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1.

1.1

2.

2.1

SCOPE:

This SAE Aerospace Recommended Practice (ARP) provides guidance for a means of showing
compliance with the regulations for hazards caused by the lightning environment to electrical/
electronic systems installed either on or within aircraft. Equipment hazards addressed include those
due to indirect effects on equipment and its associated wiring that is mounted on the aircraft exterior as
well as indirect effects on equipment and its associated wiring located within the aircraft interior. This
document applies to new aircraft and equipment designs, modifications of existing aircraft or

equipment, and

applications of existing (off the shelf) equipment on new aircraft.

NOTE: This AR
structur|
documd

requirements, methods, and techniques. Coverings (fairing, skin{cowl, etc.

prevent
Howevs
evaluat

It should be not
lightning curren
struck and a po
possibilities and
certification plar

Purpose:

This ARP pro
compliance w
Airworthiness
effects, from ¢

REFERENCES

SAE Publicati

e nor does it address fuel ignition hazards (see related reading'mate

P does not address direct effects such as burning, eroding, blasting,
nt). This ARP does not address lightning zoning methods,gr lightnin

direct attachment of the lightning channel to underlying system com
r, if a direct lightning strike attachment to a system.€¢omponent can ¢
on of both direct and indirect effects will be necessary.

bd that electrical/electronic systems or components are sometimes e
s directly conducted from the aircraft exterior, as may happen when
tion of lightning current flows in its cable. Care should be taken to iqg
either eliminate these situations hydesign modifications, or address
. No further discussion of thesg situations is included in this ARP.

ides information and.guidance concerning a means, but not the only
th Parts 23, 25, 27y and 29 of the Federal Aviation Regulations (FAR
Requirements (JAR), as applicable for preventing hazards, due to lig
ccurring to electrical/electronic systems.

DS,

of aircraft

fial in 2.3 of this
g test

should normally
bonents.

ccur, a complete

KXposed to

an antenna is
entify any such
them in the

means, of
) and Joint
htning indirect

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

ARP5412, Aircraft Lightning Environment and Related Test Waveforms

ARP5414, Aircraft Lightning Zoning

ARP5415 (DRAFT), User’s Manual for Certification of Aircraft Electrical/Electronic Systems Against
the Indirect Effects of Lightning

ARP5416 (DRAFT), Aircraft Lightning Test Methods
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2.2 Related FAR and JAR Information:

2.2.1

222

223

224

Federal Aviation Regulations (FAR):

Federal Aviation Regulations 14 CFR Parts 23, 25, 27, 29 and 33; Sections .901, .903, .1301,
1309, .1316, .1431, and .1529 (as applicable). 14 CFR Part 33, Sections .28 and .91 (as

applicable)

FAA Adviso
AC 23.1309
AC 25.1309

AC 27-1A, C
4 dated Sep

AC 29-2B, @
Change 3 d

AC 21-16D,
AC 20-136,
Joint Airwor

Joint Airwor
29.610, 29.1

JAA Advisor

ACJ 25X89¢
Material and

y Circulars: The following Advisory Circulars (AC) may provide addi
t1C, System and Equipment Installations in Part 23 Airplanes, \dated
L1A, System Design and Analysis, dated June 21, 1988

ertification of Normal Category Rotorcraft, dated August 8, 1985, inc
tember 30, 1997

ertification of Transport Category Rotorcraft; dated September 16, 1
hted July 31, 1997

Radio Technical Commission for Aéronautics Document DO-160D, d
Certification of Aircraft Electrical/Electronic Systems for the Indirect B
hiness Requirements (JAR):

hiness Requirements Parts 23.1309, 25X899, 25.1309, 25.1431, 27
431, JAR E AMJ 20X-1

y and Interpretive Material:

Acceptable Means of Compliance)

tional information:

March 12, 1999

luding to Change

P87, including to

ated March, 1998

ffects of Lightning

610, 27.1309,

, Eleetrical Bonding and Protection Against Lightning and Static Elecfricity (Interpretive

ACJ 29.610, Lightning and Static Electricity Protection (Interpretive Material and Acceptable Means

of Complian

ce)

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

AMJ 25.130

AMJ 29.130

9, System Design and Analysis

9, Equipment, System and Installation
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2.3 Related Reading Material:

2.3.1

232

2.3.3

24

3. BACKGROUND:

a.

