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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 document presents test techniques for simulated lightning testing of aircraft and the associated systems. This
document does not include design criteria nor does it specify which items should or should not be tested. Acceptable
levels of damage and/or pass/fail criteria for the qualification tests must be approved by the cognizant certification
authority for each particular case. When lightning tests are a part of a certification plan, the test methods described herein

are an acceptable mea
Each test method is s
(voltage and/or current
on how to select the ap

Natural lightning is a

S, but not the. nnl\ll means, of mnnfing the test rnqllirnmnn’re of the certifica

bt out in a uniform format, describing the test purpose, test object; test
, measurements and data recording, test procedure and data interpretatio
bropriate test or series of tests, and how the test results can be assessed.

complex and variable phenomenon and its interaction with. different typ

manifested in many different ways. It is not intended that every test described hérein be applied to

lightning verification teg
specific program as dic

2. REFERENCES

2.1 Applicable Docur

The documents below
the external lightning €
requirements, and guid

NOTE: Whenever a re
the reference d

ts. The document is written so that specific aspects of the environment ca
ated by the vehicle design, performance and mission_constraints.

hents

brovide various sources of information relevant to aircraft lightning testing i
nvironment applicable to aircraft,\methods of determining lightning zonin
bnce on certifying aircraft by apalysis and test.

erence document appears-in this Recommended Practice, it carries the m
pbcument acceptable tormeet the intended requirements. Later versions of {

are also accepfable but earlier versions are not acceptable. In all cases, other documents

to the referencs
2.1.1  SAE Publicatio

Available from SAE In
USA and Canada) or 7

d document are @lso acceptable.
NS

ernational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel
P4-776-4970 (outside USA), www.sae.org.

ion plan.

setup, test waveforms
n. Guidance is provided

bs of vehicles may be
every system requiring
N be called out for each

hcluding descriptions of
g of aircraft, regulatory

nimum revision level of
he reference document
shown to be equivalent

. 877-606-7323 (inside

ARP4754 Gu
ARP5412
ARP5414

ARP5415

delines for Development of Civil Aircraft and Systems

Aircraft Lightning Environment and Related Test Waveforms

Aircraft Lightning Zone

Lightning

Report AE4L-76-1
dat

Report AE4L-81-2

ed June 20, 1978

Book), dated December 15, 1981

User's Manual for Certification of Aircraft Electrical/Electronic Systems for the Indirect Effects of

"Lightning Test Waveforms and Techniques for Aerospace Vehicles and Hardware", (Blue Book),

"Test Waveforms and Techniques for Assessing the Effects of Lightning Induced Transients”, (Yellow
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212

Federal Aviation Regulations (FAR)

Available from the U.S. Department of Transportation, Subsequent Distribution Office, Ardmore East Business Center,
3341 Q 75th Avenue, Landover, MD 20785, www.faa.gov.

US Code of Federal Regulations 14 CFR Parts 21, 23, 25, 27 & 29; Sections x.581, .610, .867, .899, .901, .903, .954,
1301, .1309, .1316, .1431 and .1529 (as applicable)

213

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, www.faa.gov.

AC 20-53A "Prot
1985
effec

AC 20-136 “Prot
1990

AC 21-16D RTC

AC 23.1309-1C "Equ

AC 25.1309-1A "Sy
AC 27-1B

30, 2
AC 29-2C "Ce

2.1.4 RTCA, Inc. Pul
Available from RTCA, |

RTCA/DO-160D "Env

bction of Airplane Fuel Systems Against Fuel Vapor Ignition Due to,Lig
Rev B issued June 5, 2006. Contains zoning definitions and procedures

pction of Aircraft Electrical/Electronic Systems for the Indirect Effects of Lig
Rev B issued September, 7, 2011

A\ Document DO-160D, dated July 21, 1998, Rev G issued June 22, 2011
pment, Systems, and Installations”, dated March. 12, 1999, Rev 1E issued

m Design Analysis", dated June 21, 1988

:]e
"Cerfffication of Normal Category Rotorcraft’y dated September 30, 1999, Chan

D08

ication of Transport Categery Rotorcraft", dated September 30, 19

r1f
Septémber 30, 2008

lications
nc., 1150 18th Street, NW, Suite 910, Washington, DC 20036, Tel: 202-833

ronmental-‘Conditions and Test Procedures for Airborne Equipment”,

inclugling Change No. 1, dated December, 2000, Change No. 2, dated June, 2

dated

December, 2002, Rev G issued December 8, 2010

ntning”, dated April 12,
that are used for direct

s protection and is used as a guide to describe zoning as it applies.to indirect effects.

htning”, dated March 5,

November 17, 2011

pe 3 issued September

09, Change 3 issued

9339, www.rtca.org.

dated July 29, 1997,
D01 and Change No. 3,

2.1.5 EASA Publicati

pNns

Available from European Aviation Safety Agency, Postfach 10 12 53, D-50452 Koeln, Germany, Tel: +49-221-8999-000,

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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216

EUROCAE Publications

Available from EUROCAE, 102, rue Etienne Dolet, 92240 Malakoff, France, Tel: +33.1.40.92.79.30, www.eurocae.net.

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 No. 3,
dated December, 2002, Rev G issued May, 2011

EUROCAE ED-79

Rev A issued December, 2010

EUROCAE ED-81
19

I ir\r\lllr“ng AmendmentNo-—41 _dated Allgllef 261900
—HertHeRg-AReRaHe Rt O— -Gt e A HgUHSt+ £y

"Certification Considerations for Highly Integrated or Complex Aircraft Systems", dated April, 1997,

"Certification of Aircraft Electrical/Electronic Systems for the Indirect Effects of Lightning", dated May,

EUROCAE ED-84 "Ai
inc
inc
EUROCAE ED-91 "Ai
6,

2.1.7  ANSI Publicatig

Available from American

WWW.ansi.org.
ANSI| Z540.1  “Gener
2.1.8 |EC Publication

Available from Global B

IEC 60060-2  “High-V

craft Lightning Environment and Related Test Waveforms Standard"
uding Amendment No. 1, dated October 19, 1999, including Amendment N
uding Amendment No. 3, dated June, 2006

craft Lightning Zoning Standard”, dated July, 1998, including~Amendment
999, including Amendment No. 2, dated June, 2006

ns

National Standards Institute, 25 West 43rd Street, New York, NY 10036-§

bl Requirements for Calibration Laboratories and Measuring and Test Equi
S

ngineering Documents, 15.Inverness Way East, Englewood, CO 80112.

2.2 Definitions, Abbrg¢viations, and Acfonyms

2.2.1 Definitions

ACTION INTEGRAL: T
in units of ampere squa

ne integral of the square of the time varying current over its time of duration
redsseconds (A’s).

dated August, 1997,
lo. 2, dated May, 2001,

No. 1, dated September

002, Tel: 212-642-4900,

pment”, dated 1994

oltage Test Techniques -‘Part 2: Measuring Systems”, dated November, 1994

L It is usually expressed

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 less than or equal to the transient control level but

should not be greater.

APERTURE: An electromagnetically transparent opening.

ARC ROOT: The location on the surface of a conducting body at which the lightning channel is attached while high

current flows.

ATTACHMENT POINT:

A point of contact of the lightning flash with the aircraft.

CABLE (WIRE) BUNDLE: A group of wires and/or cables bound or routed together that connect two pieces of equipment.
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CORONA: A luminous discharge that occurs as a result of an electrical potential difference between the aircraft and the
surrounding atmosphere.

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.

EQUIPMENT INTERFACE: A location on an equipment boundary where connection is made to tllme other components of
the system of which it is part. It may be an individual wire connection to an electricak item, or wire bundles that
interconnect equipment.
EQUIPMENT TRANSIHNT DESIGN LEVEL (ETDL): The peak amplitude of transients#0 which thg equipment is qualified.

EXTERNAL ENVIRONMENT: Characterization of the natural lightning environthent for design anfd certification purposes
as defined in ARP5412/ED-84.

FACILITY GROUND: Reeference ground plane (electrical) for the experiment or test configuration.

FLASHOVER: The corjdition when the arc produced by a gap bréakdown passes over or closg to a dielectric surface
without puncture.

GAP BREAKDOWN: The electrical breakdown of the gap-between the electrodes connected fo the generator output
terminals. This breakdawn is caused by the discharge ofithe capacitors of an HV or HC impulse ggnerator.

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

HOT SPOT: A surfacg in contact with fael/air mixtures that is heated by the conduction of [lightning currents to a
temperature which will ignite the mixtures.

INDIRECT EFFECTS: Electrical transients induced by lightning in aircraft electric circuits.

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

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.

LIGHTNING HIGH VOLTAGE WAVEFORMS (A, B, C, AND D): Different standardized high voltage 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 ARP5414/ED-91 for reference.

LIGHTNING STROKE (RETURN STROKE): A lightning current surge that occurs when the lightning leader makes
contact with the ground or another charge center.
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LOCAL GROUND: Any ground strap or conductor that is connected to the equipment and the same part of airframe
structure in which that equipment is installed. The ground strap or conductor would, therefore, be bonded to the same
ground plane that the equipment is mounted to and, during a lightning strike, would be at the same potential as the
equipment.

MULTIPLE BURST: A randomly spaced series of bursts of short duration, low amplitude current pulses, with each pulse
characterized by rapidly changing currents (i.e., high dl/dt). These bursts may result from lightning leader progression or
branching, and are associated with the cloud-to-cloud and intra-cloud flashes. The multiple bursts appear to be most

intense at the time of initial leader attachment to the aircraft.

MULTIPLE STROKE: Two or more lightning return strokes occurring during a single lightning flash.

PUNCTURE: Localized

SHIELD: A conductor
with and bound within
may be a metallic con
provide a low resistanc

SHIELDED CABLE (W

SOME unshielded wire$

STREAMER: Branch-li
strokes are imminent.

STRUCTURAL IR VOU
current (1) and the resis|

SYSTEM: A combinatia
other units, assemblies

SYSTEM FUNCTIONA
digital or analog state)

THERMAL SPARKS: B
through a point contact

TRANSIENT CONTRO
as a result of the define

UNSHIELDED CABLE

:

irreversible breakdown of insulation nraonerties of a solid diclectric material
Pror

at is grounded to an equipment case or aircraft structure at both ends 3
wire bundle. It usually is a wire braid around some of the wires arcable
it, channel or wire grounded at both ends within the wire bundle. The ¢
b path between equipment so connected.

RE) BUNDLE: A wire bundle that contains one or moré shields. Such wi

e ionized paths that occur in the presence of a‘direct stroke or under co
TAGE: The portion of the induced voltage resulting from the product of
tance (R) of the aircraft skin or structure;,

n of two or more parts or equipment, generally physically separated when
and basic parts necessary toperform an operational function or functions.

| UPSET: An impairment of system operation, either permanent or mome
vhich may or may not require manual reset.

urning particles émitted by rapid melting and vaporization of conductive m
| LEVEL(TCL): The maximum allowable level of transients appearing at tf
d external environment.

WIRE) BUNDLE: A wire bundle that contains no shields.

nd is routed in parallel
s in the wire bundle or
ffect of the shield is to

e bundles may include

nditions when lightning

he distributed lightning

in operation, and such

htary (e.g., a change of

bterials carrying current

e equipment interfaces

UPSET: (See System Functional Upset).

Voc AND Isc: Open circuit voltage and short circuit current from a test generator for a particular primary excitation of the
generator. The ratio (Voc/lsc) of the two quantities denotes the source impedance (see ARP5415 for reference).

VOLTAGE AND CURRENT TEST/LIMIT LEVELS (V+, I, VL AND 1,): Voltage and current excitation thresholds for
generators used for testing of systems and 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.
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2.2.2 Abbreviations

A
AC
C
cm
dorD
dB
DC
forF
ft
GQ
Hg
Hz
iorl
K
kA
kHz
kV

L

m
mA
MHz
uH
ud
V&
mm
mmHg
MQ
nH

p

P
pF
ps

NS<o 10D

amperes
alternating current
CAPACITANCE
centimeters
distance or diameter
decibel

direct current
frequency

feet

gigaohms

mercury

hertz

current|

constant

kiloamperes

kilohe

kilovolt

inductance

meter

milliamperes
megahertz
microhenries
microjdules
micros¢conds
millimeters
millimefers of mercury
megohms
nanohgnries
pressure
power
picofarad
picoseg¢onds
ohms
resonance characteristics
resistance

seconds

voltage or volts

watts

impeddnce

2.2.3 Acronyms

AC
ANSI
AOA
ARP
ATL
CFC
CFR
CFRP
CN
CS
Cw
EED
EASA

Advisory Circular

American National Standards Institute
Angle-Of-Attack

Aerospace Recommended Practice
Actual Transient Level

Carbon Fiber Composite

Code of Federal Regulations
Carbon Fiber Reinforced Plastic
Coupling Network

Certification Specification
Continuous Wave
Electro-Explosive Device

European Aviation Safety Agency
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EFIS Electronic Flight Information System

EM Electromagnetic

EMC Electromagnetic Compatibility

ETDL Equipment Transient Design Level

EUROCAE European Organization 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

FHA Functional Hazard Assessment

FRP Fiberglas Reinforced Plastic

HIRF High Intensity Radiated Fields

HV High Valtage

ICAS Integraled Crew Alerting System

ICOLSE International Conference on Lightning and Static Electricity
IEC Internalional Electrotechnical Commission

IMA Integrafed Modular Avionics

IR | * R (sfructural current times resistance)

LISN Line Inpedance 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 Aerohautics
SLPM Standard Liters Per Minute

SSA Systen| Safety Assessment

TCL Transignt Control Level

TLD Time-Ljmited Dispatch

3. LIGHTNING EFFE

The lightning effects to
with simulated lightning

Direct effects include Burning, eroding,cblasting and structural deformation caused by lightning

includes high-pressure

Indirect effects are th
electrical/electronic equ
times resistance) voltag

LTS

waveforms can be divided into direct and indirect effects.

shock waves, magnetic forces and thermal effects produced by the associz

pse resulting from the interaction of the electromagnetic fields accon
ipmentsinthe aircraft. These fields are the results of aperture coupling ar
e riseddue to lightning currents in aircraft.

which aircraft are exposed’and the effects that should be reproduced thrijough laboratory testing

arc attachment, which
ted high currents.

panying lightning with
d structural IR (current

In some cases both dir

s [ T s o T PR 2T : £
cLL AU TTUITCUL CIITULS Thiady ULLUT U UIC SAlTITS CUTTIPUTITTIU U U1 difLialt.

An example would be a

lightning flash to an antenna which physically damages the antenna and also injects large currents directly into the
transmitter or receiver signal and power lines. In this document the physical damage to the antenna will be treated as a
direct effect, whereas the voltages and/or currents that couple from the antenna into the radio/radar equipment will be
treated as an indirect effect.
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3.1

Direct Effects

The major examples of direct effects due to lightning are categorized and listed below.

a.

Dielectric Puncture

The puncture of a

dielectric skin covering electrically conductive elements may cause holes ranging from pinholes to

large diameter holes. These holes may result in the direct attachment of the lightning channel to the enclosed
equipment. The likelihood of puncture is a function of the distance to the conductor underneath the dielectric, the
thickness and dielectric strength of the skin, the condition of the dielectric surface, and the proximity of other

conductors. A pun

cture of the dielectric skin will generally occur unless the voltage to puncture the dielectric at any

point is significantly greater than the voltage required to cause flashover to the nearest conducting point on the

airframe.

Arc Root Thermal

Burn through and
root area, there is
high current dens
generated in the i
then the excess i
transfer within a m

In carbon fiber ¢
resistance cause

relation to the phy
effect, plus the hig
a longer period tha

For metallic surfad
flash that can exct
the case of carbor
duration pulses pr

(1) Hot Spot Formation

Hot spot forma
The effects of h

Ohmic Heating

Damage and Heating Effects

material erosion can occur at the arc root. In metal, this is a function of curfent and time. In the arc
a large thermal input from the arc root itself, as well as a concentration of ohmic heating due to the
ties. Most of the energy is generated at or very close to-the surface of the metal. If the heat
mmediate arc root area is in excess of that which can be absorbed into the metal by conduction,
5 either lost in melting and vaporizing the metal orfis)re-radiated. Therg is a minimum charge
inimum time for a given thickness of any given metalbelow which melt-through cannot occur.

bmposites the thermal effects are more pronounced. The thermal conductance and electrical
fesin melting, vaporization, and ply delamimation. This leads to an increase in “affected-area" in
sical depth of damage. The arc root burning voltage of carbon is higher than that of metals. This
h bulk resistivity, generates more heatdn the immediate arc root area and the hot spots remain for
n for most metals.

es it is primarily the combination- of the intermediate and continuing currerjt phase of the lightning
ped the minimum requirements’of both current and duration for burn through or severe erosion. In
fiber composites, however; short duration high action integral pulses as well as low current, long
bduce high thermal inputs; and so all phases of the lightning flash are signifjcant.

ion may occur on the inner surface of the aircraft skin opposite to the lightning attachment point.
ot spots.are significant primarily with regard to ignition of fuel and other highly flammable vapors.

The energy dissipated as heat in a conductor due to an electrical current is Ji"R*dt (watt-seconds). Where ‘i’ is the
time varying current and ‘R’ is the ohmic resistance of the conductor. The ohmic heating generated by the

complete lightn

ing 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 |

ightning flash are of too short a duration for any heat generated in an aircraft structure by ohmic

heating to disperse significantly.

Conductors ma

Exploding Conductors (Disruptive Forces)

y 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 mechanism is
particularly significant in electric wiring connected to external equipment (e.g., navigation lights, antennas, pitot

tube heaters,

etc.). If these are not adequately protected and are confined in or pass through closed

compartments in the aircraft, they can present a significant hazard.
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3.2

(4) Direct Effects Sparking

Two types of sparking can occur: thermal sparking and voltage sparking. Thermal sparks occur when currents
pass through the interface joint between two parts and there is insufficient cross-sectional area to support the
current. Voltage sparks occur when the voltage between two separated electrodes exceeds the breakdown level
and discharge results. Voltage sparks are usually the result of induced voltages in the structure or wiring.

Most thermal sparking occurs near the edges of high spots on the mating surfaces where the interface pressure
is at or close to zero. The primary causes are high current density and inadequate interface area and pressure.
Thermal sparks consist of burning electrode material.

