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Foreword 

This document (EN 3197:2010) has been prepared by the Aerospace and Defence Industries Association of 
Europe - Standardization (ASD-STAN). 

After enquiries and votes carried out in accordance with the rules of this Association, this Standard has 
received the approval of the National Associations and the Official Services of the member countries of ASD, 
prior to its presentation to CEN. 

This European Standard shall be given the status of a national standard, either by publication of an identical 
text or by endorsement, at the latest by June 2011, and conflicting national standards shall be withdrawn at 
the latest by June 2011. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and the United Kingdom. 
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ORGANISATION OF THIS STANDARD  
(Detailed organisation may be found in Annex A) 

1 Scope  page 5 

Description of the aim of this document. 

2 Normative references page 5 

List of Normative references used. 

3 Terms and definitions page 6 

List of particular definitions or mentions of particular applicable documents. 

4 Limitations page 6 

Applicability of this document. 

5 General requirements page 6 

General and important considerations, plus specific requirements linked to particular areas of use. 

6 Selection of EWIS and OFIS Components page 19 

Guideline for the choice of necessary components. 

7 EWIS and OFIS Components Identification page 45 

Description of necessary identifications for components, bundles, equipements and repairs. 

8 Separation and principles to apply page 48 

Rules to satisfy for a good integration and behaviour of systems. 

9 Installation and manufacturing principles page 60 

Description of installation and manufacturing principles.  

10 Modification and repairs by STC applicants  page 84 

11 EWIS and OFIS Safety page 86 

Safety analysis. 

NOTE Inside this standard, texts in italic come from official texts and cannot be modified without verification. 
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1 Scope  

This European standard provides instructions on the methods to be used when designing, selecting, 
manufacturing, installing, repairing or modifying the aircraft electrical and optical interconnection networks, 
now called Electrical Wiring Interconnection System (EWIS), and Optical Fibre Interconnection Systems 
(OFIS), subjects to the limitations defined in Clause 4 of this standard. 

The general content of this standard is described in page 2. 

A detailed content of this standard is given in Annex A. 

This standard lists all the relevant European standards related to EWIS and OFIS in Annex B. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

EN 60270, High-voltage test techniques — Partial discharge measurements (IEC 60270:2000) 

ISO 2574, Aircraft — Electrical cables — Identification marking 

ISO 2685, Aircraft — Environmental test procedure for airborne equipment — Resistance to fire in designated 
fire zones 

ISO 4046-1, Paper, board, pulps and related terms — Vocabulary — Part 1: Alphabetical index 

ISO 7137, Aircraft — Environmental conditions and test procedures for airborne equipment 

MIL-DTL-22520G, Revision G General Specification for Crimping Tools, Wire Termination — Entire Set 1) 

MIL-STD-202, Test method standard electronic and electrical component parts 1) 

MIL-T-43435B, Military specification tape, lacing and tying 1) 

TR 4684, Aerospace series — Electrical technology and components definitions 2) 

TR 9535, Aerospace series — Substance declaration 2)  

TR 9536, Aerospace series — Declarable Substances Recommended Practice 2) 

AS 81824/1, Splice, electric, permanent, crimp style copper, insulated, environment resistant, class 1 3)  

AS 83519, Shield termination, solder style, insulated, heat-shrinkable, environment resistant with pre installed 
leads for cables having tin or silver plated shields (class I) 3) 

                                                      

1) Published by: Department of Defense (DoD), http://www.defenselink.mil/. 

2) Published as ASD-STAN Technical Report at the date of publication of this standard by Aerospace and Defence 
Industries Association of Europe-Standardization (ASD-STAN), (www.asd-stan.org). 

3) Published by: Society of Automotive Engineers (SAE), (www.sae.org). 
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ASTM D 1868, Standard Test Method for Detection and Measurement of Partial Discharge (Corona) Pulses in 
Evaluation of Insulation Systems 4) 

NOTE Related to EWIS and OFIS, all today existing ASD Normative references per family of products may be found 
in Annex B.  

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in TR 4684 and the following apply. 

3.1 
Design Authority 
in this document, this term covers the Companies, in charge of the original design or to give the design 
agreement for which Certification will be required from the Regulatory Authorities 

3.2 
Regulatory Authority 
in this document, this term covers the Organisations in charge to write rules to satisfy, to survey the design 
and to grant Navigability Certificate, like EASA and FAA 

4 Limitations  

It is recognized that the installation practices contained in this standard do not necessarily represent the full 
requirements for a safe and satisfactory electrical and optical interconnection system. 

In the event of a conflict between the text of this document and the references cited herein, the text of this 
document takes precedence. However, nothing written in this standard shall override the specific 
requirements of a Design Authority, the Airworthiness Requirements, applicable laws or any regulation from 
the regulatory authorities, unless a specific exemption has been obtained. 

5 General requirements 

5.1 Applicable Rulemaking 

The main rulemakings to satisfy for the definition of the various possible electrical installations on large 
aircrafts are coming from: 

 Design technical requirements  
From the EASA European Aviation Safety Agency (CS 25) and the FAR Federal Aviation Regulation (14CFR – 
Part 25). 

 Organisation requirements  
From the EASA European Aviation Safety Agency (IR 21) and the FAR Federal Aviation Regulation (14CFR – 
Part 21). 

                                                      

4) Published by: American Society For Testing and Materials (ASTM), http://www.astm.org/. 
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Important advices: 

a) From the P2 issue, this standard includes the EWIS concept and associated consequences which were 
introduced in the regulation by the FAA in November 2007 and by the EASA in autumn 2008. This was 
also the opportunity for the authorities to group all the electrical requirements: the rules 25.17xx. 

b) CS or FAR 23, 27 and 29 which concern small aircraft, small and large helicopters were not updated 
in-line. 

5.2 EWIS Definition 

The definition of the aircraft electrical interconnection network, now called Electrical Wiring Interconnection 
System (EWIS) is now given in the regulation. The retained text, coming from the EASA, is the following: 

«CS 25.1701 Electrical Wiring Interconnection System Definition 
(a) Electrical wiring interconnection system (EWIS) means any wire, wiring device, or combination of these, 
including termination devices, installed in any area of the airplane for the purpose of transmitting electrical 
energy between two or more intended termination points. Except as provided for in Subclause (c) of this 
Subclause, this includes: 

1) Wires and cables. 

2) Bus bars. 

3) The termination point on electrical devices, including those on relays, interrupters, switches, 
contactors, terminal blocks and circuit breakers, and other circuit protection devices. 

4) Connectors, including feed-through connectors.  

5) Connector accessories. 

6) Electrical grounding and bonding devices and their associated connections. 

7) Electrical splices. 

8) Materials used to provide additional protection for wires, including wire insulation, wire sleeving, and 
conduits that have electrical termination for the purpose of bonding. 

9) Shields or braids. 

10) Clamps and other devices used to route and support the wire bundle. 

11) Cable tie devices. 

12) Labels or other means of identification. 

13) Pressure seals. 

(b) The definition in Subclause (a) of this Subclause covers EWIS components inside shelves, panels, racks, 
junction boxes, distribution panels, and back-planes of equipment racks, including, but not limited to, circuit 
board back-planes, wire integration units and external wiring of equipment. 

(c) Except for the equipment indicated in Subclause (b) of this Subclause, EWIS components inside the 
following equipment, and the external connectors that are part of that equipment, are excluded from the 
definition in Subclause (a) of this Subclause: 

1) Electrical equipment or avionics that is qualified to environmental conditions and testing procedures 
when those conditions and procedures are: 

i) Appropriate for the intended function and operating environment, and  
ii) Acceptable to the Agency. 

