied gradually until flashovers to the model occur.
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5.1.3.5 Measurements and Data Recording:

5.1.3.6

e P

hotographs and description of the basic test setup.

e Photographic records of the electrode configurations and flashovers to the model
for each test.

e Records of laboratory environmental data such as temperature, pressure and
humidity, dates of testing, personnel performing and witnessing the tests, and test

Id
e R
Resu
polar

test v

Test

cation.

ecords of any deviations from the test procedure.
ts of each test, including oscillograms of typical test voltages applig
ty at each model position. It is not necessary that oscillograms of ¢
Procedure:

easure laboratory environmental conditions.

bst areas must be safe and clear, of personnel prior to charging of t
apacitor banks must be shorted out prior to entry of personnel into
ye and ear protection may.be appropriate.

alibrate the generator and instrumentation by applying test voltages
1.3.4. Strike locations on the model need not be recorded during t
hile maintaining the orientation of the test model, apply a series of

n) to thetest model, until confidence is obtained that all of the poss
tachment points for that model orientation and voltage polarity are

bd in each
bach individual

oltage be recorded, since voltages in each test condition will be sinilar.

eview and implement safety procedares. Some areas of concern gre as follows:

bst equipment.
the test area.

5 and

onitoring flashovertimes until flashovers are occurring within the time limits in

hese trials.

tests (typically
ible leader
bbtained.

(5) R

tata tha madel 30° ta thae naext nasition in accardance with the tas
a8 MoGa8+vu—01R8-RextpPoSHORHR366orHGaRGe- WHRRE8168S

procedures.

(6) If rotation of the model significantly changes the (model/electrode) gap length,
adjust the electrode gap to maintain the desired gap distance as described in
5.1.3.3.
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5.1.3.6 (Cont

inued):

(7) Repeat steps (3) through (5) until all of the model positions have been tested. This
usually means that the model will have been rotated through 360° in increments of
30°. Note that the model may have to be rotated through 180° in the roll axis since
the left and right sides of most airplanes are symmetrical. In this event, if the test
data is to be analyzed statistically to obtain attachment probabilities the data
obtained in the roll positions should be multiplied by 2 to normalize it to the data
obtained from positions in the yaw and pitch planes.

(8)
9)

5.1.3.7 Data
comb

The 4
light
light
attac
scale
deter

It sha
locati
locati

5.2 High Cur

ange the polarity of the generator.

peat steps (3) through (7).

TE: To minimize testing time, a default assignment’of attachme
be made in situations where the test result-is obvious, such
wings are in the direction of the electric field and all strikes
wing tips.

Interpretation: Data obtained from positivé’and negative polarity te

ined to identify all of the possible initial leader attachment locations.

ttachment points identified in thistesting are used to help locate pq
ing attachment regions on thexaircraft as part of the process of locg
ing strike zones as describedin ARP5414/ED-91. Where the tests
nments to surfaces that are*non-conductive on the aircraft, testing ¢
skins and structures in accordance with 5.1.1 and 5.1.2 should be
Mmine if puncture orflashover would occur at these surfaces.

uld be noted that'model tests are used only to establish initial leade
pns, and not the complete lightning strike zones, since lightning att
pns are not limited to initial leader attachments.

Fent Physical Damage Tests:

Nt points can
as when the
bceur to the

sts should be

ssible initial
ting the
result in

f these full
performed to

br attachment
hchment

These tests are used to determine the effects due to a lightning attachment to an aircraft
surface and current flow away from such an attachment. These effects can be evaluated
at the point of attachment or along the path taken by the lightning current.

5.2.1 Arc Entry Test:
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5.2.1.1 Test Purpose: This test is applicable to structures located in Zones 1A, 1B, 1C, 2A
and 2B, as described in ARP5414/ED-91. The test is used to determine the direct
effects that may result at the locations of possible lightning channel attachment to an
aircraft or where high current and energy densities may flow away from a point of entry
during a lightning strike. Examples are aircraft surfaces or components exposed to
direct or swept lightning strike effects, internal structural elements that may conduct
lightning currents, and externally mounted components that may experience direct
strike or conducted current effects. The test can be used to assess:

e ArcTOoUtdarmage:

o Hot spot formation.

o Melt-through behavior.

o Adequacy of protection layers.

e Beghavior of joints and hardware attachments.
e Vpltage and current at points of interest.

5.2.1.2 Test Dbject: These tests may be performed on a full-scale production it¢m or a
representative prototype. These tests, may also be performed on panels|, coupons, or
subsegctions of the aircraft part. The'panels, coupons or subsections should be
fabridated with the appropriate-manufacturing processes, paints and other finishes,
joints, and materials. For protection devices that require a specific voltage to ionize,
such jas segmented diverter strips, the voltage of the generator should bg sufficient to
ionize the test object during the high current test. The primary focus of the high
current test is on the(ability of the attachment hardware to transfer the cyrrent to the
aircrdft structure.

5.21.3 Test petup:

o Mount the test object in a fixture or aircraft structural section.

e Ground all hardware to the test object structure that is normally grounded.

e Connect the generator return to the assembly such that the lightning currents are
conducted away from the test object in a manner representative of when the
aircraft is struck by lightning. Ensure that magnetic forces and other interactions
associated with current flow within the setup are controlled such that they
represent the natural situation.
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5.2.1.3

5214

5.2.1.5

(Continued):

o QOrient a test electrode 50 mm or greater above the area of the test object that is to
be evaluated. For most arc entry tests the electrode should be the ‘jet diverting’
type, as shown in Figure 9. If blast or shock wave effects are not of concern, a rod
electrode with rounded tip and a diameter of 50 mm or greater can be used.

o Set the generator polarity to negative in order to produce maximum damage. If
only current components A or D are being evaluated, positive polarity is

afceptabple.

¢ Alfine metallic wire, not exceeding 0.1 mm diameter, may be dsed, if
direct the arc to a specific point of interest on the test object;"This aj
helpful for generators that use lower voltages. Test resultst¢should n
aflversely affected.

e Sgt up sensing and recording equipment.

Test Waveforms: A subset of current waveforms A, B, C and D of ARP5

are uped for this test, depending upon the aircraft zone where the test ol

located.

Meagqurement and Data Recording:

e Photographs and description‘of the test setup.

e Photographs of the test object both before and after each discharge.

e Photographs and.description of damage to the test object.

e Records offaboratory environmental data (such as temperature, pre

=l

(o

Iimidity),~dates of testing, personnel performing and witnessing the
cation,

desired, to
proach is
bt be

412/ED-84
bject is

ssure and
tests, and test

ecora or any deviations 1rom the test proceaure.

e Records of the results of each discharge showing polarity, currents amplitudes,
waveforms, action integrals and charge transfers at applicable test points.

NOTE: Indirect effects measurements are frequently required for external

electrical hardware (see 6.1). If desired, some of these mea

surements

can be made during the direct effects tests, as long as key waveform
parameters, such as peak rate of rise, are correct or otherwise accounted

for.
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d o
«— Electrode Electrode ———
Arc Jet
gf Arc Jet
/ \ Initiating Wire e
pd N initis ing Wire
/\/ Fireclay @ /
Insulgting \ (Insulating 7
Ball Surface)

< T £

FIGURE 9 - Typical Jet Diverting’Test Electrode

5.2.1.6 Test Procedure:

(1) Measure laboratory environmental conditions.

\ Test Object \ Test Object

(2) Review and implement safety procedures. Some areas of concern gre as follows.

ea. Eye and ear'protection may be appropriate.

(3) Calibrate the-generator and instrumentation as follows:

object.

Test areas must be safe and clear of personnel prior to charging of test equipment
ahd capacitor banks must be shorted out prior to entry of personnel into the test
a

() Insert'a conductive bar over the test object with material properties similar to
thetest object, such that a generator discharge will not damage|the test

(b) Connect the bar to the generator return.

(c) Initiate a discharge to the bar, while measuring the applied current

waveform(s).

(d) If the current level or waveform(s) are not correct, adjust the generator

parameters.
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5.2.1.6

5.2.1.7

(Continued):

(e)

waveform(s).

(f) Remove the bar.

(4) Initiate a discharge to the test object.

Repeat steps (c) thorough (d) as necessary to obtain the required

Data
deter

5.2.2 Aircraft

5.2.21

Test

1A, 1
swee
cond
such

more
attac
in 5.1
shou

e S
e E

e E

spectthe testobjectand document the Tesuits:
required, orient the electrode in a new position and repeat steps (4

Interpretation: Test objects should undergo a thorough, post test e
Mmine the adequacy of the design with respect to Pass/Eail criteria.

Non-Conductive Surfaces Test:

Purpose: This test is normally applicable to-aircraft surfaces locatg
C and 2A. This test is used to determine the effects of a lightning g
ping over aircraft optical transparencies, antenna fairings and other
ictive surfaces. If a dielectric coatingis present which will be easily
as a de-icing boot overlaying conductive structure, the arc entry tes
appropriate. For dielectric fairfings, where a puncture and subseq
nment to an underlying antenna could occur, the swept channel att
.2 should also be performed. If puncture does occur, the arc entry
d be performed. This test can be used to assess:

hock wave damage’ and thermal effects.
ffects of arC’attachment to buried or internal wires.

ffects_on the inside plies which could produce ‘spall’.

through (5).

aluation to

bd in Zones
hannel

non-

punctured,
tin5.2.1is
ent

chment test
test of 5.2.1

o FEHests

aranny attachmant ta tha frama
SR attacrheittetHeHae-

e The magnitude of voltages and currents induced or directly coupled onto internal
conductors.
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5.2.2.2 Test Object: The test object should be a full-scale production item or a representative
prototype. The assembly should be sufficiently complete to evaluate possible damage
without affecting the test results. If the intent of the test is to compare different
designs, all samples should have the same size, cross section, mounting and method
of any de-icing or anti-icing, application of surface finishes or anti-static coatings, and
the method of grounding the de-icing or anti-icing elements.

5.2.2.3 Test Setup:

scazoogg=

G
c

a
reg

Qround all hardware to the test object struetdre that is normally grou

alrcraft is struck by lightning. Ensure that magnetic forces and other

NNN— - et

st object mounted in a generic test frame that supports the testiobj
e angle of the transparency. The metal flashing attached infront o
bject simulates the fuselage in front of the transparency. Thistype
rangement can provide spall information at a crew station»” Figure
ll-scale windshield mounted in a section of aircraft strdcture (or tes
iplicates the structure). This arrangement is sometitnes used if the
hmaged windshield is to be pressure tested. If moisture is judged t
ndshields should be tested in both the wet and.dry conditions.

onnect the generator return to the:assembly such that the lightning
bnducted away from the test object in a manner representative of W

Esociated with current flow within the setup are controlled such that
present the natural situation.

10 shows a
ect simulating
f the test

of test

11 shows a
fixture that
lightning

b be a factor,

hded.

currents are
hen the
interactions
they
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Signal From

Generator \ Test Object
Windshield Frame Witness

/ Plate

Arc Jet \/ /
B 3

Diverting
Electrode

i >=p00 mm

Flashing

«—"__ 300 mm or center of
Arc Jet windshield, whichever

Diverting s smaller

Electrode \

\ Windshield
Frame

#

Initiating Wire Reflrh 16

Return to Generator

Generator

FIGURE 10 - Test on Transparency Mock-Up
5.2.2.3 (Coniinued):

e (Qrient a ‘jet diverting’ electrode(see Figure 10) 200 mm or greater apove the area
of the test object that is to'be evaluated. For a transparency, the eleftrode should
be centered on the transparency.
e Fpr a transparency,-the electrode should be positioned 300 mm from the leading
eflge of the transparency or half way between the leading and aft edge of the

transparencywhichever is the smaller.

e Connectthe high side of the generator to the electrode.

o Farthis test either Innqi‘rivp ar npga’rivp pnlarity can be used

¢ A fine metallic wire, not exceeding 0.1 mm diameter, should be used to direct the
arc to a specific point of interest on the test object. The fuse wire path should be
from the electrode directly toward the non-conductive surface. Then at a distance
of 50 mm above the surface, it should travel approximately parallel to the surface
forward to the aircraft structure (or flashing) directly in front of the non-conductive
area. Typical wire attachment points are aircraft structure, heads of mounting
screws, windshield wiper shafts or arms, or windshield anti/de-ice bleed air
nozzles.

e Set up sensing and recording equipment.
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5224

From Generator

Test
depe
may
objec

If it is
acryli
close

Electrode

Fuse Wire

Return toGenerator
FIGURE 11 - Test on Windshield
Vaveforms: Currentwaveform A/Ah or D of ARP5412/ED-84 is us
nding on the aircraft zone where the test object is located. Compor
pe used if it is felt'necessary to assess thermal effects on the surfac
t.

necessary to evaluate the thermal effects of components B & C* o

bd for this test
ents B & C*
be of the test

n, for example,
bde moved

C windscreens, an additional test may be conducted with the electr
I to)the leading edge of the transparency, thereby shortening the in

tiating wire to

enab

e these components 10 be applied across a shorter distance or the

test object.
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5.2.2.5

Measurements and Data Recording:

Photographs and description of the test setup.