A comprehensive discussion on the material in this Standard, with additional guidance information, is

available in th

e following documents:

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

ARP4754, Certification Considerations for Highly Integrated or Complex Aircraft Systems

EUROCAE

EUROCAE
dated July 1

RTCA Publi
Washington

RTCA, Inc.,
dated July, 1

Definitions:

See Appendix

Aircraft elec
an increasin
certified.

Lightning indlirect effeets may result when the electromagnetic fields produced by

the aircraft i
components

DC 20036-4001:

DO-160D, Environmental Conditions and Test Procedures for Airbor
997

A for list of definitions.

rical/electronic systems may be vulnerable to lightning hazards. Airg
g number of electrical/electronic systems are currently being and wil

nduce’voltage and current transients into the electrical/electronic equ
.cFhese transients can be produced by electromagnetic field penetra

Documents:

ED-14D, Environmental Conditions and Test Procedures for Airborngd Equipment,
997

cations: Available from RTCA, Inc., 1140 Connectictt Avenue, NW, $uite 1020,

ne Equipment,

braft which utilize
continue to be

a direct strike to
ipment or
tion into the

aircraft inter
aircraft.

o 4 4 LR [ s s \ Lt H ol 4
Ul'UlN Uy ostrutiarar Iy (CUTTTTIU UITICS TTololdlue ) vUILAyT T19To UUT U U

urrent flow on the

The trend toward increased reliance on electrical/electronic systems for flight and engine control
functions, navigation, and instrumentation requires that effective protection against lightning
induced transients be designed and incorporated into these systems. Reliance upon redundancy
as a sole means of protection against lightning indirect effects is generally not adequate because
the electromagnetic fields and structural IR voltages can interact concurrently with all electrical
wiring aboard an aircraft.
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4. APPROACHES TO COMPLIANCE:

The following seven (7) activities are elements of an iterative process for certification of aircraft
electrical/electronic systems with respect to the indirect effects of lightning. The particular order of
activities addressed, and the iterative application of the elements appropriate for a particular situation,
are left to the applicant and strict adherence to the particular ordering of the elements in the list is not
intended.

@0 oo

The elements a

a. Review the
Assessment
operational
effects of lig
requirement
27,
conditions a
AMJ 25.130P and ACJ 29.1309.

The failure gondition classifications listed below are derived from this guidance n

and 29.

easures.
re described in more detail in paragraphs (a) through (g).
safety analysis with respect to the indirecteffects of lightning. A Fun

(FHA) is conducted to identify all failures and classify them in functi
erms. The results of the FHA should be reviewed to ensure that any

Review the safety analysis with respect to the indirect effects of lightning on the aircraft.
Determine the lightning strike zones for the aircraft.

Establish the airframe lightning current paths for the zones.

Establish th¢ effects of the internal environment.

Establish Transient Control Levels (TCL) and Equipment Transient.Design Level
Verify compliance.

Corrective

5 (ETDL).

ctional Hazard
bnal and
unique indirect

htning have been identified, such a@s common mode failures. Airworthiness

5 for classifying these functions-are based on Section .1309 of FAR/J

included to

1.

2.

Catastro

Hazarda

FAA/JAA advisory circulars which provide guidance in classifying the
cording to their severity_are as follows: AC 23.1309-1C, 25.1309-1

ssist in the use’of this document. The classifications are:

phic: Failure conditions which would prevent continued safe flight ar

us/Severe-Major: Failure conditions which would reduce the capabil

AR Parts 23, 25,
pse failure
\, 27-1A, 29-2B,

aterial and are

d landing.

ty of the aircraft

or the a

ility of the crew to cope with adverse operating conditions to the ext

pnt that there

would be:

(a) A large reduction in safety margins or functional capabilities.

(b) Physical distress or higher workload such that the flight crew could not be relied on to
perform their tasks accurately or completely, or

(c) Serious (or fatal1) injury to a relatively small number of the occupants.

1.