2) Portable electrical devices that are not part of the type design of the aeroplane. This includes 
personal entertainment devices and laptop computers. 

3) Fibre optics». 

Full document details: BS EN 3197:2010

http://www.avadocuments.com/doc/bs-en-3197-2010
http://www.avadocuments.com/doc/bs-en-3197-2010


BS EN 3197:2010
EN 3197:2010 (E) 

8 

5.3 OFIS Definition 

The definition of the aircraft optical fibre interconnection network, now called Optical Fibre Interconnection 
System (OFIS) was created by similarity. The retained text is the following: 

"OFIS means any fibre or cable, including termination devices, installed in any area of the aircraft for the 
purpose of transmitting optical signals between two or more intended termination points. Except as provided 
for in Subclause (c) of this Subclause, this includes: 

1) Fibres and cables. 

2) Optical Data buses. 

3) The termination point on fibre optic transmitting sources and receiving devices protection devices. 

4) Connectors, including feed-through connectors.  

5) Connector accessories. 

6) Fibre optic splices. 

7) Materials used to provide additional protection for fibres and cables, including insulation, and conduit. 

8) Clamps and other devices used to route and support the cable bundle. 

9) Cable tie devices. 

10) Labels or other means of identification. 

11) Pressure seals. 

a) The definition in Subclause (a) of this Subclause covers OFIS components inside shelves, panels, racks, 
junction boxes, distribution panels, and back-planes of equipment racks. 

b) Except for the equipment indicated in Subclause (b) of this Subclause, OFIS components inside the 
following equipment, and the external connectors that are part of that equipment, are excluded from the 
definition in Subclause (a) of this Subclause: 

1) Fibre optic equipment or avionics that is qualified to environmental conditions and testing procedures 
when those conditions and procedures are: 

i) Appropriate for the intended function and operating environment, and  
ii) Acceptable to the Agency" 

Particular information on OFIS may be found in EN 4533-001 to EN 4533-004. (See also particular Annex B3). 

5.4 Design precedence 

Design of the EWIS and OFIS shall conform to the following precedence: 
1st – Safety; 
2nd – System requirements; 
3rd – The ease of maintenance, removal and replacement of the cabling; 
4th – Cost effective aircraft production. 

Cabling shall be fabricated and installed so as to achieve the following: 
a. Maximum reliability; 
b. Minimum interference and coupling between systems; 
c. Accessibility for inspection and maintenance including cleaning; 
d. Prevention of damage. 
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5.5 Selection considerations 

Parts, materials, directives and procedures covered by existing European Standards shall be given preference 
by Design Authorities for all new European projects wherever suitable. 

This standard lists all the relevant European standards related to EWIS and OFIS in Annex B. 

Otherwise the parts, materials, directives and procedures shall meet the levels of performance and safety as 
required by the regulatory authorities. 

5.6 Service life 

In normal use conditions, the airframe electrical and fibre optic interconnection systems and its EWIS and 
OFIS components shall be selected and installed so that their service life is not less than that of the aircraft 
structure, which for a civil plane is generally 60 000 flying hours or 20 years, unless otherwise specified. 

It shall not, however, be assumed that all EWIS and OFIS components will always achieve this life and 
installations should be designed to permit a satisfactory level of inspection, test and repair according to rule 
25.1725. 

Similarly, for engines/power plants and undercarriages which normally have a minimum service life of 
10 000 hours, but where, due to their modular construction, the interconnection system, or parts thereof, are 
required to have longer service lives, the system design shall permit satisfactory inspection, test and repair. 

For devices and sub-systems which are designed to be disconnected, the number of acceptable mating 
unmating operations shall be specified in the relevant technical specifications. 

5.7 Smoke and Fire Hazards 

Components of the interconnection systems defined in this standard have been designed with an awareness 
of the hazards of smoke and toxic products under failure conditions. General test requirements may be found 
in EN 2825 and EN 2826 and dedicated test method may be found in the relevant component specifications 
(for example: for electrical cables see EN 3475-601 and EN 3475-602). 

It is the responsibility of the designer to avoid the use of materials which, in any likely conditions of use or 
abuse, could create a severe failure condition. 

When necessary the design of EWIS and OFIS installations shall recognize the need to provide adequate 
protection or separation of cables and cable harnesses.  

Flammability and self-extinguishing requirements shall be specified for all EWIS and OFIS components and it 
shall be noted that these requirements are intended to minimize, for example, the transmission of fire along 
cables or the propagation of fire by the release of flaming droplets. 

Nevertheless, the installation of EWIS and OFIS shall recognize that severe overheating of electrical cables is 
a possibility, therefore the maximum number and size of cables with associated loads within the cable harness 
shall be considered, see EN 2853 for calculation. 

Particular care shall be given to the torqueing of terminal lug screws. 

When considering the acceptability of wire or fibre optic, reference should be made to EN 3475 or EN 3745 
respectively, or alternative standards acceptable to the design authority, defining acceptable test methods, 
including arc-tracking test methods (see next Subclause). 

Damaged wire and insulation can cause electrical arcing, providing the spark that can cause fire. It should be 
noted that contamination by materials such as dust, dirt, lint, vapours, etc. can provide fuel for fire. 
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Owing to potential fire hazard, silver-plating shall not be used in areas where they are subject to 
contamination by ethylene glycol solutions unless suitable protection features are employed. 

CASE OF SMALL NON METALLIC PARTS 

Small parts are those that would not contribute significantly to the propagation of a fire as knobs, handles, 
rollers, fasteners, clips, grommets, rub strips, pulleys, and small electrical parts. 

When these parts are grouped together in the same zone, virtual volume are equivalent and shall be taken 
into consideration. Verification of flammability behaviour shall be done, for example on a reference 
homogenous material specimen of 50 mm wide and 30 cm length. 

Shall be taken into account in particular: 

 Self extinguishing,  

 Smoke density,  

 Gas emission toxicity, 

 Dripping must not ignite a flammable product (paper as ISO 4046). 

5.8 Short-Circuit and Arc-Tracking 

Experience has shown that people examining fault damages may confuse these two phenomena. So the 
following Subclauses propose means to differentiate both and give technical information to explain the 
Arc-tracking phenomenon. 

5.8.1 Short-Circuit description 

5.8.1.1 Cause 

A phenomenon of electrical origin generating an over current (with or without an electric arc), which causes 
local deterioration of one or more cables (conductor and insulation) by thermal effect. 

The origin of this phenomenon is direct contact: 

 between at least two conductors (cable core) 

 of a conductor with the structure  

with different electric voltages. 

The over current then appears in the damaged circuit thus causing the protection device located upstream 
(circuit-breaker, fuse, etc.) to trip. 

The duration of the short-circuit is short (a few milliseconds to a few tenths of a second). 

5.8.1.2 Effects on electric cable looms 

The deterioration depends on the power flowing in the circuit. 

With high short circuit current deterioration of collateral cables may occur. 

Cable damage generally does not exceed 50 mm length (25 mm on either side of the defect point). 
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5.8.2 Arc-Tracking description 

5.8.2.1 Cause 

The origin of this phenomenon is contact between at least two conductors (cable core) with different electric 
voltages via a wet (liquid) or dry (chafing on structure or between cables) "resistive" circuit. 

This results in the appearance of electric arcs limiting the current in the circuit(s) to an integrated value below 
the tripping threshold of the circuit breaker located upstream. 

In returning to the source, the electric arc causes cable deterioration (conductor and insulation) by thermal 
effect. 

As the protection devices do not trip immediately the duration of the arc-tracking phenomenon is relatively 
longer than that of a short-circuit, and can last for several seconds. 