If applicable, description and photographs of instrumentation probes for windshield
heater circuit and harness arrangement.

Photographs of the test object both before and after each discharge.

hotographs and description of damage to the test object.

escription and photographs of the orientation of heating wires with
se wire.

ecords of laboratory environmental data (such as temperature, pre
imidity), dates of testing, personnel performing and witnessing the
cation.

ecord of any deviations from the test procedure.

ecords of the results of each discharge showing polarity, current an
aveforms, action integrals and charge transfers at applicable test p

applicable, records of amplitide and waveforms of induced signals

ircuits.

applicable, photographs of transparency spall pattern on witness p

OTE: Some tests require that the degree of spall from the inner su
transparency at the crew station be evaluated. One method
theforce and pattern of the spall is to place a witness plate |

respect to the

ssure and
tests, and test

hplitudes,
bints.

in heater

ate.

rface of the
of determining
ehind the

transparency at the crew’s location. The witness plate is mgde of a soft

material that will qualitatively record the amount, direction, a
transparency spall. Plastic modeling clay, artists modeling ¢

hd force of the
lay (in the

pliable wet condition), Soft Styrofoam insulation board spray

painted with a

contrasting color, or soft newsprint paper (no printing) are examples of

possible withess plate materials.
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5.2.2.6 Test Procedure:

5.2.2.7

(1) Measure laboratory environmental conditions.

(2) Review and implement safety procedures. Some areas of concern are as follows.
Test areas must be safe and clear of personnel prior to charging of test equipment
and capacitor banks must be shorted out prior to entry of personnel into the test
area. Eye and ear protection may be appropriate.

(3) Cagtibratethegeneratorandimstrumentatiomas foftows:
(3) Insert a conductive bar over the test object with material properties similar to
the test object, such that a generator discharge will not.damage|the test

object. For transparencies, ensure the arc blast pressure will nopt
mechanically damage the transparency.
(8) Connect the bar to the generator return.

(@) Initiate a discharge to the bar, while measuring the applied currgnt
waveform(s).

(d) If the current level or waveform(s) are not correct, adjust the generator
parameters.

(4) Repeat steps (c) thorough(d) as necessary to obtain the required
waveform(s).

(f) Remove the bar;

(4) Clean test object with appropriate technique to remove dust, debris, and other
cpntaminantS:which could affect test results.

(5) Irfitiatesa discharge to the test object.

(6) Inspect the test object and document the results.

(7) If required, orient the electrode in a new position and repeat steps (5) through (6).

Data Interpretation: Test objects should undergo a thorough post test evaluation to
determine the adequacy of the design with respect to Pass/Fail criteria. Photographs
showing the arc path, entry point(s), and damage areas observed on the test object
should be correlated to provide an understanding of damage effects.
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5.2.3 Conducted Current Test:

5.2.3.1 Test Purpose: This test is applicable to aircraft structure located in Zone 3, as
described in ARP5414/ED-91. This test can be used to assess:

e P

hysical damage

e Arcing and sparking

o T

5.2.3.2 Test

agnetic force effects
hermal effects.

Dbject: The test object should be full-scale production dike sections

subségctions of structures that include interfaces between striictural men
asseinblies, such as adhesive bonded joints, fastened4oints, hinges, be
actugtors, and fuel tank access panels. The speciméns should be large

repre
curre

5.2.3.3 Test

sent a sufficient cross section of the airframe-to allow representativ
nt distribution to be achieved.

Setup:

e Mount the test object in a fixture.

round all hardware to the-test object structure that is normally grou

nnect the generatorthigh and return sides to the assembly such th

or
bers or
hrings in
enough to
e lightning

hded.

at the

lightning currents arejconducted through the test object in a manner

o)
n
c
Si

e S

pt relevant. _Ensure that magnetic forces and other interactions ass|
irrent flow-Within the setup are controlled such that they represent
ftuation.

representative

ciated with
he natural

when the aircraft is struck by lightning. The polarity of the genera]gr is usually

etoup sensing and recording equipment.

NOTE: A semi-coaxial arrangement of the conductors and the test object can be
used to minimize magnetic effects and distribute current flow. Figure 12
shows a typical test arrangement for testing small material samples using
this technique. Also, measurements of induced voltages into wiring as
described in 6.1 can sometimes be combined with this test method.
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5234

5.2.3.5

Test Waveforms: A subset of current waveforms A, B, C, and D of ARP5412/ED-84
are used for this test. The amplitude levels must be scaled based on a determination
of the expected current density for all possible lightning current paths through the
airframe structure containing the area simulated by this test object. Current densities

can be estimated by computer analysis or low-level swept CW tests that

have been

transformed to give the response due to lightning waveform. Note that the current
densities on the edge of the test panel could be three times the current in the center

due to magnetic field effects. This situation might not be representative
installation.

of the aircraft

Meagqurement and Data Recording:

e Photographs and description of the test setup.

¢ Photographs of injection points.

e Photographs of the test object both before and after‘each discharge.
e Photographs and description of damage to the test object.

Records of laboratory environmental data (such as temperature, pre
humidity), dates of testing, personnel{performing and witnessing the
Igcation.

e Record of any deviations frotwthe test procedure.

¢ Records of the results‘of each discharge showing polarity, current an
wiaveforms, action integrals and charge transfers at applicable test p

ssure and
tests, and test

hplitudes,
dints.
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Quasi-Coaxial Plate
Current Induction
System

Coupling Network

Quasi-Coaxial Metallic Longeron
Current Return System Control Rod, etc.

Bonded at Both Ends
Metallic
Camera Metallic Plate
«—

—
N .
k_li \ [est Object
Current Probe
:::=::=::=::=G:::=::=::__!':=
\\
N
Cable Bundle,
Shielded, Bonded

at Both Ends

Lightning
Generator

Receivers,

F

5.2.3.6 Test

T
a
a

Registration
[ Cable Shields Equipment
Grounded

Shielded Room

IGURE 12 - Typical Setup for Damage Test with Power Lead Layouit
Procedure:

easure laboratory-environmental conditions.
eview anddmplement safety procedures. Some areas of concern gre as follows.
bst areas. must be safe and clear of personnel prior to charging of test equipment

nd capacitor banks must be shorted out prior to entry of personnel into the test
ea \VEye and ear protection may be appropriate.

(3) C

alibrate the generator and instrumentation as follows:

(a) Detach the generator high and return from the test object and connect them to

a conductive bar near the test object. The bar should have material
properties that are similar to the test object.

(b) Initiate a discharge to the bar, while measuring the applied current

waveform(s).
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5.2.3.6 (Cont

(c

inued):

)

parameters.

waveform(s).

Data
deter

5.2.3.7

5.3 Induced

The testg
with direq

5.3.1 Measu

Test
locat

5.3.1.1

voltages and currehts injected into them from direct lightning attachment
comgonents include antennas, icing detectors, angle-of-attack (AOA) se
electrically heated pitot tubes, navigation lights and electrical de-icing he

test

current test’of 5.2.3. This test may be used in addition to full aircraft ind
tests in®®.1 that are used to determine induced voltage and current on w

pntaminants which could affect test results.

ean test object with appropriate technique to remove dust, debris;

itiate a discharge to the test object.
spect the test object and document the results.

Interpretation: Test objects should undergo a-thorough post test e
mine the adequacy of the design with respectto Pass/Fail criteria.

[ransients In External Mounted Hardware:

in this section evaluate induced electrical transients that are close
't effects.

ement of Injected Transients in External Hardware:

Purpose: This testis‘applicable to externally-mounted aircraft com
din Zones 1A,1B7/1C, 2A and 2B that have electrical circuits whig

ay beaccomplished in combination with the arc entry test of 5.2.1

If the current level or waveform(s) are not correct, adjust the generator

Repeat steps (b) thorough (c) as necessary to obtain the required

Remove the bar and reattach the generator high and return to the test object.

and other

aluation to

y associated

bonents

h may have
. Such

nsors,

aters. This

or conducted
rect effects
res connected

to the externally-mounted aircraft components due to Zone 3 conducted currents.

5.3.1.2

Test Object: The test object should be full-scale production line hardware or a

presentative prototype. The structure, wiring, and equipment installation should be
electromagnetically similar to the intended production configuration. The test object
should include installation provisions such as gaskets, bonding jumpers, paint and
sealants. Electrical wire bundles representative of the aircraft installation should be
included.

-62 -



https://saenorm.com/api/?name=578af3bbfb6e344ec8ab5e3b61ff6fe7

SAE ARP5416

5.3.1.3

Test Setup:

Mount the test object to a test fixture that is representative of the airframe
structural and wiring harness interfaces. Figure 13 shows a simple aluminum test
chamber. The test object is installed on a panel that is representative of the actual
aircraft structure. The actual aircraft structure material, such as aluminum,
fiberglass reinforced plastic (FRP), carbon fiber composite (CFC) or titanium
should be used for the test panel.

Ground alrtest object hardware 1o the test fixture as specified for the

nstallation.

)

m

I

Sklect the initial test polarity and connect the return side of the high
generator to the test fixture. Ensure that the connectionasition will
clirrent being conducted away from the test object in a fmanner repre
when the aircraft is struck by lightning.

Sgt up the current and voltage meastirement probes and recording €

imk should be used between the induced transients measurement pr

rovide shielding for any measurement probes and recording equipn
inimize measurement noisé. A suitably shielded instrument cable

cording equipment.

erminate the test object wires in appropriate loads (Z.). There are f
pproaches toterminating the wires when measuring induced voltag
irrents |c—The first approach consists of terminating the wires with
hort circuits to measure the open circuit voltage (Voc) and the short

T
a
c
s
(I
c

aircraft

oltage
result in test

sentative of

QOrient a test electrode 50 mm or greater aboye (or attach it directly tp) the test
object at a probable attachment point expected from natural lightning
arc entry tests the electrode should be the ‘jet-diverting’ type, as shown in Figure 9.

. For most

quipment.

hent to
br optical fiber

obes and the

wo general

s Ve and
open and
circuit current

Lc) folva given interface circuit. This approach produces values that are worst

with differing
ne with each
he wires with

actual circuit impedances, to measure the induced voltage and current transients
with these actual circuit impedances. Bulk wire bundle current (Ig) measurements
are possible with either approach.
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Test Object

Panel representative
of aircraft installation

5.3.14

5.3.1.5

Lightning
Test
Generator

Instrumentation

)

[ 1o
——J

|B/L—‘

VC’IC \@

FIGURE 13 - Typical Metal Skin.Installation

Test Fixture

Test Waveforms: Current waveforms A, D, and H of ARP5412/ED-84 ane normally
used |with the particular waveforms being dependent on the aircraft lightping zone
wherg the test object is located in the actual installation. These waveforms are used
(with jcurrent waveforms B and C being excluded) because the key wavgform
parameters relative to indirect effects coupling are associated with the specified

waveforms, including peak curtent and peak rate of rise. See 5.3.1.7.

Meadurement and Data Recording:

Photographs and.description of the test setup.

Photographstand descriptions of instrumentation probes for electrical circuits and
harness-arrangement.

Photegraphs of the test object both before and after each discharge.

Photographs and description of damage to the test object.

Records of laboratory environmental data (such as temperature, pressure and
humidity), dates of testing, personnel performing and witnessing the tests, and test
location.

Record of any deviations from the test procedure.

Records of the results of each discharge showing polarity, currents amplitudes,
waveforms, action integrals and charge transfers at applicable test points.
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5.3.1.5

(Continued):

¢ Records of amplitude and waveforms of voltages/currents at the terminals of
electrical circuits in the test object. The recording instrument should have a
minimum bandwidth of 30 MHz.

5.3.1.6 Test Procedure:

(1) Measure laboratory environmental conditions.

(2) R

0O -

)

alibrate the generator and instrumentation as follows:

Detach the high side of the generator from:the test object and c
conductive bar that is connected to the generator return point of
object. The bar should have materialproperties that are similar
object.

Initiate a discharge to the bar,"while measuring the applied currg
and the induced levels in the-electrical circuit instrumentation.

If the current level or’'waveform is not correct, adjust the genera
parameters.

If the induced hoise levels in the instrumentation circuit are abo
expected, modify the instrumentation setup to reduce the inducs

eview and implement safety procedures. Some areas of concern Jre as follows.
bst areas must be safe and clear of personnel prior to chargingof t
nd capacitor banks must be shorted out prior to entry of personnel i
ea. Eye and ear protection may be appropriate.

bst equipment
nto the test

bnnect it to a
the test
to the test

ent waveform

or

e those
bd levels.

Repeat/steps (b) thorough (d) as necessary to obtain the requir¢d conditions.

Remove the bar and reattach the generator to the test object.

(4) Initiate a discharge to the test object, while measuring the applied current
waveform and the induced transients on the electrical wires.

(5) Inspect the test object and document the results.
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5.3.1.7 Data Interpretation: The measured transient voltage and current responses and any
test object malfunction or damage should be evaluated relative to the defined pass/fail
criteria. The measured voltage or current waveforms and amplitude should be
compared to the specified transient control level (TCL) defined for the system. If tests
were conducted at levels less than the applicable lightning threat level, the measured
current and voltage responses must be extrapolated to the threat levels using the
guidelines specified in 6.1.6.6. For extrapolation, the peak amplitude, rate-of-rise or
integral related responses of the measured current or voltage waveforms must be

identified.
waveforr ere 2
relatgd responses may be required.