JAA only.
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4. (Continued):

3.
crew to cope with adverse operating conditions to the extent that there would

Major: Failure conditions which would reduce the capability of the aircraft or the ability of the

be, for example,

a significant reduction in safety margins or functional capabilities, a significant increase in crew
work load or in conditions impairing crew efficiency, or discomfort to occupants, possibly

including injuries.

crew acfions that are well within their capabilities. Minor failure conditions m:
, a slight reduction in safety margins or functional capabilities, a;sligh
, such as routine flight plan changes, or some inconvenience {o occ

No Effedts: Failure conditions which do not affect the operational'¢apability g
increase crew workload.

The system|development assurance level would also be assessed when perforn
would be approved by the cognizant aviation certification authority. Guidance fof
system deveglopment assurance level is provided in ARR4754.

The following development assurance levels are related to the failure condition ¢

Level A: El
function res

ctrical and electronic systems whase failure would cause or contribu
Iting in a catastrophic failure edndition for the aircraft.

Level B: El
function res

ctrical and electronic systems whose failure would cause or contribu
Iting in a hazardous/severe-major failure condition for the aircraft.

Level C: El
function res

ctrical and electronic systems whose failure would cause or contriby
Iting in a majer failure condition for the aircraft.

Level D: Electrical and electronic systems whose failure would cause or contribu
function resulting/in.a minor failure condition for the aircraft. Once a system has
by the cognizant-aviation certification authority, as being Level D, no further appl

Minor: Failure conditions which would not significantly reduce aircraft safety, and which involve

hy include, for
increase in crew
Ipants.

f the aircraft or

ing the FHA and
selecting the

assifications.

te to a failure of

te to a failure of

te to a failure of

te to a failure of
been confirmed,
cation of this

regulation i required

Level E: Electrical and electronic systems whose failure would cause or contribute to a failure of

function resulting in no effect on aircraft operational capability or crew workload.

Once a system

has been confirmed, by the cognizant aviation certification authority, as being Level E, no further

application of this regulation is required.

Determine the lightning strike zones for the aircraft. The characteristics of currents entering the

aircraft vary according to attachment point locations on the aircraft. To establish

the lightning

characteristics appropriate for different portions of the aircraft, lightning strike zones have been

defined in ARP5414.
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4. (Continued):

Zones are the means by which the external environment is applied to the aircraft. The locations of
these zones on any aircraft are dependent on the aircraft's geometry, materials, and operational
factors, and often vary from one aircraft type to another; therefore, a determination must be made
for each aircraft configuration. Guidance for location of the strike zones on particular aircraft is
given in ARP5414.

Establish the airframe lightning current paths for the zones. The external lightning environment is a

consequenc
environmen
aircraft surfs

Zones 1 ang
points for cu
between pai
using Zone

Establish the
electromagn
as aresult g

fields and structural IR voltages cause voltages‘@nd currents on interconnecting

turn appear
penetrate eq

For each sy
and actual t
In many cas
the short cir
related by th
be different

rrent flow through the vehicle. By definition, Zone 3 ateas carry ligh
rs of direct or swept stroke lightning attachment points. Therefore, de
B current levels as the external environment is generally acceptable.

e effects of the internal environment. The internal lightning environmq
etic fields and structural IR voltages, which’are produced by the exte
f current flow through the airframe and, the penetration of electromag

at equipment interfaces. In some Cases, electromagnetic fields withi
uipment enclosures and compromise system operation.

5tem to be qualified, determine the lightning induced voltage and cur
ansient levels (ATL)¢hat can appear at the electrical/electronic equig
es, the induced transients will be defined in terms of the open circuit
cuit current (igc)@ppearing at wiring/equipment interfaces. The "v"

e source impedances (i.e., loop impedance) of interconnecting wirin
evels determined for different circuit functions or operating voltages.

Establish tr

represent th amplltude of voltage and/or current that the equment is required

vean

e of the interation of the lightning flash with the exterior of the aircraff. The external
is represented by synthesized waveforms of the lightning current.'cdmponents at the
ce. These waveforms and their applications are provided in ARP5412.

