Electrical and Wire References
14 Code of Federal Regulations Part 25

14 C.F.R. § 25.671 General

(a) Each control and control system must operate with the ease, smoothness,
and positiveness appropriate to its function.

(b) Each element of each flight control system must be designed, or
distinctively and permanently marked, to minimize the probability of incorrect
assembly that could result in the malfunctioning of the system.

(c) The airplane must be shown by analysis, tests, or both, to be capable of
continued safe flight and landing after any of the following failures or jamming in
the flight control system and surfaces (including trim, lift, drag, and feel systems),
within the normal flight envelope, without requiring exceptional piloting skill or
strength. Probable malfunctions must have only minor effects on control system
operation and must be capable of being readily counteracted by the pilot.

(1) Any singlefailure, excluding jamming (for example, disconnection or
failure of mechanical elements, or structural failure of hydraulic components,
such as actuators, control spool housing, and valves).

(2) Any combination of failures not shown to be extremely improbable,
excluding jamming (for example, dual electrical or hydraulic system failures, or
any single failure in combination with any probable hydraulic or electrical
failure).

(3) Any jamin a control position normally encountered during takeoff, climb,
cruise, normal turns, descent, and landing unless the jam is shown to be extremely
improbable, or can be aleviated. A runaway of aflight control to an adverse
position and jam must be accounted for if such runaway and subsequent jamming
is not extremely improbable.

(d) The airplane must be designed so that it is controllable if all enginesfail.
Compliance with this requirement may be shown by analysis where that method
has been shown to bereliable.

14 C.F.R. 8§ 25.869 Fire protection: systems.
(@ Electrical system components:

(1) Components of the electrical system must meet the applicable fire and
smoke protection requirements of 8§ 25.831(c)" and 25.863.”

14 CFR § 25.831 Ventilation

(c) There must be provisions made to ensure that the conditions prescribed in paragraph (b) of
this section are met after reasonably probable failures or malfunctioning of the ventilating,
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(2) Electrical cables, terminals, and equipment in designated fire zones, that
are used during emergency procedures, must be at least fire resistant.

(3) Main power cables (including generator cables) in the fuselage must be
designed to alow areasonable degree of deformation and stretching without
failure and must be--

(i) Isolated from flammable fluid lines; or

(if) Shrouded by means of electrically insulated, flexible conduit, or equiv-
alent, which isin addition to the normal cable insulation.

(4) Insulation on electrical wire and electrical cable installed in any area of the
fuselage must be self-extinguishing when tested in accordance with the applicable
portions of part |, appendix F of this part. [See page 8.]

(b) Each vacuum air system line and fitting on the discharge side of the pump
that might contain flammable vapors or fluids must meet the requirements of §

heating, pressurization, or other systems and equipment. [Paragraph (b) reads:
“(b) Crew and passenger compartment air must be free from harmful or hazardous concentra-
tions of gases or vapors. In meeting this requirement, the following apply:

(1) Carbon monoxide concentrations in excess of 1 part in 20,000 parts of air are considered
hazardous. For test purposes, any acceptable carbon monoxide detection method may be used.

(2) Carbon dioxide concentration during flight must be shown not to exceed 0.5 percent by
volume (sealevel equivalent) in compartments normally occupied by passengers or crewmem-
bers."]

14 C.F.R. § 25.863 Flammable fluid fire protection.

(@ In each area where flammable fluids or vapors might escape by |eakage of afluid system,
there must be means to minimize the probability of ignition of the fluids and vapors, and the
resultant hazards if ignition does occur.

(b) Compliance with paragraph (a) of this section must be shown by analysis or tests, and the
following factors must be considered:

(1) Possible sources and paths of fluid leakage, and means of detecting leakage.

(2) Flammability characteristics of fluids, including effects of any combustible or absorbing
materials.

(3) Possible ignition sources, including electrical faults, overheating of equipment, and
malfunctioning of protective devices.

(4) Means available for controlling or extinguishing afire, such as stopping flow of fluids,
shutting down equipment, fireproof containment, or use of extinguishing agents.

(5) Ability of airplane components that are critical to safety of flight to withstand fire and
hesat.

(c) If action by the flight crew isrequired to prevent or counteract afluid fire (e.g., equipment
shutdown or actuation of afire extinguisher) quick acting means must be provided to alert the
crew.