5.3.2 Voltage Stress Assessment of Circuit Insulation:

5.3.21

Test
testi
volta

surro

resis

heatg
illustn

Purpose: This test is an indirect effect assessment dug to a direct

will be very low and the pitot heater circuit;may be exposed to very high

exce

q
4

bs of those measured during the indirect effects testing of Section 6,

If the test current waveforms do not correspond to the required A, D or H

or integral

effect. This

$ applicable to areas of the aircraft (possibly any lightning zone) where induced
es might cause flashover or breakdown of insulated electrical wiring to

Ending structures due to changing magnetic flux and voltage drops|in structural
nces. An example is the voltage, Vinquced, Which may appear between a pitot

r element and the pitot tube during a strike’to a radome mounted pjtot tube as

ated in Figure 14. If breakdown occurs,the impedance at the breakdown point

voltages in
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Electrical Wiring Structure Ground

Pitot Heater

Insulation

Lightning
Attachment

/ ------------ =
Pitot Tube

Path of Lightning Current -
lonized Diverter Strip

Dielectric Radome SN
Supply
|

NS -
/ x \ Btructure

Structure Ground

Lightning Attachment Event

!
viniuced \ \ \ Q
SR O

Magnetic Flux - ¢
i ¥Ry +do/dt

Lightning Current - i /
Structure Resistance - Rs
\V4

induced =

Equivalent Circuit

FIGURE 14 - Lightningsinduced Voltage Appears at Pitot Heater Insulators

5.3.2.2 Test DPbject: The test-object should be a full-scale production item or a representative
prototype. The test'object should be fully representative in relation to th¢ system
wiring of interést'and the type and installation of equipment, wire runs, ahd wiring
relevant tofhe tests to be made.

5.3.2.3 Test petup:

o Use the setup of 5.3.1 or 6.1, whichever is appropriate.

o Place a temporary short circuit at one end of the circuit as shown in Figure 15. Set
up the instrumentation to measure of the open circuit voltage at the other end of
the circuit.
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Structure

e Pitot Heater e
[ (WWWA_ Dielectric Radome \\
/4 Xy Short Circuit
open circuit

Pitot Tube

Common Mode Voltage Measurement at Pitot Heater

Strupture
Pitot Heater /

Insufation

Dielectric Radome Vopen circuit

Short Circuit

Pitotl Tube

Common Mode Voltage Measurement at Power Supply

FIGURE #5+-Induced Voltage Measurement Locations

5.3.2.4 Test Waveforms;-Current waveforms A, D, and H of ARP5412/ED-84 ane normally
used |with the particular waveforms being dependent on the aircraft lightping zone
where thedest object is located in the actual installation.

NOTIE:“These waveforms are used (with current waveforms B and C being excluded)
because the key waveform parameters relative to indirect effects coupling
are associated with the specified waveforms, including peak current (for
diffusion/resistive coupling) and peak rate of rise (for aperture coupling). The
test current waveform should be the stroke current component appropriate to
the zone in which the structure is located. This test may be conducted with
non-representative waveform parameters, and in this case the measured
voltage should be extrapolated to correspond to the full threat.
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5.3.2.5

5.3.2.6

5.3.2.7

6. INDIRECT|EFFECTS TEST METHODS:

Measurement and Data Recording: Use the measurements and data recording
material of 5.3.1 or 6.1, whichever is appropriate.

Test Procedure: Use the test procedure material of 5.3.1 or 6.1, whichever is
appropriate.

Data Interpretation: The measured levels should be reviewed to determine the
adequacy of the design with respect to Pass/Fail criteria. If tests were conducted with
waveform parameters different than the applicable lightning threat waveform, the

meafmmmmpmmw&mmmmm uidelines
specified in 6.1.6.6. For extrapolation, the di/dt and IR components ofthe measured

test durrent waveform need to be identified. If the test current wayeformp do not
correppond to the required waveform, different extrapolation factors for qi/dt or IR
relatgd voltages might be applicable. If the peak voltage exceéds the ingulation
withstand voltage, sparkover should be expected and damaging currents may flow into
the cpnductors.

The indireqt effects test methods outlined in this segtion are for lightning induged transients

in aircraft wires and wire bundles:

a.

b.

C.

d.

6.1 Aircraft Tlests:

Aircraf Tests to measure lightning induced transients (6.1),
Tests for Equipment and Systems (6.2),
Wire Byindle Shield Transfer Function Tests (6.3), and

Shield/Connector Current-Handling Tests (6.4).

The two basictypes of aircraft tests are swept frequency tests and current pulse tests.
These aifcraft-tésts may be used to acquire engineering data to support aircraft lightning
protectiop design, or they may be used to acquire lightning protection effectiveness data to
support aircraft or engine certification.

6.1.1

Test Purpose:

Aircraft tests are used to determine the actual transient levels (ATLs), including the
transient waveforms, induced into aircraft electrical/electronic systems wiring. These
induced transient current and voltage amplitudes and waveforms are typically measured
on installed wire bundle shields and individual wires. The measured ATLs can be used
to define or verify the associated lightning protection TCLs and ETDLs. Transients may
also be measured on non-electrical system conductors such as control cables; fuel,
hydraulic, and pneumatic lines; and structural elements, for fuel system and structure
lightning protection design and certification.
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6.1.2 Test Object:

The aircraft test may be performed on a complete and functioning aircraft,
section of an aircraft, or an engine assembly. If the test is performed for a

a major
ircraft or

engine certification, a production aircraft or engine should be used. A production aircraft

or engine with no flight test wiring installed is preferred. If flight test wiring

is present,

this wiring should be disconnected on both ends and the connectors and shields isolated

from the structure during testing. The aircraft or engine may be subject to
inspections by the appropriate regulatory authority prior to the test.

conformity

If the tgst is performed to develop engineering design data, a prototype,‘m
major gircraft or engine section may be used. The structure, wire bundles
equipment installation should be electromagnetically similar to thedntende

engine [production configuration. If an engine assembly or majof/section o
used fgr the test, additional conductors may be required to simulate curren]
rest of the aircraft that was not included in the engine assembly or major a

Aircraffjtests are typically conducted with the aircraft:systems unpowered.

contactors, circuit breakers, and equipment power’switches may need to b

to maintain power circuit continuity.
The air
instrumentation and probes. These modifications should be designed and
that the
aircraft
wires of fiber optic cables inside the aircraft without opening an aircraft do
For airg
include
flow an
system
and ele

raft major section orengine tests, the aircraft major section or engi
lightning current paths to the rest of the aircraft in order to get reali
d accurate induced transient measurements. These current paths
components'such as mounting brackets, fuel and hydraulic lines, f
ctrical canduits/wires, bonding straps, and structural elements.

For engines,-dll lightning current paths between the engine, nacelle, pylon
airframg‘should be considered, and may be included in the test setup. Th

craft or engine may require minor modification to install lightning te$

y do not affect the lightning current paths, or create additional oper
For example, a special window panel may be installed to allow ins

ockup, or

and
i aircraft or
f an aircraft is
t flow on the
jrcraft section.

The power
e configured

—

installed so
ings in the
strumentation
br or hatch.

ne must

stic current
may include
ight control

strut, and
bse current

paths include engine mounts, fuel and hydraulic lines, electrical wire bund
ground straps, safety lock wires, and any other design features intended s
EMC, HIRF, or lightning protection.

Any fuel, electro-explosive devices (EEDs), and pyrotechnics should be re

es, push rods,
pecifically for

moved or

made safe prior to tests. EEDs may be replaced by equivalent instrumented devices.
Flammable fuel vapor should be eliminated, by filling the fuel tanks to reduce vapor
volume, and by filling the remaining fuel vapor space with an inerting gas such as

nitrogen.
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6.1.3 Return Conductor Arrangement:

The test setup includes the aircraft, a suitable return conductor arrangement, the current
generator, and current generator controls and monitoring instruments, and induced

transient measurement instruments.

Lightning interaction with an aircraft depends on the lightning attachment points. The
lightning attachment points are represented by the current generator and return
conductor attachments to the aircraft. Typically, several attachment configurations are

points,

ment

rations used for the aircraft tests should be based on likely lightning attachment
and the routing and location of systems and wiring in the aireraft.

able 1 gives a

list of typical attachment configurations for an aircraft. For example;a measurement

made gn a wire routed between the flight deck and the left wing favigatio

light should

be made with the nose and the left wing tip attachment points:y'in this configuration, the

simulatged lightning current would flow through structure whére the wiring g
routed,|thereby inducing the maximum transients in thatwiring.

TABLE 1 - Typical Test Current Attachment Configurations

Current Generator Return Conductor
Attachment Point Attachment Point

Aircraft

Nose Tail

Windshield Post Tail

Nose Wing Tip

Nose Engine

Nose Landing Gear

Nose Vertical Tail

Wing Tip Tail

Wing<Fip Wing Tip

Engine Inlet Engine Exhaust

Engine Inlet Tail

Helicopter

Main Rotor Blade Landing Skid

Main Rotor Blade Nose

Tail Rotor Blade Landing Skid

Tail Rotor Blade Nose

f interest is
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6.1.3

(Continued):

The return conductors and current generator attachments should be configured to
simulate the important characteristics of the lightning and aircraft interaction. The
current distribution on the test aircraft should simulate as much as possible the current
distribution that would exist on the aircraft during an in-flight lightning strike.

The return conductor arrangement will be dependent on the aircraft shape. The aircraft

and return conductors cannot be considered uniform transmission lines, such as a

coaxial - ;
condugtor arrangement should be configured to provide repeatable test re
represgntative current distribution on the airframe.

This may be achieved using the aircraft on the ground and an assembly of
condugtors. The preferred installation would be to use returniconductors 3
aircraft[{fuselage, wings and tail boom, which would encoutage a uniform ¢
ion in the aircraft. As a minimum, the return wires/should be arran
ground|plane under the aircraft fuselage, wings, and:tail boom. This may

practical return conductor configuration for large transport aircraft. This wi
the curfent density on the lower part of the aircraft’nearest the ground plar
typically satisfactory for wing-mounted wiring.and systems, and for aircraft
critical
lower part of the aircraft. But this configuration produces lower current def
higher parts of the aircraft, such as the.top of the fuselage and near the cq
windows.

Practical aircraft and return conductor configurations form a non-uniform tr
line. The characteristic impedance of this complex non-uniform transmiss
typically ranges from 70.t0/150 Q. The aircraft and return conductors are
lightning attachment point by the test current generator. The aircraft and r|
condugtors are typically shorted together at the other lightning attachment
test configuration:) This aircraft and return conductor arrangement will pro
point impedance that has low resistance at low frequencies, is inductive in
10 kHz|up tota high-Q quarter-wavelength resonance frequency of the airg

raft and return
sults, with a

return

bout the
urrent

ged as a

be the most
Il exaggerate
e. Thisis
where the

iring, systems, and key coupling.points (such as doors and hatche¢s) are on the

nsity on the
ckpit

ansmission
on line
riven at one
eturn

point for that
duce a drive
the range of
raft/return

condugtortransmission line, and then with multiple transmission line reson

ances at

higher frequencies.

This differs from the characteristics of natural lightning attachment to aircraft. Lightning
return stroke characteristic impedance or surge impedance have been estimated to
range from 1000 to 6000 Q, with some longitudinal resistance in the lightning channel.
Therefore, the aircraft during a natural lightning strike will not exhibit a high-Q quarter-
wavelength resonance, but will exhibit a lower-Q half-wavelength resonance related to

the lightning current path length through the aircraft.
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6.1.3

(Continued):

The aircraft and return conductor arrangement may be terminated with matching
resistors instead of shorting the aircraft and return conductors. Matching the
transmission line may eliminate the quarter-wavelength transmission line resonant
response that is test configuration dependent. However, for most lightning attachment
configurations, the aircraft and return conductor are much too complex to be represented
as a uniform transmission line. Even if the aircraft and return conductor transmission
line can be terminated in a matched impedance, the matching load resistance is

genera
into the
noise r
reduce
aircraft

With th
wavele
measu
a frequ
defined
as freq
transie

A typic
arrangg
conduc
signific

L | - L Fn) ol 1 Fn) L (l £ Ll H b bl b
1y SUTIIYIT that 1t reuuces Uic altipinuuc UT Ui mput CUlTerit uiat Ldadil

htio and hampers the ability to measure induced transients in wiring.
5 the normal half-wavelength resonance typical for a natural-lightnin

b aircraft and return conductor shorted at one attachiment point, the
ngth transmission line resonance provides conservative induced tra
ements at the resonant frequency. The quarter-wavelength resona
ency that is lower by half compared to the hal-wavelength resonan

f
Nt response due to the quarter wavelength resonance may be highg
induced transient response due to a half-wavelength resonance.

il helicopter return conducterzarrangement is shown in Figure 16. |
ement, a simple ground plahe is used for the current return. Overhe
tors are typically not required, because the main rotor blades will h
bnt effect on the current distribution in the helicopter.

aircraft with a given current generator. This results in an unace€p

lightning environment spectra decrease-40 dB per decade or 12 d
ency increases in the airframe resonance frequency range. So th

D
L

C

be
he

Insulator

Ground Plane

be injected

able signal-to-

It also

g strike to an

quarter-

nsient

nce occurs at

ce. The
B per octave
e induced

r than an

In this

ad return

Bve the most

nnection

tween

licopter and

ground plane

FIGURE 16 - Helicopter Ground Plane Arrangement

-73-



https://saenorm.com/api/?name=578af3bbfb6e344ec8ab5e3b61ff6fe7

SAE ARP5416

6.1.3

(Continued):

For small aircraft, conductors surrounding the aircraft uniformly spaced from its surface
may be the most effective return conductor arrangement. This arrangement, shown in
Figure 17, provides reasonably uniform current distribution between the top and bottom
surfaces of the aircraft. Additional analysis to represent the in-flight current distribution
should not be necessary in this arrangement, except to consider the resonance of a
short circuit return connection compared to the expected impedance of the lightning
channel for an in-flight lightning attachment.

v,
/
£

\//
\4

!