The phenomenon stops when: 

 direct contact occurs between adjacent conductors (short-circuit). The over current then appears in the 
damaged circuit thus causing the protection device located upstream (circuit-breaker, fuse, …) to trip. 

 current flows stops due to separation of cores (lack of maintaining, blow effect, …). 

The phenomenon cannot propagate if: 

 the insulation is arc-tracking resistant, or 

 a specific device is used to accelerate tripping from the very beginning of arcs appearance. 

5.8.2.2 Effects on electric cable looms 

Arc-tracking can be differentiated from a short-circuit mainly through the following indications: 

• The cable insulation is partly or fully transformed into blackish carbonized residue, 

• The cable damage is always located between the initial defect and the supply source, 

• The cable damage is generally longer than 70 mm and can extend to hundreds millimetres. 

Deterioration of collateral cables may occur. 

5.8.3 Arc-tracking phenomenon 

5.8.3.1 General 

This phenomenon is basically a thermal effect resulting in the conversion of some particular insulating polymer 
into an electrically conducting material. 

There are various ways to initiate this degradation of the insulation, nevertheless once a power arc is 
produced the resultant reaction is the same. 

In any case the generator shall have a 1-minute rating of not less than 20 kVA. Similar results are obtained 
with higher ratings. Location and tightness of cable-ties are of particular importance to obtain repeatable 
results. 

Present test methodologies are carried out with 115 Va.c. in order to cover all present existing voltage sources 
used on aircraft, three main ways exist, classified as wet test, dry test or wet short circuit test. 

Current test methods do not cover new voltages such as 230 Va.c. and ± 270 Vd.c. For these new voltages, 
appropriate fault protection is essential particularly where d.c., with its absence of zero voltage crossing 
points, is involved. 
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Combinations of materials may be employed to optimise the performance of an insulating system. 

Use of Arc Fault protection, such as AFCB (Arc Fault Circuit-Breaker) is another solution. It can be used to 
accelerate tripping from the very beginning of arcs appearance, thus limiting collateral damages. 

5.8.3.2 Wet tracking 

This is a surface phenomenon that can act over a significant distance. 

When failure occurs the conversion proceeds through the bulk of the insulation and results in more extensive 
damage (see note below). A continuing supply of electrolyte is required over the polymer surface, bridging 
points at different electrical potential typically exposed by some form of damage. When the supply of 
electrolyte is at a suitable rate multiple random dry spots on the surface, due to heating in the electrolyte, lead 
to very small low current, short duration arcs (scintillation). These arcs have a temperature of 1 000+ degrees 
acting over a very tiny area and in a tracking material gradually produce a characteristic “treeing” pattern on 
the surface of the insulation. When a branch (or branches) of the “tree” eventually forms a complete path 
between the electrodes a sustained high temperature power arc is established. This can lead to an avalanche 
effect where the resultant high energy and temperature convert adjacent insulating material, that was not 
initially involved, into a thermally and mechanically stable, electrically conducting graphitic material. 

The concerned test method is EN 3475-603. 

The test was designed to simulate the effect of moisture creating an electrical path between insulation 
damage on adjacent cables. This damage may come from insulation ageing or from possible mechanical 
aggression for example from bad hot stamp markings. 

5.8.3.3 Electrical erosion 

Where a material does not produce conductive surface spots the scintillation may lead to the loss, by 
evaporation or de-polymerisation, of tiny amounts of insulation whilst leaving the surface chemically unaltered. 
In tests for wet tracking it is important that the pass/fail criteria be set to discriminate between violent tracking 
failure and the longer term, relatively benign effects resulting from extreme erosion in materials prone to this 
effect. 

It is important to quote that all insulating systems subjected to a permanent electrical erosion will fail, even 
collateral cables. It is just a question of time.  

So visual examination of test samples is an important way of discriminating between the arc-tracking and 
electro erosion phenomena (see 5.8.2.2). 

5.8.3.4 Dry tracking 

This is a bulk rather than a surface effect. No electrolyte or moisture is required. 

Very localised heating occurs over the cross section of the insulation at the “fault” point. The heating results 
from tiny intermittent, short duration, sparks from the bridging of exposed conductors that do not trip a 
conventional circuit breaker. Such faults are known as “splashing” or “ticking” faults and may be caused in 
service by vibrating conductor to structure contact or flexing of wire with broken conductor strands. Such 
sparks act in a similar manner to scintillation and gradually pyrolyse the whole bulk of the insulation producing, 
in the case of a tracking polymer, a conducting graphitic structure with the potential for avalanche failure within 
a bundle in the same manner as for the wet case above. 

Typically in tests for dry tracking the initiation is via a vibrating metal edge which bridges power carrying 
conductors at points having different electrical potential. 

The concerned test method is EN 3475-604. 
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The test was designed to simulate the effect of chaffing against structure creating an electrical path between 
insulation damage on adjacent cables. 

5.8.3.5 Wet short circuit test 

This involves the simultaneous shorting, by drops of electrolyte that run down the insulation and across the 
exposed flush cut ends of conductors in a wire bundle. The conductors are energised at different potentials 
and because of the small inter-conductor distances vigorous arcing is quickly established on all wires. There is 
a combination of some surface scintillation between the electrolyte drip point and the conductors but primarily 
vigorous arcing over the short distance of the insulation cross section. In a tracking insulation there is rapid 
conversion into a graphitic structure and rapid “burn back” towards the electrical source. In a non-tracking 
system the conductor itself is gradually eroded within the insulation. The insulation remains as a tube and the 
path length between conductors slowly increases to the point where activity ceases. 

The concerned test method is EN 3475-605. 

The test was designed to simulate the effect of moisture ingress into a connector back shell which, where 
bung sealing is faulty, can lead to shorting between rear parts of pins via wire insulation and/or across the 
surface of the sealing bung. 

5.8.3.6 Notes on arc characteristics 

Metal to metal arcs are of high current density and relatively unstable; as such they tend to “cut” conductors 
rapidly and thus limit damage to the faulted wire. Graphite to metal and particularly graphite to graphite arcs 
are low current density, stable and spread over a large area so that circuit interruption is delayed; this delay 
gives time, in tracking materials (only a few milliseconds are required), for the conversion of adjacent 
insulation to conducting material and the potential avalanche effects. 

5.9 Installation Groups 

The design, modification and repair of EWIS and OFIS need to be considered for each of the following groups 
according to their specific requirements: 

 engine cable harnesses; 

 electrical power generation - heavy duty; 

 airframe non-pressurized SWAMP (Severe Wind And Moisture Problems) areas; 

 general airframe; 

 equipment cabling (line replaceable unit boxes, panels and racks, etc.); 

 radio- and/or video frequency; 

 data bus and/or video digital links; 

 optical fibre link. 

5.10 Maintenance considerations 

The maintainability of EWIS and OFIS including cleaning and inspection shall be a prime consideration in the 
selection, design, installation and identification of harnesses, electrical/optical cable assemblies and wiring 
system components. All cabling should be accessible, repairable and/or replaceable at the maintenance level 
specified by the design authority. Other specific requirements concerning maintenance, such as cleaning 
methods, are specified in the appropriate Subclause on the subject. 

It shall be noted that EWIS and OFIS of some particular systems or parts may require particular maintenance 
considerations, examples: engines, landing gears, fly-by-wire, shielded bundles. 
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5.11 Materials considerations 

5.11.1 General 

As a minimum, the selection of EWIS and OFIS materials shall take into account requirements of rule 25.603. 