2 define where lightning is likely to attach, and, as a result, the entrance and exit

ning current flow
sign and analysis

nt consists of the
‘nal environment,
netic fields. The
iring which in

h the aircraft may

rent waveforms
ment interfaces.
voltage (v,c) and
d "i" will be

], and there may

DL). The ETDLs

. nsieft control levels (TCL) and equipment transient design levels (ET .
o withstand or
tolerate and e TCLs, in turn,

are set equal to or higher than the maX|mum ATL. The difference between ETDL and TCL is the
margin. The equipment transient susceptibility level (ETSL) is the amplitude of voltage or current
which, when applied to the equipment, will result in damage to components, or upset such that the
equipment can no longer perform its intended function. The relationship between ATLs, TCLs,
ETDLs, and ETSLs is illustrated in Figure 1. The ETDL is usually stated in the specifications for
electrical/electronic equipment and constitutes a qualification test level for this equipment. Since
ETDLs are typically represented by these standardized requirements, their use greatly simplifies
compliance evaluation. Normally, the TCLs and ETDLs will be established by the airframe
manufacturer or system integrator, who will compare the penalties of vehicle or interconnecting
wiring protection or equipment hardening to establish the most logical combination of TCLs and
ETDLs.
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4.

(Continued):

f.

Verify compliance. Verify compliance by demonstrating that the ATLs appearing at wiring/
equipment interfaces do not exceed the established TCLs, and that the equipment can tolerate the
ETDLs.

1.

Verification may be accomplished by demonstrating similarity with previously

installed systems

and/or equipment, by tests, or by analysis. Appropriate margins to account for uncertainties in
the verification technlques may be reqwred as dlscussed in Sectlon 6. Developmental test

data may be used for
cognizant aviation certlflcatlon authority.

Experience has shown, particularly on aircraft with new technology and/or co
that disc
certificatjon authority early in the program is desirable. This plan is beneficia
applicant and the cognizant aviation certification authority bécause it identifie
acceptable resolution of the critical issues early in the certification process. |
understqod that, as the process proceeds, analysis or.est results may warrar
design agnd/or verification methods. As necessary, when significant changes
should be updated. The plan may include the folléwing items:

(a) A depcription of the system(s), its installation configuration including any U

2d with the

mplex systems,

ssion of and concurrence with the certification plan by the.cognizant aviation

to both the

5 and defines an
should be

t modifications in
occur, the plan

nusual or unique

featdres, the operational aspects being-addressed, zone locations, lightning environment,

and preliminary estimate of ETDL/TCLs.

(b) A depcription of the method tobe’used to verify compliance. Typically, th
method includes a combination of similarity, analytical procedures, and/or
analytical procedures are'used, the methodology for verification of these p|
be described. For further discussion see Section 7.

(c) Accgptance Criteria‘for each system under consideration should be deter
analysis. This-safety analysis is to evaluate the aircraft in its various oper
taking into,account the failure and disruption modes caused by lightning i

B verification
tests. If
rocedures should

mined by a safety
ptional situations,
hdirect effects.

(d) Test|Plans for each test should be prepared when tests are to be a part of

the certification

process. Test plans can be separate documents or a part of the compliance plan at the

applicant's option and should address an appropriate test sequence.

g. Corrective Measures. When test and/or analysis show that acceptance criteria are not achieved, a
review of the installation and/or component design should be conducted to determine where
lightning protection methodology can be improved. The approach is to optimize the use of
installation design techniques and equipment design.

-10 -
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5. EFFECTS OF INDUCED TRANSIENTS:

Induced transients may be characterized by voltages impressed across or currents flowing into
equipment interfaces. Equipment interface circuit impedance(s) and configuration(s) will determine
whether the induced transient(s) are predominantly voltage or current. These transient voltages and
currents can degrade system performance permanently or temporarily. Component damage and
system functional upset are the primary types of degradation. Component damage is a permanent
condition while functional upset refers to an impairment of system operation, either permanent or

momentary (e.g
which may adve

a. Component
are (1) activ

rsely affect flight safety.

Damage. Devices which may be susceptible to damage dueto elec
b electronic devices, especially high frequency transistors; integrated

, a change of digital or analog state which may or may not requirerjanual reset),

rical transients
circuits,

microwave diodes and power supply components, (2) passive electrical and electronic
componentq, especially those of very low power or voltage rating; (3) electro-explosive devices

such as squ
relays, and
boards and

b. System Fun
momentary

jbs and detonators, (4) electromechanical devices'such as indicatorg
motors, and (5) insulating materials (e.g., insulating materials used in
connectors) and electrical connections which'can be burned or meltg

ctional Upset. Functional upset is primarily a system problem. Perm

, actuators,
printed circuit
d.

anent or

Lipset of a signal, circuit, or a system’component can adversely affecf system

performance to a degree which compromises flight safety. In general, functional yipset depends on

circuit desigh and operating voltages, signal characteristics and timing, and syste
configuration. Systems or devices which ' may be susceptible to functional upset

m and software
due to electrical

transients include (1) computers and_data or signal processing systems, (2) elecfronic engine and

flight controls, and (3) power generating and distribution systems.