(d) Each area where flammable fluids or vapors might escape by leakage of afluid system
must be identified and defined.
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25.1183°%if the line or fitting isin a designated fire zone. Other vacuum air
systems components in designated fire zones must be at |east fire resistant.

(c) Oxygen equipment and lines must--
(1) Not be located in any designated fire zone,

(2) Be protected from heat that may be generated in, or escape from, any
designated fire zone, and

(3) Beinstalled so that escaping oxygen cannot cause ignition of grease, fluid,
or vapor accumulations that are present in normal operation or as aresult of
failure or malfunction of any system.

14 C.F.R. 8 25.1165 Engine ignition systems.

(@ Each battery ignition system must be supplemented by a generator that is
automatically available as an alternate source of electrical energy to alow contin-
ued engine operation if any battery becomes depl eted.

(b) The capacity of batteries and generators must be large enough to meet the
simultaneous demands of the engine ignition system and the greatest demands of
any electrical system components that draw electrical energy from the same
source.

(c) The design of the engine ignition system must account for--
(1) The condition of an inoperative generator;

(2) The condition of acompletely depleted battery with the generator running
at its normal operating speed; and

(3) The condition of acompletely depleted battery with the generator operat-
ing at idling speed, if thereis only one battery.

(d) Magneto ground wiring (for separate ignition circuits) that lies on the
engine side of the firewall, must be installed, located, or protected, to minimize
the probability of simultaneous failure of two or more wires as aresult of mechan-

14 C.F.R. § 25.1183 Flammable fluid-carrying components.

(a) Except as provided in paragraph (b) of this section, each line, fitting, and other component
carrying flammable fluid in any area subject to engine fire conditions, and each component which
conveys or contains flammable fluid in a designated fire zone must be fire resistant, except that
flammabl e fluid tanks and supports in a designated fire zone must be fireproof or be enclosed by a
fireproof shield unless damage by fire to any non-fireproof part will not cause leakage or spillage
of flammable fluid. Components must be shielded or located to safeguard against the ignition of
leaking flammable fluid. Anintegral oil sump of less than 25 quart capacity on areciprocating
engine need not be fireproof nor be enclosed by afireproof shield.

(b) Paragraph (@) of this section does not apply to--

(1) Lines, fittings, and components which are already approved as part of atype certificated
engine; and

(2) Vent and drain lines, and their fittings, whose failure will not result in, or add to, afire
hazard.
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ical damage, electrical faults, or other cause.

() No ground wire for any engine may be routed through afire zone of
another engine unless each part of that wire within that zone is fireproof.

(f) Each ignition system must be independent of any electrical circuit, not
used for assisting, controlling, or analyzing the operation of that system.

(@) There must be means to warn appropriate flight crewmembersif the
malfunctioning of any part of the electrical system is causing the continuous
discharge of any battery necessary for engine ignition.

(h) Each engine ignition system of aturbine powered airplane must be consid-
ered an essential electrical load.

14 C.F.R. 8§ 25.1351 General

() Electrical system capacity. The required generating capacity, and number
and kinds of power sources must--

(1) Be determined by an electrical load analysis; and
(2) Meet the requirements of § 25.1309.*

14 C.F. R. § 25.1309 Equipment, systems, and installations.

(@ The equipment, systems, and installations whose functioning is required by this subchap-
ter, must be designed to ensure that they perform their intended functions under any foreseeable
operating condition.

(b) The airplane systems and associated components, considered separately and in relation to
other systems, must be designed so that--

(1) The occurrence of any failure condition which would prevent the continued safe flight and
landing of the airplane is extremely improbable, and

(2) The occurrence of any other failure conditions which would reduce the capability of the
airplane or the ability of the crew to cope with adverse operating conditions isimprobable.

(c) Warning information must be provided to aert the crew to unsafe system operating
conditions, and to enable them to take appropriate corrective action. Systems, controls, and
associated monitoring and warning means must be designed to minimize crew errors which could
create additional hazards.

(d) Compliance with the requirements of paragraph (b) of this section must be shown by
analysis, and where necessary, by appropriate ground, flight, or smulator tests. The analysis must
consider--

(1) Possible modes of failure, including malfunctions and damage from external sources.
(2) The probahility of multiple failures and undetected failures.