/)
7

Vih

77
4%
O

3
L

=
Y,
\
)
VA

N
Vi

FIGURE-17 - Small Aircraft Return Conductor Arrangement

For large aircraft, the return conductor arrangement may be more complex, and it may
not be pra¢tical to have conductors above the aircraft. Therefore, additional analysis
may bg necessary to assess the aircraft current distributions in the test configuration and
in the normal in-flight lightning attachment. The analysis should determine the effect of
the test return conductors, and the effect of the return conductor termination on the
aircraft surface current distribution. Analysis should determine the differences between
test current distribution and the expected surface current distribution for an aircraft in-
flight lightning attachment. Method of moments, finite-difference time domain, and finite
element models are all effective tools for assessing the lightning surface current
distribution on large aircraft.
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6.1.3

\\\‘

(Contin

ued):

Localized return conductors may also be used for lightning induced transient response
for wiring in specific areas of the aircraft, such as the stabilizers or engines. Figure 18
shows localized return conductors for measurements associated with wiring in the

vertical

Lightning
Simulator

The teq
genera
isolateq
insulati
and ret

The gr¢
test ge
taken t
arrange
selectiq
resistor

resistamce connection which has a high impedance at high frequencies.

stabilizer.

grou

{4%

FIGURE 18 - Large Transport Aircraft Rettirn Wire Arrangement

t aircraft must be isolated from the returh conductors except at the
or and return conductor attachment’points. The tires or helicopter
from the ground plane return conductors using insulating pads or
hg pads or stands must withstand the voltages developed between
Lirn conductor, particularly. during high current pulse tests.

und plane should preferably be single point grounded to facility grg
nerator ground pojnt.to meet health and safety requirements. Care
D minimize traveling wave effects or spurious oscillations between t
ement and thewfacility (i.e. hangar). This might be accomplished by
n of the ground point, or by grounding the return arrangement to th
s to damip out such resonances, or by grounding the arrangement

Measu

Connfection

betWrEeen
aircraft and

hd plane

bround Plane
K D

current

skids must be
stands. The
the aircraft

und near the
should be
he return
careful

e facility via
iaalowDC

ements:

The aircraft tests provide induced transient responses that may be used to determine the
ATLs that can be compared to the TCLs and ETDLs. Therefore, the aircraft lightning
measurements should be chosen to match the method by which the aircraft TCLs and
the equipment or system ETDLs are defined. For example, if the TCLs are defined as
individual wire open circuit voltages and individual wire short circuit currents, then
aircraft measurements should include individual wire open circuit voltages and wire short
circuit currents. Or, if the TCLs are defined as overall wire bundle currents, then the

aircraft

measurements should include overall wire bundle currents.
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6.1.4

(Continued):

Also, the aircraft lightning measurements should provide data that can be directly
compared to the ETDLs and corresponding equipment qualification tests. For example,
if the ETDLs and corresponding equipment qualification tests are based on the DO-
160/ED-14, Section 22 wire bundle injection tests, the wire bundle injection tests levels
are based on open circuit loop voltages and/or wire bundle currents. Therefore, the full
aircraft lightning measurements should include open circuit loop voltages and short
circuit currents.

Several types of measurements can be made. These include:

a.

Opeén circuit voltages (Voc), which are induced voltages measured betw
individual open-ended wire and adjacent aircraft ground, with'the othef
wire grounded at the remote equipment location using a low-impedanc
termination. Equipment at either end of the measurement wire is discg
the|wire bundle, but shields of the measured wire, (if present) and any

een an
end of the

e ground
nnected from
other shields

in the same wire bundle should be grounded in the.normal fashion, either locally or

to gquipment connectors, if such shields are normally grounded at eac

INS

Shgq
with
Oth

Wir|
with
and
ma

Los
and
with

llation.

rt circuit currents (lsc), which are induced currents measured on ing
both ends of the wire grounded using low-impedance ground term
er conditions are as described:in paragraph a.

e bundle currents (lyc), which are induced currents measured in a w
the aircraft equipment that use the wire bundle installed in their ng
the wire bundles connected to the equipment at each end, in the n

ner.

ded circuitvoltages (V,), which are induced voltages measured bet
adjacent aircraft ground, with both ends of the wire terminated nor
the aircraft equipment installed in their normal manner.

h end in the

ividual wires
inations.

ire bundle,
rmal manner
ormal

lveen a wire
mally, and

Lod

ded circuit currents (l;), which are induced currents measured on in

dividual wires

with both ends of the wire terminated normally, and with the aircraft equipment
installed in their normal manner.
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6.1.4

(Continued):

The measurement configurations described in a. through e. are shown in Figure 19. The
loaded wire measurements described in d. and e. above are usually made only in
special cases, such as navigation light and window heater circuits, and power
distribution buses, since such measurements would otherwise require elaborate
breakout boxes whose presence could affect the measured transients. Also, loaded
circuit measurements would probably have to be conducted with the system powered
up, to account for non-linear load impedances. Surge protection devices installed in
aircraft wiring-stroutd-beconsidered: Smgc protectiondeviceswoutdtein the
condugting state from induced voltage due to natural lightning strikes, bubwould not
condugt during tests with lower test currents.
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Shorting

Jumper /\
Shield
Termination

a. Open Circuit Voltage Measurement

Shortin&;

Jumper Shortlng
Jumper

\S
Shield ;l’\'

Termination

b. Short Circuit Current Measurement

]

¢. Wire Bundle Current Measurement

}Kj

-

’

. m V), ||
Breakout \ l'

Box with
voltage or
current probes

d. and e. Loaded Circuit Voltage and Current Measurement

FIGURE 19 - Schematic Representation of Measurement Types
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6.1.4

(Continued):

Figure 19 gives a schematic representation of these measurement types. The first three
measurement types are most commonly used, because they can be easily related to the
ETDLs verified with DO-160/ED-14, Section 22 tests, and because the measurement
can be performed using relatively simple circuit shorting devices. With the first two
measurements a. and b., a Thevenin equivalent circuit can be derived for each
measured aircraft circuit, from which the ATLs can be determined. The last two methods
d. and e. typically require more complex breakout boxes to install the voltage and current
orobespwi . . : : L

For opén circuit voltage and short circuit current measurements, the aircrafft wiring of
interest is disconnected from the LRU at both the measurement and remote ends. The
remote|ends are grounded to nearby airframe structure by usingjumper wjres. The
jumper|wires length should be minimized to prevent magnetic coupling from influencing
test reqults. Grounding the aircraft wire at one end allows:ll of the voltagé induced in
the wirg to be measured at the other end. High input impedance voltage grobes should
be used for these open circuit measurements. Shortgircuit current measurements are
made Ry installing an additional grounding jumper ‘atthe measurement endl, so that both
ends of the wire being measured are shorted tothe aircraft structure. Curgents flowing in
the wir¢ are then measured using a current transformer placed around the|grounding
jumper|at the measurement end.

Additiopal measurements may include'voltages induced by magnetic fieldg passing
through apertures, lightning currents:flowing through structural resistanceq, and surface
current/density. Both magnetically induced and structural voltages may be measured by
installing a test wire in the aireraft where the particular voltage measurements are

desired. For both magnetieally induced and structural voltage measurements the test

wire is
measu
magne
penetre
structu
reduce

ed at the other end of this wire. This is similar to measurement a.

e of interest. The space between the wire and structure should be
magnetic field coupling to the test wire. Surface current density m

measu

ed by installing surface current density probes at selected location

blectrically bonded. to aircraft structure at one end and the open cirguit voltage is

hbove. For

ically induged voltage, the wire is positioned so as to enclose magnetic fields
ting through apertures. For structural voltage, the wire is routed near the

minimized to
y be
on the

aircraft external surfaces. These measurements are helpful to characterize the current
distribution around the aircraft. The results may be used to correct differences between
the aircraft and return conductor current distribution and predicted aircraft current
distribution during a natural lightning strike. These measurements are also helpful to
characterize the induced transient coupling mechanisms in particular areas of the
aircraft. This is especially important when determining the appropriate scale factors to

use for pulse test measurements if the standard test waveform(s) (component A and H)
are not applied.
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6.1.4

6.1.5

6.1.5.1

(Contin

ued):

Locations of LRUs and associated interconnecting wiring should be identified using
aircraft system installation drawings and aircraft installation inspection. The wire
shielding status should also be determined from the drawings. Any shield at the
measurement end, which is normally grounded either by the connector backshell or
through one of the connector pins to a ground within the LRU, should be grounded to the
airframe. A convenient location should be selected close to the disconnected LRU for
grounding the shield during the induced voltage measurements.

Instrum
networ
traceal
of Stan

approp
Swept

Swept

transie
frequen
environ
domain
injectio
measu

Test
6.1.3
the a
returr
stand

ents used to record and measure specified test voltages and curre
K analyzers, oscilloscopes and probes, should be calibrated to!\stan
le to the appropriate national standards body, such as the U;S. Na
dards and Technology (NIST), using procedures and processes ap
riate national standards body.

Frequency Aircraft Tests:

requency aircraft tests are used to measure.transfer functions of in
nt voltage or current relative to the currentinjected into the aircraft.
cy-domain transfer functions are multiplied by the appropriate light
ment spectrum, and Inverse-Fourieptransformed to produce the re
lightning response. Swept frequency aircraft tests typically use lov
n current, and the transfer funetions, including amplitude and phase
ed using vector network analyzers.

Setup: The aircraft and return conductor arrangement is set up as
Since the swept frequency aircraft tests do not generate high volt

conductors should be chosen for current distribution uniformity, ng

hts, such as
dards

ional Institute
proved by the

duced

The

ning

sulting time-
v amplitude
2, are

Hescribed in
nge between

rcraft and return-cohductors, the separation distance between the aircraft and

t voltage

off requirements. Preferably, the impedance of the generator sho

by te
with

Id be matched

minations of similar impedances at each end on the aircraft. If it is|not possible
is aprangement to drive sufficient current through the aircraft to obtain suitable
urements at low frequencies (i.e. below one MHz) the remote extregmity of the

mea{

aircrdft-may be terminated in a short circuit to the return conductor arrangement. A

sketc

h of a general test setup is shown in Figure 20.
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6.1.5.1

6.1.5.2

Ground Plane

T

Fiber Optic
Transmitter

////

DJ

RF OUT REF TEST

Fiber Optic
Receiver

rk Analyzer / Signal Source

FIGURE 20 - Swept Frequency Test)Setup

(Continued):

t frequency tests use relatively low current, which develop relativel
s joints or other interfaces that could;potentially arc during natural |
s. Because of this, it may be necessary to use low-impedance jum
and interfaces to simulate the<expected lightning current paths. Fd
bl surface actuators may be-non conductive at low amplitude test ¢
conduct during full threat-lightning strikes. If the actuator control or
br system transients are being measured, one test configuration ma
brs across the actuator.

Swef
acros
strike
joints
contr
may
sens(
jump

Test Waveforms: Swept frequency tests use low amplitude sinusoidal ¢
injected at an airgraft attachment point. The current is frequency-swept
stepged in a defined frequency range. The frequency range needed to g

mechanisms between the airframe injected current and the internal area
aircrdft;and the interaction with wires in the aircraft. But in general, the

Connection
between
helicopter and
ground plane

low voltages
ghtning
pers across
r example,
irrents but
position
y incorporate

irrent that is
br frequency-
haracterize
ing

5 of the
owest

Iightrjing induced transients depends somewhat on the aircraft, the coup

frequency of the range should be of the order of 100 Hz to determine the diffusion and
structural voltage characteristics. The highest frequency should be on the order of 50

MHz, to determine aircraft and wire bundle resonance effects. Coupling

and resonant

effects above this frequency are not significant for lightning because the lightning
environment spectra are decreasing at 40 dB per decade at these frequencies.
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6.1.5.2

6.1.5.3

(Continued):

The injected current amplitude should be high enough to measure transfer functions
with adequate signal to noise ratio. The injected current with a given RF power
amplifier output power rating will vary with frequency. The injected current will be high
at low frequencies where the aircraft and return conductors have low resistance. At

higher frequencies, the injected current will decrease as the inductive im
the aircraft and return conductor circuit increases. Through the aircraft r
injected current will vary widely.

pedance of
esonances the

Instrymentation: A swept- or stepped-frequency signal generator is the
sourde. The signal generator output is typically amplified by a widesban
amplifier to produce the current injected into the aircraft at one attachme
RF ppwer amplifier must operate into a highly mismatched load;'since th
of thg aircraft and return conductors typically is low-resistance and indug
frequencies, but then varies widely through the airframeirésonances.