MARGINS AND

Margins are inc
magnitude of th

VERIFICATION METHODS:

prporated-fe account for the uncertainties involved in the verification
b margih.required is inversely proportional to the confidence which ig

verification met

degree that each¢system contributes to continued safe flight and landing as determin

safety analysis.

odsheing used. The magnitude of the margin is also directly propo

brocess. The
placed in the
tional to the

ed by the aircraft
cess.

-11 -
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7. MAJOR ELEMENTS OF COMPLIANCE:

Various methods for the establishment of TCLs and ETDLs (4e), verification of compliance (4f), and
corrective measures (49) are available. These methods, testing, analysis, and similarity, are outlined
in the following sections. The methods outlined represent those which have evidence of practical
application. The routes to compliance for Level A Control, Level A Display, and Levels B and C
systems are provided in the flow diagrams of Figures 2, 3, and 4. It should be noted that there is a
corresponding increase in the rigor of compliance with an increase in the failure condition classification

of the function g

NOTE: Control
catastrd

approptfiate to require a more rigorous verification method for Level A Contrg
for Leve

The translat
elements b.
the translati

comprise thg

strike and a

Functions p

correctly collld lead to a catastrophic failure condition, would require protection tg

the function

Level A Req

erformed by the system/equipment.

System failures and malfunctions can more directly and abruptly con
phic event than display system failures and malfunctions. Based upq

| A Display Systems.
uirements

on of the external environment into the internal environment involves
c., and d., delineated in Section 4. These activities, as well as thos¢
bn of the internal environment into the equipment interface currents g
b system level assessment of the aifcraft electromagnetic (EM) respg
e associated with showing compliance of Level A systems.

brformed by electrical and:glectronic systems whose failure to provid

must not be adversely affected when the aircraft is exposed to lightn

functions m

If the functign is provided.by multiple systems, then loss of a system or systems,
of the aircraft to lightning-shall not result in the loss of the function. After the airc
lightning, each affected system that performs these functions shall automatically
operation, upless.this conflicts with other operational or functional requirements ¢

st continue to be/provided during and after exposure to lightning.

tribute to a
n this, it is
| Systems than

application of

p associated with
nd voltages,

nse to a lightning

b that function
the extent that
ing. These

during exposure
raft is exposed to
recover normal

f that system.

-12-
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LEVEL A REQUIREMENTS

(CONTROL FUNCTIONS)

Is

EXISTING

AIRCRAFT DATA
APPLICABLE

2

YES

Is
EXISTING
SYSTEM DATA
APPLICABLE
?

ESTABLISH TCLs
DETERMINE ATLg, TCLs, & US’;‘NN;;ZEENG
ETDLs USING AIRCRAFT P
TEST ANALYSIS 'f':';ii:ﬁ:m
7a1(c t
© 7a1(b)
AIRCRAFT (TCLs)
VERIFY OR

JORRECTIVE
MEASURES

7a1(g)

DETERMINE SYSTEM ETDLe
USING SYSTEM
TEST ANALYSIS

7a1(d)

ESTABLISH HTDLe
USING EXISTING
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FIGURE 2 - Typical Iterative Process for Level A Requirements (Control Functions)

-13-



https://saenorm.com/api/?name=0a9674aed384556b79feb06598954d97

SAE ARP5413 Revision A

LEVEL A REQUIREMENTS
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FIGURE 3 - Typical Iterative Process for Level A Requirements (Display Functions)
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LEVEL B AND C REQUIREMENTS
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FIGURE 4 - Typical Iterative Process for Level B and C Requirements
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7. (Continued):

Any Failure or Malfunction which occurs during the qualification process must be considered in the
overall safety assessment.