Acoustic Shock Wave Damage

The interaction 01

dependent upon
acoustic shock wa

the arc and the aircraft surface can also produce a shock wave. Theys

ve is not significant on metal skins. Metal skins may be dented but’gener

composite skins can suffer cracking and ruptures.

Magnetic Force

Charged particles
expressed as F =
field. F, I, and B 4
One is a force on
current on one p
experience a forcg
significant when t
conductor of 5 m
1000 atmosphereq
braid bonding str

in motion in a magnetic field experience a force.-that for a current flo
(I x B) L, where F is the force, | is the current, L.is\the length of the wire
re vectors. For lightning currents flowing in aircraft, this force can manifeg
he surface of a conductor carrying lightning current. This effect can be exp
brtion of the conductor producing a magnetic field that causes all oth
. The equation yields a force that is directed’inward on all sides of the cond
he surface current density is greater ¢han several kilo-amperes per mill
m diameter carrying a pulse of 200 kA peak current would experience
. In some cases even relativelyxsmall forces can be significant. One sug
bps. These can be compressed to near solid conductors leading to m|

subsequent mechanical failure.

Another more corn

conductors or fron different sections of\the same conductor where the lightning current is for

The action of the f
can also exist bety
lightning current

equipment. Due {(
value of the force
on the mechanical

prce is to draw the Separate conductors together or straighten out the sing
veen current in‘the aircraft and the arc channel. This force is usually only o
s confined_to small-cross section conductors as might occur in sorn

a change )in current magnitude affecting both terms on the right side of
s proportional to the square of the peak current (i2). The ultimate effect on
response of the test object.

everity of the shock is

oth the peak current value and the rate of rise of the current. In general, the damage due to

ally not punctured. Stiff

wing in a wire can be
and B is the magnetic
t itself in various ways.
ained as an element of
br current elements to
uctor. This force is only
meter. For example, a
a surface pressure of
h case is that of metal
etal embrittlement and

hmon concern is that ‘considerable magnetic forces can exist from currents flowing on separate

ed to change direction.
e conductor. This force
[ significance where the
ne externally mounted
the equation, the peak
the test object depends

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.

Apertures

Apertures are defined as electromagnetically transparent openings in the structure. Examples include windows,
canopies, radomes, gaps, non-conductive panels, etc. Coupling of voltages and currents to internal wiring results
from the fields that pass through apertures.
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Diffusion

Diffusion is the process by which electromagnetic fields penetrate through the thickness of a conductive material. It
results in internal fields that reflect a lengthened waveform of the external driving current to the vehicle. For highly
conductive structures like aluminum, this generally results in a coupled current of insignificant amplitude. For more
resistive materials like carbon fiber composites, the amplitude of the coupled current can be significant.

Structural IR Voltages
These result from the current flow through the impedance of the structure between two ends of an electrical circuit.

For highly conductive structures like aluminum the magnitude of this voltage is generally insignificant. For more
resistive structures like carbon fiber composites, the magnitude of this voltage can be significant.

Conductive Penettations

Any conductor that is partially external and partially internal to the structure can form a
currents to the inferior of the vehicle. Examples are wiring from external elements such &
heaters, and mechanical cables or tubing that is conductive. If such penetrationsyare not we

penetration points
4. PLANNING OF LIG

Before conducting testg
should be accomplishe
test. Some of these iter
to be applied, the type
test points, and succes
support structure or obj

An important part of
documentation may ing
single document. A tes
various program and ¢
test. The test procedu
applicable waveforms,

they can conduct significant currents inside the vehicle.
HTNING EFFECTS TESTS

on airborne equipment and systems for lightning effects, careful planning
. Many aspects of the testing need to be detesrmined in advance to ensure

s) of configuration(s) and number of samples for each configuration, the
5 criteria. Other hardware items that are’needed to simulate an actual insta
bets located under dielectric surfaces-need to be located or manufactured.

ath to directly conduct
s antennas, lights and
Il bonded or isolated at

for conducting the tests
a high quality and valid

ns are determination of the lightning zone where the hardware is located, the waveforms that need

ocation and number of
lation such as adjacent

the planning process involves—developing documentation to support the actual testing. This

lude a separate “test plan““and “test procedure,” or the concepts of both
plan will typically provide:the purpose, general scope and aspects of the
ustomer personnel deal with issues associated with planning, budgeting
e typically is a mych more involved document that provides details on
aboratory test equipment, success criteria, step-by-step procedures for ¢

may be combined in a
planned testing to help
for, and supporting the
he test object, zoning,
pch individual test, and

any other relevant aspects. The test.procedure should adapt and refine the applicable tests contgined in this ARP to the

particular hardware bei
be contained in a test
plan” have often been

‘What' is being tested a

ng evaluated/Since this ARP deals with details of testing, it generally refers
rocedurelrather than a test plan. It should be recognized that the terms “te
ised interchangeably in the past. Past documents have also used a test p
hd a-test procedure to define ‘How' the test article is being tested.

to material that should
st procedure” and “test
lan to define ‘Why’ and

4.1

Test Object Conformity

Three types of tests are typically done:

Development - Evaluation of non-conformed, built-up or off the shelf parts. Data from these tests does not meet the
requirements of qualification or certification tests, but may lead to further refinements in design intended for

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

a.
certification.
b.
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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Engineering or evaluation testing may be performed on any system or unit prior 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 the fact that conformity requirements may vary depending upon the type of
testing being conducted as well as the type of certification sought, it is recommended that the applicant coordinate these
requirements with the certification authorities with a view to reach an agreement, well in advance of actual testing.

Any differences between the configuration of the test article and the final production configuration should be analyzed to
show that the differences do not impact the test. Conformity requirements should be reviewed in detail prior to discussion
with the authorities and submission of the test documentation and test schedule.

4.2 Test Procedure

An outline of a typical fest procedure is shown below. The content of a specific test procedure may contain more or less
material, based on thg nature of the testing. It is recommended that the applicant-coordinafe with the certification
authorities well in advance of the final formulation of the procedure.

a. INTRODUCTION
e Scope
¢ Objective (inclyde whether Certification is goal)
e Test Location

o Test Witnessing

b. TEST OBJECT
e Description

e Conformity Aspects

c. TEST EQUIPMENT

e Description

e Calibration

d. SAFETY CONSIDERATIONS

e. TEST REQUIREMENTS
e Detailed Description of each Test, using this ARP as the basis
e Pass/Fail Criteria

e Operating Modes For Electrical/Electronic Equipment and Evaluation Techniques

—h

TEST REPORT REQUIREMENTS
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4.3

Test and measurement

Measurement Set-Up Calibration

equipment requiring calibration should be calibrated before lightning tests.

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

Background levels should be verified and noise levels minimized. In addition, care should be taken to avoid spurious
coupling, for example, by the use of optical fibers.

Some examples of calibration methods can be found in IEC 60060-2.

4.4 Test Safety Aspects

Testing for the direct &
lethal voltages during t
with. All tests should b
testing. Special consid
documented safety prg
warning of impending @
ordinances, and are reg

45 Test Set-Up

451 Test Object De
It should be recognized
any test, whether it is ¢
the easiest and most ‘fq
ups, of appropriate sizsg

to insure that bonding and grounding are properly implemented so test currents flow along repres

test part mounting is ca
where edge effects and

Surface and corrosion
way in which the arc ¢
grounding of surfaces
they adequately repres

For example, a full la
waveform will punch th
direct attachment test.

nd indirect effects of lightning requires high-energy electrical equipment
heir operation. Therefore, all safety precautions relevant to this test lappa
e conducted in a controlled access area by personnel experienced in hi

cedures and logs, as well as eye and ear protection. In addition, releva
ischarges may be appropriate. Fire suppression equipmentimay be requir|
ommended for any test where explosions and fire may @ccur.

5ign

that the test object set-up, design (size,build-up, coating) is one of the mq
n engineering test, or certification testZWhile utilizing full scale, built to d
ol proof’ way of testing, it can be very:expensive. Tests should be run on re
and shape, to accurately mimic'the actual design and installation. Test ok

nsistent with actual installation of the part. This is of particular importance

nhibitive coatings are“very important parts of the set-up process. Surface

And parts. These*aspects should be reviewed prior to test set-up and it s
ent the installation.

ge airliner wing to body fairing need not be tested to determine whet
bughsthe lightning protection and panel. Reasonably sized and grounded p
A-panel of sufficient size built to represent the thinnest portion of the midd

that will be charged to
atus must be complied
gh voltage/high current

bration should be given to personnel safety including the use of‘safety barriers/interlocks, well-

ht signage and audible
ed by local or company

st important aspects of
awing parts may seem
presentative part build-
ject set-up is important
entative paths and that
on smaller test objects

surrounding structure may-influence test object current distributions and affect test results.

coatings can affect the

isperses across (the test object, and corrosion inhibitive coatings will aff¢ct the bond paths and

hould be determined if

her a Zone 2A current
anels will suffice for the
le of the panel may be

adequate (worst case

build-up). Because current would theoretically be tflowing in all direct

ons from the point of

attachment, circumferential grounding may be fine. Experience has shown that 18 x 18 inches is of a large enough size of
a flat panel to give reasonable data. Smaller sizes are acceptable if one recognizes that blast pressures and edge effects
may skew test results.

4.5.2 Waveform Scaling

Multiple joint build-up parts should also be carefully constructed to mirror the actual intended installation. In addition,
installation location and sizing must be taken into account in case current level scaling is required. For example, if a part
is going to be tested with two fasteners holding two parts together that represents an installation of many fasteners
holding two parts together, a full scale waveform 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 configuration to assess different conditions. For indirect
effects tests, typically one waveform or waveform set is applied for a given test except that multiple pulses or repetitions
are often required as called out in the test methods.

454 Concurrent Testing

Using the same test objject for two concurrent test conditions may be difficult. If a Zone 1B arc éntry test and a Zone 3
conducted current test jis to be performed concurrently on a test specimen representing a large ¢ontrol surface that has
many latches but the test panel has only two latches, the latches will be overtested because ofly two are available to
carry the current. If the¢ actual installation only has two latches holding it on, then, this“would pe a valid test. This is
assuming all surfaces gnd surrounding structures were included in the test.

5. DIRECT EFFECTS

The Direct Effects Test
e High Voltage Strike
e Initial Leader A
e Swept Channel
e High Voltage S
e High Current Physi
e Arc Entry Tests
¢ Aircraft Non-Cg

e Conducted Cur

TEST METHODS

Methods outlined in this section are:
Attachment Tests (5.1)

tachment Test (5.1.1)

Attachment Test (5.1.2)

rike Attachment Test on Modéls (5.1.3)
cal Damage Tests (5.2)

(5.2.1)

nductive Strfaces Test (5.2.2)

Fent Test (5.2.3)

e Induced Transients

¢ Measurement of Injected Transients in External Hardware (5.3.1)

Ha-External-Mounted-Hardware(6-3)
3}

e Voltage Stress Assessment Of Circuit Insulation (5.3.2)

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 installed within structures or externally mounted hardware may be susceptible to direct injection of
lightning currents. However, the effects due to indirect coupling onto wiring (indirect effects) are addressed in Section 6 of
this document. This section includes testing that can be applied to both an overall aircraft and particular components on
aircraft.
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5.1 High Voltage Strike Attachment Tests

These tests are used to determine lightning attachment points and breakdown paths across or through non-conducting
materials.

5.1.1 Initial Leader Attachment Test
5.1.1.1 Test Purpose
This test is normally applicable to parts of aircraft that are located in initial leader attachment regions within Zones 1A and

1B, as described in the ARP5414/ED-91. Examples are wing tips fabricated of non-conducting materials, radomes, and
large antenna fairings. This test can be used to assess:

e locations of possiblg leader attachment locations on full size structures,
e evaluation of radonje wall materials,

e optimization of the focation of protection devices,

o flashover or punctufe paths, along or through dielectric surfaces, and/or

e performance of projection devices, such as radome diverter strips.
5.1.1.2 Test Object

The test object should be full-scale production line hardware.opa representative prototype. Any pajnt finishes, in particular
any coats of anti-statiq 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 jobjects, such as antenna eléments and lights, normally enclosed by nonsconducting test objects
should be represented|within the test objects. These may be actual devices, or geometrically qorrect mockups whose
surfaces are at least ag electrically conductive.as the items they represent. These items must be|positioned at the same
locations within the tesft object as they would be in the aircraft installation. If the conducting objgcts may be oriented in
several positions, thosg¢ that represent worst cases should be represented in the tests. Normally [these are the positions
that result in the smallest distances_to.the non-conducting skins, or the strongest electric field fintensities in directions
normal to the aircraft syrface.

Other conductors such ps mounting fasteners, frames, hinges and latches must also be represented.

All conducting objects [that'are normally bonded (i.e., grounded) to the airframe must be electﬂically connected to the
support structure and mocked up adjacent aircrait surfaces. Anti-static paint should be bonded to the support structure in

a representative manner.

5.1.1.3 Test Setup

There are three test arrangements, designated Test Setup A, Test Setup B and Test Setup C, that can be used. Test
Setups A and B are most appropriate for tests on complete production or prototype test objects, such as a radome. Test
Setup C is most appropriate for developmental tests to evaluate skin panel construction and diverter strip configurations.
Each test arrangement is intended to result in initiation of electrical activity, such as corona and streamering, at the test
object (and not at the external electrode) as occurs in flight just before a lightning strike attachment. Once ionization of the
air in the test object is initiated, the streamer will progress toward the other electrode which is to be a large geometry
shape intended to represent an electric field equipotential surface some distance from an aircraft extremity. In this way
the influence of the external test electrode on test results is minimized.
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Overviews of the test arrangements showing the high voltage generator, test object, and external electrode in Test Setups

A, B, and C are illustrat

ed in Figure 1 through Figure 6.

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

Support Structure \

External E
on Facility

———  ———

\ \ / j’_ Lightning Diverters or

other Lonductive UDJeCls

Test Object

Y

>05m >1.0m

ectrode
Floor

HV Generator —

sufficient to prevent flashovers from edges (~4d)

FIGURE 1 INITIAL LEADER ATTACHMENT TEST SETUP A

y

The test object is elevated above 4¢he*external electrode which is a large area ground plane plag¢ed on the facility floor.

The dimensions of the
the size of the test o
orientations, to represe

ground plane and spacing between the test specimen and the ground plape are dependent upon
bject, ,asindicated in Figure 1. The test object should normally be tegted with two or more
nt electric field directions that this part of the aircraft may experience in flight.

Four conditions should

apply 1or 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 can be confirmed by photographs
of the flashovers. The leader connection point is shown in Figure 2.

(4) The streamer from the external electrode must not originate from the edge of the electrode.
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Test Object

LAY
‘\\ — Ceader from Test Object
\

N

v
1
[
]
[
1

1
]
/ \ Leader Connegction Point

[}
[
.

e

/ Leader from External Electrod

\— External Electrod

FIGURE 2 - LEADER CONNECTION POINT

(1)
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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.

|4

r sufficient to prevent flashovers from edges (~4d) =|

( External Electrode )—

A A
>05m

>1.0m

v HV Generator —”

v
/ ‘ \ i~~~ Lightning Diverters or
other Conductive Objects
d ——»
“—————— Support Structure
>=d
Connections of Support Structure
Support —] and HV Generator to Ground Plane \\
Ground Rlane on Test Facility Floor
FIGURE 3 -~ INITIAL LEADER ATTACHMENT TEST SETUP B

The test object is elevated above théiground 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 aljove the test object and
at high potential when the test is~applied. The dimensions of the external electrode and spacing petween the test object
and the external electrqde 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 directigns that this part of the
aircraft may experiencelinlight

Small test objects such as low profile antennas have sometimes been mounted on a flat plate electrode for test as shown
in Figure 3. To prevent flashovers from the edges of the high voltage electrode, increasing the size of this electrode as
suggested in Figures 1 and 3 may be insufficient as flashovers may still occur from the edges. For such cases the high
voltage electrode may be lowered until flashovers are initiated at the test object. This modification is acceptable if the
connection between leaders originating at the test object and at the high voltage electrode are observed to connect in the
air gap between test object and electrode.

Alternately, the fixture on which the test object is mounted should be profiled in a representative manner or have de-
stressed edges.

Figures 4 and 5 show an example of test setup for externally mounted equipment. Width/diameter of the HV should be
sufficient such that flashovers from its edges do not occur.
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High Voltage Electrode

£ 3

>1 m and sufficient to
have leaders connect in

/ the airspace between
Leader Connection

electrode and test object

Light, Antenna or other external
Elecfrical Device mounted to

simulption of aircraft structure
>1(m between

fested object and

ground plane
Winglet or Wing
Tip or Vertical/
Horizontal Fin Tip

Ground Plane on Laboratory floor

FIGURE 4 - INIT|AL LEADER ATTACHMENT TEST SETUP B, OF EXTERNALLY MOUNTED EQUIPMENT
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Winglet or Wing
Tip or Vertical/ Support representative

Horizontal Fin Tip of airframe sh

ape

Light
Ele
simy

Antenna or other external
trical Device mounted to
lation of aircraft structure

>1 m between
tested object and

/ ground plane
Leader Connection

FIGURE 5 - INIT|

Ground Planexon Laboratory floor

IAL LEADER ATTACHMENTTEST SETUP B, OF EXTERNALLY MOUNT
SUSPENDED ABOVE GROUND PLANE

Five conditions should apply for a valid test:

The external elec
object).

The external elect

ED EQUIPMENT

rode should.-be ‘at least 1 m from the closest conductive element (insidé¢ or outside of the test

ode should be at least 0.5 m from the test object skin.

Conjunction of thel

streamers should accur in the air away from the test nh}inr‘f, as illustrated. id

Figure 2.

The streamer from the external electrode must not originate from the edge of this electrode.

The aircraft end termination of the diverter strip or other conductive object must be elevated above the ground plane
by a distance greater than the width of the test object ‘d’ to minimize influence of the ground plane on test results.
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Additional guidance for HV generator settings:

(@) When the flat HV electrode shown in Figure 3 or 4 is at positive polarity, the average electric field required to
produce a flashover is ~950 kV/m. This will often produce leaders from the edges of the HV electrode in Figure 3 or
4 that will make this arrangement impractical unless the test specimen is mounted on a simulated aircraft structure
that extends ~1 m above the ground plane as illustrated in Figure 5. If the support structure is not de-stressed
(resulting in attachment to the support structure), the gap may be reduced until flashovers occur to the test object
rather than the support structure.