A current transformer is installed on the conductorthat connects the out
power amplifier and the aircraft. This current transformer is connected t
refergnce channel of the network analyzer, which measures the injected
somg cases more than one current transformer may be used, to provide
operating bandwidth for the frequency span of approximately 100 Hz to !

The test probe is installed to measure’shield current, wire current or wirg
depending on the desired transferfunction. The test probe may be a cu
transformer or voltage probe,and once again, more than one probe may
singl¢ test point to provide adequate operating bandwidth and sensitivity]
entirg frequency range.

The measurement instrument is typically a vector network analyzer that
amplitude and phase of the test probe relative to the reference current in
Most|vector nétwork analyzers use phase-locked detectors, narrow mea
bandwidth, and repetitive sampling to assure adequate signal to noise a

current

i RF power
nt point. The
e impedance
tive at lower

put of the RF
b the
current. In
adequate

b0 MHz.

voltage,

rent

be used for a
over the

measures the
jection probe.
surement

nd dynamic

[ be taken that

range. Inthé case where a current transformer probe is used, care mus
the measurement not be influenced by the insertion impedance, especia

lly at the low

frequency part of the spectrum.

Wide-band analog fiber optic links are often used to connect the current
probe to the network analyzer. A short coax cable is then used between

or voltage test
the test probe

and the analog fiber optic transmitter. The output of the fiber optic receiver then drives
the network analyzer input. The fiber optic link eliminates unwanted current on the test
probe wires between the aircraft and the instrumentation. These currents can be a
significant source of measurement noise. The analog fiber optic link must have
operating bandwidth the same as the desired transfer function bandwidth.
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6.1.5.4 Measurement and Data Recording: The induced transient responses are measured
as transfer functions relative to the input current at the attachment point of the aircraft.
As such, the transfer function is independent of the lightning current component. It
can be used to determine the induced transient response on aircraft wiring by
multiplication by the A, D, D/2, or H frequency spectrum and inverse-Fourier

transforming the product. It is very important that data is taken at enoug

points to accurately characterize the frequency-domain transfer function.

data must be well sampled in frequency to capture the transfer function.

h frequency
That is, the
This

generally reqwres fewer data pomts at low frequency (20 to 50 pomts per decade)

An important part of swept frequency measurements is the instrumentati
calibdation. This is not the individual test equipment calibration, but an €

meagurement of the probes, interconnecting coax cables, and amplifiers,

calibrjation characterizes the frequency dependent:tesponses of the prol
network analyzer, and amplifiers. The calibrationtransfer function Hc(f)
repeated for each probe and measurement configuration, and the results
that these responses can be extracted from the desired test point respor
amplitude and phase data should be measured for the calibration transfe
that lpss (or gain) and line length effects can be compensated for in the
transj|ent transfer functions.

The test point response transfer-function H(f) is the ratio of the test poin
X(f) tp the injection current Kf)So that:

_ X0
Hr (f) = i

wherg:

H(f)’= the test point response transfer function

yv-more data
nction

on system

nd to end
This

es, wires,

should be

5 stored so

ses. Both

br function, so

hircraft

t response

(Eq. 1)

X(f) = the test point response

I(f) = the injection current
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6.1.5.4

(Continued):

This test point response transfer function must be corrected to remove the amplitude
and phase characteristics of the probes, wires, network analyzer, and amplifiers. The
corrected transfer function Hrc(f) is:

Hr(f)
He(f)

Hrc (f) =

(Eq. 2)

wherg:

K
K
K

The ¢
recor
magn
versu
frequ
funct

Syste
funct
trans
trans
aircrg

Noise
disco
unba
conn

Hrc(f) = the corrected test point response transfer function

H-(f) = the test point response transfer function

ic(f) = the correction factor

ata set for a swept frequency test point consists of transfer functio

bncy data points to be specified in\frequency ranges such that the
on measurement will be well sampled.

m noise transfer functions.:should be measured for each type of lig
on measured, in each general measurement location of the aircraft
er functions for shield-or wire currents are typically measured with

ft location. The-eurrent transformer should be isolated from the air:
transferfunctions for wire voltages are typically measured with the

hnected-from the aircraft test point and grounded to the voltage pro
anced, common-mode voltage probes, the voltage probe shield sh

data

Hed as frequency, magnitude, and phase.CThe data set may be plgtted as
itude (usually in dB) versus frequency, 0h a logarithmic frequency gcale. Phase
s frequency can also be plotted. Modern network analyzer allow th¢ number of

ntire transfer

ntning transfer
Noise
he current

ormer removed_ ffom the shield or wires, and placed adjacent to thg wires in that

craft structure.

voltage probe
be shield. For
puld be

pcted to the same aircraft reference point, such as structure, that w

Bs used during

the test point transter tTunction measurement.
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6.1.5.5 Measured Data: Typical measurement types consist of the following:
(1) Measurement system calibration transfer functions Hc(f)
(2) Wire bundle shield current transfer functions
(3) Individual wire voltage transfer functions

(4) Individual wire current transfer functions

(5) Vpltage noise measurement transfer functions

(6) Current noise measurement transfer functions

(7) Input Impedance for each attachment configuration
(8) Aperture or structural voltage transfer functions

(9) Surface current density transfer functions.

A current amplitude transfer function is shown in Figure 21, along with th
noisg amplitude transfer function.

e related

1.E+00
| 1.E-01 :
5 _.\ Test Pqint Respanse
9 |1.E-02 \\
c S ——
:
S |1E03 A,
g Noise Response \
% L{E-04 i
<
o
-
1.E-05 w
1.E-06
Frequency (Hz)

FIGURE 21 - Transfer Function Example
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6.1.5.6 Data Processing: The transfer function data must be processed to determine the time-
domain pulse response transients for each test point. Each transfer function is

6.1.5.7

multiplied by the lightning current component frequency spectrum. This
then inverse-Fourier transformed to determine the pulse response. The

product is
lightning

current frequency spectra generated at the same frequencies as the measured

transfer functions simplify the multiplication.

The inverse Fourier transform must have high fidelity to deal with the wide frequency
bandwidth (over five decades), and large dynamic range of the transfer functions.

Typigatty;

precision, and must handle unequally spaced frequency samples in the
function. Many commercially available Inverse Fourier transform eampu
routines are based on Fast Fourier Transforms (FFT) geared to repetitiv

umerical
ransfer
ational

b signals, with

unifofmly spaced frequency samples. These may be less suitable for trgnsforming the
transfer functions than special purpose integral Fourier transform routings. The

selected inverse Fourier transform routine should be validated with analy

functions that have similar characteristics, including frequency sample s
transfer functions that will be measured.

Additjonal processing may be performed to correct the data for aircraft c
distribution effects caused by the return conductor configuration, or for a
termipation impedance mismatches. Corrections are usually made by ¢

tical transfer
bacing, as the

rrent
jrcraft
bmbining the

meagured transfer function with an analytically generated transfer function.

Data|Assessment: Interpretation-of the transient waveforms derived from swept

frequgency transfer functions is done by comparing these ATLs to the ET

unceftainties. The data may also be processed to account for any differ:
betwgen the test return.conductor/aircraft current distribution and in-fligh
distrifpution.

The measured transient waveforms are commonly more complex than the

DLs and

ining whether the requirements are being met considering margins and

Bnces
it current

standardized-waveforms, and may need to be approximated by a combination of two

or magre standardized waveforms. Figure 22 shows an example of the a

bpropriate

peak|lévels that would be recorded relative to the standardized waveforms.
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6.1.5.7

Waveform 3 Amplitude

——————— Waveform 4 Amplitude

\ Measured Waveform

Voltage Amplitude

0 5 10 15 20

Time (microseconds)

FIGURE 22 - Example for Establishing Transient Levels of Standard Wav
(Continued):

The measured transfer functions should be'compared to the appropriate
function. The measured transfer function'should exceed the noise trans
a faclor of 2, or 6 dB, over the desired frequency range. If the measured
function does not exceed the noise. transfer function over the entire freqy
then the measured transfer function and noise transfer function should b
into the time domain and again’compared. Here the transformed measu
exceed the transformed noise by a factor of two, or the transformed nois
factor of ten lower than'the TCL for that test point.

cforms

noise transfer
fer function by
transfer

ency range,

e transformed
rement should
e should be a

The drive point impedance of the aircraft and return conductors should be assessed.

The quarter-wavelength resonance of the aircraft (or %2 wavelength reso
termipation.impédance is used) and return conductor for that attachmen

hance if a
configuration

should beg‘abvious and near the frequency calculated for that current path length. If

there|areother resonant effects that show up at frequencies below the q

uarter-

wav Cllgth 1esSurNarive, thCIC Iriay bc ;Iltclabt;ull Il‘JCtvchIl thU d;lbl dft, T
conductors, and nearby conductors, such as the facility ground system,

urn
hangar

structures, or reinforcing bars in the floor. These effects may be mitigated by changing

the location of the connection between the return conductors and facility

ground, or by

terminating the return conductors to facility ground with matching resistors.
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6.1.6 Pulse Test: Aircraft current pulse tests are used to measure induced transient voltage or
current waveforms and amplitude. Current pulse tests with amplitudes less than the
defined component A, D, or H are acceptable, because comparisons between
measurements from full amplitude aircraft tests and lower-amplitude tests show
reasonable agreement if appropriate scale factors are used. Pulse test waveforms with
peak current amplitude in the range of 1 to 20 kA are typically used. Occasionally, tests
at higher test current amplitudes may be applied. Full amplitude component A, D, or H
waveforms are usually impractical and may cause damage to the aircraft and/or
equipment.

6.1.6.1

Test
unpo
setup

Howe
then

to be
need
exter
powe
no ad
This

perfo

Setup: Aircraft current pulse tests are normally conducted with sys
vered if reduced current amplitude pulses are used. A sketch\of a
is shown in Figure 23.

ver, if moderate to high amplitude component A, D, orH waveform
he aircraft may be tested with the systems operating to enable sys
monitored, necessitating the use of external power. External powsg
bd to enable some measured circuits to be representative of flight
nal power (either electrical or hydraulic) must-be connected to the 3
r sources must be connected to the aircraft in such a manner to en
ditional conducting or flashover paths.to-the return conductors or tq
needs to be verified by making comparisons between transient mez
'med with and without external power. These external power sourg

electrical isolation that will withstand'the maximum voltage levels appea

the p

Curren
Geng

LIlse generator, aircraft and feturn conductor circuit.

t Pulse
rator

AN
§vv

ems
general test

S are used,
em responses
r may also be
onditions. If
ircraft, these
sure there are
 local ground.
surements

es must have
ing between

Connection
between
helicopter and
ground plane

Ground Plane

T Fiber Optic Isolated
Monitoring Transmitter Power Supply
Instruments
(For Powered
Aircraft Only)

Fiber Optic
Receiver

FIGURE 23 - Pulse Test Setup
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6.1.6.1

6.1.6.2

(Continued):

The current pulse generator should incorporate series resistance between the pulse
generator and the aircraft to reduce pulse generator switching noise, and to provide a
consistent impedance for the pulse generator. Resistance of one to 2 Q is typical.

A wire connects the current pulse generator and the aircraft at one lightning
attachment point, and the return conductors and aircraft are connected at the other
lightning attachment pomt for the selected attachment conflguratlon Th

s ailerons may have arcing between the extremities of the aileron

adjagent wing structure, particularly if the actuators and hinges are not Iq
i . If the actuator control or position sensor system transients are
measured, one test configuration.may incorporate jumpers between the

outbqgard end of the aileron and the adjacent wing structure.

Test

te the expected lightning current paths. For:example, large contrg

aveforms: The pulse generator should produce the standard test

e return
rstribution. The
*nough to

for the

nts or other

guse of this, it

faces to

| surfaces
and the
cated at the

waveforms,

so that measurements can be-extrapolated linearly to the appropriate component A, D

or H waveform as defined in ARP5412/ED-84.

Itisi
extrapolation process:

The defined components A, D, and H are double exponential waveforms.

portant to try to-ebtain the correct test current waveshape to facilifate the

These

idealized waveforms have maximum current rate-of-rise at the initiation ¢f the

waveform;>Practical pulse generators cannot instantaneously turn on th
There may be traveling wave currents superimposed on the test current

b current.
due to

mismatches in the transmission line associated with the aircraft and test

current return

conductors. The peak rate of rise during the turn-on switching should be accurately
characterized, since this may dominate the induced transient response for aircraft

circuits.
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6.1.6.3

Instrumentation: A high-voltage current pulse generator is the current source. Pulse
generators with peak current amplitude in the range of 1 to 20 kA are typically used. A
current transformer or current viewing resistor should be installed on the conductor
that connects the output of the test current generator to the aircraft. For some high
voltage pulse generators, the current transformer or current viewing resistor may be
installed in the connection between the pulse generator and the return conductors to
minimize the voltage that the probe is exposed to. The pulse generator current
monitor probe system should have effective bandwidth of 100 Hz to 50 MHz and

suffic

ient i*t product capability.