1. Systems Performing Level A Control Functions
The applicant must demonstrate that systems performing Level A Control functions are not

adversely affected by a Ilghtnlng strlke to the alrcraft in WhICh the systems are mstalled The
Level AL ’ f i

Figure 2|[is a flow diagram showing possible routes to compliance. In all casgs, data from
aircraft Ievel test or analysis of the specific aircraft under consideration or ong of sufficiently
similar cpnstruction is necessary to obtain certification.

(a) Similarity

Similarity may be used as the basis for certification without the need for gdditional tests
provided:

(@)

nly minimal differences exist between thepreviously certified systen and installation
nd the system and installation to be certified, and

Q

» there have been no unresolved in-service history of problems related tp lightning strikes
b the aircraft.

—

If thgre is uncertainty about the effects of the differences, additional tests jand/or analysis
shoyld be conducted as necessary and appropriate to resolve the open igsues.

Similarity may be used.to verify compatibility of systems and equipment with ETDLs, or
compatibility of intercennecting wiring with TCLs. The former situation might occur when a
previously tested system is to be certified in a new aircraft, and the IatterFituation may
occur when a’new system is to be installed in an existing aircraft using inferconnecting
wiring for which ATLs and TCLs are known.

Similarity requires an evaluation of both the system and installation differ¢nces which may
adversely affect the system susceptibility. An assessment of a new installation should
consider differences affecting the internal lightning environment of the aircraft and its
effects on the system. The assessment may cover:

(1) the aircraft type, equipment locations, airframe construction, and apertures which could
affect attenuation of the external lightning environment;

(2) the system interfaces, wiring size and routing, connectors, whether parallel or twisted
wires, and cable shielding;

(3) grounding and bonding;

(4) system modification status including software, firmware, and hardware.
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7.

(Continued):

(b)

(c)

Systems previously certified by test or analysis may be transferable to other applications.
Every system needs to be assessed even though it may utilize equipment and installation
techniques which have been the subject of a previous certification.

The use of similarity for Level A Control systems requires that the applicant show that any
differences of either the system or its installation cause NO ADVERSE CHANGES on the
TCL and ETDL values.

Similarity is NOT APPLICABLE for a combination of a new aircraft design
system design.

Estaplish TCLs and ETDLs Using Existing Aircraft Data (Similarity)
Exis{ing aircraft data generated by test and/or analysismay be used to es
provided the aircraft and system installation under consideration are simil

and system installation used to generate the data..;Guidance in determin
similarity is given in 7.a.1.(a).

Determine ATLs, TCLs, and ETDLs Using Aircraft Test/Analysis

The ATLs, TCLs, and ETDLs may be-determined by aircraft test and/or an
for performing tests is contained'in ARP5416 (DRAFT) and guidance for

anal

sis is contained in ARP5415 (DRAFT).

and a new

tablish TCLs
ar to the aircraft
ng aircraft

alysis. Guidance
performing

Analysis is a valid method for obtaining ATLs. Methods are available for fiill 3D simulations

of en
cogn

Somge methods)have been validated with experimental data under a wide
circumstances.

tire aircraft including the internal structure and cables. In order to bg
izant aviation:certification authority, the methods' accuracy must be ¢

accepted by the
lemonstrated.
variety of
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7.

(Continued):

(d) Verify or Determine System ETDLs Using System Test/Analysis

(e) Estaplish ETDLs Using Existing System Data (Similarity)

(f)

The ETDLs provided by aircraft test and/or analysis are used for single stroke, multiple
stroke, and multiple burst testing. For multiple stroke and multiple burst testing, the system
should be tested in accordance with procedures described in ARP5416 (DRAFT). For pin
and single stroke cable bundle testing, the system should be tested in accordance with
procedures described in ED-14D/DO-160D, Section 22. Whenever cable bundle test
metHods are used, the system should be tested in an operational state,

Multiple stroke and multiple burst testing to the ETDLs or an analysis.of the circuit response
to these environments is required. When an analysis is performed) a description of the
systeém architecture, including hardware and software data handling procg¢dures may be
necgssary. Such a description should clearly establish the reasons why the system will not
expdrience functional upset when exposed to these environments. Pin tgsting or single
strole cable bundle testing per Section 22 of ED-14D/DO-160D, is sufficient to
dempnstrate the system's ability to withstand the ETDLs without compongnt damage.

Exisling system data generated by test and/or analysis may be used to egtablish ETDLs
provided the system under consideration‘s similar to the system used to generate the data.
idance in determining system similarity is given in 7.a.1.(a).