(b) When the HV electrode as shown in Figure 3 or 4 is at negative polarity, the average electric field required to
produce a flashover is ~500 kV/m.

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

The general test arran

In this arrangement c
evaluated prior to estal

A typical skin panel

ment for Test Setup C is illustrated in Figure 6.

ndidate protective devices and device locations on a non-conductive
lishing a protection design and installing such devices on a produgction or p

vould be 1 m square, although other sizes and shapes.would be a

accommodate a full scale arrangement of protection devices. Production - like<kin materials, surt

should be applied. A ty
antenna fairing. The di
items behind the prote
protection devices are
realistic test condition,

as in the example of F
elevated above the par
a rectangular panel. Th
prevent puncture.

Electrode

(=)
\

Hardware
~“Mockup

\

Electrode

bical use of this test is to determine the spacing ‘D’ ofdiverter strips to be i
erters should be as long as they would be in the airCraft installation. A md

skin specimen can be
ototype test object.

cceptable, sufficient to
ace finishes and paints
hstalled on a radome or
ckup of any conductive

ctive surface should be placed an appropriate position behind the skin
normally at facility ground potential and the.electrode is at high potent|al. In order to apply a
bxperience has shown that the electrode should be positioned midway betyeen the diverter strips,
gure 6, to prevent attachment around the €dge or an unrealistic result.
el surface by a distance equal to the.dimiension of the panel if square, or the smaller dimension of
e diverter strips may be repositioned-at a greater or smaller spacing to opti

t the distance ‘d’. The

e electrode should be

ize the design and still

d
RS

Hardware
Mockup

—]

Dielectric
Panel

L

A
~

Ground Wire
o

Determining 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

FIGURE 6 - ARRANGEMENT FOR PROTECTION DEVICE EVALUATIONS TEST SETUP C
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The arrangement of Figure 6 is not equivalent to the verification test arrangement of Test Setups A and B, but experience
has shown that diverter spacing determined from development tests as illustrated in Figure 6 have proved successful in
subsequent verification tests of test objects, such as radomes, employing similar diverter spacing.

Test Setup A is the most desirable arrangement, since it usually allows a larger dimension external electrode (i.e., a
conductive surface on the laboratory floor) to be provided; however this arrangement necessitates that the test object be
suspended from the laboratory ceiling.

Test Setup B is intended to create a similar electric field arrangement about the test object while allowing larger or heavier
test objects and support structures 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 appropris
panels should not be ¢mployed
significant features of the non-conducting structures being verified.

ips. However, tests of flat
mens do not represent

Test Setup A
(1) Mount the test o
representative of
structure represen

bject to a support structure containing mocked-up surfaces (or actual
the adjacent vehicle surfaces. Ensure that electrical bonding of the tes
ts the actual installation.

structure if available)
[ object to the support

nded to the airframe to

)

Electrically conneq
the support structy

t all conductive hardware on or within the test object that is normally grou
re.
(3) Suspend the supg
ground plane shou

orting structure and test object above the ground plane. The distance fro
Id be as described in Figure 1.

m the test object to the

(4)

Test Setup B

Electrically connegt the output of the HV generator to-the support structure.

Mount the test o
representative of
to the support stru

(1)

bject to a support structure containing mocked-up surfaces (or actual
he adjacent vehicle surfaces, as for Test Setup A. Ensure that electrical bg
cture represents the actual installation.

structure if available)
nding of the test object

nded to the airframe to

)

Electrically conned
the test support st

t all conductive hardware on or within the test object that is normally grou
ucture.

@)

Elevate the suppd
ground plane shou

rting-structure and test object above the ground plane. The distance fro
Idbe as described in Figure 3.

rr the test object to the

(4)

Test Setup C

(1

Electrically connect the support structure to the ground plane.

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.

)
©)

Position the HV electrode above the test panel as shown in Figure 6.

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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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

(3)

the test object.

Note that whereas it is necessary for all electrical connections normally present between the test object and the

aircraft to also be included in the test setup, it is not necessary that any specified electrical bonding resistances be
met for these high voltage strike attachment tests. Electrical continuity is important, but connections via low
resistance bonds are not.

(4)
within or behind th

5.1.1.4 Test Wavefo
Voltage waveform D
representative of the el
D should be applied f
associated with lightnin
The test voltage should
test object or electrode

If the HV generator d
unrealistic effects which
5.1.1.5 Measuremen

Photographs and d

Photographic recor
One camera shoul

identified immediately.

Photograph of each

ds defined in ARP5412/ED-84 should be applied for Test\Setups A ang

Waveform plots of fhe test voltage and, if.appropriate, current waveforms.

test object may also be included.

ms

pctric field at an aircraft extremity during an initial leaderlattachment. Eithe
br Test Setup C. Waveform A is added since thisfis) most representat
g re-attachment to aircraft surfaces, radome, located in swept leader ang
be applied at both polarities. Normally, two discharges in each polarity sh
orientation.

scharge current exceeds the range of .ypical leader current of up to 2
are beyond the scope of this test.

ts and Data Recording

bscription of each test setup,

ds of all high voltage discharges. These should have complete coveragg
1 enable immediate preliminary analysis of the test shot to be made so

electrode configuration.

B, since this is most
voltage waveform A or
ve of the electric field
swept channel zones.
puld be applied in each

000 A it may produce

of the tested surface.
that any punctures are

Photographs of pu

Cclure locations or other signiticant efrects.

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, voltage amplitude, and waveforms.

Records of laboratory environmental data (such as temperature, pressure and humidity), dates of testing, personnel
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5.1.1.6
This test procedure is a
(1)
(2)

Test Procedure

pplicable to all test setups (A, B, and C).

Measure laboratory environmental conditions.

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. Capacitor banks must be shorted out after tests and prior to re-entry
of personnel into the test area. Eye and ear protection must be appropriate.

(3) Calibrate the HV g

enerator and instrumentation as follows:

t tha tact ~Ahinat far oy Whlamichac th At maialht Iatar ha ~anf oA a

(a) Carefully inspe
identify these s

(b)
(c)

Drape the test

Select the initic
initial test objed
shown that this
originating fror
opposing strea
when configurg
Setup A for the

If the waveforn
spacing as nec

(d)

(e) Repeat steps (
(f) Remove the foi

(4) Clean test object
results.

(5) Apply a discharge

path of the flasho

waveform.

If environmental d

ath
e tC ST OO oo™ty —orCTroC ottt gt atc—oC—Comma St WHER—E;

b that they are not confused with subsequent test results.

bbject with a conductive foil.

t polarity to be positive (+), regardless of being in Test Setup A or Test S
condition results in a lower probability of puncture of ©hon-conducting ma

n the test object protective devices progress furthér )into the air gap

mers from the negative electrode. In some cases,. Tést Setup B will not al
d for positive polarity. If this is the case, then it.is allowable to reconfigure

positive polarity test.

N is not per the requirements of ARP5412/ED-84, adjust the generator p
bssary to obtain the specified waveforn.

) through (d) as necessary to obtain the required conditions.
from the test object.

vith appropriate technique to remove dust, debris, and other contaminantg

er. Ensure‘that the discharge still occurs on the rising wave front before

onditions and materials are such that static charge may accumulate on

ects of the tests, and

| polarity and initiate a test to the foil, while measuring the ,applied voltag¢. It is advisable for the

btup B. Experience has
terials since streamers
before being joined by
ow proper attachments

the test object to Test

arameters or electrode

which could affect test

to the test object, while measuring the applied voltage and taking photographic evidence of the

the crest of the voltage

the dielectric surfaces,

charge levels sho

uld)be measured with a field mill and, if significant, be removed with a

grounding stick before

proceeding.

Inspect the test object and document the results.

failed, then the test sequence may need to be terminated.

Repeat steps (5) through (8), if more than one test under the same conditions is required.

If puncture has occurred, perform an assessment to determine if the test object has failed. If it is deemed to have

NOTE: Since the dielectric properties of the test object may progressively degrade, the total discharges should be
limited to two (2) at any particular combination of HV electrode and test object positions. If more data is required, the
symmetry of the object may be used to relocate the HV electrode for additional tests.
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(10) Switch the polarity

of the HV generator.

(11) Repeat steps (4) through (7).

(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.

5117

Data Interpretation

Test objects should undergo a thorough post-test evaluation to determine the adequacy of the design against the

acceptance criteria.

5.1.2 Swept Channel

5.1.2.1 Test Purposg
This test is normally &
attachment. That is, th
described in 5.1.1; thos
should use this test me
1A extensions due to

exposed to the effects ¢

e possible puncture |

o flashover paths ove

e performance of pro
This test is normally co
would flow into the tes
However, if equipment
then the high current ph
5.1.2.2 Test Object
The test object should

any coats of anti-static
realistic development g

Attachment Test

pplicable to parts of an aircraft that are located in Zone, 1A-but not e
bse portions of Zone 1A where initial leader attachment is\predicted sho
e extensions of Zone 1A defined by aircraft movement relative to the estab
thod. See ARP5414/ED-91 for guidance on defining initial leader attachm
sweeping leader effects. This test is also applicable to areas in Zones

f sweeping lightning channels as described in ARP5414/ED-91. This test G

pcations on non-conducting (i.e., dielectric)surfaces,
r non-conducting surfaces, or

ection devices, such as diverter strips on antenna fairings.

nducted with a high voltage generator that is not capable of producing the d
t object in accordance_with the lightning strike zone that the test object
is available to produge the required test voltage followed by the applicab
ysical damage testiof 5.2 can be conducted together with this test.

be full-seale production line hardware or a representative prototype. Any
paint{or dielectric coverings on electrically conductive elements, should
fccofona and streamering from the conducting elements. Anti-static pair

posed to initial leader
Ild use test method as
ished lightning channel
ent locations and Zone
1C, 2A, or 2B that are
AN be used to assess:

urrent components that
s to be located within.
le current components,

baint finishes, including
be provided to ensure
t should be bonded to

ano

conducting structure in

ranrac 4 PPN .
TCpPTreCStTatveTTIariticTs

The test object may also be a non-conducting surface, such as an access cover or antenna fairing that is integral with the
airframe. In this case the test object would also be a production item or representative prototype, installed in a panel that

is representative of the

5.1.2.3 Test Setup

surrounding aircraft surface.

An overview of a typical test arrangement showing the test object and typical test electrode position is illustrated in

Figures 7 and 8. For large test objects, of dimensions on the order of 0.25 m or more, tests usually are applied from
several electrode positions, as illustrated on Figure 7. Smaller test objects can usually be tested from one test
electrode location centered over the test object, as illustrated in Figure 8. The sphere gap spacing, g, and the test
electrode spacing, d, are determined during the test set-up calibration.
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FIGURE 9 - TEST ELECTRODE FOR SWEPT CHANNEL TEST

BJECTS

H1 mm

mm

Mount the test object to a surface representative of the actual vehicle region under test. Ensure that electrical bonding
to the surrounding surface represents the actual installation. Production hinges or fasteners, surface finishes, gaskets

and sealants should be present.

Ground all hardware to the test object structure that is normally grounded to the airframe or electrically connected to

other equipment in the aircraft installation.

Connect the output terminal of the HV generator to the high voltage electrode. The test electrode should be as shown

in Figure 9, with an electrode tip radius of 4 mm + 0.5 mm.

Setup equipment to measure and record the test voltage and current.
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5.1.24

Test Waveforms

Voltage waveform A as defined in ARP5412/ED-84 should be applied.

5.1.2.5

Measurements and Data Recording

e Photographs and description of each test setup and electrode position.

¢ 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.

e Photographs of pur

e Records of laboratgry environmental data (such as temperature, pressure and humidity,), dat
performing and witr

e Records of any deV

e Records of the resu

5.1.2.6

(1) Measure laborator
(2) Review and impleent safety procedures. Some areas:of’concern are as follows. Test areas
of personnel prior
of personnel into t

(3) Carefully inspect t
these so that they

(4) Calibrate the gene

(@)

(b)

Test Procedy

Determine the
less than 0.5 m

cture locations or other significant effects.

essing the tests, and test location.

iations from the test procedure.

Its of each test showing voltage polarity, amplitude, ahd)waveform.

re

y environmental conditions.

to charging of test equipment. Capacitor banks must be shorted out after t
ne test area. Eye and ear protection’may be appropriate.

he test object for any blemishes that might later be confused with effects ¢
are not confused with subsequent test results.

rator and instrumentation as follows:

Hesired test veltage based on a 140 kV/m multiplied by the sweep distanc
the desireddest voltage shall be 70 kV. The high voltage generator shall b

Voltage Wavef

NOTE: High voltage-generators configured to produce voltage waveform A may vyield a
test voltages. High voltage generators configured for waveform B with a high cre

rm A as.defined in ARP5412/ED-84.

bs of testing, personnel

must be safe and clear
pst and prior to re-entry

f the tests, and identify
2. For sweep distances
b configured to produce

noisy waveform at low
5t voltage may be used

to maintain the 1000 kV/ps (500 kV/us) requirement of waveform A.

Set up the sphere gap (g), as shown in Figure 7, and set the sphere gap to spark over at a voltage that is 120 to
130% of the desired test voltage. 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.

(c) Connect the output terminal of the high voltage generator to the high voltage test electrode. The test electrode
should be as shown in Figure 9.
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(d) 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 over top of the test object
and ground the foil to the high voltage generator return. The electrode should be placed 50 mm away from the
surface (d) of the test object to represent the voltage applied by a lightning channel sweeping over the surface of

the test object.

(e)

Operate the high voltage generator such that a flashover occurs at the test electrode. Record the breakdown

voltage for the test electrode. For desired test voltages below 140 kV, the spacing (d) may need to be reduced
such that the electrode breaks down at the desired test voltage (-0/+10%). Repeat the electrode breakdown
voltage demonstration as needed. The maximum test electrode spacing shall be 50 mm.

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

(5) Clean test object
results.

(6) Apply test voltage

that occur.

NOTE: If no flash
insulating sursface

Inspect the test o
object.

()

If puncture has og
failed, then the te

(8)

Repeat steps (4)
procedures.

NOTE: Since the

stressing, experiefce leads to the recommendation that an acceptable number of tests are tw

a particular electrg

5.1.2.7 Data Interpre|

Test objects should u
Pass/Fail criteria.

5.1.3 High Voltage S

|

vith appropriate technique to remove dust, debris and other contaminants

to the electrode, while measuring the applied voltage and taking-photog

bject and document the results. Mark and photograph any punctures or g
curred, perform an assessment to determine if the test object has failed.
sequence may need to be terminated(

rough (7) for each of the tests,xelectrode polarities and electrode positio

dielectric properties of, the test object may progressively degrade due
de position.
tation

ndergo a\thorough post-test evaluation to determine the adequacy of

rike Attachment Test on Models

which could affect test

aphs of any flashovers

over occurs to the test object the test has been succeéssfully applied. This is an indication that
s of the test object can successfully withstand the lightning channel voltags.

ther effects on the test

If it is deemed to have

hs called for in the test

to repeated electrical

0 (2) at each polarity at

he design against the

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 locations. This case is particularly true of
aircraft involving large amounts of non-conductive structural materials.

Two test setups are described to simulate either a naturally approaching leader or an aircraft initiated strike.
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5.1.3.2 Test Object

The test object should be an accurate model of the vehicle exterior that is not less than one meter in its largest dimension.
Exterior surfaces of the model should be electrically conductive, even though some surfaces of the aircraft, such as a
radome and windshields, are made of non-conducting materials. Model tests cannot determine detailed attachment
locations on non-conductive surfaces. Therefore, the entire model is provided with conductive surfaces and the test
determines which surfaces would be potentially susceptible to initial leader attachments. High voltage strike attachment
tests of full scale non-conductive structures as described in 5.1.1 and 5.1.2 must be applied to establish detailed strike
locations, surface flashover or puncture possibilities, or the effectiveness of protection devices.

If more than one vehicle configuration exists or is planned, the various possible configurations should be modeled
separately.

5.1.3.3 Test Setup

e Mount the model oh electrically insulated stand-offs or suspend it from non-conductingines quch that it is positioned
in space between g high voltage electrode and a ground plane.

e To simulate a natdrally occurring leader the upper electrode may be a rod or'small sphere| not exceeding 50 mm
diameter to represgnt a leader approaching the aircraft.

e To represent an alrcraft 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 shquld be sufficiently large
so that field concentrations at electrode edges do not influenceitest results (i.e., flashovers ghould occur to the flat
surfaces and not the edges of the electrode and ground plane*Fhis typically requires that elegtrode and ground plane
dimensions be a mjnimum of three times the largest dimension of the model. Figure 10 showp a typical setup for the
naturally occurring |eader case. Figure 11 shows the arrangement to represent the aircraft initiated strike.

&4_’ Electrode

Aircraft Coordinate System

Ground Plane 6 =180°

FIGURE 10 - TEST SETUP TO DETERMINE INITIAL LEADER ATTACHMENT LOCATIONS
ON MODELS NATURALLY OCCURRING LEADER SIMULATION SHOWN
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High voltage electrode

50 m strike distance at full scale

Tests are applied with
model in positions at 30
jegree increments in
ach plane
(Bymmetrical positions
may be eliminated)

> largest model dimension

Ground Plane

FIGURE

For determination
represent lightning
locations are beind
possible in flight. In
electrodes. Since li
be positioned at m
30 degree increme
attachment locatio
directions intermed

11 - TEST SETUP TO DETERMINE INITIAL LEADER ATTACHMENT LOC
ON MODELS AIRCRAFT.INITIATED STRIKE SIMULATION SHOWN

pf locations where approaching leader attachments are possible, tests
leaders approaching:from all possible directions expected in flight. If the
determined, the-model should be capable of being exposed to ambient
most cases it is more practical to change the orientation of the model rath
ghtning leaders and ambient electric fields may occur from all directions,
Any orientations with respect to the electrodes. Experience has shown th
htal positions about the airplane roll, pitch and yaw axes usually identify
s experienced by similar shaped aircraft in flight. Some additional ori
ate from the reference planes may be advisable when evaluating strike po

ATIONS

should be applied that
aircraft initiated strike
electric field directions
br than to reposition the
the model must usually
bt tests of the model in
all of the initial leader
entations, representing
ssibilities to areas such

as engine nacelles

Adjust the position of the electrode and the madel for the following conditio

ns.