The t
depe
trans
Sincs
trans

on single test point on subsequent pulse tests, to ensurethat the approp

respd

The t
trans
recor
be 10
repet
oscill
highg

digital storage oscilloscope should sample at 100 to 200 million samples

The g
near
stora
band
to the
oscill
cable

st probe is installed to measure shield current, wire current or wirg
nding on the desired transient response. The test probe may be a

a single probe may not have adequate bandwidth to capture all pa
ent responses, a low frequency probe and a high frequency probe

nse is recorded.

ransient measurement instrument is typically:a digital storage oscill
ent digitizer. The oscilloscope or digitizerfshould have adequate b
1 the appropriate transient response. .The effective operating band
0 Hz to 50 MHz. Many digital storage oscilloscopes specify their b
tive waveforms, not single transients. Therefore, the digital storagg

st frequency response anticipated. So for a 20 MHz resonance the

igital storage oscillescope or transient digitizer may be installed in
the test point being/measured. The coax cable from the test probe
je oscilloscope ‘or transient digitizer should be short and well-shielg
analog fiber optic links may be used to connect the current or volta
digital storage oscilloscope or transient digitizer. Then the digital
Dscopesor transient digitizer may be located outside the aircraft. A
is then used between the test probe and the analog fiber optic tran

voltage,
current

ormer or voltage probe, with bandwidth appropriate for the@nticipated response.

ssible
may be used
riate transient

pscope or a
hndwidth to

width should
andwidth for

D
e

bscopes should have sample rates that are five to ten times faster than the

digitizer or
second.

the aircraft
to the digital
ed. Wide-
ge test probe
storage

short coax
smitter. The

outpu

t‘efithe fiber optic receiver then drives the digital storage oscillosca

pe or transient

digitizer input. The fiber optic Tink eliminates unwanted current on the test probe wires
between the aircraft and the instrumentation. These currents can be a significant
source of measurement noise. The analog fiber optic link must have operating
bandwidth the same as the desired transient response bandwidth.
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6.1.6.3

6.1.6.4

(Continued):

Care

must be taken to shield the measurement system from radiated and conducted

noise. The measurement system should be placed in shielded enclosures to minimize
the coupling of extraneous noise in the instrumentation. The measurement system

shoul

d also be positioned adjacent to the measurement location and grounded to the

airframe as close to the measurement location as possible. The auxiliary power

suppl

ied to measurement devices in the shielded box should be filtered using feed-

through filters mounted on the side of the box. To avoid ground loops, the ac or dc

pow
trans
Meas
meas
small
on wi
split ¢

Meas
as th
of tra
curre

Systs
trans
respg
trans
aircrg

Noise
disco
unba
conn
the tg

r-shoutdbe pluvidcd tinuugil applupliatc ibuiatillg devices (U.g. S ating

ormers for ac sources or inverted and filtered power from dc sources).

urement leads for the voltage and current probes should be shielded. Probes to
ure differential voltages should be chosen for their electricalycharagteristics and
physical size for use in confined areas. Currents on individual conductors and

re bundles can be measured by the use of current transformers, pr
ores that would not disrupt installed harness arrangéments.

urement and Data Recording: The induced transient responses ar

hsient response data recorded as amplitude versus time, and the a
Nt.

m transient noise responses should be measured for each type of
nses for shield or wire currents are typically measured with the cur

ft location. The current transformer should be isolated from the air|

anced, common-mode voltage probes, the voltage probe shield sh
pcted to the'same aircraft reference point, such as structure, that w
st point-response measurement.

b test current is applied to the aircraft. The ‘data set for a pulse test

eferably with

e measured
point consists
pplied test

ightning

ent measured, in each general'measurement location of the aircraft. Noise

rent

ormer removed from the-shield or wires, and placed adjacent to the¢ wires in that

craft structure.

responses for wire' voltages are typically measured with the voltage probe
hnected from the“aircraft test point and grounded to the voltage prgbe shield. For

buld be
as used during
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6.1.6.5 Measured Data: The following are typical measurements:
(1) Wire bundle shield current
(2) Individual wire voltage
(3) Individual wire current

(4) Voltage noise

(5) Current noise

(6) Drive current

(7) Aperture or structural voltage
(8) Sprface current.

Typidal transient voltage and current responses in-interconnecting wiring experiencing
the effects of the lightning current componentA-current in the airframe are shown in
Figurg 24, Figure 25 and Figure 26.
Figure 24 illustrates that measured transient waveforms are commonly more complex

than the ‘standardized’ (waveforms™;2, 3, etc.) used to represent such |nduced
transjents.
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FIGURE 24 - Typical Conductor Open Circuit Voltage Due to Current Component A
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FIGURE|25 - Typical Wire Bundle Short Circuit Current Due to Current Comjponent A
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FIGURE 26 - Typical Conductor Short Circuit Current Due to Current Component A
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6.1.6.6 Data Processing: If the test current waveshapes are the same as those defined for
components A, D and H as defined in ARP5412/ED-84 then the measured pulse
transients should be extrapolated by an extrapolation factor which is the ratio of the full

threa

t current amplitude to the test current amplitude.

If the defined test current waveshapes A, D, or H have not been duplicated then the
dominant coupling mechanisms applicable to each of the measured transients must be
determined. This will determine whether the induced transient response should be
scaled by peak current, peak current rate-of-rise or integral of current. Some induced

trans

For eEampIe, many transient responses show significant structural resist

apert
and f
shou
6.1.6.7 Data
that ¢
resor
syste
frequ
aircrg

The 1
meas
meas
lower

Volta
than
be ssg
but re

6.2 Tests for

These te

Lire contributions, so the scaling would be dependent on both peak
eak current. In such cases, a more exact method such as.Fourier
d be used, rather than simply multiplying by a single scale factor.

Assessment. The induced transient responses should be reviewed
amped oscillatory responses are actually related to the aircraft, an
ances due to interaction between the return conductors and the faq
M, hangar structure, or floor reinforcing bars.~Any resonances whig
ency lower than that appropriate to the quarter-wavelength resonar
ft should be investigated and accounted-for.

heasured transient responses should be compared to the approprig
urements. The measured transiént response should exceed the n¢
urement by a factor of two.~Or, the measured noise should be a fa
than the TCL for that testpoint.

ges and currents induced in aircraft wiring are several orders of ma
he injected pulse\currents. This means that the measurement inst
nsitive enough to’'measure relatively low level test point voltages a
ject high amplitude undesired magnetic and electric fields and grot

Equipment/Systems:

ne parameter.
ance and

rate of rise
analysis

to ensure
i are not
Cility ground
th are at a
ce of the

te noise
Dise
ctor of ten

gnitude lower
ruments must
hd currents,
nd currents.

s5t-methods and procedures apply transient voltage and current wav

eforms to

verify the capability of individual items of equipment or systems compromised of more
than one piece of equipment interconnected with wire harnesses to withstand effects of

lightning

induced electrical transients.

Two types of tests may be used for systems/equipment qualification or engineering
evaluation. The first is a damage tolerance test that is usually conducted using the pin
injection method, but sometimes conducted using the wire bundle method, to verify that
circuit elements within a piece of equipment can tolerate the applied transients without
damage. The second group of tests evaluates the functional upset tolerance of systems
usually comprised of more than one item of equipment when single stroke, multiple stroke
and multiple burst transients are applied to interconnecting wire bundles.
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6.2.1

6.2.2

6.2.3

Equipment Damage Tolerance Tests: The procedures for damage toleran
individual items of equipment are addressed in DO-160/ED-14, Section 22

ce tests of
, and not here.

Equipment Functional Upset Tests: The procedures for evaluating functional upset to

individual items of equipment due to the single stroke, multiple stroke and

multiple burst

environments are also described in DO-160/ED-14, Section 22, and are not addressed
in this document. Tests that evaluate the susceptibility of systems comprised of more
than one item of equipment to functional upset due to the single stroke, multiple stroke

and multiple burst environments are described in 6.2.3.

Systen] Functional Upset Tests: When evaluating systems with multiple‘b
particularly systems with multiple channels or integrated functions such as|
and Fly}-By-Wire flight controls, it may be necessary to simultaneously inje
wire bundles to ensure that all aspects of the system are excited/in a mant
represgnts what the system would experience in the actual installation. Si

undles,
FADEC, IMA,
ct on multiple
ner that
multaneous

injection is accomplished by ground injection at the LRU(s)<r by simultang¢ous

transfofmer injection on the individual bundles.

The wdrst-case situations, represented by the highest amplitudes of induc
and cufrents, should be represented during the simultaneous injection test
the sysfem is built with a reconfiguration process in case of failure, it is imf
all conjtgurations or to test at least the most,critical configurations includin
and last available (with all redundancies-off) configurations.

Alternative approaches to simultaneous injection can be used if the resultz
addressges the potential susceptibilities of the systems. For example, a md
system|may only test harnesses associated with one channel if the systen;
for single channel operation,yassuming that any susceptibility that occurs ¢

bd voltages
sequence. If
portant to test
j the normal

nt test

Itiple channel
is configured
n the single

active ¢hannel will affegt\all channels the same. It should be noted that altlernative

approaghes that simplify’the test configuration could result in failure condi
not be present in theactual installation.

Some aircraftthave systems that incorporate separate redundant control o
chann€lls, and’the aircraft operating procedures allow dispatch with one or|

ons that may

F data
more

channgls-inoperative. For example, some full authority electronic engine g

ontrols allow

dispatch with one engine control channel inoperative under time-limited dispatch (TLD)
procedures. For these types of systems, the system test should include configurations
with the channel inoperative according to the TLD procedures. So the system
configurations for the tests should include the normal full-up operating configuration and

the TLD channel inoperative configuration.
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6.2.3

6.2.3.1

6.2.3.2

(Continued):

It is important to note, that the test procedures and test set ups outlined below are
general in nature and therefore must be adapted to fit the system under test. Lightning
current generators may not be able to simultaneously inject currents on multiple bundles
when the sum of the individual bundle current levels exceed DO-160D/ED-14, Section
22 Level 5 wire bundle levels. In such cases, a limited multiple injection test, at the
highest level possible for the lightning generator, should be accomplished. The multiple
injection test should then be followed by individual single bundle testing to the required
levels. i i i i ecertifyt uthority.

U AaAJPTUd UUTU DT UUTU AaAlCU W V U A

Test Purpose: The primary objective of system functional upset tests is fo verify safe
performance during and after exposure to the induced effects of the Single Stroke,

Multiple Stroke and Multiple Burst lightning environments as, défined in ARP5412/ED-
84. Tests described in this section are applied most frequently to systems comprised
of myltiple items of equipment providing display or conirol functions.

Test Pbject: Ideally, the test object, i.e. the systemiunder test, should contain all the
pieces of equipment and interconnecting wire bundles. A piece of equipment may be
omitted if its function can be represented by a-simulated input, dummy Igad or be
interfaced with a diagnostic equipment as long as such a substitution dogs not affect
system susceptibility to a lightning relatedupset. Any substitution of system
equigment should be analyzed for its effect on the system under test, documented in
the tgst procedure and approved by:the certification authorities prior to cpnducting the
test.
Power should be supplied through line impedance stabilization networks| (LISNs).
Further guidance on LISNs characteristics are found in DO160, Section 22, paragraph
22.4 p(2) or ED-14, paragraph 22.4 b(2). If the aircraft power sources afe protected
from |ightning-indueed-transients by transient protective devices, similar [protective
devices must be-installed across the output of the power source(s) for thie test
becatyse these devices influence the magnitude of transient voltage and|current that
may appearat system equipment power inputs during the test. Other sgrvices such as
presgurized-air, hydraulics, temperature and speed sources may also be required to
enable-the tested system to operate in a realistic manner.

Software must be capable of exercising all the functional aspects being tested and
with appropriate configuration control and validation.

The system should be operated and tested in appropriate modes representing all flight
conditions unless a worst case mode of operation can be justified.

Details of elements included in the tested system, simulations, power and other inputs,
operational modes should be included in the test procedure.
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6.2.3.3

Test Setup: The system should be arranged on the test bench so that test
currents/voltages can be injected to flow in the same general path as it would happen
in the system when installed in the aircraft during a lightning strike. In some cases, it

is possible to conduct these tests on systems installed in an aircraft or o

n an engine.

o System Configuration - Control of wire configuration, wire length, system layout
and system grounding should be commensurate with applicable installation control
drawings as discussed in this section and the guidance in ARP5413/ED-81.