5.11.2 Environmental Directives 

Directives, such as EU (RoHS-REACH), relative to electrical components or equipments evolved and call from 
now for the prohibition of the use of substances considered to be hazardous, such as lead, cadmium, mercury 
and hexavalent chromium, contained in these components or equipments. For particular cases where no 
substitutive solution exists, derogation shall be obtained from the authorities. 

Some technical reports apply to the aerospace and defence industries and their supply chains: 

TR 9535, Aerospace series — Substance declaration  

TR 9536, Aerospace series — Declarable Substances Recommended Practice  

5.11.3 Metals 

The metals used shall be corrosion-resistant or suitably protected for resistance to corrosion throughout the 
expected service-life. The maximum potential difference between any two metals in mutual contact should be 
300 mV to minimize the risk of electrolytic corrosion unless the junction shall be protected to avoid electrolyte 
presence. See Annex C for potential differences between common metals. 

5.11.4 Non-metals 

All non-metals used, including plastics, fabrics and protective finishes, shall not support micro-organic or 
fungus growth, and should not be adversely affected by weathering, applicable fluids, temperature and 
ambient conditions encountered while the aircraft is in service. 

So as to avoid any hazards to the occupants, they shall: 

 meet the relevant flammability requirements of the Design Authority, 

 not emit, when burning, a smoke density higher than a specified limit, 

 not emit toxic gases with a concentration exceeding specified values. 

Cable insulation and protective parts using PVC (Polyvinyl chloride) are absolutely prohibited. 

Polyamide materials can be used for cable ties and fitting parts. 

Attention is brought on some fluoro-elastomers for which decomposition residus, after fire for example, can be 
hazardous.  

Wire insulation shall have an arc resistance capability as defined in their own standard.  

5.12 Quality 

5.12.1 Components Qualification  

EWIS and OFIS components shall be qualified for airborne use or specifically assessed as acceptable for the 
intended use and be appropriate for the environment in which they are installed, through for example the ASD 
Quality management systems and Qualification Procedures defined in EN 9133. 
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Aircraft manufacturers list approved components in their manuals, such as the standard wiring practices 
manual (ATA Chapter 20). Only the components listed in the applicable manual or approved substitutes 
should be used for the maintenance, repair, or modification of the aircraft. EWIS and OFIS modifications to the 
original type design should be designed and installed to the same standards used by the original aircraft 
manufacturer or other equivalent standards acceptable to the Authorities. This is because the manufacturer’s 
technical choice of an EWIS and OFIS component is not always driven by regulatory requirements alone. In 
some cases specific technical constraints would result in the choice of a component that exceeds the 
minimum level required by the regulations. 

5.12.2 Processes Qualification 

All processes, used for production shall be qualified for airborne use or specifically assessed as acceptable for 
the intended use, when available through European Standards such as example EN 2812 for stripping of 
electric cables or EN 2242 for crimping of electric contacts. 

During maintenance, repair or modification, processes must come from the same standards used by the 
original aircraft manufacturer or from other equivalent standards acceptable to the Authorities. 

Some particular processes may required qualified operators and this qualification shall be periodically re-
validated. 

5.12.3 Test Methods 

Test methods used for qualification, validation, expertise, technical comparison should come from recognized 
standards and particularly when available from European standards such as examples EN 2591, EN 3475… 

(See list of existing standards in Annex B). 

5.13 Specific Requirements  

5.13.1 Advice  

In this particular chapter, only requirements specific to power plants, helicopters and light planes are 
highlighted. All other requirements are in accordance with this standard. 

5.13.2 Power plant 

5.13.2.1 General  

Engines have no pressurized zones, but normally operate below an altitude of 50 000 feet for civil aircraft or 
100 000 feet for military aircraft. 

Engines are generally equipped with several harnesses which can be removed separately and are considered 
as equipment. Generally there is no need for functional identification on individual wire or cable. 

5.13.2.2 Connectors 

a) Selection  

Sealed version of connectors and connecting devices are required.  

b) Sealing 

Contacts shall be fitted in all cavities. All cavities in the rear grommet shall be filled with either a wire, a filler 
plug or a wire stub. 
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c) Mechanical locking  

Plugs shall have a self locking device.  

Wire locking of coupling nuts is not recommended. 

5.13.2.3 Wiring and fastening 

a) Minimum bend radius recommended 

For solid harness (when cables are strongly clamped together) and interconnection harnesses, minimum bend 
radius recommended are: 

 5 times to 10 times the diameter of assembly depending on harness technology 

 10 times the diameter of the largest cable contained in the bundle. 

For particular dynamic installations and design, the minimum bend radius shall be 3 times or 6 times the 
bundle during the sequence. (open Nacelle door, pylon / nacelle liaison). 

Except with permanent relatives movements 

b) Harness clamps 

The use of plastic cable ties with internal metallic locking serrations can be used on engine harness bundles 
when metallic braids or heat-shrinkable sleeves are covering the cables. 

Generally harnesses shall be fixed on engine either together or individually using “P” clamps. Broomhandle 
(“W” clips / omega / terry clips) may be used for straight harness runs. 

5.13.2.4 Installation 

Harnesses should be installed so that they can be removed and refitted without the need to remove other 
engine components, such as brackets, pipes etc.  

When a harness crosses butting flanges in hot area of engine main casings, sufficient care shall be brought 
such that no possible hot gas leakage can damage cable insulation. 

The harness shall not be routed parallel to and on top of engine main flanges junction where a hot gas 
leakage may destroy the cable insulation. 

Consideration shall be given to the following when deciding a cable route: 

a) Avoidance of, or protection from, damage during engine installation and maintenance. 

b) Avoidance of areas where crash-landing damage would constitute a hazard. 

c) Accessibility for maintenance testing, inspection and repair. 

d) Avoidance of any position and/or shape which would encourage the use of the harness for handholds or 
footrests. 

e) Common mode failure of duplicated functions. 

f) Minimise physical damage that may result from fire, turbine burst, starter burst, duct burst or fluid 
contamination  

g) Failure Mode Effect Analysis (FMEA) on signal separation. 

h) Removal of harness without disturbance to another system that would necessitate a re-test to that 
system. 

i) Removal of LRU accessories with minimal harness disturbance. 

j) Relative movement between connectors/terminations and fixed points, such as clipping points, terminal 
blocks etc. 
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In the area of fan blade-out containment, special attention shall be taken for the minimum clearance in order 
to avoid any hazardous damage. 

The connections to accessories which are mounted on vibration isolators shall be carefully considered. The 
clipping and harness shall not add loads to the installed accessory outside of defined limits. The accessory 
manufacturer shall take into account the connecting hardware (harness and associated clipping) and its spring 
rate for the requirements of the anti-vibration system. 

5.13.2.5 Separation 

On dual channel, electronically controlled engines, harnesses for the two separate channels shall be allocated 
to different connectors and the separation shall comply with the following: 

a) Whenever possible, the maximum lane separation shall be maintained for the entire harness run. 

b) For civil extended twin operations (ETOPS), a lane to lane separation shall be maintained in those areas 
designated "cross-engine debris areas", where uncontained debris from one engine can impact the 
remaining engine.  

c) Lane to lane Separation may be relaxed outside "cross engine debris areas" providing there is no risk of 
common mode failure. The minimum segregation distance allowed shall be conform to airworthiness 
requirements and should be quoted in the relevant specification. If the requirement of the relevant 
specification is not achievable due to space restraints, agreement shall be obtained from the relevant 
authority. 