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 from the closest
extremity of the model in any of its positions. Reorientation of the model to new positions may necessitate adjustment
of the HV electrode location so as to maintain the modeled 50 m striking distance, but the height of the model to the
ground plane need not be changed. For each model orientation the electrode should be positioned over the center of
the model.

For the aircraft initiated leader case the model is positioned midway between the HV electrode and the ground plane.
The distances from the model to the electrode and ground plane should represent the 50 m striking distance to the
closest extremity of the model, but the electrode need not be repositioned when the model is oriented such that the
distances to the electrode are greater than the scaled 50 m striking distance.
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5.1.34

Strike locations associated with flashovers from the HV electrode may be considered initial leader ‘entry’ points;
whereas locations from which flashovers proceed to the ground plane may be considered ‘exit’ points; however there
is no real significance to these definitions. All places where test strikes either ‘entered’ or ‘exited’ the model should be
considered as initial leader attachment points that could actually be either entry or exit locations on the aircraft.

Select an initial polarity and connect the test voltage generator to the electrode and ground plane.

Set up cameras to photograph the test strikes, and equipment to record the test voltage waveshape. Two cameras
should be used that are at right angles to each other, so that strike locations on the model are clearly identified.

Test Waveforms

Tests to determine natyrally occurring strike locations should be conducted with voltage wavefornp C, at an amplitude set

ns in times to flashover

to produce flashover to
(i.e., breakdown) of 1

Tests to determine loca
this waveform should

waveform in ARP5412/
until flashovers to the ni
5.1.3.5 Measuremen

Photographs and d
Photographic recor

Records of laborat
performing and witr

e Records of any deV
Results of each test, in
necessary that oscillog
similar.

5.1.3.6

(1)

Test ProcedJ

Measure laborator

the model in 2 ys as defined for this waveform in ARP5412/ED-84. Vafiatic
s are acceptable for these tests.

tions of aircraft initiated leaders should be conducted with voltage wavefg
pe set to produce flashovers to the model at times between¢50 and 25(
ED-84. The aircraft initiated leader tests may also be conducted with DC vg
odel occur.

ts and Data Recording
bscription of the basic test setup.

s of the electrode configurations and flashovers to the model for each test

essing the tests, and test location.

iations from the test procedure.

tluding oscillograms of typical test voltages applied in each polarity at each
rams of each individual test voltage be recorded, since voltages in eac
re

y environmental conditions.

rm D. The amplitude of
us as defined for this
Itage, applied gradually

bry environmental data such as ‘témperature, pressure and humidity, datés of testing, personnel

model position. It is not
h test condition will be

(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. Capacitor banks must be shorted out prior to entry of personnel into
the test area. Eye and ear protection may be appropriate.

Calibrate the generator and instrumentation by applying test voltages and monitoring flashover times until flashovers
are occurring within the time limits in 5.1.3.4. Strike locations on the model need not be recorded during these trials.

While maintaining the orientation of the test model, apply a series of tests (typically ten) to the test model, until
confidence is obtained that all of the possible leader attachment points for that model orientation and voltage polarity
are obtained.

Rotate the model 30 degrees to the next position, in accordance with the test procedures.

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.


https://saenorm.com/api/?name=353ff42e12c208e75533a21b1fd803d1

SAE

ARPS5416A

Page 36 of 105

(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 degrees in increments of 30 degrees. Note that the model may have to be rotated
through 180 degrees 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.

Change the polarity of the generator.

Repeat steps (3) through (7).

NOTE: To minimize testing time, a default assignment of attachment points can be made in situations where the test
result is obvious, such as when the wings are in the direction of the electric field and all strikes occur to the wing tips.

5.1.3.7 Data Interpre|

Data obtained from po
attachment locations.

The attachment points
aircraft as part of the

result in attachments td
accordance with 5.1.1 3

It should be noted that]
lightning strike zones, s

5.2 High Current Phy

These tests are used t

from such an attachment. These effects can be evaluated at the point of attachment or along

lightning current.
521 Arc Entry Test
5.2.1.1 Test Purposg

This test is applicable t
used to determine the ¢

tation

sitive and negative polarity tests should be combined to identify,all<of th

process of locating the lightning strike zones as described in ARP5414/H
surfaces that are non-conductive on the aircraft, testing of these full scale
nd 5.1.2 should be performed to determine if puncture or flashover would g

model tests are used only to establish initialleader attachment locations
ince lightning attachment locations are not.lithited to initial leader attachme

sical Damage Tests

b determine the effects due to a‘lightning attachment to an aircraft surface

b structuresilocated in Zones 1A, 1B, 1C, 2A, and 2B, as described in ARP

b possible initial leader

dentified in this testing are used to help locate possible injtial lightning attachment regions on the

D-91. Where the tests
skins and structures in
ccur at these surfaces.

, and not the complete
nts.

and current flow away
the path taken by the

b414/ED-91. The test is

or where high current

irect effects that may result at the locations of possible lightning channel

ttachment to an aircraft

d erergy densities may flow away from a point of entry during a lightning strike. Examples are

aircraft surfaces or compofents exposed to direct or swept lightning strike effects, internal structural elements that may

conduct lightning currepts,)and externally mounted components that may experience direct stri

i

or conducted current

effects. The test can be
[ )

arc root damage,

hot spot formation,

used to assess:

melt-through behavior,
adequacy of protection layers,
behavior of joints and hardware attachments,

voltage and current at points of interest.
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5.2.1.2 Test Object

These tests may be performed on a full-scale production item or a representative prototype. These tests may also be
performed on panels, coupons, or subsections of the aircraft part. The panels, coupons or subsections should be
fabricated with the appropriate manufacturing processes, paints and other finishes, joints, and materials. For protection
devices that require a specific voltage to ionize, such as segmented diverter strips, the voltage of the generator should be
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 current to the aircraft structure.

5213

Test Setup

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

Ground all hardwar|

Connect the gener3
in @ manner reprg
interactions associd

e to the test object structure that is normally grounded.

tor return to the assembly such that the lightning currents are conducted a
sentative of when the aircraft is struck by lightning. Ensure ‘that mag

Orient a test electrgde 50 mm or greater above the area of the test objectthat is to be evalua

tests the electrode
concern, a rod elec

Set the generator
being evaluated, pg

A fine metallic wire)
interest on the test
adversely affected.
used as shown in s

should be the ‘jet diverting’ type, as shown in Figure’ 13. If blast or shock
rode with rounded tip and a diameter of 5 mm or greater can be used.

olarity to negative in order to produce maximium damage. If only current
sitive polarity is acceptable.

, not exceeding 0.1 mm diameter, may be used, if desired, to direct the 4
object. This approach is helpful for)generators that use lower voltages. Te
The wire should end a few mijllimeters from the test object. To achieve this
ketch at left in Figure 12. The\wire should not be taped to the test object (sk

ay from the test object
hetic forces and other

ted with current flow within the setup are controlled such that they represent the natural situation.

ted. For most arc entry
wave effects are not of

components A or D are

rc to a specific point of
5t results should not be
, a tape “hinge” can be
etch at right).

Test Object

Set up sensing and

/’/
/ Test Object
[
Ba

FIGURE 12 - TEST WIRE POSITIONING

Good d

recording equipment.
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5.2.1.4 Test Wavefor

ms

A subset of current components found in Table 3 of ARP5412/ED-84 are used for this test, depending upon the aircraft
zone where the test object is located.

5215

Photographs of the

Measurement and Data Recording

Photographs and description of the test setup.

test object both before and after each discharge.

Photographs and description of damage to the test object.

performing and witr

Records of the res
charge transfers at

NOTE: Indirect eff

parameters

Records of Iaboratlry environmental data (such as temperature, pressure and humidity),\dat
Record of any deviations from the test procedure.

applicable test points.

bcts measurements are frequently required for, external electrical hardwa
some of these measurements can be made during the“direct effects tests, as

essing the tests, and test location.

ults of each discharge showing polarity, currents amplitudes, waveform

, such as peak rate of rise, are correct or othierwise accounted for.

P ~a

<«— Electrode Electrode ——

bs of testing, personnel

s, action integrals and

e (see 6.1). If desired,
ong as key waveform

Arc Jet
/_/__\/—\/ Arc Jet
T Initiating Wire =
5 / o Initiafing Wire
mm
typical . / T
Fireclay o 50 mm
Inspilating (Insulating typical
Ball Surface) l
£ < >

5.2.1.6
(1)
(2)

N N

FIGURE 13 - TYPICAL JET DIVERTING TEST ELECTRODE

Test Object Test Object

Test Procedure

Measure laboratory environmental conditions.

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

(a) 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.
(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.

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

(f) Remove the b
(4) Initiate a discharg

(5) Inspect the test ob

(6) If required, orient the electrode in a new position and repeat steps (4) throdgh (5).

5.2.1.7 Data Interpre|

Test objects should un
Pass/Fail criteria.

5.2.2 Aircraft Non-Cg
5.2.2.1 Test Purposqg

This test is normally af
effects of a lightning ¢
surfaces. If a dielectric
structure, the arc entrn
attachment to an under
puncture does occur, th

e Shock wave damag

to the test object.

tation

nductive Surfaces Test

e and thermal effects.

jiect and document the results.

dergo a thorough post-test evaluation to determine the adequacy of the

plicable to aircraft surfaces located in Zones 1A, 1C, and 2A. This test is
nannel sweeping over aircraft optical transparencies, antenna fairings an
coating is present which will be easily punctured, such as a de-icing boo
y test in 5.2.1 is_more appropriate. For dielectric fairings, where a pumcture and subsequent
ying antenna could occur, the swept channel attachment test in 5.1.2 shoy
e arc entry test\of 5.2.1 should be performed. This test can be used to assq

e Effects of arc attacrrment to buried or internal wires.

design with respect to

used to determine the
H other non-conductive
t overlaying conductive

Id also be performed. If
SS:

o Effects on the inside plies which could produce ‘spall’.

e Effects on transparency attachment to the frame.

e The magnitude of voltages and currents induced or directly coupled onto internal conductors.

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.
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5.2.2.3 Test Setup

o Mount the test object in a fixture or aircraft structural section. Figure 14 shows a test object mounted in a generic test
frame that supports the test object simulating the angle of the transparency. The metal flashing attached in front of the
test object simulates the fuselage in front of the transparency. This type of test arrangement can provide spall
information at a crew station. Figure 15 shows a full-scale windshield mounted in a section of aircraft structure (or test
fixture that duplicates the structure). This arrangement is sometimes used if the lightning damaged windshield is to be
pressure tested. If moisture is judged to be a factor, windshields should be tested in both the wet and dry conditions.

Signal From
Generator \ ,TeSt Object

Witness

/ Plate

Windshielfl Frame

Arc Jet
Diverting

%,
AN

Electrode
/,
//N >3200 mm
i /7
Flashing
<« 300|mm or center of
gﬁ\ie‘]r(tei;g wind$hield, whichever
Electrode is smaller
y'd X Windshield
Initiating Wire Return to Frame
Return to Generator
Generator

FIGURE 14+ TEST ON TRANSPARENCY MOCK-UP

From Generator

Electrode

Fuse Wire

Return to Generator

FIGURE 15 - TEST ON WINDSHIELD
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Ground all hardware to the test object structure that is normally grounded.

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.

evaluated. For a transparency, the electrode should be centered on the transparency.

between the leading and aft edge of the transparency whichever is the smaller.

Orient a ‘jet diverting’ electrode (see Figure 11) 200 mm or greater above the area of the test object that is to be

For a transparency, the electrode should be positioned 300 mm from the leading edge of the transparency or half way

Connect the high si

A fine metallic wire
the test object. The
distance of 50 mm
structure (or flashin
heads of mounting

e Set up sensing and

5.2.2.4
Current waveform A/AR
is located. Component
object.

If it is necessary to eva
test may be conducted

initiating wire to enable

5.2.2.5 Measuremen
Photographs and d

If applicable, desg

de of the generator to the electrode.

For this test either positive or negative polarity can be used.

not exceeding 0.1 mm diameter, should be used to direct the/arc to a spe
fuse wire path should be from the electrode directly toward-the non-condu
above the surface, it should travel approximately parallel to the surface
g) directly in front of the non-conductive area. Typicalwire attachment poin
5crews, windshield wiper shafts or arms, or windshield anti/de-ice bleed air

recording equipment.

Test Wavefoims

or D of ARP5412/ED-84 is used for this test depending on the aircraft zor
5 B & C* may be used if it is felt\necessary to assess thermal effects on

uate the thermal effects of components B & C* on, for example, acrylic win
with the electrode moved closer to the leading edge of the transparency,

ts and Data Recording
bscription.of the test setup.

ription and photographs of instrumentation probes for windshield heat

these components(to)be applied across a shorter distance of the test objec.

cific point of interest on
ctive surface. Then at a
forward to the aircraft
ts are aircraft structure,
nozzles.

e where the test object
the surface of the test

dscreens, an additional
thereby shortening the

er circuit and harness

arrangement.

Photographs of the

test object both before and after each discharge.

Photographs and description of damage to the test object.

Description and photographs of the orientation of heating wires with respect to the fuse wire.

performing and witnessing the tests, and test location.

charge transfers at

Record of any deviations from the test procedure.

applicable test points.

Records of laboratory environmental data (such as temperature, pressure and humidity), dates of testing, personnel

Records of the results of each discharge showing polarity, current amplitudes, waveforms, action integrals and
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5.2.2.6

(1)
(2)

(3)

(7)

5.2.2.7

If applicable, records of amplitude and waveforms of induced signals in heater circuits.

If applicable, photographs of transparency spall pattern on witness plate.

NOTE: Some tests require that the degree of spall from the inner surface of the transparency at the crew station be
evaluated. One method of determining the force and pattern of the spall is to place a witness plate behind the
transparency at the crew’s location. The witness plate is made of a soft material that will qualitatively record
the amount, direction, and force of the transparency spall. Plastic modeling clay, artists modeling clay (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 witness plate materials.

Test Procedure

Measure laborator

y environmental conditions.

Review and implement safety procedures. Some areas of concern are as follows. Tést’ areas

of personnel prior
into the test area.

Calibrate the gene
(a) Insert a condud
discharge will 1
damage the tra

(b) Connect the ba
(c) Initiate a dischg
(d) If the current le
(e) Repeat steps (
(f) Remove the ba

Clean test object
results.

to charging of test equipment and capacitor banks must be shorted out pri
Eye and ear protection may be appropriate.

rator and instrumentation as follows:

tive bar over the test object with material properties_similar to the test objed
ot damage the test object. For transparencies, ‘ensure the arc blast pressu
hsparency.

I to the generator return.

rge to the bar, while measuring the.applied current waveform(s).

vel or waveform(s) are not cerrect, adjust the generator parameters.

) thorough (d) as necessary to obtain the required waveform(s).

Ir.

vith appropriate' technique to remove dust, debris, and other contaminants

Initiate a discharge to the' test object.

Inspect the test o

must be safe and clear
por to entry of personnel

t, such that a generator
re will not mechanically

which could affect test

iect and-document-the results.

If required, orient t

he 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 physical damage,

arcing and sparking,

magnetic force effects,

e thermal effects.

5.2.3.2 Test Object

The test object should
structural members or
fuel tank access panelg
allow representative lig

5.2.3.3 Test Setup

Mount the test obje

Ground all hardwar|

the test object in a
usually not relevan
are controlled such

Set up sensing and

NOTE: A semi-cod
and distrib
using this t
be combing

Connect the generator high and return sides to the ‘assembly such that the lightning currents

be full-scale production like sections or subsections of structures that incl
assemblies, such as adhesive bonded joints, fastened/oints, hinges, bez

htning current distribution to be achieved.

ct in a fixture.

e to the test object structure that is normally grounded.

manner representative ofrwhen the aircraft is struck by lightning. The pol
. Ensure that magnetic forces and other interactions associated with curre
that they represent the natural situation.

recording equipment.

xial arrangement of the conductors and the test object can be used to mi
ite current-flow. Figure 16 shows a typical test arrangement for testing

bchnique. Also, measurements of induced voltages into wiring as describe
d-with this test method.

Lide interfaces between
rings in actuators, and

. The specimens should be large enough to represent a‘sufficient cross sg¢ction of the airframe to

are conducted through
arity of the generator is
nt flow within the setup

nimize magnetic effects
small material samples
1 in 6.1 can sometimes

5234

Test Waveforms

A subset of current components found in Table 3 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 of the aircraft installation.
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5.2.3.5 Measurement and Data Recording

Photographs and description of the test setup.

e Photographs of injection points.

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

e 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.

e Records of the regults of each discharge showing polarity, current amplitudes,waveforms, action integrals and
charge transfers atjapplicable test points.

Quasi-Coaxial Metallic.Llongeron
Current Return System ControlRod, etc.
Bonded at Both Ends
Metallic
Quasi-Cpaxial Plate

Current Induction
System

. Matallic Plate
Coupling Network Camera »
R

est Object

Current Probe
- s m—— e e m— — e s s — e w— e w——

Zrrmrimerm =Gz Si=

N

N

N
Cable Bundle,
Shielded, Bonded

j at Both Ends
\ Lightning

Generator ——

Registration |

L Cable Shields | | Eauipment |
Grounded

Shielded Room

FIGURE 16 - TYPICAL SETUP FOR DAMAGE TEST WITH POWER LEAD LAYOUT
5.2.3.6 Test Procedure
(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.
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(3) Calibrate the gene

rator 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).

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

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

(e) Remove the ba

r and reattach the generator high and return to the test object.

(4) Clean test object

results.
(5)
(6) Inspect the test ob
5.2.3.7 Data Interpre|

Test objects should un
Pass/Fail criteria.

5.3 Induced Transien

The tests in this section

5.3.1 Measurement d

5.3.1.1 Test Purpos¢g
This test is applicable
electrical circuits whic
components include ar
lights and electrical de
conducted current test

determine induced voltage and current on wires connected to the externally-mounted aircraft com

conducted currents.

Initiate a discharge to the test object.

vith appropriate technique to remove dust, debris, and other contaminants

jiect and document the results.
tation

dergo a thorough post-test evaluation to determiine the adequacy of the

ts in External Mounted Hardware
evaluate induced electrical transients that are closely associated with direc

f Injected Transients in ExternalHardware

to externally-mounted" aircraft components located in Zones 1A, 1B, 1C
 may have voltages and currents injected into them from direct light
tennas, icingsdetectors, angle-of-attack (AOA) sensors, electrically heateg

bf 5.2.3. This test may be used in addition to full aircraft indirect effects test

which could affect test

design with respect to

t effects.