E

cpnnections to equipment, the terminal should be connected to the-t
ground plane to ensure that the equipment is grounded in a manner
alrcraft installation and that the equipment operates properly@nd in
dlring the test, unless otherwise specified in the test procédure. Th
cpnnections defined in the aircraft installation instructions 'should be

¢ Irfterconnecting Wiring - All system interconnecting wiring should be

as follows:

(1) Wire length

(2) Wire shielding

(3) Wire type and size
(4) Shield terminations

(8) Harness connectors

st bench
imilar to the
afe condition
length of the
used.

n accordance

with the applicable wire harness specification, installation and interface control
drawings or diagrams. Important features to be represented in the test setup are
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6.2.3.3

6.2.3.4

(Continued):

Where practical, actual wire harnesses and connectors intended for the aircraft
installation should be used. If bulkhead connectors and/or intermediate connector
breaks are included in the system, these should also be included in the test set up
or their effects accounted for. For practical reasons, if used, these connectors may
be deliberately not grounded to the test bench in order to achieve the desired
current distribution on both sides of the connector. Where it is not practical to
include aircraft wire harnesses in the test setup, other wire harnesses or shield

a fmitar i sponses when
stibjected to the test currents and/or voltages specified in the test.procedure. For
example, if a very long aircraft harness is to be represented but\is ngt available or
practical to test because its impedance would prevent injection of the required

the corresponding shielded conductor transient level. Inthese caseg, similarity of
the resulting core wire transients to the levels and waveforms that would be
uced by the applicable test current in the aircraft\wire harness(es) should be

This analysis should be included in the test procedure and approved|by the

The test procedure should explicitly state;whether the transient is to be gpplied to the

of the core wire or to the core wire itself with adjusted transient leyels and/or
orms.

Test Waveforms: System functional upset tests are usually performed with designated
trans|ent test waveforms and levels for Single Stroke, Multiple Stroke and Multiple
Burstiwaveform set test applications. Specific transient waveforms and [evels and

waveform set sequences should be described in the test procedure.

When the harnesses are comprised of combinations of shielded and unghielded
conductors the test procedure will usually provide for voltage and current levels and

limits| as follows:

When all conductors are unshielded, and there are no interface protection devices
(i.e. when all conductors have high impedance to ground) the intent of the test is to
drive the test voltage in the unshielded wire bundle(s). Therefore a current limit
may not be needed since the test voltage level will be achieved. This voltage level
is established by measurement or analysis in the system harness installed in the
aircraft.

When some conductors have low impedances (e.g. shielded, or protection
devices) and others high impedances (e.g. unshielded) there should be a test
current level and/or a test voltage level with corresponding voltage and current
limits respectively.
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6.2.3.4

(Cont

inued):

¢ When all conductors are shielded or when there are protection devices in all of the
circuits (i.e. low impedances to ground) then the intent of the test is to drive the test
current in the shielded wire bundles. Therefore, a voltage limit is not relevant since

th

e test current level will be achieved. This current level is based on

measurements or analysis of actual transients in system harnesses installed in the

ai

rcraft, which is the basis for establishing the system test condition.

Simu

Simu

accomplished by wire bundle induction or ground injection. Wirgbundle
5 for the induction of current and voltages on particularpartions of the system

allow
bund
equig
impe
Wavg
typica

Figur,
respg

taneous Harness fmjections:

taneous injection onto several bundles or branches of wire bundles

es. Ground injection applies currents and voltages tothe case or ¢
ment under test and allows the current to flow throeugh the bundles
Jances of the bundles. Wire bundle injection is¢dormally used to af
forms 2 and 3 to the system wire bundles. Ground injection techni
lly used with Waveforms 1, 4 and 5.

ctively.

Lightning
Waveform
Generator

Current Current

is typically
injection

ases of
based on the
ply

ques are

e 27 and Figure 28 show typical transformer and ground injection test setups,

Flow Flow
Equipment I Equipment Equipment

Under Test _ Under Test I_ —I Under Tes

Test Bench and
Ground Plane

FIGURE 27 - Simultaneous Injection Using Transformer Injection
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Lightning
Waveform
Generator

Current
Flow Current

Equipment b

Under Test Equipment
Under Test

Equipment
Under Test

Ground Plane

FIGURE 28 - Simultaneous Injection Using Grodnd-Injection
6.2.3.4 (Coniinued):

The magnitudes of test voltage/current injectedinto each branch of a system may be
contrplled by varying the following test parameters:

e The transient generator parameters

e The turns ratio of the injection\transformers on each harness branch
e The impedances betweenequipment and the test bench

o The locations of the.injection transformers

The test procedure may specify the test voltages/currents be injected intp major

harnegsses at specified levels, and that the injected currents divide naturally in
accorEance with harness branch impedances. Alternately, the test procédure may

specify thetamount of voltage/current to be injected into each branch of {he tested
system:

Individual Harness Injections:

Individual harness tests are applicable to systems with one interconnecting harness or
in those cases where simultaneous harness injection is not possible. Specific
procedures for performing individual harness injection are addressed in DO-160/
ED-14.
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6.2.3.4

6.2.3.5

6.2.3.6

6.2.3.7

(Continued):

Tests should be applied individually to each bundle at its assigned test and limit levels
(if applicable). If some bundles are routed to a common location such that common-
mode threats are typical, then the current limit of each bundle should be added
together. The voltage limit would remain the same.

Power conductors may conduct lightning-induced transients from different locations in
the aircraft. Thus they frequently are assigned different test levels from other

harnemmmmmmw be tested as
part of the bundle if they have not been assigned a different ETDL than’{he cable

bundle(s). Power conductors may also need to be tested in differential mode as well
as cgmmon-mode since power conductors are often distributed throughqut the aircraft
and transients will appear line-to-line as well as between both{power and return)
condyictors and the local ground.

Meadurement and Data Recording:
e Photographs and description of each test setup.

e Photograph or plots of each test configuration, including waveforms, voltage
amplitude and pulse shape/characteristics.

J ecords of dates of testing, persennel performing and witnessing the tests, and
tgst location.
. ecord of any deviations-from the test procedure.

i current
amplitude, and waveforms, pulse shape/characteristics and adverse |effects (if

Test ms due to the
singlé bscribed in
DO-1 —Section22 and-are-not-addressed-in-this-docy

Data Interpretation: The test results shall be evaluated with reference to the pass/fail
criteria which are derived from the SSA and specified in the test procedure.
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6.3 Wire Bundle Shield Transfer Function Test:

Shield or overbraid transfer functions may be required for the following purposes:

ETDLs were based on unshielded wire bundles.

must

With wirg

on wires
wire bun
bundle s
measure
used cor
measure
intended
bundle c

Two test
bundle.

typically
injection,
open cirg
response
swept fre
analyzer
measurir
response

be used instead.

iveness of the shield or overbraid.

within a shielded wire bundle can be calculated fora given shield ¢
lle shield transfer functions quantify the effectiveness of the shield.
nield effectiveness is frequency-dependent, so.if the transfer functid
ment is done in the time domain this measurement is valid only if th
responds to the intended wire bundle current waveform. If frequend
ments are performed it should be ensured that the frequency range
wire bundle transfer function test covers the spectrum of the inten
irrent waveform.

methods may be used to determine shield transfer functions of a sl
Shield transfer functions’indicate the relative attenuation of the shig
expressed as the attenuation as a function of frequency. One meth
is conducted by inje¢ting a lightning pulse on the wire bundle and

uit voltage and shert circuit current coupled into the internal wires.

s are then used 'to determine the transfer function. The second me
quency measurements, injecting currents of a few amperes from a
or similar source through an amplifier, onto the shielded wire bundl|
g thercaupled responses into the internal wires. The result is the
voltage or current to the drive current as a function of frequency,

indicates

the shield transfer function. Figure 29 shows an example of shiel

bundle shield transfer functions, the open circuit voltage and short

]

If the aircraft ATLs were determined based on the wire bundle shield current, and the

If the aircraft wire bundle is not available for a system test and a substitute wire bundle
In such a case the transients induced in the substitute wire

bundle. An
m test in place
shielding

circuit current

urrent. The
The wire

n

e waveform

by domain

of the

Hed wire

nielded wire
Id, and are
od, pulse
measuring
The

thod uses
network

e and

tio of the
hich directly
transfer

impedance, which is the ratio of the internal wire response voltage to the current on the

shield.
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FIGURE 29 - Wire Bundle Shield @ransfer Impedance Example
pd):

an actual aircraft wire bundle is used as the test article. In some ¢
e bundle may be tog long or too complex to use. Since the transfe
lle is a combinationof the transfer function of the shield (usually m
the frequency range) and the transfer function of the connectors (4
d in Q over thé.frequency range), individual tests can be done on a
d wire bundle and on a connector. The actual transfer function of

then be_determined by multiplying the shield transfer function by f
ngth.and adding twice the connector transfer function.

6.3.1 Wire B

100

ases the

r function of a
pasured in
sually

short section
he aircraft

he wire

nod:

ndle Shield Transfer Function Using Lightning Pulse Injection Metl

6.3.1.1 Test Purpose: The purpose of this test is to determine the shield transfer function of a
shielded wire bundle. The test is typically conducted with open circuit or short circuit
wire terminations at the wire bundle ends. The shield transfer function is estimated by
comparing the response and drive current waveforms.
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6.3.1.2 Test Object: The test object includes the wire bundle to be tested, and the appropriate
mating connectors for the wire bundle. The wire bundle may be single shielded (e.g. a
twisted shielded pair) for which the transfer function is the open circuit voltage or short
circuit current per unit ampere in the shield. Or it may be a wire bundle that is
comprised of several individual shielded wires together with other unshielded wires. In
this latter case, the transfer function may be defined as an individual conductor open
circuit voltage or short circuit current as a function of total wire bundle current.

In some cases, the test article can be a short section of shielded wire or a single

conn

In the
other

6.3.1.3 Test
grour
as sh
brang
unde
other
curre
sepa

Internal Wirg
Voltage Prob

b L L)
PCtor(seeo.o):

case for wires terminated with open circuits at one end and,short ¢ircuits at all

ends, the transfer function is referred to as the shield transfer'impe

Setup: The wire bundle under test should be positioned above a cq

dance.

nducting

d plane, supported approximately 50 mm above the/ground plane and connected

own in Figure 30. For a complex wire bundle withsmultiple branchg
hes should be kept separated. Only the two €ennectors for the brg
" test should be connected with the shield terminated to the ground

s, the
nch that is
plane. All

branch connectors should be isolated frem the ground plane so that the full

nt is applied to the branch under test. \The other branches should 4
ately.

Current*Sensing
RProbe

Internal Wire Drive Current Wire Bundle
Current Probe Probe Under Test

e tested

Oscilloscope

Short Circuit

Oscilloscope

s

p
Pulse Generator ’ }
N

o) Termination Test Bench and
CJ O Ground Plane

FIGURE 30 - Wire Bundle Shield Transfer Function Pulse Injection Test Setup
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6.3.1.3

(Continued):

A shielded enclosure with the appropriate mating connector should be connected to
the measurement end of the wire bundle and bonded to the ground plane. The
shielded enclosure should allow access to the connector pins either to short them to
ground for short circuit current measurements, or to measure open circuit voltage. At
the other end of the branch under test a shielded enclosure with the appropriate
mating connector should be connected and bonded to the ground plane. The
connector pins should be shorted to ground as shown in Figure 30. As an alternative,

the a
bond
syste
from

both

withir
shou
The
trans
100 H

The
is no

6.3.1.4 Test
100 A

6.3.1.5 Meaqg
B
T

0

Jtudi DyDtUIII LRU ITiay IUU bUIIIICbtUd dt tilib CIIUI Uf t; 1T biliUiUIUUI VViI
bd to the ground plane. However, this alternative should only bg\Us
M LRU circuit impedances are known over the frequencies of interg
b few kilohertz to a few megahertz. The test configuration and tern
bnds of the wire bundle should be identified in the test pr@eedure.
the wire bundle under test where the voltage and current will be m
d be identified in the test procedure.

oltage and current probes should have adequate bandwidth for the
er function. Typically the probe bandwidth ‘should extend from app
1z to 10 MHz.

robe bandwidths are different than for aircraft tests because in the
need to assess resonances.

Waveforms: Waveform 1 or'3-defined in ARP5412/ED-84 with a pe
to 1 kA should be used-for this test.

pnding resistance measurements before and after the test
ne actual.current amplitude and waveform injected on the wire bun

pencecircuit voltage and short circuit current waveforms measured o

e bundle and
ed if the

pst, typically
ination at

The wires

easured

anticipated
roximately

se tests there

ak level of

urement and Data Recording: The following data should be recorded:

i

e

n the selected

W

res within the wire bundle
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6.3.1.6 Test Procedure:

(1) Lay out the wire bundle and all test components and loads on the ground plane,
including ground straps, as specified in the test procedure.

(2) Disconnect all connectors at the branch ends except for the two connectors of the
branch under test.

(3) Connect the connectors for the branch under test as shown in Figure 30.