In order to minimise the transmission of radio frequency interference from the High Energy (HE) igniter leads 
to the engine harness, cables shall not be run parallel with the HE leads closer than 100 mm (4.00 ins). Where 
cables have to cross HE leads this shall be done as near 90° as possible with a minimum air gap of 10 mm 
(.39 ins). If the above two conditions cannot be met, then a HF shield shall be interposed between the HE lead 
and the cable or the HE-leads shall be shielded. 

5.13.3 Helicopters 

5.13.3.1 General  

Helicopters have no pressurized zones, but the operative flight altitude remains under 20 000 Feet.  

5.13.3.2 Connectors 

a) Selection  

Sealed version of connectors and connecting devices with interfacial seal are preferred. 

b) Sealing 

Unused cavities of sealed connectors shall be sealed at the rear grommet side to maintain the interfacial seal 
efficiency. 

c) Polarization 

The polarization master key should be situated on top of receptacle (front view of equipment). 

The electrical connectors shall be angularly indexed especially when elbowed rear connector accessory is 
used. 
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5.13.3.3 Wiring and fastening 

The sentences “Wires should not be routed between aircraft skin and fuel lines. Avoid running wires along the 
bottom of the fuselage, over the landing” from Subclause 8.3.4 is not applicable for helicopters. 

Lane to lane separation for the same engine of the Subclause 5.13.2.5 is not applicable for helicopters, but for 
different engines this will be applied. 

Following Subclauses do not apply for helicopters: 

 For Subclause 8.13.4, the examples for routing classes are not applicable for helicopters due to space 
limitation. EMC-separation is not required when the interference impact is permitted by the design. 

 Subclause 8.13.6 is not applicable for helicopters. 

 The Subclause 9.3.4 is not applicable for helicopters. 

 The Subclause 9.13 is not applicable for helicopters. 

 Critical system fuel of Subclause 7.5.1 is not applicable for helicopters, as no wires cross the tanks. 

5.13.4 Light aircraft 

Reserved 

5.13.5 APU 

See Subclause 5.13.2. 

5.13.6 Composite structure 

5.13.6.1 Electrical implication 

Metallic fuselage inherently handles the following functions: 

 1- Signal and Power Current Return (Grounding)  
 2- Fault Current Return Path (Bonding) 
 3- Signal Electrical Reference (Low Impedance Ground Plane) 
 4- Lightning Protection: Systems, Structure, Passengers, ... 
 5- Electro-Magnetic Field Protection (HIRF) 
 6- Antenna Ground Plane 

If a composite structure with carbon inside can ensure functions 5 and 6, function 4 use at least for the 
introduction of “metal”, such as expanded foil, inside the structure and the three remaining ask for the 
implementation of a single reference metallic network, today called for example ESN (Electrical Structure 
Network) or MBN (Metallic Bonding Network). 

5.13.6.2 Thermal implication 

Thermal characteristics of composite structure are not at the same level than those of metal structure. 
So particular care shall be taken to avoid: 

 a current injection as a result of an abrasion between electrical bundle and conductive composite part. 

 a thermal effect of a short circuit in the immediate vicinity. 

Such mode failures can generate fire, smoke, smell of burning and in addition for current injection arcing and 
local hot spot. 
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5.13.6.3 Installation considerations 

From implications described before, at least the following requirements should be applied: 

 routings of cables or harnesses should be defined so as to take advantage of the protection given by 
surrounding metallic structures. 

 any contact between cables/harnesses and or carbon fibre-composite panels/structure/surface, conductive 
or not, shall be prohibited. A clearance has to be provided in order to avoid any reciprocal damage. 

 if this clearance cannot be maintained, an additional protection shall be provided on the harness or on the 
conductive composite part. 

 electrostatic protection: See EN 3371. 

5.13.6.4 Electrical structure network 

The ESN integrity shall be maintained during the service life. For this the maintaining of the electrical 
resistance value between any two points of the ESN shall be guaranteed. 

6 Selection of EWIS and OFIS Components 

6.1 Applicable Rulemaking 

As a minimum, the selection of EWIS and OFIS components shall take into account EASA Certification 
requirements such as example rule 25.1703 and its associated AC. 

6.2 Special requirements 

6.2.1 Commonality 

An objective in the selection of parts shall be to maximize commonality and minimize the variety of 
components and related servicing tools required for the construction, installation and maintenance of the 
interconnection system. 

6.2.2 Maintenance, repair or modification 

EWIS and OFIS components shall be chosen according to requirements given in 5.12.  

6.2.3 Materials 

Materials used for EWIS and OFIS components shall take into account materials consideration from 5.11. 

6.3 Wire and Fibre Optic cable Selection 

6.3.1 Environment  

Careful attention should be applied when deciding on the type of wire needed for a specific application. 
Consideration should be given whether the construction of the wires and cables are suitable for the application 
environment. For each installation select wire construction type suitable for the most severe environment likely 
to be encountered in service. As examples, use a wire type that is suitable for flexing for installations involving 
movement; use a wire type that has a high temperature rating for higher temperature installations. 
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When considering the acceptability of wire refer to the industry standards defining acceptable test methods for 
aircraft wire (e.g. EN 3475/EN 3745 or alternative manufacturer standards). 

Wires in systems that must operate during and after a fire, such as fire detection, fire extinguishing, fuel 
shutoff, and fly-by-wire flight control, must be selected from wire types qualified to provide circuit integrity after 
exposure to fire for a specified period. 

In addition to the necessary flammability requirement of EN 3475-407 (self-extinguishing test), the selection of 
electrical and optical cables must take into account known characteristics in relation to particular installation 
and application so as to minimize the risk of cable damage including any arc-tracking phenomena. 

For use in pressurized zones, smoke and toxicity characteristics of the insulation must be taken into account. 

Wire shall be selected so that the rated maximum temperature is not exceeded for any combination of 
electrical loading, ambient temperature, and heating effects of bundles, conduit and other enclosures. Typical 
factors to be considered in the selection are voltage, current, ambient temperature, mechanical strength, 
abrasion, flexure and pressure altitude requirements, and extreme environments such as Severe Wind and 
Moisture Problem (SWAMP) areas or locations susceptible to significant fluid concentrations. 

Different wire types installed in the same bundle should withstand the wire-to-wire abrasion to which they will 
be subjected. Consideration should be given to the types of insulation mixed within wire bundles, especially if 
mixing a hard insulation type with a relatively softer type, and particularly when relative motion could occur 
between the wires. Such relative motion between varying wire insulation types could lead to accelerated 
abrasion and subsequent wire failure. 

The marking process used to add a “Function Identification Number” must take into account the thickness and 
the notch propagation characteristic of the insulation or outer jacket. The process used to apply user marking 
to the insulation or outer jacket shall not degrade the insulation or outer jacket (see 9.6.2). 

6.3.2 Type of Cable  

The type of electrical and optical cable used should meet the requirements of the relevant ISO standard or 
European standard aerospace series. 

The type of cable selected will depend upon the application. For existing European Standards, see B.2 of 
Annex B. 

The various types of cable by application shall be as described in 6.3.5 to 6.3.12. 

6.3.3 Construction 

6.3.3.1 Conductors 

6.3.3.1.1 General  

For equipment cables, the conductors shall be copper, including size 002 (24 AWG) and smaller.  

For airframe cables the conductors shall be copper, copper clad aluminum or aluminium. Size 002 (24 AWG) 
and Size 001 (26 AWG) shall be a high-strength or reinforced construction. 

For feeder cables, the conductors shall be copper or aluminium or copper clad aluminium.  

Fire-proof and fire-resistant cables, such as in EN 2346, shall have nickel clad copper alloy conductors 
throughout all the applicable sizes. 

The construction of copper and copper alloy conductors shall be as defined in EN 2083 or EN 4434. 