(3) The resulting effects on the airplane and occupants, considering the stage of flight and
operating conditions, and

(4) The crew warning cues, corrective action required, and the capability of detecting faults.

(e) Each installation whose functioning is required by this subchapter, and that requires a
power supply, isan “essential load” on the power supply. The power sources and the system must

be able to supply the following power loads in probable operating combinations and for probable
durations:
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(b) Generating system. The generating system includes electrical power
sources, main power busses, transmission cables, and associated control, reg-
ulation, and protective devices. It must be designed so that--

(1) Power sources function properly when independent and when connected in
combination;

(2) No failure or malfunction of any power source can create a hazard or
impair the ability of remaining sources to supply essential loads;

(3) The system voltage and frequency (as applicable) at the terminals of all
essential load equipment can be maintained within the limits for which the
equipment is designed, during any probable operating condition; and

(4) System transients due to switching, fault clearing, or other causes do not
make essential loads inoperative, and do not cause a smoke or fire hazard.

(5) There are means accessible, in flight, to appropriate crewmembers for the
individual and collective disconnection of the electrical power sources from the
system.

(6) There are means to indicate to appropriate crewmembers the generating
system quantities essential for the safe operation of the system, such as the
voltage and current supplied by each generator.

(c) External power. If provisions are made for connecting external power to
the airplane, and that external power can be electrically connected to equipment
other than that used for engine starting, means must be provided to ensure that no
external power supply having areverse polarity, or areverse phase sequence, can

(1) Loads connected to the system with the system functioning normally.

(2) Essential loads, after failure of any one prime mover, power converter, or energy storage
device.

(3) Essential loads after failure of--
(i) Any one engine on two-engine airplanes; and
(if) Any two engines on three-or-more-engine airplanes.

(4) Essential loads for which an aternate source of power isrequired by this chapter, after any
failure or malfunction in any one power supply system, distribution system, or other utilization
system.

() In determining compliance with paragraphs (e)(2) and (3) of this section, the power loads
may be assumed to be reduced under a monitoring procedure consistent with safety in the kinds of
operation authorized. Loads not required in controlled flight need not be considered for the
two-engine- inoperative condition on airplanes with three or more engines.

(9) In showing compliance with paragraphs (a) and (b) of this section with regard to the
electrical system and equipment design and installation, critical environmental conditions must be
considered. For electrical generation, distribution, and utilization equipment required by or used in
complying with this chapter, except equipment covered by Technical Standard Orders containing
environmental test procedures, the ability to provide continuous, safe service under foreseeable
environmental conditions may be shown by environmental tests, design analysis,or reference to
previous comparable service experience on other aircraft.

Compliments of the Center for Aviation Safety and Security
Page 5 of 12



supply power to the airplane's electrical system.

(d) Operation without normal electrical power. It must be shown by analysis,
tests, or both, that the airplane can be operated safely in VFR conditions, for a
period of not less than five minutes, with the normal electrical power (electrical
power sources excluding the battery) inoperative, with critical type fuel (from the
standpoint of flameout and restart capability), and with the airplane initially at the
maximum certificated atitude. Parts of the electrical system may remain on if--

(2) A single malfunction, including awire bundle or junction box fire, cannot
result in loss of both the part turned off and the part turned on; and

(2) The partsturned on are electrically and mechanically isolated from the
parts turned off.

14 C.F.R. § 25.1357 Circuit protective devices.

(a) Automatic protective devices must be used to minimize distress to the
electrical system and hazard to the airplane in the event of wiring faults or serious
malfunction of the system or connected equipment.

(b) The protective and control devicesin the generating system must be
designed to de-energize and disconnect faulty power sources and power
transmission equipment from their associated busses with sufficient rapidity to
provide protection from hazardous over-voltage and other malfunctioning.

(c) Each resettable circuit protective device must be designed so that, when an
overload or circuit fault exists, it will open the circuit irrespective of the position
of the operating control.

(d) If the ability to reset acircuit breaker or replace afuseis essential to safety
in flight, that circuit breaker or fuse must be located and identified so that it can
be readily reset or replaced in flight.

(e) Each circuit for essential loads must have individual circuit protection.
However, individual protection for each circuit in an essential load system (such
as each position light circuit in a system) is not required.