(4) S
b

(5) C
fq
g

(6) In

n

(7) G

6.3.1.7 Data
curre
simila
funct

Howsg
assey

Typig
curre
calcu
ratio

hort circuit the selected wires inside the shielded enclosure at one

onnect the voltage probe in the shielded enclosure at the®ther end

anch under test.

r shield transfer impedance measurements. Short cirCuit the selec
ound and install the current probe for current transféer function mea

ject the appropriate lightning pulse waveform:on the shielded wire
easure open circuit voltage and short circuit\current waveforms on

alculate wire bundle shield transfer function.

Interpretation: The shield transferfunction is determined by compz
Nt and the response. If the response waveform and the drive wave
r waveshapes, consideringthe time to peak and duration, then the
on can be expressed by the ratio of the peak response to the peak
ver, if the two waveforms have different characteristics, then a moi
bsment is needed,

nt rate of rise> Therefore the drive current peak rate of rise must bq
ate an appropriate transfer impedance factor. It is not appropriate
pf therresponse and drive current amplitudes for these types of resy

volta

currehtprobe must have adequate bandwidth to measure the drive curre

e response will reach its peak much sooner than the drive current.

end of the

of the branch
ted wire to
surements.

bundle, and
the pins.

ring the drive

form have

transfer
drive current.
e detailed

ally the voltage response for a wire in a shielded bundle is related fo the drive

used to
to use the
ponses. The
The drive

nt peak rate

of rise.

6.3.2 Wire Bundle Shield Transfer Function Using Swept Frequency Tests:

6.3.2.1

Test Purpose: The purpose of this test is to determine the shield transfer function of a

shielded wire bundle. The test is typically conducted with open circuit or short circuit
wire terminations at the wire bundle ends. The swept frequency tests directly measure
the shielding transfer function.
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6.3.2.2 Test Object: The test object includes the wire bundle to be tested, and the appropriate
mating connectors for the wire bundle. The wire bundle may be single shielded (e.g. a
twisted shielded pair) for which the transfer function is the open circuit voltage or short
circuit current per unit ampere in the shield. Or it may be a wire bundle that is
comprised of several individual shielded wires together with other unshielded wires. In
this latter case, the transfer function may be defined as an individual conductor open
circuit voltage or short circuit current as a function of total wire bundle current.

6.3.2.3

In some cases, the test article can be a short section of shielded wire or a single

conngctor (occ 6.3).

In the
other

Test Betup: The wire bundle under test should be positioned*above a c¢

grour

as shown in Figure 31. For a complex wire bundle withsmultiple branchg

brandg

undef test should be connected with the shield terminated to the ground

other

that the full current is applied to the branch under test. The other branch
tested separately.

case for wires terminated with open circuits at one end and,short (
ends, the transfer function is referred to as the shield transfer'impe
d plane, supported approximately 50 mm above the/ground plane
hes should be kept separated. Only the two €ennectors for the brg

branch connectors should be isolated frem the ground plane and I¢

tircuits at all
dance.

nducting

and connected
s, the

nch that is
plane. All

eft open so

es should be
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6.3.2.3

Drive Current
Probe

Wire Bundle
Under Test

Internal Wire
Current Probe

Current Sensing
Probe

Internal Wire
Voltage Probe

////////////////////////////////////////////////////////////////

. 7

Y

Test Bench and
Ground Plane

Short Circuit
Termination

Network Analyzer

s

B sy
== ) JJ

O
O

.

\

\.

FIGURE 31 - Swept Frequency Wire Bundle Shield Transfer Function Test Setup

(Continued):
A shi

blded enclosure withrthe appropriate mating connector should be cpnnected to

the m
shielq
grour

easurement end of the wire bundle and bonded to the ground plan
led enclosure should allow access to the connector pins either to s
d for shorf\Circuit current measurements, or to measure open circu

e, The
hort them to
t voltage. At

the o
matin

her end.of'the branch under test a shielded enclosure with the appfopriate
g conngctor should be connected and bonded to the ground plane| The
conngctor pins should be shorted to ground as shown in Flgure 31. As an alternative,
the a pre bundle and
bonded to the ground plane However, this alternatlve should only be used if the
system LRU circuit impedances are known over the frequencies of interest, typically
from a few kilohertz to a few megahertz. The test configuration and termination at
both ends of the wire bundle should be identified in the test procedure.

The wires within the wire bundle under test where the voltage and current will be
measured should be identified in the test procedure.
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6.3.2.3

6.3.2.4

6.3.2.5

6.3.2.6

(Continued):

The voltage and current probes should have adequate bandwidth for the anticipated
transfer function. Typically the probe bandwidth should extend from approximately
100 Hz to 10 MHz.

The probe bandwidths are different than for aircraft tests because in these tests there

is no

need to assess resonances.

Test

apprd
meas

Meagurement and Data Recording: The following data shouldde record

e B

C
(4) S
b

Naveformm—T e currentapptiedomthe bundte shoutd-besweptors
ximately 100 Hz to 10 MHz. If the frequencies are stepped, then‘u
urements points per decade.

pnding resistance measurements before and after-the test

thin the wire bundle, relative to the injected eurrent on the wire bur
b the shielding transfer function as a function of frequency.
Procedure:

by out the wire bundle and all test components and loads on the gr
cluding ground straps, as-specified in the test procedure.

sconnect all connectors at the branch ends except for the two cont
anch under test.

onnect the connectors for the branch under test as shown in Figure

hort circuit'the selected wires inside the shielded enclosure at one
anch’under test.

(5) G

tepped from
se at least 10

ed:

pen circuit voltage and short circuit current measured on the selected wires

dle. This will

bund plane,

nectors of the

31.

end of the

nnect the \/nlfngp pmhp in the shielded enclosure at the other en

of the branch

for shield transfer impedance measurements. Short circuit the selected wire to
ground and install the current probe for current transfer function measurements.

(6) Inject the RF Output on the shielded wire bundle, and measure open circuit voltage
and short circuit current waveforms on the pins.

(7) C

alculate wire bundle shield transfer function.
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6.3.2.7 Data Interpretation: The transfer function represents the ratio of the selected wire

voltage or current and the current injected on the wire bundle. This transfer function is
used to calculate the transient response of the voltage or current on the selected wire.
The spectrum of the actual wire bundle lightning current waveform, measured during a
full aircraft lightning test or calculated from an analytical model of the aircraft, may be
multiplied with the transfer function. The result of this product of the transfer function
and the wire bundle current waveform spectrum can then be processed through an
inverse Fourier transform to calculate the actual voltage or current transient on the
shielded wire within the wire bundle.

6.4 Shield/C

6.4.1 Shield/

6.4.1.1 Test
conn
6.4.1.2 Test
wire |
any g
meta
6.4.1.3 Test
and d
of the
of the
conn

pnnector Current Handling Test:
Connector Current Handling Test:

Purpose: This test is to verify the ability of a shield or @ connector (
pctor interface to conduct the lightning-induced currents.

Dbject: The test object may be a single shielded (e.g. twisted shiel
pundle shield, a connector (bulkhead and/or«mating), a shielded jun
ombination of these. The shields, connectoérs, and the junction box
lic or non-metallic material with or without metallic plating.

Setup: The wire bundle under testwill be mounted 50 mm above a
onnected at both ends to test fixtures representative of the bonding
shield to the fixtures or to the ground plane in an actual installatior
test setup are shown in"Figure 32 and Figure 33. The generator g
bcted to drive the required current from end to end of the wire shiel

br a shield to

ded pair), a
ction box, or
es may be of

ground plane
configuration
. Examples

hould be

.
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INTERFACE I
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MONITOR CURRENT
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—
O
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[ ]38
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FIGURE 32 - Harness Current Handling Capability*Test Setup - Wire Bundlg Injection

INTERFA(Q LOAD
BOX BOXK

I

MONITOR QURRENT
4 N
O
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O
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A
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N
O
0]
O

. w

.

FIGURE 33 - Harness Current Handling Capability Test Setup - Ground Injection
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6.4.1.4 Test Waveforms: Test current waveform (for details, see ARP5412/ED-84) should be
applied for this test.

6.4.1.5 Measurements and Data Recording: The following data should be recorded:

o Dielectric strength of wire insulation before and after test (dielectric strength of
insulation can be obtained either from wire specifications or determined for a
prototype wire)

e D
o T
o T
6.4.1.6 Test

6.4.1.7 Data

ircuit current level.

resistance measurements before and arter the test
ne calibrated short circuit current waveform

he actual current injected on the overbraid
Procedure:

he transient generator should be adjusted to.drive the required sho
irrent waveform.

ne DC resistance of the required path:(such as harness backshell t
re shield to box or to ground plane)should be measured and recof

he transient generator amplitude control should be set to the calibrg
ne calibrated transient generator signal should be applied directly o
nield. A total of 10-pulses minimum should be applied.

he DC resistance of the same pre-tested path should be measured

Interpretation: The damage is to be evaluated based on pre-/post-

7. FUEL SYS

ncelmeasurements and the dielectric insulation degradation, as W
tions for evidence of arcing or sparking. The limits of pre-test and

t circuit
b backshell, or
ded.

hted short

n the wire

and recorded.

est DC
ell as visual
post-test

TEM TEST METHODS:

These types of tests apply to regions of the aircraft where concentrations of flammable fuel
vapors may be present, and where ignition of such vapors could constitute a hazard. Their
purpose is to demonstrate that ignition sources will not be produced by lightning arc

attachments or by the resulting conduction of lightning currents.
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7.1 Test Objectives:

The objective of the test is to demonstrate that ignition sources do not exist. Ignition
sources which might arise include, but are not limited to:

a. Voltage Sparks. A voltage spark is an electrical breakdown across a gap within the
fuel vapor space. It may take place for example between parts of the structure
separated by a small gap, or to the structure from wiring which enters the fuel tank
from another location on the aircraft.

b. Arcs
which
interf
which

c. Melt]
meltg

d. HotS§
temp

and Thermal Sparks. An arc is an electrical plasma within the fugl

aces when such interfaces are inadequate to conduct the lightning
they are exposed.

d completely through a metal skin or a puncture through a compos

pots. A hot spot is a surface in contact with\fuel vapors that is hea
erature which could ignite the mixtures in-the fuel vapor space.

e. Stregmering at Fuel Vent Outlets or within,Non-Conductive Fuel Tanks.

which
inten

Ignition s
so as to

7.2 Tests an
7.21 TestTy

In orde
of testg

bities at the vent and drain outlets.

ource detection methods which are described in detail in 7.7 shoulg
eliably detect the potential ignition sources which have been identit

] Specimen Types:
pes:

- to demonstrate that the ignition sources defined above do not aris
aréidentified:

Vapor space,

may be accompanied by burning particles (thermal sparks)that are ejected from

currents to

'hrough or Puncture. Contact of fuel vapors with the lightning arc at a hole

te skin.

ted to a

lonized air

develops into extended electrical'streamers due to strong electrical field

| be chosen
ied.

e, three types

a. Conduction Tests (7.3):

Conduction tests to complete tanks or complete tank subassemblies (7.3.1)

Conduction tests on fuel tank coupon specimens (7.3.2)

Conduction tests to fuel system components (7.3.3)
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7.21

(Continued):

b. Direct Strike Tests (7.4):
o Direct strike tests on complete tanks or tank sections (7.4.1)
o Direct strike tests on coupon specimens (7.4.2)

o Direct strike tests to externally mounted fuel system equipment (7.4.3)

c. Voliage Breakdown Tests (7.5):

¢ [|Voltage breakdown tests of small gaps (7.5.1)
d. High Voltage Corona and Streamer Test (7.6):

e [HV streamer test (7.6.1)
e. Methods for Detection of Ignition Sources (7.7):

e |Photographic method (7.7.1)

o [Ignitable mixture (flammable gas) test method (7.7.2)
These tests should be applied to the various components of the fuel system according to
Table 7 if they are exposed to direct strikes, conducted lightning currents ¢r other effects

such ag induced voltages.. If\a'component is not exposed to one or more ¢f these effects
the assessment test is notiapplicable.
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TABLE 2 - Examples of Applications of Fuel System Tests

High Current Tests High Voltage Tests
Voltage
Conduction | Direct Strike | Attachment Breakdown Corona &
Test Test Test Test Streamer Test
Test Objects (7.3) (7.4) (Note 1.) (7.5) (7.6)
Fuel Tank:
Access panels X X X
Skin panels X X X
Structural joints] X X X
Bladders
Filler cap X X X
System Compénents Within Tanks
(other compongnts installed within the
tank skins):
Fuel vent lines pnd fittings X X X
Fuel transfer lines and fittings X
Fuel pumps andl installations X X X
Fuel drain instajlations X X X
Fuel Quantity Gauging System X X X X
Fuel temperatufe sensors X X X X
Electrical wiring X
Fuel tank inerting system plumbing X
Vent fire supprgssion system (functional test, in presence of lightning initiated flamgs)
Insulating link X
Fuel vent outlets X X X
Interconnect vajves X
Fuel vent and tfansfer lines and fittings X
Fuel flow monitprs X
Flame arresterq installation X X X
Fuel dump outlg¢t installation X X X X
Fuel sump draips X X X
Fuel dump mearl‘suring sticks X X X

NOTES:

1. For composite or non-conductive components or test units, attachment tests per
5.1.1 or 5.1.2 may be used to validate probe placement for Direct Strike Tests in 7.4.
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