The construction of aluminium conductors shall be as defined in EN 3719. 

Full document details: BS EN 3197:2010

http://dx.doi.org/10.3403/02514420U
http://dx.doi.org/10.3403/02289575U
http://dx.doi.org/10.3403/19994086U
http://dx.doi.org/10.3403/30141769U
http://www.avadocuments.com/doc/bs-en-3197-2010
http://www.avadocuments.com/doc/bs-en-3197-2010


BS EN 3197:2010
EN 3197:2010 (E) 

21 

The construction of copper clad aluminium conductors shall be as defined in EN 4651. 

Aluminum and copper clad aluminium conductors need specific connection devices and the use of size 20 and 
smaller sizes should be restricted in high vibration areas. Aluminium material has less flexibility and a reduced 
flexible endurance compared to copper material. 

Small size aluminium cable shall not be attached to engine mounted accessories or installed in other areas of 
severe vibration or flexin. 

6.3.3.1.2 Conductor platings 

Various platings are used on the copper and copper alloy conductors to improve corrosion resistance and the 
electrical resistance of terminations. 

The platings can themselves limit the conductor operating temperature but although these maximum 
continuous operating temperatures are given below, it shall be understood that they may be further reduced 
by the type of insulating material used: 

a) tinplate: maximum temperature of 135 °C; 

b) silverplate: up to a continuous temperature of 200 °C (see 5.7 regarding proximity of ethylene glycol); 

c) nickel plate: up to a continuous temperature of 260 °C; 

d) nickel cladding: up to 315 °C; 

e) thermocouple: up to 315 °C. 

Aluminium or aluminium alloy cable conductors, without plating, shall be limited to 150 °C. 

Silver or nickel plated aluminium or copper clad aluminium cable conductors shall be limited to 180 °C. 

Copper clad aluminium and aluminium conductors shall only be used when the termination method 
incorporates environmental sealing, due to the possibiity of corrosion caused by dissimilar metals (see 5.11.2 
and Annex C). 

6.3.3.2 Insulating materials  

The insulation of electrical cables shall be suitable for the applications for which they are designed and may 
consist of one or more layers or coatings. Addition of a special sheath is sometime necessary for particular 
purpose. 

The dielectric is that part of the insulating material surrounding the conductor and provides the essential 
electrical characteristics of the cables. The sheath is an integral part of the insulation applied as a protective 
covering over the whole cable. It may be of a different material from the dielectric to improve the mechanical 
and/or fluid-resistant properties and may be used to identify the cables. 

OPTICAL CABLES 

The jacket of optical fibre cables shall be coloured to differentiate from electrical cables. The coatings of an 
optical fibre are single or multiple polymeric layers which are added to prevent mechanical damage to the 
fibre. In an optical fibre cable a strength member could be wound between the core cladding and the jacket to 
provide additional strength. 
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6.3.3.3 Screen 

Braided screens give normally 85 % minimum optical coverage, unless otherwise specified in the relevant 
product standard. Spiral screens give normally 90 % minimum optical coverage, unless otherwise specified in 
the relevant product standard. 

Particular screen construction, such as double braids, special tape, may be used to obtain necessary surface 
transfer impedance (Zt). 

For screen platings refer to 6.3.3.1.2  

6.3.3.4 Jacket  

The outer jacket of electrical cables shall be suitable for the applications for which they are designed and may 
consist of one or more specific materials or coatings. 

The jacket may be used for facilitation of marking, environmental or mechanical protection, electrical insulation 
of screen or colour coding. 

6.3.4 Current rating  

EN 2853 gives directives for the continuous current in each electrical cable. 

This does not justify disregarding other requirements for the selection of cables (see 6.5.2.4 Rating choice). 

6.3.5 Equipment Cable  

These cables are designed for use within equipment or in areas where total protection from mechanical abuse 
is ensured. 

6.3.6 Airframe Cable  

These cables are of sufficiently robust construction to satisfy the requirements for open aircraft cabling and 
cabling in engine compartments. 

6.3.7 Fireproof and fire resistant Cable  

These cables shall always be of the "airframe" type with the additional requirement that they continue to 
operate, at a reduced performance level, for a period during fire as defined in ISO 2685 (fireproof 15 mn. and 
fire resistant 5 mn.). 

6.3.8 Coaxial Cable 

These radio-frequency cables are used to connect high frequency circuits. Various types are available 
according to the operating frequency of the circuit, e.g. VHF, UHF, etc. 

6.3.9 Data Bus Cable 

These data bus cables are used in the interconnecting of data transmission systems. 

They can be of twin or quadrax construction. 

6.3.10 Thermocouple or extension Cable  

These cables are used for interconnecting temperature measuring systems. 
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6.3.11 Optical fibre Cable 

Fibre optic cables are used for optical signal transmission systems particularly where high bandwidth is 
required or as a method of achieving EMI immunity. 

Where electrical and fibre optic cables are routed in the same bundle attention should be taken to ensure that: 

 materials used for the outer jacketing of electrical and fibre optic cables are compatible, 

 heat generated by power cables does not exceed the maximum operating temperature of the fibre optic 
cables. 

If either of these criteria cannot be met then the fibre optic cables shall be routed separately. 

For existing standards, see B.2 of Annex B. 

6.3.12 Special Cable  

Some particular needs call for special assembly of various types of cables. Conditions of qualification for such 
cables must follow requirements given in 5.12. 

6.4 Connector Selection 

6.4.1 Environment 

Connectors are classified according to the environmental conditions in which they are to be located, taking 
account of materials, plating, surface finish, the design of sealing, etc. 

6.4.2 Types of connectors 

Various types of connectors, both circular and rectangular, shall be available. They can be sealed, unsealed 
or hermetic (for the receptacle only). The type selected and the method of installation shall depend on its 
intended function and its location and shall, where possible, be selected from relevant ISO standards or from 
the aerospace series of existing European Standards. For existing European Standards, see Annex B4. 

6.4.2.1 Circular types 

Different types of circular connectors are proposed as follows: 

a) with arrangements including electrical contacts for power, signal, coaxial, twinax, triaxial, quadrax and 
optical contacts (termini); 

b) with coupling devices ( bayonet, threaded, push pull, …); 

c) high temperature for engine; 

d) single way coaxial; twinax, triaxial and quadrax; 

e) multi way coaxial; twinax, triaxial and quadrax; 

f) single optical; 

g) etc. 
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6.4.2.2 Rectangular types 

Different types of rectangular connectors are proposed as follows: 

a) with arrangements including electrical contacts for power, signal, coaxial, triaxial, quadrax and optical 
contacts (termini); 

b) rack and panel or with coupling devices; 

c) modular; 

d) single optical. 

e) etc. 

6.4.3 Construction 

6.4.3.1 Housing 

6.4.3.1.1 Materials 

Connectors are manufactured with housings in the following materials; aluminium alloy, mild steel, stainless 
steel, titanium, plastic composites or composite/metallic hybrid. All these materials may have a plating or other 
protective surface finish, which may or may not be electrically conductive. 

Factors involved in the choice of materials and/or plating shall be environmental conditions, electrolytic 
corrosion, temperature, vibration and Electromagnetic Interference - Electromagnetic Pulse (EMI-EMP) 
requirements. 

6.4.3.1.2 Types 

The free connector (plug) is that part of the connector assembly, which mates with the fixed or in-line 
connector (receptacle). 

For circular connectors, receptacles can be available in the following mounting configurations: 

a) square flange; 

b) jam nut; 

c) hermetic solder mount; 

d) hermetic square flange; 

e) hermetic jam nut. 