2A, and 2B that have
hing attachment. Such
pitot tubes, navigation

ticing heaterS: This test may be accomplished in combination with the afc entry test of 5.2.1 or

5 in 6.1 that are used to
ponents due to Zone 3

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.

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 17 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 compo

site (CFC) or titanium should be used for the test panel.
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Select the initial teg
the connection pg
representative of w

expected from naty
Figure 13.

Set up the current 3

Orient a test electrgde 50 mm or greater above (or attach.it\directly to) the test object at a prd

ap
00

Test Fixture

FIGURE 17 - TYPICAL METAL SKIN INSTALLATION
ct hardware to the test fixture as specified for the aircraftdnstallation.

t polarity and connect the return side of the high-voltage generator to the
sition will result in test current being conducted away from the teg
nen the aircraft is struck by lightning.

ral lightning. For most arc entry tests'the electrode should be the ‘jet-dive

nd voltage measurement probes and recording equipment.

Provide shielding f

shielded instrument cable or optical fiberlink should be used between the induced transient

and the recording

Terminate the test pbject wires.inappropriate loads (Z,). There are two general approaches

r any measurement probes and recording equipment to minimize measur

uipment.

test fixture. Ensure that
t object in a manner

bable attachment point

rting’ type, as shown in

ement noise. A suitably

5 measurement probes

o terminating the wires

when measuring infduced veltages V¢ and currents Ic. The first approach consists of terminating the wires with open

and short circuits

measure the open circuit voltage (Voc) and the short circuit current (I

) for a given interface

circuit. This approdch produces values that are worst case levels, which are useful for perfgrming computations on
circuits with differing-10ad impedances. However, this requires two separate pulse tests, on¢ with each termination

condition. The second approach consists of terminating the 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

5.3.1.4

possible with either approach.

Test Waveforms

Current components found in Table 3 of ARP5412/ED-84 are normally used with the particular waveforms being
dependent on the aircraft lightning zone where the test object is located in the actual installation. 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 and peak rate of rise. See 5.1.3.7.

5.3.1.5 Measuremen

t and Data Recording

Photographs and description of the test setup.

Photographs and descriptions of instrumentation probes for electrical circuits and harness arrangement.
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Photographs 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.

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

e Records of amplitufle and waveforms of voltages/currents at the terminals of electrical circuit$ in the test object. The
recording instrument should have a minimum bandwidth of 30 MHz.

5.3.1.6 Test Procedyre

(1) Measure laboratory environmental conditions.

(2) Review and implenent safety procedures. Some areas of concern are,ds follows. Test areas|must be safe and clear
of personnel prior [fo charging of test equipment and capacitor banks_must be shorted out pripr to entry of personnel
into the test area. Eye and ear protection may be appropriate.

(3) Calibrate the gendrator and instrumentation as follows:
(a) Detach the high side of the generator from the test object and connect it to a conductive bar that is connected to
the generator return point of the test object. The bar should have material properties thdt are similar to the test

object.

(b) Initiate a dischiarge to the bar, while measuring the applied current waveform and thg induced levels in the
electrical circuif instrumentation.

(c) If the current leyel or waveform is nof correct, adjust the generator parameters.

(d) If the induced hoise levels in the instrumentation circuit are above those expected, modify the instrumentation
setup to reducq the induced/evels.

(e) Repeat steps (:[) thorough (d) as necessary to obtain the required conditions.

(f) 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.
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. If the test current waveforms do not correspond to the
required A, D or H waveform, different extrapolation factors for peak amplitude, rate-of-rise or integral related responses
may be required.
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5.3.2 Voltage Stress Assessment of Circuit Insulation
5.3.2.1 Test Purpose

This test is an indirect effect assessment due to a direct effect. This test is applicable to areas of the aircraft (possibly any
lightning zone) where induced voltages might cause flashover or breakdown of insulated electrical wiring to surrounding
structures due to changing magnetic flux and voltage drops in structural resistances. An example is the voltage, Vinguced
which may appear between a pitot heater element and the pitot tube during a strike to a radome mounted pitot tube as
illustrated in Figure 18. If breakdown occurs, the impedance at the breakdown point will be very low and the pitot heater
circuit may be exposed to very high voltages in excess of those measured during the indirect effects testing of Section 6.

Electrical Wiring Structure Ground

Insulation Pitot Heater

Lightning
Attachmégnt

/ ------------ > AN
fPitot Tube

Path of Lightning Current -
lonized Diverter Strip

Dielectric Radome Power
Supply

[¢))

tructure
Structure Sround

Lightning Attachment Event

f
Vinduced GU
¢ R N
________________ = VWA
Lightning Current - i |/ U / U U\M e o
agnetig Flux -

V guced = 11" Ry +d0/dt

induced —

«

Structure Resistance - Rs

Equivalent Circuit

FIGURE 18 -1 IGHTNING INDUCED VOLTAGE APPEARS AT PITOT HEATER INSULATORS

5.3.2.2 Test Object

The test object should be a full-scale production item or a representative prototype. The test object should be fully
representative in relation to the system wiring of interest and the type and installation of equipment, wire runs, and wiring
relevant to the tests to be made.
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5.3.2.3 Test Setup
e Use the setup of 5.3.1 or 6.1, whichever is appropriate.

e Place a temporary short circuit at one end of the circuit as shown in Figure 19. Set up the instrumentation to measure
of the open circuit voltage at the other end of the circuit.

Structure
Insulation Pitot Heater
N AAAAAAA iy
[AAAAAAA—— Dielectric Radome
. [~ L
/4 N V ShortQircuit
open circuit
Pitgt Tube
Common Mode Voltage Measurement at Pitot Heater
Strudture

Pitot Heater

Instilation

Dielectric Radome Vopen circuit
Short Circuit
Pitgt Tube

Common Mode Voltage Measurement at Power Supply

FIGURE 19 - INDUCED VOLTAGE MEASUREMENT LOCATIONS

5.3.24 Test Wavefoms

Current waveforms A, D, and H of ARP5412/ED-84 are normally used with the particular waveforms being dependent on
the aircraft lightning zone where the test object is located in the actual installation.

NOTE: 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.


https://saenorm.com/api/?name=353ff42e12c208e75533a21b1fd803d1

SAE ARPS5416A Page 50 of 105

5.3.2.5 Measurement and Data Recording

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

5.3.2.6 Test Procedure

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

5.3.2.7 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 dlfferent than the appllcable Ilghtnlng threat waveform, the measured
values need to be extrapela extrapolation, the dl/dt
and IR components of|the measured test current waveform need to be identified. If the test curent waveforms do not
correspond to the required waveform, different extrapolation factors for di/dt or IR related voltage$ might be applicable. If
the peak voltage excegds the insulation withstand voltage, sparkover should be expected*and damaging currents may
flow into the conductorg.

6. INDIRECT EFFECTS TEST METHODS

The indirect effects teqt methods outlined in this section are for lightning,induced transients in|aircraft wires and wire
bundles:

a. Aircraft Tests to measure lightning induced transients (6.1),

b. Tests for EQuipment and Systems (6.2),

c.  Wire Bundle Shield Transfer Function Tests (6.3), and

d. Shield/Connector Current Handling Tests (6.4).

6.1 Aircraft Tests

The two basic types of
to acquire engineering
protection effectiveness

aircraft tests are swept frequency tests and current pulse tests. These air
data to support.aircraft lightning protection design, or they may be us
data to suppertaircraft or engine certification.

Craft tests may be used
ed to acquire lightning

6.1.1 Test Purpose
Aircraft tests are used |to.detéermine the actual transient levels (ATLs), including the transient waveforms, induced into
aircraft electrical/electr¢nic’systems wiring. These induced transient current and voltage amplitugles 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.

6.1.2 Test Object

The aircraft test may be performed on a complete and functioning aircraft, a major section of an aircraft, or an engine
assembly. If the test is performed for aircraft or engine certification, a production aircraft or engine should be preferred,
otherwise justification for results applicability may be required. 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 conformity inspections by
the appropriate regulatory authority prior to the test.
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If the test is performed to develop engineering design data, a prototype, mockup, or major aircraft or engine section may
be used. The structure, wire bundles, and equipment installation should be electromagnetically similar to the intended
aircraft or engine production configuration. If an engine assembly or major section of an aircraft is used for the test,
additional conductors may be required to simulate current flow on the rest of the aircraft that was not included in the
engine assembly or major aircraft section.

Aircraft tests are typically conducted with the aircraft systems unpowered. The power contactors, circuit breakers, and
equipment power switches may need to be configured to maintain power circuit continuity.

The aircraft or engine may require minor modification to install lightning test instrumentation and probes. These
modifications should be designed and installed so that they do not affect the lightning current paths, or create additional
openings in the aircraft. For example, a special window panel may be installed to allow instrumentation wires or fiber optic

cables inside the aircra

For aircraft major secti

rest of the aircraft in org
may include system d
conduits/wires, bonding

For engines, all lightnin
may be included in thg
bundles, push rods, grd

or lightning protection.

Any fuel, electro-explos
be replaced by equival
reduce vapor volume, 3
6.1.3 Return Conduc

The test setup includes
controls and monitoring

Lightning interaction w|
represented by the cu
configurations are requ
the aircraft tests should
in the aircraft. Table 1

on a wire routed betwegen the flight deck and the left wing navigation light should be made with t
tip attachment points. In this,Configuration, the simulated lightning current would flow through stru
interest is routed, thereby-inducing the maximum transients in that wiring.

fLwithout npnning an-aircraft door or hatch

bn or engine tests, the aircraft major section or engine must include lightn
er to get realistic current flow and accurate induced transient measuremer
omponents such as mounting brackets, fuel and hydraulic lines, flight
straps, and structural elements.

g current paths between the engine, nacelle, pylon, strut, and airframe shg
test setup. These current paths include engine modnts, fuel and hydrau
und straps, safety lock wires, and any other design\features intended spe

ive devices (EEDs), and pyrotechnics shouldbe removed or made safe p
ent instrumented devices. Flammable fuel Vapor should be eliminated, by
nd by filling the remaining fuel vapor space with an inerting gas such as nit

for Arrangement

the aircraft, a suitable return:conductor arrangement, the current generato
instruments, and induced'transient measurement instruments.

th an aircraft depends on the lightning attachment points. The lightning
rent generator and return conductor attachments to the aircraft. Typicg
red to adequately characterize the aircraft ATLs. The lightning attachment
be based an-likely lightning attachment points, and the routing and locatio
ives a list of typical attachment configurations for an aircraft. For example|

ng current paths to the
ts. These current paths
control and electrical

uld be considered, and
lic lines, electrical wire
cifically for EMC, HIRF,

Fior to tests. EEDs may
filling the fuel tanks to
ogen.

, and current generator

attachment points are
lly, several attachment
configurations used for
h of systems and wiring
, @ measurement made

i

nose and the left wing
ure where the wiring of
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TABLE 1 - TYPICAL TEST CURRENT ATTACHMENT CONFIGURATIONS

Current Generator
Attachment Point

Return Conductor
Attachment Point

Aircraft

The number of current
selected current geners
test points. The analysi

The return conductors
of the lightning and air
the current distribution {

The return conductor a

Nose Tail

Windshield Post Tail

Nose Wing Tip

Nose Engine

Nose Landing Gear
Nose Vertical Tail
Wing Tip Tail

Wing Tip Wing Tip
Engine Inlet Engine Exhaust
Engine Inlet Tail

Helicopter

Main Rotor Blade Tail Rotor Blade
Main Rotor Blade Landing Skid
Main Rotor Blade Nose

Tail Rotor Blade Landing Skid
Tail Rotor Blade Nose

generator and return conductor configurations may be reduced by using a
tor and return conductor configurations achieve the most severe lightning t
5 and models used in the analysis should be-validated by comparison with |

craft interaction. The current distribution on the test aircraft should simula
hat would exist on the aircraft during an in-flight lightning strike.

rangement will be dependent on the aircraft shape. The aircraft and retur

considered uniform trapsmission lines, such as'a coaxial transmission line, except in the crudes

aircraft and return cong
current distribution on t

This may be achieved
would be to use retu
representative current

he airframe.

using the aireraft on the ground and an assembly of return conductors. T
rn conductors about the aircraft fuselage, wings and tail boom, whid
listribution”in the aircraft. As a minimum, the return wires should be arrar

under the aircraft fusel
transport aircraft. This
typically satisfactory fo

age, wings, and tail boom. This may be the most practical return conducto

uctor arrangement.should be configured to provide repeatable test results

nalysis to show that the
fansients for the aircraft
ghtning test results.

And current generator attachments should be configured to simulate the ifnportant characteristics

e as much as possible

n conductors cannot be
approximation. So the
, with a representative

ne preferred installation
h would encourage a
ged as a ground plane

ilt exaggerate the current density on the lower part of the alrcraft nearest t

I configuration for large
e ground plane. This is

pring, systems, and key

coupling points (such as doors and hatches) are on the Iower part of the a|rcraft But thls configuration produces lower
current density on the higher parts of the aircraft, such as the top of the fuselage and near the cockpit windows.

Practical aircraft and return conductor configurations form a non-uniform transmission line. The characteristic impedance
of this complex non-uniform transmission line typically ranges from 70 to 150 Q. The aircraft and return conductors are
driven at one lightning attachment point by the test current generator. The aircraft and return conductors are typically
shorted together at the other lightning attachment point for that test configuration. This aircraft and return conductor
arrangement will produce a drive point impedance that has low resistance at low frequencies, is inductive in the range of
10 kHz up to a high-Q quarter-wavelength resonance frequency of the aircraft/return conductor transmission line, and
then with multiple transmission line resonances at higher frequencies.
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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.

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 generally so high
that it reduces the amplitude of the input current that can be injected into the aircraft with a given current generator. This
results in an unacceptable signal-to-naise ratio and hampers the abhility to measure induced transients in wiring. It also

reduces the normal half-wavelength resonance typical for a natural lightning strike to an aircraft.

With the aircraft and
resonance provides co
resonance occurs at a
environment spectra dg
frequency range. So th
induced transient respo

For helicopters with av
blade current generato
rotor blades may resul
With the main rotor bla
simplified configuration

return conductor shorted at one attachment point, the quarter-wavelg
nservative induced transient measurements at the resonant frequency. T
frequency that is lower by half compared to the half-wavelength. resonanc
crease 40 dB per decade or 12 dB per octave as frequency.increases in

e induced transient response due to the quarter wavelength resonance

nse due to a half wavelength resonance.

onics in the nose area, the highest lightning transients tend to result fro
and return conductor configuration, as shown_in Figure 20. Current gener
in the highest lightning transients for wiring“and systems installed on th
e current generator and return conductor, configuration, a coaxial return m
may be used. However, additional analysis may be required to account

ngth transmission line
he quarter-wavelength
b. The defined lightning
the airframe resonance
may be higher than an

m the nose to tail rotor
htor attachment to main
e engine and gearbox.
ay be impractical and a
or differences between

transients measured in

the test configuration and expected transients in flight.

Connegtion
betwedn
I . helicopter and
Insulator
L!ghtnlng ground|plane
Yimulator

Ground Plane

Y %,

FIGURE 20 - HELICOPTER GROUND PLANE ARRANGEMENT

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 21, provides reasonably representative 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.
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IGURE 21 - SMALL AIRCRAFT RETURN CONDUETOR ARRANGEMEN]

turn conductor arrangement may be more complex, and it may not be prac
efore, additional analysis may be necessary to assess the aircraft current
normal in-flight lightning attachment. ;Fhe analysis should determine the
ct of the return conductor termination*on the aircraft surface current distr

nt. Method of moments, finite-difference time domain, and finite element
ightning surface current disttibution on large aircraft.

Ctors may also be used for lightning induced transient response for wiring
Bbilizers or engines~Figure 22 shows localized return conductors for me
| stabilizer.

betwg
aircra|

Lightning
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.

Conng

ical to have conductors
distributions in the test

effect of the test return
bution. Analysis should
bution for an aircraft in-
models are all effective

in specific areas of the

Asurements associated

Ground Plane

FIGURE 22 - LARGE TRANSPORT AIRCRAFT RETURN WIRE ARRANGEMENT

The test aircraft must be isolated from the return conductors except at the current generator and return conductor
attachment points. The tires or helicopter skids must be isolated from the ground plane return conductors using insulating
pads or stands. The insulating pads or stands must withstand the voltages developed between the aircraft and return
conductor, particularly during high current pulse tests.
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The ground plane should preferably be single point grounded to facility ground near the test generator ground point to
meet health and safety requirements. Care should be taken to minimize traveling wave effects or spurious oscillations
between the return arrangement and the facility (i.e., hangar). This might be accomplished by careful selection of the
ground point, or by grounding the return arrangement to the facility via resistors to damp out such resonances, or by
grounding the arrangement via a low DC resistance connection which has a high impedance at high frequencies.

6.1.4 Measurements

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 a i ircui i i ' indle currents, then the

aircraft measurements ghould include overall wire bundle currents.

Also, the aircraft lighthing measurements should provide data that can be directly, comparpd to the ETDLs and

corresponding equipmaént qualification tests. For example, if the ETDLs and corresponding equigment 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 vpltages and/or wire bundle currents. Therefore, the full aiteraft lightning| measurements should
include open circuit loop voltages and short circuit currents.

Several types of measyrements can be made. These include:

a. Open circuit voltages (Voc), which are induced voltages measured between an individua| open-ended wire and
adjacent aircraft ground, with the other end of the wire grounded at the remote equipment location using a low-
impedance ground termination. Equipment at either end of the measurement wire is disconnected from the wire
bundle, but shields of the measured wire, (if present) and any other shields in the same |wire bundle should be
grounded in the nprmal fashion, either locally or to equipment connectors, if such shields are normally grounded at
each end in the ingtallation.

b.  Short circuit currgnts (Is;), which are induced:currents measured on individual wires with| both ends of the wire
grounded using loy-impedance ground terminations. Other conditions are as described in pafagraph a.

c. Wire bundle currents (l,.), which aresinduced currents measured in a wire bundle, with the|aircraft equipment that
use the wire bund|e installed in their normal manner and the wire bundles connected to the g¢quipment at each end,
in the normal manper.

d. Loaded circuit voltages (V\){which are induced voltages measured between a wire and adjacent aircraft ground, with
both ends of the wjire terminated normally, and with the aircraft equipment installed in their nofmal manner.

e. Loaded circuit cufrénts (I;), which are induced currents measured on individual wires with both ends of the wire

terminated normally, and with the aircraft equipment installed In their normal manner.