(f) If fuses are used, there must be spare fuses for use in flight equal to at least
50 percent of the number of fuses of each rating required for complete circuit
protection.

(g) Automatic reset circuit breakers may be used as integral protectors for
electrical equipment (such as thermal cut-outs) if there is circuit protection to
protect the cable to the equipment.

14 C.F.R. 8 25.1363 Electrical system tests.
(2) When laboratory tests of the electrical system are conducted--

(1) Thetests must be performed on a mock-up using the same generating
equipment used in the airplane;

(2) The equipment must simulate the electrical characteristics of the
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distribution wiring and connected |oads to the extent necessary for valid test
results; and

(3) Laboratory generator drives must simulate the actual prime movers on the
airplane with respect to their reaction to generator loading, including loading due
to faults.

(b) For each flight condition that cannot be simulated adequately in the
laboratory or by ground tests on the airplane, flight tests must be made.
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14 C.F.R. Part 25, Appendix F, Part |

Part I--Test Criteria and Procedures for Showing Compliance with § 25.853,
or 25.855.

(@ Material test criteria-—-(1) Interior compartments occupied by crew or
passengers.

(i) Interior ceiling panels, interior wall panels, partitions, galley structure,
large cabinet walls, structural flooring, and materials used in the construction of
stowage compartments (other than underseat stowage compartments and compart-
ments for stowing small items such as magazines and maps) must be self-
extinguishing when tested vertically in accordance with the applicable portions of
part | of this appendix. The average burn length may not exceed 6 inchesand the
average flame time after removal of the flame source may not exceed 15 seconds.
Drippings from the test specimen may not continue to flame for more than an
average of 3 seconds after falling.

(i) Floor covering, textiles (including draperies and upholstery), seat cush-
ions, padding, decorative and nondecorative coated fabrics, leather, trays and
galley furnishings, electrical conduit, thermal and acoustical insulation and
insulation covering, air ducting, joint and edge covering, liners of ClassB and E
cargo or baggage compartments, floor panels of Class B, C, D, or E cargo or
baggage compartments, insulation blankets, cargo covers and transparencies,
molded and thermoformed parts, air ducting joints, and trim strips (decorative
and chafing), that are constructed of materials not covered in subparagraph (iv)
below, must be self-extinguishing when tested vertically in accordance with the
applicable portions of part | of this appendix or other approved equivalent means.
The average burn length may not exceed 8 inches, and the average flame time
after removal of the flame source may not exceed 15 seconds. Drippings from the
test specimen may not continue to flame for more than an average of 5 seconds
after falling.

(i) Motion picture film must be safety film meeting the Standard Spec-
ifications for Safety Photographic Film PHI.25 (available from the American
National Standards Institute, 1430 Broadway, New York, NY 10018). If the film
travelsthrough ducts, the ducts must meet the requirements of subparagraph (ii)
of this paragraph.

(iv) Clear plastic windows and signs, parts constructed in whole or in part of
elastomeric materials, edge lighted instrument assemblies consisting of two or
more instruments in acommon housing, seat belts, shoulder harnesses, and cargo
and baggage tiedown equipment, including containers, bins, pallets, etc., usedin
passenger or crew compartments, may not have an average burn rate greater than
2.5 inches per minute when tested horizontally in accordance with the applicable
portions of this appendix.
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(v) Except for small parts (such as knobs, handles, rollers, fasteners, clips,
grommets, rub strips, pulleys, and small electrical parts) that would not contrib-
ute significantly to the propagation of afire and for electrical wire and cable
insulation, materials in items not specified in paragraphs (a)(1) (i), (ii), (iii), or
(iv) of part | of this appendix may not have aburn rate greater than 4.0 inches per
minute when tested horizontally in accordance with the applicable portions of
this appendix.

(2) Cargo and baggage compartments not occupied by crew or passengers.

(i) Thermal and acoustic insulation (including coverings) used in each cargo
and baggage compartment must be constructed of materials that meet the require-
ments set forth in paragraph (a)(2)(ii) of part | of this appendix.

(i) A cargo or baggage compartment defined in § 25.857 as Class B or E
must have aliner constructed of materials that meet the requirements of para-
graph (a)(1)(ii) of part I of this appendix and separated from the airplane struc-
ture (except for attachments). In addition, such liners must be subjected to the 45
degree angle test. The flame may not penetrate (pass through) the material during
application of the flame or subsequent to its removal. The average flame time
after removal of the flame source may not exceed 15 seconds, and the average
glow time may not exceed 10 seconds.