For rectangular connectors, mounting configurations are associated with the use and defined in each product 
standard. 

6.4.3.2 Inserts  

6.4.3.2.1 Design 

The inserts carrying the male and female contacts shall be in hard material and have a cross section and radii 
such that no cracks, flaking or breaks can occur in normal operation. The insert for contact shall be 
mechanically held in the housing. The mechanical contact retention system shall be integrated in the hard 
insert. 
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For the sealed connectors, the front face of the insert shall be such that the sealing is ensured when the 
connectors are coupled. The grommet shall permit sealing for all cable diameters indicated in the product 
standard. 

Insert with cavities for removable contact shall use standard tools dedicated to the relevant connectors 
standard whatever the contact retaining system, for example metallic or plastic clip. 

6.4.3.2.2 Material 

The materials used for insert, seals and grommets shall have hardness and mechanical and electrical 
characteristics consistent with the required use. 

6.4.3.3 Polarization of connectors 

Precautions shall be taken to prevent inappropriate mating of plugs and receptacles. 

Connectors shall be polarized to prevent incorrect mating of connectors with identical size shells. 

Mechanical polarization by key or keyways is preferred. For circular connectors  polarising by insert position 
is not recommended. 

Rectangular connectors shall be polarized by means of their shells and / or a system of codification posts. 

6.4.4 Electrical contacts 

Contacts may be of the fixed type (always for hermetic connectors) or may be removable from the insert. 
Removable contacts may be either rear release or front release. Rear release connectors shall be preferred 
for new designs. Preference shall be given to contacts specified in EN 3155. 

6.4.5 Optical contacts 

Standard contacts shall be of the removable type and shall be keyed to prevent rotation of the contact within 
the connector housing in order to maintain minimum Insertion Losses. The contact design shall include a 
spring mechanism to provide sufficient force to the mated contacts to maintain physical contact and reduce 
the effects of vibration and shock causing separation of the contacts. 

6.4.6 Cable outlet accessories 

A range of cable outlet accessories shall be available to provide cable support, environmental sealing and 
continuity of screening for EMI-EMP protection etc. (EN 3660). In fibre optic connectors the cable support 
shall be designed to retain the strength member, while still allowing spring terminations the freedom of 
movement. 

6.5 Circuit Protective Devices Selection 

6.5.1 Type of Protective Devices 

Circuit protective devices shall meet the requirements of the appropriate aerospace standard, e.g. EN 
standard. They shall be able to provide protection against short circuits, arc tracking and other electrical 
phenomena. See 5.8. 

The type of protective devices will depend upon the application and particularly on the electrical distribution 
architecture and networks characteristics. 

Various types of existing protective devices are described in 6.5.3 to 6.5.9. 

For existing European Standards see B.5 of Annex B. 
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6.5.2 Electrical protection 

6.5.2.1 General 

a) Electrical cables shall be protected from overload or overheating by appropriate circuit protection devices; 

b) The purpose of the circuit protection device is to protect the EWIS rather than the equipment, which shall 
be separately protected; 

c) When selecting a protective device, the loading and protection of the circuits supplying the protective 
device under consideration shall be taken into account; 

d) The current rating of the circuit protective devices shall be selected to protect the lowest rated element of 
the EWIS; 

e) Increasing the current rating of any circuit protective device shall not be allowed unless the above points 
are taken into account; 

f) To protect CB or AFCB actuating means from unintended operation, suitable protection shall be applied, 
e.g. safety clips. 

6.5.2.2 Essential characteristics of protection devices 

Protection devices shall be selected considering the following points: 

Tripping time with respect to the intensity of the current; 

Tripping times issued from tripping curves t = f (I, Tamb) stated in the standards or appropriate specifications. 
The curves give a range of tolerances required for the protective devices to open the circuit for all the possible 
over-intensities and for all those ambient temperatures applicable. 

a) short-circuit intensity directly linked to the generator power which have to be interrupted by an inline 
protection devices (and not by the generator protection); 

b) vibration capabilities with regard to the zones where they are installed; 

c) compensation with respect to the ambient temperature for thermal CB.  

In addition: 

d) Any protection devices used shall be of the "trip free" type so that there is no override facility allowing a 
circuit overload to be maintained; 

e) Any protection devices used shall be “fail safe “so that any hidden defect shall not be able to affect the 
expected performances; 

f) For CB or AFCB, there shall be an anti-rotation spigot (or key), generally positioned on the above part of 
the mounting plate. 

6.5.2.3 Cable/protection devices compatibility principle 

The compatibility cable/protection devices is achieved when the cable temperature curve is located above the 
circuit-breaker threshold curve all along the time scale (transitory + continuous operating mode) as illustrated 
in Figure 1 below. 
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NOTE The cable temperature curve is obtained using the maximum possible cable temperature without degradation, 
for examples 300 °C for a high temperature cable or 210 °C for an aluminium cable. 

Figure 1 

6.5.2.4 Rating choice 

6.5.2.4.1 General case 

In order to avoid untimely tripping of the circuit protection device, it is recommended to choose a higher rating 
(for example between 15 % and 20 % higher) with respect to the nominal current (Nominal current defined 
with nominal voltage, for example 115 V ac or 28 V dc). 

Generally, by using the lowest rating compatible for current carried (not the maximum admissible current) in 
the cable, short-circuits shall be isolated more quickly and the damage they cause be limited. 

6.5.2.4.2 High length lines and very low voltage power 

It is recommended to check that in case of short-circuit at the end of the line, the ohmic resistance of the 
circuit does not limit the current at a value below the protection device threshold (frequent case on large 
aircraft for circuit using low voltage). 

The short-circuit current is calculated as follow:  

 Icc = V/R 

 Icc: short-circuit current (A) 

 V: voltage (V) 

 R: overall line resistance (Ω) 

The values of the resistance per metre for each cable gauge at 20 °C are given in the appropriate cable 
standards. 

125 °C 

− 55 °C 

About 1 min 

Continuous Operating  Transitory Operating Mode 

Range of circuit-
breaker tripping 
curves (− 55 °C 
to 125 °C) 

Time t (s) 

Current I (A) 
Cable temperature curve 
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6.5.2.4.3 Circuit requiring high starting current  

For systems requiring high starting current (electrical motor starting, locked rotor condition, for example), the 
protection devices must accept those peaks of currents. 

In that case, the associated thermal circuit-breaker must be specified against overload which may lead to 
increase the cable section. 

6.5.2.4.4 Circuit requiring in-rush current  

For systems requiring in-rush current (transitory operating mode asking for current higher than nominal one 
during few hundreds of ms), the protection devices must accept those level of currents during this short time 
period. 

In that case, the associated thermal circuit-breaker must be specified against overload which may lead to 
increase the cable section. 

6.5.2.4.5 Thermal circuit-breaker installation principles 

The thermal circuit-breaker might have, depending of the models, a specific axis sensitive to vibrations. It 
should be then accurate during the installation design not to orient the breaker in this axis. 

6.5.2.4.6 Compensation of the Thermal C/B Tripping Thresholds  

The ambient temperature has a sensible influence on the breaker tripping and non-tripping thresholds. It is 
therefore necessary to ensure the compensation of the breaker tripping and non-tripping times with respect to 
the ambient temperature to prevent any untimely tripping of the breakers. The minimum and maximum 
thresholds may be evaluated by means of curves given in the Standards specific to each breaker. 

6.5.2.4.7 Determination of cables and protection devices 

In order to ensure cable/protection devices compatibility, for equipment powered under a given voltage with a 
given current, it is recommended to follow the method below: 

1 - Choose the most appropriate protection device rating with respect to the need of the supplied systems. 