The measurement configurations described in a. through e. are shown in Figure 23. 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 should be considered. Surge protection devices would be in the conducting state from induced voltage due to
natural lightning strikes, but would not conduct during tests with lower test currents.


https://saenorm.com/api/?name=353ff42e12c208e75533a21b1fd803d1

SAE ARPS5416A Page 56 of 105

Shorting
Jumper /\

Shield
Termination

a. Open Circuit Voltage Measurement

Shorting ]
Jumper _ Slhortlng

s JtH
Shield zl’\'
Termination

b. Short Circuit Current Measurement

¢. Wire Bundle CurrentMeasurement

Hﬁj

-

’

. M YAt
Breakout \ l'

Box with
voltage or
current probes

d.and e. Loaded Circuit Voltage and Current Measurement

FIGURE 23 - SCHEMATIC REPRESENTATION OF MEASUREMENT TYPHS

Figure 23 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 probes without affecting circuit and wire bundle shield characteristics.

For open circuit voltage and short circuit current measurements, the aircraft 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 using
jumper wires. The jumper wires length should be minimized to prevent magnetic coupling from influencing test results.
Grounding the aircraft wire at one end allows all of the voltage induced in the wire to be measured at the other end. High
input impedance voltage probes should be used for these open circuit measurements. Short circuit current measurements
are made by installing an additional grounding jumper at the measurement end, so that both ends of the wire being
measured are shorted to the aircraft structure. Currents flowing in the wire are then measured using a current transformer
placed around the grounding jumper at the measurement end.
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Additional measurements may include voltages induced by magnetic fields passing through apertures, lightning currents
flowing through structural resistances, and surface current density. Both magnetically induced and structural voltages may
be measured by installing a test wire in the aircraft where the particular voltage measurements are desired. For both
magnetically induced and structural voltage measurements the test wire is electrically bonded to aircraft structure at one
end and the open circuit voltage is measured at the other end of this wire. This is similar to measurement a. above. For
magnetically induced voltage, the wire is positioned so as to enclose magnetic fields penetrating through apertures. For
structural voltage, the wire is routed near the structure of interest. The space between the wire and structure should be
minimized to reduce magnetic field coupling to the test wire. Surface current density may be measured by installing
surface current density probes at selected locations 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 fmmmmm_mmwmto use for pulse test
measurements if the st@andard test waveform(s) (component A and H) are not applied.
Locations of LRUs and
and aircraft installation
the measurement end,

to a ground within the
disconnected LRU for g

associated interconnecting wiring should be identified using aircraftsystg
inspection. The wire shielding status should also be determined-frem the
which is normally grounded either by the connector backshell prithrough o
| RU, should be grounded to the airframe. A convenient location should b
rounding the shield during the induced voltage measurements.

m installation drawings
drawings. Any shield at
e of the connector pins
e selected close to the

Instruments used to re¢ord and measure specified test voltages and currents, such as network 3
and probes, should be| calibrated to standards traceable to the approptiate national standards
National Institute of Standards and Technology (NIST), using procedures and processes appro

national standards body.

nalyzers, oscilloscopes
body, such as the U.S.
ved by the appropriate

6.1.5 Swept Frequenkcy Aircraft Tests

Swept frequency aircraft tests are used to measure transfer functions of induced transient voltage or current relative to

the current injected intp the aircraft. The frequency-ddmain transfer functions are multiplied by tiﬁ

environment spectrum,|and Inverse-Fourier transformed to produce the resulting time-domain lig
frequency aircraft tests|typically use low amplitude’injection current, and the transfer functions, i
phase, are measured uping vector network analyzers.

6.1.5.1 Test Setup

The aircraft and return ponductor affangement is set up as described in 6.1.3. Since the swept fre
not generate high voltgge between the aircraft and return conductors, the separation distance b
return conductors should be chosen for current distribution uniformity, not voltage standoff requir
impedance of the genefator,should be matched by terminations of similar impedances at each er
not possible with this arrangement to drive sufficient current through the aircraft to obtain suitabl

e appropriate lightning
ntning response. Swept
ncluding amplitude and

quency aircraft tests do
btween the aircraft and
bments. Preferably, the
d on the aircraft. If it is
P measurements at low

frequencies (i.e., belo
conductor arrangement. A sketch of a general test setup is shown in Figure 24.

ort circuit to the return
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that could potentially g
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across the actuator.

6.1.5.2

Swept frequency tests
frequency-swept or fre
lightning induced trans
current and the interna
frequency of the range
The highest frequency
Coupling and resonant
spectra are decreasing

The injected current an

ork Analyzer / Signal Source

FIGURE 24 - SWEPT FREQUENCY TEST SETUR

use relatively low current, which develop relatively low\voltages across jq
rc during natural lightning strikes. Because of thisqjitunay be necessary
and interfaces to simulate the expected lightning current paths. For ex
pnductive at low amplitude test currents but may_ eonduct during full threa
ion sensor system transients are being measured, one test configuration n

Test Wavefoims

ints or other interfaces
to use low-impedance
ample, control surface
lightning strikes. If the
ay incorporate jumpers

Lise low amplitude sinusoidal curfent that is injected at an aircraft attachment point. The current is

quency-stepped in a defined frequency range. The frequency range T

eeded to characterize

ents depends somewhat pnthe aircraft, the coupling mechanisms betwegn the airframe injected

| areas of the aircraft, and the interaction with wires in the aircraft. But
should be of the orderief 100 Hz to determine the diffusion and structural
should be on the order of 50 MHz, to determine aircraft and wire bur

effects above_this) frequency are not significant for lightning because the

at 40 dB per decade at these frequencies.

nplitude should be high enough to measure transfer functions with adeque

The injected current with a given RF power amplifier output power rating will vary with frequency.

be high at low frequer

cies>where the aircraft and return conductors have low resistance. At

in general, the lowest
voltage characteristics.
dle resonance effects.
lightning environment

te signal to noise ratio.
[he injected current will
nigher frequencies, the

injected current will de

réase as the inductive impedance of the aircraft and return conductor cir:

Cuit increases. Through

the aircraft resonances

6.1.5.3

the injected current will vary widely.

Instrumentation

A swept- or stepped-frequency signal generator is the current source. The signal generator output is typically amplified by
a wide-band RF power amplifier to produce the current injected into the aircraft at one attachment point. The RF power
amplifier must operate into a highly mismatched load, since the impedance of the aircraft and return conductors typically
is low-resistance and inductive at lower frequencies, but then varies widely through the airframe resonances.

A current transformer is installed on the conductor that connects the output of the RF power amplifier and the aircraft.
This current transformer is connected to the reference channel of the network analyzer, which measures the injected
current. In some cases more than one current transformer may be used, to provide adequate operating bandwidth for the
frequency span of approximately 100 Hz to 50 MHz.
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The test probe is installed to measure shield current, wire current or wire voltage, depending on the desired transfer
function. The test probe may be a current transformer or voltage probe, and once again, more than one probe may be
used for a single test point to provide adequate operating bandwidth and sensitivity over the entire frequency range.

The measurement instrument is typically a vector network analyzer that measures the amplitude and phase of the test
probe relative to the reference current injection probe. Most vector network analyzers use phase-locked detectors, narrow
measurement bandwidth, and repetitive sampling to assure adequate signal to noise and dynamic range. In the case
where a current transformer probe is used, care must be taken that the measurement not be influenced by the insertion
impedance, especially at the low frequency part of the spectrum.

Wide-band analog fiber optic links are often used to connect the current or voltage test probe to the network analyzer. A
short coax cable is then used between the test probe and the analog fiber optic transmitter. The output of the fiber optic
receiver then drives th i i icli Taall

between the aircraft a
analog fiber optic link m

6.1.5.4 Measuremen

d the instrumentation. These currents can be a significant source of m
ust have operating bandwidth the same as the desired transfer functien.ba

t and Data Recording

The induced transient fesponses are measured as transfer functions relative to the\input current

of the aircraft. As suc
determine the induced
and inverse-Fourier trg
accurately characterize
capture the transfer fu
where the transfer fung
points per decade) in t
approximately 1 MHz.

An important part of s\
test equipment calibrat

h, the transfer function is independent of the lightning ctrrent compon
transient response on aircraft wiring by multiplication’ by the A, D, D/2, of
nsforming the product. It is very important that data is taken at enou
the frequency-domain transfer function. That js;\the data must be well s
nction. This generally requires fewer data points at low frequency (20 to
tion does not change rapidly, and requiressmany more data points at high
ne transfer function resonance frequencyiregion. The division between hig

ept frequency measurements isxthe instrumentation system calibration. T
on, but an end to end measurément of the probes, interconnecting coax

This calibration characterizes the frequency dependent responses of the probes, wires, network a

The calibration transfer
stored so that these re
should be measured fo
for in the aircraft transis

The test point responssg

function Hc(f) should be repeated for each probe and measurement config
Eponses can be extracted from the desired test point responses. Both am
the calibration transfer function, so that loss (or gain) and line length effeg
nt transfer functions:

transfer furction H(f) is the ratio of the test point response X(f) to the injeq

X(f
)= 3o

on the test probe wires
pasurement noise. The
hdwidth.

at the attachment point
ent. 1t can be used to
H frequency spectrum
gh frequency points to
pmpled in frequency to
50 points per decade)
frequency (100 to 200
h and low frequency is

his is not the individual
cables, and amplifiers.
nalyzer, and amplifiers.
uration, and the results
plitude and phase data
ts can be compensated

tion current I(f) so that:

(Eq. 1)

where:

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

X(f) = the test point

response

I(f) = the injection current

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 Hc(f) is:

H+(f)

Hre (f) = Ae()

(Eq. 2)
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where:

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

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

Hc(f) = the correction factor

The data set for a swept frequency test point consists of transfer function data recorded as frequency, magnitude, and
phase. The data set may be plotted as magnitude (usually in dB) versus frequency on a logarithmic frequency scale.
Phase versus frequency can also be plotted. Modern network analyzer allow the number of frequency data points to be
specified in frequency ranges such that the entire transfer function measurement will be well sampled.

System noise transfer
general measurement
with the current transfo
The current transforme

Noise transfer functions

point and grounded to {he voltage probe shield. For unbalanced, common-modg- voltage probes,

should be connected td
function measurement.
6.1.5.5 Measured D3

Typical measurement ty

functions should be measured for each type of lightning transfer fungt
ocation of the aircraft. Noise transfer functions for shield or wire currents
rmer removed from the shield or wires, and placed adjacent to the wires
should be isolated from the aircraft structure.

for wire voltages are typically measured with the voltage probe disconne

the same aircraft reference point, such as structurefthat was used durin

ta

pes consist of the following:

Measurement system calibration transfer functions Hg(f)

current transfer functions

Individual wire volfage transfer functions

rent transfer functions
surement transfer functions
surementtransfer functions

pr each attachment configuration

on measured, in each
are typically measured
in that aircraft location.

crlsd from the aircraft test

e voltage probe shield
h the test point transfer

(1)
(2) Wire bundle shield
3)
(4) Individual wire cur
(5) Voltage noise meg
(6) Current noise meg
(7) Input Impedance f
(8)

Aperture or structural voltage transfer functions

Surface current density transfer functions.

A current amplitude transfer function is shown in Figure 25, along with the related noise amplitude transfer function.
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FIGURE 25 - TRANSFER FUNCFION EXAMPLE
6.1.5.6  Data Processging

The transfer function data must be processed to determine the time-domain pulse response transients for each test point.

Each transfer function
Fourier transformed to
frequencies as the meqg

The inverse Fourier tra
large dynamic range o
numerical precision, an
available Inverse Four
repetitive signals, with
functions than special

s multiplied by the lightning currént’'component frequency spectrum. This
determine the pulse response.~The lightning current frequency spectra
sured transfer functions simplify the multiplication.

nsform must have highifidelity to deal with the wide frequency bandwidth (
f the transfer functions. Typically, this means that the inverse Fourier tra
d must handle unequally spaced frequency samples in the transfer functi
er transforme<Computational routines are based on Fast Fourier Trans
uniformly_spaced frequency samples. These may be less suitable for tr
urpose integral Fourier transform routines. The selected inverse Fourier t

broduct is then inverse-
penerated at the same

pver five decades), and
hsform must have high
pon. Many commercially
orms (FFT) geared to
hnsforming the transfer
ansform routine should

be validated with analyfical transfer functions that have similar characteristics, including frequency
transfer functions that will be~-measured.

sample spacing, as the

Additional processing may be performed to correct the data for aircraft current distribution effects caused by the return
conductor configuration, or for aircraft termination impedance mismatches. Corrections are usually made by combining
the measured transfer function with an analytically generated transfer function.

6.1.5.7 Data Assessment

Interpretation of the transient waveforms derived from swept frequency transfer functions is done by comparing these
ATLs to the ETDLs and determining whether the requirements are being met considering margins and uncertainties. The

data may also be processed to account for any differences between the test return conductor/aircraft current distribution
and in-flight current distribution.

The measured transient waveforms are commonly more complex than the standardized waveforms, and may need to be
approximated by a combination of two or more standardized waveforms. Figure 26 shows an example of the appropriate
peak levels that would be recorded relative to the standardized waveforms.
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FIGURE 26 -

The measured transfer|
function should exceed
measured transfer fun
measured transfer func

EXAMPLE FOR ESTABLISHING TRANSIENT LEVELS OF-STANDARD W

functions should be compared to the appropriate noise transfer function.
the noise transfer function by a factor of 2, or .6'dB, over the desired
ction does not exceed the noise transfer functioh over the entire freq
tion and noise transfer function should be transformed into the time doma

Here the transformed easurement should exceed the transformeédnoise by a factor of two, of

should be a factor of te

The drive point impeda
of the aircraft (or 72 wa
configuration should be
effects that show up 3
aircraft, return conduct
bars in the floor. The
conductors and facility
6.1.6 Pulse Test
Aircraft current pulse tq
pulse tests with amplity
measurements from fu
scale factors are used.

n lower than the TCL for that test point.

hce of the aircraft and return conductors should be assessed. The quarter
velength resonance if a termination’ impedance is used) and return condu
obvious and near the frequency-calculated for that current path length. If t
t frequencies below the guarter-wavelength resonance, there may be i
brs, and nearby conductors; such as the facility ground system, hangar s
e effects may be mitigated by changing the location of the connecti
jround, or by termimating the return conductors to facility ground with match

sts are used to measure induced transient voltage or current waveforms
des less than the defined component A, D, or H are acceptable, because
| amplitude aircraft tests and lower-amplitude tests show reasonable ag
Rulse test waveforms with peak current amplitude in the range of 1 to 2

AVEFORMS

The measured transfer
frequency range. If the
ency range, then the
n and again compared.
the transformed noise

-wavelength resonance
ctor for that attachment
here are other resonant
hteraction between the
ructures, or reinforcing
bn between the return
ing resistors.

and amplitude. Current
comparisons between
reement if appropriate
D KA are typically used.

Occasionally, tests at h
usually impractical and

6.1.6.1 Test Setup

gher test current amplitudes may be applied. Full amplitude component A,
may cause damage to the aircraft and/or equipment.

D, or H waveforms are

Aircraft current pulse tests are normally conducted with systems unpowered if reduced current amplitude pulses are used.
A sketch of a general test setup is shown in Figure 27.

However, if moderate to high amplitude component A, D, or H waveforms are used, then the aircraft may be tested with
the systems operating to enable system responses to be monitored, necessitating the use of external power. External
power may also be needed to enable some measured circuits to be representative of flight conditions. If external power
(either electrical or hydraulic) must be connected to the aircraft, these power sources must be connected to the aircraft in
such a manner to ensure there are no additional conducting or flashover paths to the return conductors or to local ground.
This needs to be verified by making comparisons between transient measurements performed with and without external
power. These external power sources must have electrical isolation that will withstand the maximum voltage levels
appearing between the pulse generator, aircraft and return conductor circuit.
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FIGURE 27 - PULSE TEST SETUP

d the aircraft to reduce
esistanceof 1t0 2 Q is

rator should incorporate series resistance between‘the pulse generator ar]
Ng noise, and to provide a consistent impedance for the pulse generator. R

d the return conductors
bnfiguration. The return
ng between the return
the aircraft and return

rent pulse generator and the aircraft at one‘lightning attachment point, an
ted at the other lightning attachment point for the selected attachment c
arranged to provide the desired aircraft current distribution. The spaci
craft should be large enough to(prevent arcing and flashover between
ges anticipated during the pulse.tests.

ude pulse tests develop lower voltages across joints or other interfaces that could potentially arc
strikes. Because of this,-it may be necessary to use low-impedance jumpers across joints and
he expected lightning:-current paths. For example, large control surfaceq such as ailerons may
e extremities of the aileron and the adjacent wing structure, particularly if the actuators and hinges
leron extremities. If the actuator control or position sensor system transierts are being measured,

one test configuration may incorporate jumpers between the outboard end of the aileron and the adljacent wing structure.

6.1.6.2

The pulse generator sh

Test Wavefoims

olld produce the standard test waveforms, so that measurements can be|extrapolated linearly to

the appropriate compor

It is important to try to obtain the correct test current waveshape to facilitate the extrapolation process.

The current components A, D, and H are defined in ARP5412/ED-84. Practical pulse generators cannot instantaneously

turn on the current. Th

ere may be traveling wave currents superimposed on the test current due to mismatches in the

transmission line associated with the aircraft and test current return conductors. The peak rate of rise at the airframe
during the turn-on switching should be accurately characterized, since this may affect the waveform 3 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 sufficient bandwidth to accurately measure the injected waveform.

The test probe is installed to measure shield current, wire current or wire voltage, depending on the desired transient
response. The test probe may be a current transformer or voltage probe, with bandwidth appropriate for the anticipated
response. Since a single probe may not have adequate bandwidth to capture all possible transient responses, a low

frequency probe and a
the appropriate transier

hiah freauencyv probe mav be used on sinale test pnoint on-subseauent pu
J | PAL J J Ll e r

t response is recorded.