Compliance Assessment

An assessment is required to determine the system's functional compatibjlity with the
interpal lightning envireiment, and must show the following.

(1) The function on the aircraft must remain available during and after exposure to the

indirect effects-of lightning.
(2) Any system interruption or susceptibility must be evaluated to assure that there are no
dverse effects on continued performance of the function and must bg approved by the
ognizant aviation certification authority.

(3) The affected systems must automatically recover upon removal of the internal lightning
environment unless this conflicts with other requirements of that system.

(4) The equipment/system must tolerate the ETDLs, and the ATLs in the interconnecting
wiring must be less than or equal to the TCLs.
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7. (Continued):
(g) Corrective Measures

Should the system fail to satisfy the certification requirements, a decision will be required
on the corrective action to be taken. The resultant changes or modifications to the
installation and/or the equipment may generate the need for additional testing/analysis. It
is necessary to analyze whether equipment qualification testing/analysis and/or aircraft
testing/analysis, in whole or in part, is required in order to satisfy the certification
requ|rements. Modification of the equipment and/or installation may bengcessary to
achig¢ve certification.

2. Systemq Performing Level A Display Functions

Figure 3|is a flow diagram showing possible routes to compliance. for systems|performing Level
A Displaly functions. The objective of this approach is to demonstrate that thg Level A function
is maintained and the Level A system does not generate-hazardously misleadling information
(HMI) when exposed to the indirect effects of lightning:. In Figure 3, a review |of any existing
aircraft gnd/or system data is accomplished and a decision must be made on|the direction the
applicant chooses to achieve certification in each.Gase.

(a) Similarity

Similarity may be used as the basis for certification without the need for gdditional tests
provided:

(@)

nly minimal differences €xist between the previously certified systen and installation
nd the system and installation to be certified, and

Q

]
—

nere have beenmo-tunresolved in-service history of problems related tp lightning strikes
b the aircraft,

—

If thgre is uncentainty about the effects of the differences, additional tests jand/or analysis
shoyld be.conducted as necessary and appropriate to resolve the open igsues.

Similarity may be used to verify compatibility of systems and equipment with ETDLs, or
compatibility of interconnecting wiring with TCLs. The former situation might occur when a
previously tested system is to be certified in a new aircraft, and the latter situation may
occur when a new system is to be installed in an existing aircraft using interconnecting
wiring for which ATLs and TCLs are known.
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7.

(Continued):

Similarity requires an evaluation of both the system and installation differences which may
adversely affect the system susceptibility. An assessment of a new installation should
consider differences affecting the internal lightning environment of the aircraft and its
effects on the system. The assessment may cover:

(1) the aircraft type, equipment locations, airframe construction, and apertures which could
affect attenuation of the external lightning environment;

(2) the system interfaces, wiring size and routing, connectors, whether-pa

VI

) g

(4) gystem modification status including software, firmware, and hardwar

Systems previously certified by test or analysis may‘be transferable to ot
Every system needs to be assessed even though ittmay utilize equipmen
techpiques which have been the subject of a previous certification.

The pse of similarity for Level A Display @ystems requires that the applicq

diffe
the T
diffe

Simi
Syste
(b) Esta
This

esta
aircr

ires, and cable shielding;

rounding and bonding;

ences of either the system or its_installation cause MINIMAL ADVERS
CL and ETDL values. If minjmal adverse changes are discovered, t

arity is NOT APPLICABLE for a combination of a new aircraft design
em design.

plish TCLs and*ETDLs Using Existing Aircraft Data (Similarity)

optionprovides a means of using existing aircraft data on a similar ty
plish “TCLs for the intended installation. This may be accomplished p

rallel or twisted

14

Ter applications.

and installation

nt show that any
5E CHANGES on
nen those

ences should be discussed with the cognizant aviation certification guthority.

and a new

pe aircraft to
rovided the
aft and system

pftand system installation under consideration are similar to the airci

inst

tatiormusedtogenerate the data—Guidance mdeterminimgaircraftsi

7.a.2.(a).

nilarity is given in
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7.

(Continued):

(c) Selection of ETDLs

This section examines two options:

(1) Determine ATLs, TCLs, and ETDLs using whole aircraft test/analysis.