- General case: take a rating between 15 % and 20 % above the nominal current to be carried 

- In-rush current, high starting current or multi-starting current: if necessary, over specify the protection 
device and the cable to avoid untimely tripping. 

2 - Choose the appropriate cable size given an acceptable increase of temperature (Joule effect), typically 
40 °C maximum for a cable alone (see EN 2853). 

- The cable overheating (joule effect) + ambient temperature of the zone must not exceed the maximum in 
service temperature of the cable for all transitory operating modes (starting current, etc.). 

- Take care of the harness fixation devices. 

3 - Examine the line voltage drop, which must stay compatible with the operational voltage of the equipment.  

- If the drop is too high, take a higher cable size (see EN 2282). 

4 - Verify that the minimum short-circuit current allows the tripping of the protection device (in case of default 
near to the equipment). See illustration in Figure 2. 
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Figure 2 

5 - When two protective devices are in-line, there must be a significant difference of rating calibre between 
them to ensure that the nearest to the concerned equipment will trip first in case of need.  

6 - When the circuit design includes both aluminium and copper cables, it is mandatory to check the correct 
specification between the gauge and the protection device for each kind of cable. 

6.5.3 Circuit Breaker 

A Circuit Breaker (CB) is a mechanical switching device, capable of carrying and breaking currents under 
normal circuit conditions and also carrying for a specified time and breaking currents under specified abnormal 
circuit conditions such as those of short- circuit. 

The electrical disconnection function is obtained through the deformation of a calibrated bimetal due to Joule 
effect. 

Current range is normally from 3 Amps to 50 Amps. 

6.5.4 Arc Fault Circuit Interrupter 

An Arc Fault Circuit Interrupter (AFCI) is a circuit, generally incorporated in another device, designed to 
mitigate overheating or fires by detecting non-working electrical arcs and to interrupt current. Electronics 
inside an AFCI detect bursts of electrical current within low milliseconds, long before tripping a regular circuit 
breaker or fuse. The AFCI is designed to distinguish between normal and abnormal current wave forms. 

The normal wave forms include: in-rush current, standard and electronic switching and other normal 
transients,  

The abnormal wave forms include: parallel arcs, signs of insulation defects identified by analysis and series 
arcs initiated by faulty connection. 
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6.5.5 Arc Fault Circuit Breaker 

An Arc Fault Circuit Breaker (AFCB) is a device that implements a circuit breaker function and an AFCI 
function. 

Current range is normally from 3 Amps to 50 Amps. 

6.5.6 Remote Control Circuit Breaker 

A Remote Control Circuit Breaker (RCCB) is a device that implements a protection function and a contactor 
function. Optionally a current sensing function can be implemented. 

The protection function is provided by a thermal CB or more recently from an electronic analysis of the current 
able to act if necessary on the contactor. The contactor is of electro-mechanic type. 

Current range is normally from 30 Amps to 100 Amps. 

Next generation of RCCB will have probably also the AFCI function. 

6.5.7 Solid State Circuit Breaker 

A Solid State Power Controller (SSPC) is a device that implements a protection function and a contactor 
function, both being realized electronically. The AFCI function can be added too. 

Current range is normally from 3 Amps to 15 Amps. 

NOTE Compared to CB, SSPC are more precise devices and are less sensitive to temperature variations. 

6.5.8 Residual Current Circuit Breaker (RCCB) 

A RCCB is a device that implements a residual current sensing able to detect a current leakage coming from 
an insulation defect and an associated current interrupting function. 

Current range is normally from 3 Amps to 15 Amps. 

Nominal residual current from 0,03 Amps to 0,5 Amps. 

6.5.9 Fuse 

A fuse is a device that is capable of carrying current under normal condition. It is designed to break current, 
exceeding rated value of the fuse element. This process is irreversible as the fuse element ruptures. 

Current range is normally from 0,5 Amps to 300 Amps. 

6.6 Switching Devices Selection 

6.6.1 Type of Switching Devices 

The type of switching devices used shall meet the requirements of the relevant ISO standard or European 
standard aerospace series or users specifications. 

Various types of switching devices are existing and their use will depend upon the expected application. For 
EN existing standards see B.6 of Annex B. 

The various types of existing protective devices are described in 6.6.3 to 6.6.7. 
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6.6.2 Electrical switching 

6.6.2.1 General 

a) The switching capacity is defined by the different current values that a switching device contact can 
successively open or close based on the following parameters: 

• supply voltage, 
• number of operation, 
• power factor, 
• time constant, 
• in-rush current, 
• type of load (resistive, inductance, light, capacitive, motors, etc.), 
• etc. 

b) Each product standards or specifications must specify the current values to be complied with for each 
product by quantifying the above parameters. 

c) For most of the switching devices with several contacts (or contacts stages), simultaneous switching of all 
contacts is not guaranteed. For example, on a relay with two changeover contacts, it may arise during 
switching that one contact is still in the break position while the other is already in the rest position. 

6.6.2.2 Low level switching 

In order to guarantee a correct electrical continuity, cautions must be taken when a switching item is used with 
small currents and under reduced voltages. Contacts intended for controlling these low power levels can be 
damaged and loose their quality for a switched power higher than around 60 mVA DC, resistive. This value 
being highly dependant on the quality of the retained materials for the contacts. 

So, we strongly recommend the following practices: 

a) The same contact cannot alternately switch power levels lower than and higher than 60 mVA. If this 
occurs, even only once, operation at P < 60 mVA is no longer guaranteed. 

b) To guarantee the quality of contacts for use at a low power level less than 60 mVA, it is indispensable to 
use products that are either new or that have never operated at power levels higher than 60 mVA. 

c) Due to the risk of contamination between contacts on switching items without electrical arc cut-off 
chambers; the use of adjacent contacts in the same product where one switches P < 60 mVA and the 
other P > 60 mVA must be avoided. 

6.6.2.3 Essential characteristics of switching devices 

a) It is current practice to define reliability of switching devices according to number of possible failures for 
the specified number of operations (MCBF: Mean Cycle Between Failure) or per flight hour (MTBF: Mean 
Time Between Failure). In some cases, the designer can specify the probability of a specific failure when 
he judges that a defined type of failure can affect aircraft safety. 

b) Particular attention must be paid to the use of non-hermetically sealed products that are more sensitive to 
environmental constraints. 

c) Adjacent relays and microswitches must be installed with same coil orientation and minimum spacing to 
avoid mutual interactions linked to magnetic fields and to the temperature emitted by the coils that can 
affect operations. 

d) Particular attention must be paid to vibration capabilities with regard with the zones where they are 
installed. 
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6.6.3 Interrupter 

Reserved 

6.6.4 Switch 

Reserved 

6.6.5 Push-button  

Reserved 

6.6.6 Relay and microcontactor 

6.6.6.1 Definition 

A monostable electromechanical relay or microcontactor is composed of an electromagnet (coil + air gap 
magnetic circuit) that controls the switching from a “R” break position to a “T” or “W” make position of one or 
more contacts (generally 2, 3 or 4). These products are normally represented in the break position, coil not 
energized. 

These products shall be mechanically polarised or electrically protected in order to avoid possible errors. 

In order to ensure the safety of personnel, all these devices must be grounded through the support plates. 

6.6.6.2 Configuration examples  

Various configurations may exist, some of them are illustrated in the following figures as example of products 
represented with non-energized coils: 

C = Common; 

R = Rest (also called NC = Normally Closed); 

T or W = Work (also called NO = Normally Open). 

Relays with two changeovers contact (2RT) 

 

Figure 3 — 2RT relay 
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