(iii) A cargo or baggage compartment defined in 8 25.857 asClass B, C, D,
or E must have floor panels constructed of materials which meet the requirements
of paragraph (a)(1)(ii) of part | of this appendix and which are separated from the
airplane structure (except for attachments). Such panels must be subjected to the
45 degree angle test. The flame may not penetrate (pass through) the material
during application of the flame or subsequent to its removal. The average flame
time after removal of the flame source may not exceed 15 seconds, and the
average glow time may not exceed 10 seconds.

(iv) Insulation blankets and covers used to protect cargo must be constructed
of materials that meet the requirements of paragraph (a)(1)(ii) of part | of this
appendix. Tiedown equipment (including containers, bins, and pallets) used in
each cargo and baggage compartment must be constructed of materials that meet
the requirements of paragraph (a)(1)(v) of part | of this appendix.

(3) Electrical system components. Insulation on electrical wire or cable
installed in any area of the fuselage must be self-extinguishing when subjected to
the 60 degree test specified in part | of this appendix. The average burn length
may not exceed 3 inches, and the average flame time after removal of the flame
source may not exceed 30 seconds. Drippings from the test specimen may not
continue to flame for more than an average of 3 seconds after falling.

(b) Test Procedures--

(1) Conditioning. Specimens must be conditioned to 70+-5 F., and at 50
percent +-5 percent relative humidity until moisture equilibrium is reached or for
24 hours. Each specimen must remain in the conditioning environment until itis
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subjected to the flame.

(2) Specimen configuration. Except for small partsand electrical wire and
cable insulation, materials must be tested either as section cut from a fabricated
part asinstalled in the airplane or as a specimen simulating a cut section, such as
a specimen cut from aflat sheet of the material or amodel of the fabricated part.
The specimen may be cut from any location in a fabricated part; however,
fabricated units, such as sandwich panels, may not be separated for test. Except
as noted below, the specimen thickness must be no thicker than the minimum
thickness to be qualified for use in the airplane. Test specimens of thick foam
parts, such as seat cushions, must be 1/2 -inch in thickness. Test specimens of
materials that must meet the requirements of paragraph (a)(1)(v) of part | of this
appendix must be no more than 1/8 -inch in thickness. Electrical wire and cable
specimens must be the same size as used in the airplane. In the case of fabrics,
both the warp and fill direction of the weave must be tested to determine the most
critical flammability condition. Specimens must be mounted in a metal frame so
that the two long edges and the upper edge are held securely during the vertical
test prescribed in subparagraph (4) of this paragraph and the two long edges and
the edge away from the flame are held securely during the horizontal test pre-
scribed in subparagraph (5) of this paragraph. The exposed area of the specimen
must be at least 2 inches wide and 12 inches long, unless the actual size used in
the airplane issmaller. The edge to which the burner flame is applied must not
consist of the finished or protected edge of the specimen but must be representa-
tive of the actual cross-section of the material or part asinstalled in the airplane.
The specimen must be mounted in ametal frame so that all four edges are held
securely and the exposed area of the specimen is at least 8 inches by 8 inches
during the 45 <<degrees>> test prescribed in subparagraph (6) of this paragraph.

(3) Apparatus. Except as provided in subparagraph (7) of this paragraph, tests
must be conducted in a draft-free cabinet in accordance with Federal Test Meth-
od Standard 191 Model 5903 (revised Method 5902) for the vertical test, or
Method 5906 for horizontal test (available from the General Services Administra-
tion, Business Service Center, Region 3, Seventh & D Streets SW., Washington,
DC 20407). Specimens which are too large for the cabinet must be tested in
similar draft-free conditions.