The transient measurefnent instrument is typically a digital storage oscilloscope or a tranpsient dig

or digitizer should ha
bandwidth should be

waveforms, not single t
times faster than the h
oscilloscope should sar

The digital storage osc
The coax cable from t
shielded. Wide-band a
storage oscilloscope o
outside the aircraft. A

output of the fiber optic
eliminates unwanted cu

e adequate bandwidth to record the appropriate transient response. T
100 Hz to 50 MHz. Many digital storage oscilloscopes specify their b
ransients. Therefore, the digital storage oscilloscopes should\have sample
ghest frequency response anticipated. So for a 20 MHZ resonance the di
nple at 100 to 200 million samples/second.

lloscope or transient digitizer may be installed,in.the aircraft near the test
ne test probe to the digital storage oscilloscope or transient digitizer shq
halog fiber optic links may be used to conrect the current or voltage t
[ transient digitizer. Then the digital storage oscilloscope or transient d
short coax cable is then used betweenrthe test probe and the analog fibe
receiver then drives the digital storage oscilloscope or transient digitizer in
rrent on the test probe wires betwieen the aircraft and the instrumentation.

se tests, to ensure that

itizer. The oscilloscope
[he effective operating
andwidth for repetitive
rates that are five to ten
pitizer or digital storage

point being measured.
uld be short and well-
bst probe to the digital
gitizer may be located
r optic transmitter. The
put. The fiber optic link
These currents can be

a significant source of
desired transient respo

measurement noise. The analog. fiber optic link must have operating bangwidth the same as the
hse bandwidth.

Care must be taken to
should be placed in s
measurement system s

shield the measurement-system from radiated and conducted noise. Th¢ measurement system
hielded enclosures—to"minimize the coupling of extraneous noise in the instrumentation. The
hould also be pgsitioned adjacent to the measurement location and groupded to the airframe as
close to the measurement location as possible. The auxiliary power supplied to measurement dev|ces 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 power
should be provided thiough appropriate isolating devices (e.g., isolating transformers for AC spurces or inverted and
filtered power from DC|sources)> Measurement leads for the voltage and current probes should|be shielded. Probes to
measure differential vqltages.should be chosen for their electrical characteristics and small physical size for use in
confined areas. Currepts~on individual conductors and on wire bundles can be measured [py the use of current
transformers, preferablywi i ' i

6.1.6.4 Measurement and Data Recording
The induced transient responses are measured as the test current is applied to the aircraft. The data set for a pulse test
point consists of transient response data recorded as amplitude versus time, and the applied test current.

System transient noise responses should be measured for each type of lightning transient measured, in each general
measurement location of the aircraft. Noise responses for shield or wire currents are typically measured with the current
transformer removed from the shield or wires, and placed adjacent to the wires in that aircraft location. The current
transformer should be isolated from the aircraft structure.

Noise responses for wire voltages are typically measured with the voltage probe disconnected from the aircraft test point
and grounded to the voltage probe shield. For unbalanced, common-mode voltage probes, the voltage probe shield
should be connected to the same aircraft reference point, such as structure, that was used during the test point response
measurement.
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6.1.6.5

Measured Data

The following are typical measurements:

(1) Wire bundle shield
(2)

(3)

Individual wire volt

Voltage noise

current

age

Individual wire current

Current noise
Drive current
Aperture or structy
Surface current.

Typical transient voltag
component A current in

Figure 28 illustrates thg
1, 2, 3, etc.) used to ref

6.1.6.6 Data Procesq
If the test current wave
then the measured pul
current amplitude to thg

If the defined test curr

ral voltage

e and current responses in interconnecting wiring experiencing the effects
the airframe are shown in Figure 28, Figure 29, and Figure 30.

of the lightning current

t measured transient waveforms are commonly more complex than the ‘stgndardized’ (waveforms

resent such induced transients.

ing

shapes are the same as those déefined for components A, D, and H as defi
5e transients should be extrapolated by an extrapolation factor which is th

test current amplitude.

bnt waveshapes A, B,\or H have not been duplicated then the dominan

applicable to each of the measured transients must be determined. This will determine whethe

response should be s
responses may have {
show significant structu
rise and peak current.

multiplying by a single s

caled by peak  current, peak current rate-of-rise or integral of current. S
ignificant contributions from more than one parameter. For example, ma

hed in ARP5412/ED-84
e ratio of the full threat

coupling mechanisms
r the induced transient
ome induced transient
ny transient responses

ral resistance-and aperture contributions, so the scaling would be dependént on both peak rate of

n such cases, a more exact method such as Fourier analysis should be U
cale factor.

6.1.6.7

sed, rather than simply

Data Assessinéent

The induced transient responses should be reviewed to ensure that damped oscillatory responses are actually related to
the aircraft, and are not resonances due to interaction between the return conductors and the facility ground system,
hangar structure, or floor reinforcing bars. Any resonances which are at a frequency lower than that appropriate to the
quarter-wavelength resonance of the aircraft should be investigated and accounted for.

The measured transient responses should be compared to the appropriate noise measurements. The measured transient
response should exceed the noise measurement by a factor of two. Or, the measured noise should be a factor of ten
lower than the TCL for that test point.

Voltages and currents induced in aircraft wiring are several orders of magnitude lower than the injected pulse currents.
This means that the measurement instruments must be sensitive enough to measure relatively low level test point
voltages and currents, but reject high amplitude undesired magnetic and electric fields and ground currents.
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FIGURE 28 - TIYPICAL CONDUCTOR OPEN CIRCUIT VOLTAGE DUE TO CURRENT COMPONENT A
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FIGURE 29 - TY[PICAL WIRE BUNDLE SHORT CIRCUIT CURRENT DUE TO CURRENT COMPONENT A
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FIGURE 30 - TYPIGAI'CONDUCTOR SHORT CIRCUIT CURRENT DUE TO CURRENT COMPONENT A

6.2 Tests for EqQuipmeni/Systems

These test methods and procedures apply transient voltage and current waveforms to verify the capability of individual
items of equipment or systems comprised 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 Equipment Damage Tolerance Tests

The procedures for damage tolerance tests of individual items of equipment are addressed in DO-160/ED-14, Section 22,
and not here.

6.2.2 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.

6.2.3 System Functigral-UpsetFesis

System level functionallupset testing is the primary means for verifying that a Level A system doep not have any adverse
effects, including failurgs and malfunctions, when exposed to the aircraft internal lightning.environment. The equipment,

wiring, connectors and
The test waveforms an
on an existing aircraft s
Test levels should inclu
6.2.3.1 Test Purpos¢g
The purpose of syste
requirements during ar
Multiple Stroke and M(
are applied most freq
catastrophic failure con|
they are integrated with

system operation should be representative of the system installation and
J levels should be determined by aircraft lightning transient measurements
hown to be similar, analysis, or, for Level A display systenis, test levels
de appropriate margins.

m functional upset tests is to verify performance in accordance wi
d after exposure to the aircraft internal lightning environment associated
Itiple Burst lightning environments as defined in ARP5412/ED-84. Tests d
pently to systems comprised of multiple items of equipment providing

critical functions.

Lightning transients miist be applied in the Multiple-Stroke (MS) and Multiple Burst (MB) wave

environments are more
tests do not adequately
expected that the syste
22).

6.2.3.2 Test Object

likely to produce system upsets than are single transients. Where these
assess damage resistanice of individual interfaces to the voltage or curr
m equipment will have damage tolerance verified by other tests (per 6.2.1

The test object is the s
and power sources th
omitted if its function

1

ystemrunder test, including all equipment and interconnecting wire bundles
are;nécessary for the system to perform its intended function(s). An iten

peration in the aircraft.
, use of data from tests
Hefined in AC 20-136B.

th applicable CFR/CS
with the Single Stroke,
escribed in this section

critical functions with

ditions (Level A Systems). Systems performing less critical functions may also need to be tested if

form sets, since these
system functional upset
bnt levels specified it is
DO-160/ED14 Section

, sensors, transducers,
n of equipment may be

ambe represented by a simulated data input, dummy load or be interfaced with a diagnostic

equipment as long as such a substitution does not affect system function or susceplibility to a Tightning related upset. Any
substitution of system equipment should be assessed for its effect on the system under test, documented in the test plan
and approved by the certification authorities prior to conducting the test.

Many lightning certification Level A systems are complex and/or integrated which can make it very difficult to appropriately
define and bound the test object. A complex system is a system whose operation, failure modes, or failure effects are
difficult to comprehend without the aid of analytical methods. An integrated system is one that incorporates a number of
separate functions within a single implementation. Either of these systems may perform multiple functions of different
criticality levels and have failure modes potentially leading to unsafe aircraft operating conditions. Because of this, large
numbers of equipment and wire bundles may be involved and it is usually not practical to test these systems and
functions simultaneously. Therefore, simultaneous injection into all the various wire bundles may not be possible.


https://saenorm.com/api/?name=353ff42e12c208e75533a21b1fd803d1

SAE ARPS5416A Page 69 of 105

Some systems, especially those supplying digital signals may be adequately represented without the additional systems
interface being part of the test. An example of this could be the FADEC supplying Integrated Crew Alerting System (ICAS)
information to the Electronic Flight Information System (EFIS) display system. The FADEC could be tested separately,
showing that when the lightning-induced transient level is applied to the FADEC, it outputs good data to the EFIS system.
The EFIS system could then be tested separately with the input from the FADEC simulated. The EFIS system would then
be monitored to show that good data was properly displayed when the lightning-induced transient level was applied.

Test plans shall be developed that define the extent of the system to be tested, and the transient test levels. Due to the
highly integrated nature of some systems, it is very likely that the systems perform functions of several criticality levels
(e.g., Hazardous, Major, Minor, etc.) or are connected to equipment that perform functions with various criticality.
Therefore, when performing testing on functions with catastrophic failure conditions (Level A Systems) and susceptibilities
occur to these lesser functions, it is allowable to reduce the test levels to those appropriate for those functions. However,

it is also important to n
C Systems), a careful
conditions and apply a
The expected level of p

Power should be su
characteristics are four
and speed sources ma
capable of exercising a
system should be op
performance is require|
tested system, simula
procedure.

6.2.3.3 Test Setup
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(1) Where practical, tihe general layout of the equipment_and wiring on the test bench should be

equipment and wi
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!
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vith catastrophic failure
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I guidance on LISNs
nydraulics, temperature
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trol and validation. The
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similar to the layout of
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similar electromagnetic

pt that some intermediate connectors may be ungrounded to allow test cufrent to flow through the

ld be connected to the
hstallation and that the
0 in the test procedure.

s-properly and in safe condition during the test, unless otherwise specifie
S — ot ettt T oSS —

Interconnecting Wiring - General: Testing of the equipment on an integrated system rig must provide an accurate
electromagnetic representation of the final aircraft installation. System interconnecting wiring should be in accordance
with the applicable wire harness specification, installation, and interface control drawings or diagrams. In general, the wire
bundle should be built using the same build techniques and materials as the aircraft installation. The intent is that the
interconnecting wire bundles used during the laboratory tests develop transient voltages and currents on the system
circuits that are representative of the transients that occur on the aircraft. Important features that should be considered for
the interconnecting wiring bundles:
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(a) Wire bundle length should be representative of the aircraft installation; ideally, the wire bundle length should be the
same as the aircraft. Wire bundle length is defined as the distance from an EUT to another EUT/load/sensor
including any disconnects that are in the aircraft wire bundle. However, limited space on the table or test equipment
limitations may necessitate that shorter or longer wire bundles be used. It is allowable that short wire bundle lengths
be extended up to the minimum length required to properly perform the test (e.g., allow for current probe placement,
connector wire separation, etc.).

(b) Shield termination techniques or policies should be defined and used on the interconnecting wiring. Worst case
tolerances allowed with shielding techniques should be used in the test wire bundle.

(c) Wire composition and size should be representative of the aircraft installation.

(d) Connectors of the-test-wirebundles-should be terminated-with-the sameor similar connectors to be used in the
aircraft. If bulkhead connectors and/or intermediate connector breaks are included in the. sygtem, these should also
be included in the|test setup. For practical reasons, if used, these connectors may berdelibgrately not grounded to
the test bench in grder to achieve the desired test current on both sides of the connegtor.

(e) Remote power return grounds that are normally routed in the wire bundle shouldyremain in the bundle. Local power
returns or external ground terminals should be connected to the ground plane-if the terminal js normally grounded in
the installation. The lengths of the ground connections defined in the aircraft installation instructions should be used.

Test Bench Wiring of| Significantly Shorter Lengths Than Aircraft Wiring: If a very long airgraft harness is to be
represented but is not gavailable or impractical to test because its impedance would prevent injecfion of the required test
current into its shield, p shorter harness may be used. In this case, the harness must be tested at the corresponding
shielded conductor transient level that results in the same core wire/voltage levels and waveforms|that would be expected
on the aircraft. This can be accomplished simply by removing allshields from the wire bundle and testing to the required
core voltage. If shields pre to be left on during the test, an alternate method is to use the shield wire transfer function test
to determine the proper bundle current necessary to developithe core wire voltage. In any case, with shorter wire bundles,
shield termination techfiques should still apply. The test procedure should state whether the trangients are to be applied
to the wire bundle shielfls or to the shielded core wires\with shields disconnected.

Some aircraft wiring bundles are not shielded and in this situation the core wires are exposgd to the loop voltages
appearing between the|wire bundles and the airframe, which is represented in the test by the tes{ bench. In this situation
the injected loop voltage would be the same“as expected in the aircraft wire bundle(s) regardles$ of aircraft wire bundle
length.

6.2.3.4 Test Wavefofms

System functional upset tests are to be performed with designated transient test waveforms and levels for Single Stroke,
Multiple Stroke and Multiple,Bdrst waveform set test applications. Specific transient waveforms, I¢vels and waveform set
sequences should be described in the test procedure. The injected transients should be a loop vpltage, a shield current,
or a combination of loop voltage and shield current. The test procedure should provide jor voltage and current levels and
limits, as follows:

e 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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When all conductors are shielded or when there are protection devices in all of the circuits (i.e., low impedance loop)
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 the test current level will be achieved. This current level is based on measurements or analysis of
actual transients in system harnesses installed in the aircraft, which is the basis for establishing the system test
condition.

6.2.3.5 Measurement and Data Recording

The following data as a minimum should be recorded during the tests and included in the test report.
[ ]

Photographs and description of each test setup.

Records of the transients injected into each wire harness and branch of the system under test.

Descriptions of sysfem operational modes.

Records of dates of testing, personnel performing and witnessing the tests, and test |ocation.

Record of any deviations from the test procedure.

Records of the res
shape/characteristi

Records of system
print-outs of control
6.2.3.6 Test Procedd
The procedures for dan
and not here. The pro
multiple burst environn
Procedures for perforn
subparagraphs.

6.2.3.6.1 Individual |

The standard methodo

ults of each test configuration showing voltage and _current amplitude,
Cs and adverse effects (if any).

responses (including videos of displays, control surface motions, annun
parameters and other data.

re
nage tolerance tests of individual‘items of equipment are addressed in DO
cedures for evaluating functional upset to systems due to the single stro
ents are also described in DO-160/ED-14, Section 22 and are not addre
ning simultaneous and -individual injection on complex systems are in

hjections

ogy of complying with the requirements of AC 20-136B is the injection of

and waveforms, pulse

Ciator panels, computer

160/ED-14, Section 22,
ke, multiple stroke and
ssed in this document.
luded in the following

the lightning transient,

either by wire bundle i
applicable to both systeg

hductionnoer ground injection, on each individual connector of the equipnjent under test. This is
m and/individual components.

Procedures for performing individual harness injection are addressed in DO-160/ED-14. Tests should be applied

individually to each bundle at its assigned test and limit levels (if applicable).

Caution must be taken when performing individual injection on a complex system to ensure that susceptibilities are not
masked. For example, when testing a two-channel system, (e.g., a dual channel FADEC), one of the channels may be
turned off and not be tested if the system can function on one channel. In this case channel switch-over cannot be
enabled to allow the second channel to continue performing the function if the first channel becomes upset. This
approach can enable the test to be performed using individual bundle injection. The analysis to determine if individual
injection is appropriate should take into account the system architecture (e.g., independence of channels) and the
topology (e.g., risks of cross-coupling increased when transients appear simultaneously throughout the system).

When the single channel test approach is used it is generally assumed that any susceptibility that occurs on the single
active channel will appear at the same time in all channels, which may not be the case if the functioning within the two
channels is skewed so that their susceptibilities are not the same. Thus it is possible that approaches that simplify the
tested configuration could result in failure conditions that may not be present in the actual installation.
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It should also be noted that power conductors may conduct lightning-induced transients from different locations in the
aircraft. Thus they frequently are assigned different test levels from other harnesses interfacing with the same equipment.
Power conductors may be tested as part of the bundle if they have not been assigned a different ETDL than the wire
bundle(s).
6.2.3.6.2 System Level Testing Using Simultaneous Injections

As stated in 6.2.3.6.1, the requirement is injection into each wire bundle connector individually, however, it is also
desirable to excite large portions of the system simultaneously. While the ideal case is injection into all the systems
branches simultaneously, this typically is not practical. Though it may not be possible to inject the proper levels into all

branches, a limited level system test is still very desirable to perform. This can be accomplished by the simultaneous
injection onto several bundles or branches of wire bundles by wire bundle induction using multiple injection cores or by

nduction allows for the

ground injection direct
injection of current ang
case or cases of equi
impedances (between

Wire bundle induction U
test bench, and current

Ground injection applie

Vi into_the case of one of the anpnnnnfe of the. e\llefnm Wire bundle i

/or voltages on the system wire bundles. Ground injection applies curre
pment under test and allows the current to flow through the wirejbund
vire bundles and test bench) of the bundles.

5 into the shields or conductors of shielded wire bundles.

5 an impulse voltage between an item of equipment afd)the test bench tha

loops between the wir¢ bundles connected to the injected equipment and<{the test bench, and

shields or conductors o

f the wire bundles.