This option is the same method which is used for control systems and is outlined in

a. T{o).
(2) Selection of ETDLs per ED-14D/DO-160D.

his option provides a means of selecting the ETDLs for the equipme
enefit of specific aircraft test data. Section 22 of ED-14D/D0O-160D,
2-3 provide predicted ETDLs. It must be noted, however, that subst
ust show all the factors necessary to enable comparison of the ET
D-14D/D0O-160D, Section 22, to the proposed aircraft installation. E
elected should reflect all the significant aspeets of the aircraft installg

The following guidelines are included to assist'the applicant in the proper
ETDLs given in ED-14D/DO-160D. It shauld be noted that different ETDL
apprppriate for different waveforms, refleeting proportionately higher or lo
resigtance voltages as compared with,induced voltages due to changing m
such cases, the appropriate levels_should be used.

Levedl 5: This level can be used when the equipment under consideration
bundle, or interfaces toffrom the equipment are located in very severe ele
envifonments which(@re’defined as areas with composite materials demo
shielding effectiveness, areas where there is no guarantee of structural b
open areas whére minimal shielding is provided. This level may also be u

ht without the
[Tables 22-2 and
ntiating evidence
Ls selected from
ach ETDL level
tion.

selection of

| levels may be
wer structural
agnetic fields. In

, or the cable
ctromagnetic
nstrating poor
bnding, and other
sed when a broad

rangp of installations is to be covered. Note that in some cases (essentiglly high current

dengity regions on mixed conductivity structures such as wing tips,enging
whetethe wiring may divert some of the lightning current, higher ETDLs

appr HeHHHEeSSaestghiRedstHesSaiedppHeato0+eadce e -

Level 4: This level can be used when the equipment under consideration

nacelle fin, etc.)
ay be

, or the cable

bundle, or interfaces to/from the equipment are located in severe electromagnetic areas
which are defined as areas outside the fuselage such as wings, fairings, wheel wells,
pylons, control surfaces, etc. This definition is not appropriate for equipment installations

more appropriately described by the definition of Level 5.
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(Continued):

Level 3: This level can be used when the equipment under consideration, all interfaces to/
from the equipment, and the cable bundle are contained entirely within a moderate
electromagnetic environment which is defined as the inside of a metallic aircraft structure or
composite aircraft structure demonstrating equivalent shielding effectiveness, without
particular shielding enhancement measures. Examples of such an environment are
avionics bays not enclosed by bulkheads, cockpit areas, and locations with large apertures,
i.e., doors without EMI gaskets, windows, access panels, etc. Current carrying conductors
in this environment such as hydraulic tubing, control cables, cable bundlgs, metal cable
trayq, etc., are not necessarily electrically grounded at bulkheads. When & small number of
wiresg exit the environment, either a higher level (i.e., Level 4 or 5) should pe used for these
interfaces or additional protection for these wires should be provided. Th|s definition is not
apprppriate for equipment installations more appropriately described by the definitions of
Levels 4 and 5.

Level 2: This level can be used when the equipment'under consideration, all interfaces to/
from|the equipment, and the cable bundle are contained entirely within a partially protected
envifonment which is defined as the inside of &metallic aircraft structure pr composite
aircraft structure demonstrating equivalent shielding effectiveness, where|measures have
beer] taken to reduce the electromagneti¢-coupling onto cables. Cable blindles in this
envifonment passing through bulkhead(s) have shields terminated at the pulkhead
conrlector. When a small number ef-wires exit the environment, either a lpigher level (i.e.,
Level 3 or 4) should be used or additional protection for these wires shou|d be provided.
Cable bundles are installed close to the ground plane and take advantagd of other inherent
shielding characteristics provided by metallic structures. Current carrying conductors such
as hydraulic tubing, cables; metal cable trays, etc., are electrically grounded at all
bulkheads. This definition is not appropriate for equipment installations mpre appropriately
desgribed by the definitions of Levels 3, 4, and 5.

Level 1: This.level can be used when the equipment under consideration, all interfaces to/
from|equipment, and the cable bundles are contained entirely within a wejl protected
enviqonment which is defined as an electromagnetically enclosed area which is not
subjected to direct attachment of lightning strikes. This definition 1S not appropriate for
equipment installations more appropriately described by the definitions of Levels 2, 3, 4,
and 5.
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