(4) Vertical test. A minimum of three specimens must be tested and results
averaged. For fabrics, the direction of weave corresponding to the most critical
flammability conditions must be parallel to the longest dimension. Each spec-
imen must be supported vertically. The specimen must be exposed to aBunsen
or Tirrill burner with anominal 3/8 -inch I.D. tube adjusted to give aflameof 1
1/2 inches in height. The minimum flame temperature measured by a calibrated
thermocouple pyrometer in the center of the flame must be 1550 << degrees>> F.
Thelower edge of the specimen must be 3/4 -inch above the top edge of the
burner. The flame must be applied to the center line of the lower edge of the
specimen. For materials covered by paragraph (a)(1)(i) of part | of this appendix,
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the flame must be applied for 60 seconds and then removed. For materials cov-
ered by paragraph (a)(1)(ii) of part | of this appendix, the flame must be applied
for 12 seconds and then removed. Flame time, burn length, and flaming time of
drippings, if any, may be recorded. The burn length determined in accordance
with subparagraph (7) of this paragraph must be measured to the nearest tenth of
an inch.

(5) Horizontal test. A minimum of three specimens must be tested and the
results averaged. Each specimen must be supported horizontally. The exposed
surface, when installed in the aircraft, must be face down for the test. The
specimen must be exposed to aBunsen or Tirrill burner with anominal 3/8 -inch
I.D. tube adjusted to give aflame of 1 1/2 inches in height. The minimum flame
temperature measured by acalibrated thermocouple pyrometer in the center of
the flame must be 1550 <<degrees>> F. The specimen must be positioned so that
the edge being tested is centered 3/4 -inch above the top of the burner.

The flame must be applied for 15 seconds and then removed. A minimum of
10 inches of specimen must be used for timing purposes, approximately 1 1/2
inches must burn before the burning front reaches the timing zone, and the
average burn rate must be recorded.

(6) Forty-five degree test. A minimum of three specimens must be tested and
the results averaged. The specimens must be supported at an angle of 45 <<
degrees>> to a horizontal surface. The exposed surface when installed in the
aircraft must be face down for the test. The specimens must be exposed to a
Bunsenor Tirrill burner with anominal 3/8 -inch I.D. tube adjusted to givea
flame of 1 1/2 inchesin height. The minimum flame temperature measured by a
calibrated thermocouple pyrometer in the center of the flame must be 1550 <<
degrees>> F. Suitable precautions must be taken to avoid drafts. The flame must
be applied for 30 seconds with one-third contacting the material at the center of
the specimen and then removed. Flame time, glow time, and whether the flame
penetrates (passes through) the specimen must be recorded.

(7) Sixty degree test. A minimum of three specimens of each wire spec-
ification (make and size) must be tested. The specimen of wire or cable (includ-
ing insulation) must be placed at an angle of 60 <<degrees>> with the horizontal
in the cabinet specified in subparagraph (3) of this paragraph with the cabinet
door open during the test, or must be placed within a chamber approximately 2
feet high by 1 foot by 1 foot, open at the top and at one vertical side (front), and
which allows sufficient flow of air for complete combustion, but which isfree
from drafts. The specimen must be parallel to and approximately 6 inches from
the front of the chamber. The lower end of the specimen must be held rigidly
clamped. The upper end of the specimen must pass over a pulley or rod and must
have an appropriate weight attached to it so that the specimen is held tautly
throughout the flammability test. The test specimen span between lower clamp
and upper pulley or rod must be 24 inches and must be marked 8 inches from the
lower end to indicate the central point for flame application. A flame from a
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Bunsen or Tirrill burner must be applied for 30 seconds at the test mark. The
burner must be mounted underneath the test mark on the specimen, perpendicular
to the specimen and at an angle of 30 << degrees>> to the vertical plane of the
specimen. The burner must have anominal bore of 3/8 -inch and be adjusted to
provide a 3-inch high flame with an inner cone approximately one-third of the
flame height. The minimum temperature of the hottest portion of the flame, as
measured with a calibrated thermocouple pyrometer, may not be lessthan 1750
<<degrees>> F. The burner must be positioned so that the hottest portion of the
flameis applied to the test mark on the wire. Flame time, burn length, and
flaming time of drippings, if any, must be recorded. The burn length determined
in accordance with paragraph (8) of this paragraph must be measured to the
nearest tenth of an inch. Breaking of the wire specimensis not considered a
failure.

(8) Burn length. Burn length is the distance from the original edge to the
farthest evidence of damage to the test specimen due to flame impingement,
including areas of partial or complete consumption, charring, or embrittlement,
but not including areas sooted, stained, warped, or discolored, nor areas where
material has shrunk or melted away from the heat source.
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