In either method the amounts of voltage or current that are injected depend on the impedances of

shielded bundles have
high impedances to gr
which appears at the cq
induction and ground i
section.

low impedances and accept current. Unshielded wire bundle conductors {

nnected equipments in accordance with their impedances to ground. Basic

An example of how a lifnited system level test on‘aldow impedance wire bundle configuration can

injection method used

channel disabled and iff
ground inject into the
harnesses. Once the Ig
wire bundle test level

bundles will not reach
depending upon the log

With the generator set

bn a dual channel FADEC. In the case of the FADEQC, it is often desired f
during the test, the"RADEC attempts to switch channels, it is considered g
FADEC a low level signal, while monitoring the various current levels
west impedancée wire bundle is determined, then the signal level is increg
s reached and the test conducted at that generator setting. It is underst
the full_tequirement, however there will be a limited excitation in all G
p impedance of the individual branches.

at-this level testing is conducted at both polarities and with the proper

ts and voltages to the
les based on the loop

ses transformer cores to inject voltages into the loops that exist between the wire bundles and the

injects a voltage in the
Hrives currents into the

the wire bundles. Fully
hat are terminated with

bund in the connected equipment do_not conduct much current but expefiience the loop voltage,

aspects of wire bundle

njection methods are contained ik RTCA DO-160/ED14 Section 22 and the User's Guide to that

e applied is the ground
o test the unit with one
failure. It is possible to
of the interconnecting
sed until that individual
bod that the other wire
ranches with the level

humber of environment

applications (10) in eac

polarity.

It is required to repeat this procedure for each current waveform and environment (Single Stroke, Multiple Stroke and/or
Multiple Burst) that is applied in this manner.

It should also be noted that it is still required to conduct the test on any individual connector that did not reach the

required test level durin

g simultaneous injection.

Figures 31 and 32 show the concepts of wire bundle injection and ground injection methods.
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Transient
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Notes
« Limited leyel system test of all system branches.
Test level jn this is 600 A for inter t bundles, 60 A for the individual power condugtor:

.
« Requireme¢nt met on one branch with limited level test on remaining branches.
« Remaining system branches require individual injections at applicable test levels.

FIGURE 31 - SIMULTANEOUS WIRE BUNDLE INDUCTION - EXAMPLE

Trangient
Gengrator Bulkhead
Interface
Panel
/l / External
Ip (Drive current needed to reath requirement on at least one bundle) ] — Loads &
D s II\EIIon.itoringt
quipment
( :\-" I:D 600 A —»
J1
* 620 A —»
T J2
d 150 A—»

J3|

i =] i 4 D

RSB,

Ground Plane System Components: EUTs, Loads, Sensors

Notes

* Limited level system test of all system branches.

Test level in this example is 600 A for interconnect bundles, 60 A for the individual power conductor.

EUT in this example is a dual channel FADEC.

J1 Bundle (Channel A) and J2 Bundle (Channel B) have nearly the same impedance, making it possible to simultaneously

meet the requirement on both branches (FADEC channels).

J3 Bundle and J4 Bundle require individual injections at applicable test levels.

* Power connections to additional system components are not shown for simplicity; typically, a single LISN for all system
components is sufficient.

FIGURE 32 - SIMULTANEOUS INJECTION USING GROUND INJECTION - EXAMPLE
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Typically ground injection cannot be applied to equipment that needs to be grounded directly to the test bench for
functionality, however, it is often possible to put a large impedance, such as an inductor into ground lines for DC operated
equipment. This is more difficult with AC powered equipment.

Ground injections to multiple equipments in order to achieve simultaneous injections may be impractical and is typically
used to test multiple wire bundles of the same unit. If multiple LRUs are to be tested at the same time then the wire
bundle injection method is more appropriate in these situations.

The magnitudes of test voltage/current injected into each branch of a system may be controlled by varying the following

test parameters:

the transient generator parameters,

e the turns ratio of thrL injection cores on each harness branch,

e the impedances be

e the locations of the
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6.3 Wire Bundle Shield Transfer Function Test

Shield or overbraid tran

sfer functions may be required for the following purposes:

unshielded wire bundles.

If the aircraft ATLs were determined based on the wire bundle shield current, and the ETDLs were based on
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e If the aircraft wire bundle is not available for a system test and a substitute wire bundle must be used instead. In such
a case the transients induced in the substitute wire bundle will have to be set to represent those induced in the aircraft
wire bundle. An example would be, if an unshielded wire bundle is to be used for a system test in place of a shielded
wire bundle that is in the aircraft and credit is taken for the shielding effectiveness of the shield or overbraid. With wire
bundle shield transfer functions, the open circuit voltage and short circuit current on wires within a shielded wire
bundle can be calculated for a given shield current. The wire bundle shield transfer functions quantify the
effectiveness of the shield. The wire bundle shield effectiveness is frequency-dependent, so if the transfer function
measurement is done in the time domain this measurement is valid only if the waveform used corresponds to the
intended wire bundle current waveform. If frequency domain measurements are performed it should be ensured that
the frequency range of the intended wire bundle transfer function test covers the spectrum of the intended wire bundle
current waveform.

Two test methods may be used to determine shield transfer functions of a shielded wire bundle. Shield transfer functions
indicate the relative att i j i j function of frequency.
One method, pulse injgction, is conducted by injecting a lightning pulse on the wire bundle and|measuring open circuit
voltage and short circujt current coupled into the internal wires. The responses are then used’tg determine the transfer
function. The second method uses swept frequency measurements, injecting currents of a>few amperes from a network
analyzer or similar soufce through an amplifier, onto the shielded wire bundle and measuring the jcoupled responses into
the internal wires. The fesult is the ratio of the response voltage or current to the drive ecurrent as g function of frequency,
which directly indicated the shield transfer function. Figure 33 shows an example.of shield transfer impedance, which is
the ratio of the internal wire response voltage to the current on the shield.

10| £

//

0.01 £

Transfer Impedance (volts/amp)

0.001 L
0007 0.001 0.01 0.1 1 10 100

Frequency (MHz)

FIGURE 33 - WIRE BUNDLE SHIELD TRANSFER IMPEDANCE EXAMPLE

Normally, an actual aircraft wire bundle is used as the test article. In some cases the actual wire bundle may be too long
or too complex to use. Since the transfer function of a wire bundle is a combination of the transfer function of the shield
(usually measured in Q/m over the frequency range) and the transfer function of the connectors (usually measured in Q
over the frequency range), individual tests can be done on a short section of shielded wire bundle and on a connector.
The actual transfer function of the aircraft shield can then be determined by multiplying the shield transfer function by the
wire bundle length and adding twice the connector transfer function.
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6.3.1  Wire Bundle Shield Transfer Function Using Lightning Pulse Injection Method

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.

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 p
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In the case for wires te
referred to as the shield
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article can be a short section of shielded wire or a single connector{(see 6.

rminated with open circuits at one end and short circuits at-all other ends
transfer impedance.
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e and connected as shown in Figure 34. Fora complex wire bundle with
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FIGURE 34 - WIRE BUNDLE SHIELD TRANSFER FUNCTION PULSE INJECTION TEST SETUP
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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 34. As an alternative, the actual system LRU
may be connected at this end of the shielded wire bundle and bonded to the ground plane. However, this alternative
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.

The voltage and current probes should have adequate bandwidth for the anticipated transfer function. Typically the probe
bandwidth should extend_fram nplnrnyimﬂhnly 100 Hz to 10 MHz

The probe bandwidths are different than for aircraft tests because in these tests there is no neé€d tq assess resonances.
6.3.1.4 Test Wavefofms
Waveform 1 or 3 defined in ARP5412/ED-84 with a peak level of 100 A to 1 kA shoulld be used for his test.
6.3.1.5 Measurement and Data Recording

The following data shoyld be recorded:

e Bonding resistance|measurements before and after the test

e The actual current @amplitude and waveform injected on the“Wwire bundle
e Open circuit voltage and short circuit current waveforms measured on the selected wires within the wire bundle.
6.3.1.6  Test Procedyre

(1) Lay out the wire |bundle and all testScomponents and loads on the ground plane, incluging ground straps, as
specified in the tegt procedure.

(2) Disconnect all conpectors at thebranch ends except for the two connectors of the branch under test.

(3) Connect the conngctors ferthe branch under test as shown in Figure 34.

(4) Short circuit the sglected wires inside the shielded enclosure at one end of the branch under liest.

(5) Connect the voltage probe in the shielded enclosure at the other end 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 appropriate lightning pulse waveform on the shielded wire bundle, and measure open circuit voltage and
short circuit current waveforms on the pins.

(7) Calculate wire bundle shield transfer function.
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6.3.1.7 Data Interpretation

The shield transfer function is determined by comparing the drive current and the response. If the response waveform and
the drive waveform have similar waveshapes, considering the time to peak and duration, then the transfer function can be
expressed by the ratio of the peak response to the peak drive current. However, if the two waveforms have different
characteristics, then a more detailed assessment is needed.

Typically the voltage response for a wire in a shielded bundle is related to the drive current rate of rise. Therefore, the
drive current peak rate of rise must be used to calculate an appropriate transfer impedance factor. It is not appropriate to
use the ratio of the response and drive current amplitudes for these types of responses. The voltage response will reach
its peak much sooner than the drive current. The drive current probe must have adequate bandwidth to measure the drive
current peak rate of rise.

6.3.2 Wire Bundle Shield Transfer Function Using Swept Frequency Tests

6.3.2.1 Test Purposqg
The purpose of this tdst is to determine the shield transfer function of a shieldedywire bundl
conducted with open circuit or short circuit wire terminations at the wire bundle ends. The swept
measure the shielding fransfer function.

e. The test is typically
frequency tests directly

6.3.2.2 Test Object

The test object includes
bundle may be single 3
short circuit current pe
shielded wires togethe
individual conductor op

In some cases, the test

In the case for wires te
referred to as the shield
6.3.2.3 Test Setup

The wire bundle under
above the ground plan
branches should be ke

the shield terminated tq
open so that the full cur

the wire bundle to be tested, and the appropriate mating connectors for th
hielded (e.g., a twisted shielded pair) for which the transfer function is the

r with other unshielded wires. In thisZlatter case, the transfer function
BN circuit voltage or short circuit current as a function of total wire bundle cU

article can be a short section of:shielded wire or a single connector (see 6.

rminated with open circuits-at one end and short circuits at all other ends
transfer impedance.

test shoul@ be positioned above a conducting ground plane, supported
e and cennected as shown in Figure 35. For a complex wire bundle with
bt separated. Only the two connectors for the branch that is under test sh
the>ground plane. All other branch connectors should be isolated from th

e wire bundle. The wire
open circuit voltage or

Ir unit ampere in the shield. Or it may be a wire bundle that is compriséd of several individual

may be defined as an
rrent.

).

the transfer function is

approximately 50 mm
multiple branches, the
puld be connected with
e ground plane and left

rent is applied to the branch under test. The other branches should be testg¢d separately.

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 35. As an alternative, the actual system LRU
may be connected at this end of the shielded wire bundle and bonded to the ground plane. However, this alternative
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.
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Drive Current
Probe

Internal Wire
Current Probe

Current Sensing
Probe

Internal Wire

Voltage Probe

Wire Bundle
Under Test

FIGURE 35 -

The wires within the wie bundle under test where the voltage and current will be measured should

procedure.

The voltage and curren
bandwidth should exter

The probe bandwidths are different than for_aircraft tests because in these tests there is no need tg

6.3.2.4

The current applied on
are stepped, then use ¢

Short Circuit
Termination

Network Analyzer

)3

RF Output

ST P00

.

U

\.

;JJJJ

SWEPT FREQUENCY WIRE BUNDLE-SHIELD TRANSFER FUNCTION T

Test
Gro

Bench and
Lind Plane

[EST SETUP

be identified in the test

t probes should have adequate bandwidth for the anticipated transfer funcfion. Typically the probe

d from approximately 100, Hz to 10 MHz.

Test Wavefofm

the bundie’should be swept or stepped from approximately 100 Hz to 10

t least’10 measurements points per decade.

6.3.2.5 Measureme

and-Data-Recording

asSess resonances.

MHz. If the frequencies

The following data should be recorded:

e Bonding resistance

measurements before and after the test

¢ Open circuit voltage and short circuit current measured on the selected wires within the wire bundle, relative to the
injected current on the wire bundle. This will be the shielding transfer function as a function of frequency.
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6.3.2.6 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 35.

(4) Short circuit the selected wires inside the shielded enclosure at one end of the branch under test.

(5) Connect the voltage probe in the shielded enclosure at the other end of the branch for shield transfer impedance

measurements. Shert—eireuit-the—selected—wire—te—greund—and-instal-the—eurrent-prebe—fergurrent transfer function
measurements.

(6) Inject the RF Oujput on the shielded wire bundle, and measure open circuit volidage apd short circuit current
waveforms on the pins.

(7) Calculate wire burjdle shield transfer function.
6.3.2.7 Data Interpretation

The transfer function represents the ratio of the selected wire voltage ‘or current and the currgnt injected on the wire
bundle. This transfer fynction is used to calculate the transient respense of the voltage or current on the selected wire.
The spectrum of the actual wire bundle lightning current waveférm, measured during a full gircraft lightning test or
calculated from an analytical model of the aircraft, may be multiplied with the transfer function. Thej result of this product of
the transfer function anld the wire bundle current waveform spectrum can then be processed thrqugh an inverse Fourier
transform to calculate the actual voltage or current transient'en the shielded wire within the wire bundle.

6.4 Shield/Connector Current Handling Test
6.4.1 Shield/Connector Current Handling Test
6.4.1.1 Test Purposqg

This test is to verify the|ability of a shield‘or a connector or a shield to connector interface to condyct the lightning-induced
currents.

6.4.1.2 Test Object

The test object may be|a’single shielded (e.qg., twisted shielded pair), a wire bundle shield, a conpector (bulkhead and/or
mating), a shielded junction box, or any combination of these. The shields, connectors, and the junction boxes may be of
metallic or non-metallic material with or without metallic plating.

6.4.1.3 Test Setup

The wire bundle under test will be mounted 50 mm above a ground plane and connected at both ends to test fixtures
representative of the bonding configuration of the shield to the fixtures or to the ground plane in an actual installation.
Examples of the test setup are shown in Figures 36 and 37. The generator should be connected to drive the required
current from end to end of the wire shield.
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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 Measuremen

ts and Data Recording

The following data should be recorded:

wire specifications or determined for a prototype wire)

DC resistance measurements before and after the test

Dielectric strength of wire insulation before and after test (dielectric strength of insulation can be obtained either from

The calibrated shor
e The actual current j
6.4.1.6
(1)

(2)

Test Procedy

The transient gene

plane) should be n

The transient gene

should be applied.
The DC resistancg
6.4.1.7 Data Interpre|
The damage is to be
degradation, as well as
should be indicated in t

7. FUEL SYSTEM TE

These types of tests aj

The DC resistancg of the required path (such as harness backshell\to backshell, or wire sh

The calibrated trapsient generator signal should be applied directly on the wire shield. A totg

t circuit current waveform
hjected on the overbraid
re

rator should be adjusted to drive the required short cirCuit current waveforn

heasured and recorded.

rator amplitude control should be set to the calibrated short circuit current |

of the same pre-tested path:should be measured and recorded.
tation

evaluated based on pre-/post-test DC resistance measurements and f
visual inspections for evidence of arcing or sparking. The limits of pre-te
ne test procedure.

ST METHODS

plyto regions of the aircraft where concentrations of flammable fuel vapo

1.

eld to box or to ground

bvel.

| of 10 pulses minimum

he dielectric insulation
st and post-test values

's may be present, and

where ignition of such vapors could constitute a hazard. Their purpose Is 1o demonsirate that ign

produced by lightning a

7.1  Test Objectives

rc attachments or by the resulting conduction of lightning currents.

tion sources will not be

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.

Arcs and Thermal Sparks. An arc is an electrical plasma within the fuel vapor space, which may be accompanied by

burning particles (thermal sparks) that are ejected from interfaces when such interfaces are inadequate to conduct
the lightning currents to which they are exposed.
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c. Melt Through or Puncture. Contact of fuel vapors with the lightning arc at a hole melted completely through a metal
skin or a puncture through a composite skin.

d. Hot Spots. A hot spot is a surface in contact with fuel vapors that is heated to a temperature which could ignite the
mixtures in the fuel vapor space.

e. Streamering at Fuel Vent Outlets or within Non-Conductive Fuel Tanks. lonized air which develops into extended
electrical streamers due to strong electrical field intensities at the vent and drain outlets.

Ignition source detection methods which are described in detail in 7.7 should be chosen so as to reliably detect the
potential ignition sources which have been identified.

7.2 Tests and Specimen-ypes
7.21 Test Types
In order to demonstrate] that the ignition sources defined above do not arise, three types©f-tests arg identified:
a. Conduction Tests [7.3):

e Conduction tesfs to complete tanks or complete tank subassemblies~(7.3.1)

e Conduction tesfs on fuel tank coupon specimens (7.3.2)

e Conduction tesis to fuel system components (7.3.3)
b. Direct Strike Testq (7.4):

o Direct strike tegts on complete tanks or tank sections (7.4.1)

e Direct strike tegts on coupon specimens (7.4:2)

e Direct strike tegts to externally mounted fuel system equipment (7.4.3)

134

Voltage Breakdown Tests (7.5):
e Voltage breakdpwn tests(of small gaps (7.5.1)

d. High Voltage Cordna 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)
e |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 2 if they are exposed to

direct strikes, conducted lightning currents or other effects such as induced voltages. If a component is not exposed to
one or more of these effects the assessment test is not applicable.
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NOTES:

1.

TABLE 2 - EXAMPLES OF APPLICATIONS OF FUEL SYSTEM TESTS

High Current Tests

High Voltage Tests

Vent fire supp
Insulating link
Fuel vent outlg
Interconnect v
Fuel vent and

Fuel flow mon

Fuel dump out

Fuel sump dra|

Fuel dump me

ession system

ts
blves
ransfer lines and fittings

tors

Flame arrestefs installation

et installation
ns

psuring sticks

(functionaltest, in presence of lightning initiated flamgs)

X X X X X IX/X

X X X X

X X X X

X

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 Components Within Tanks
(other compongents installed within the
tank skins):
Fuel vent lineq and fittings X X X
Fuel transfer lines and fittings X
Fuel pumps arjd installations X X X
Fuel drain instgllations X X X
Fuel Quantity {5auging System X X X X
Fuel temperatjire sensors X X X X
Electrical wiring X
Fuel tank inertjng system plumbing X

For composite or non-conductive components or test units, attachment 1ests per o.1.1 or

validate probe placement for Direct Strike Tests in 7.4.

5.1.2 may be used to
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