
    Electrical Systems and Equipment

Sec. 23.1351   General.

(a) Electrical system capacity. Each electrical system must be adequate for
the intended use. In addition--

   (1) Electric power sources, their transmission cables, and their associated
   control and protective devices, must be able to furnish the required power at
   the proper voltage to each load circuit essential for safe operation; and

   (2) Compliance with paragraph (a)(1) of this section must be shown as
   follows--

       (i) For normal, utility, and acrobatic category airplanes, by an electrical
       load analysis or by electrical measurements that account for the electrical
       loads applied to the electrical system in probable combinations and for
       probable durations; and

       (ii) For commuter category airplanes, by an electrical load analysis that
       accounts for the electrical loads applied to the electrical system in
       probable combinations and for probable durations.

(b) Function. For each electrical system, the following apply:
 
  (1) Each system, when installed, must be--

      (i) Free from hazards in itself, in its method of operation, and in its
      effects on other parts of the airplane;

      (ii) Protected from fuel, oil, water, other detrimental substances, and
      mechanical damage; and

      (iii) So designed that the risk of electrical shock to crew, passengers,
      and ground personnel is reduced to a minimum.

   (2) Electric power sources must function properly when connected in
   combination or independently.

   (3) No failure or malfunction of any electric power source may impair the
   ability of any remaining source to supply load circuits essential for safe
   operation.

   (4) In addition, for commuter category airplanes, the following apply:

      (i) Each system must be designed so that essential load circuits can be
      supplied in the event of reasonably probable faults or open circuits
      including faults in heavy current carrying cables;

      (ii) A means must be accessible in flight to the flight crewmembers for the
      individual and collective disconnection of the electrical power sources from
      the system;

      (iii) The system must be designed so that voltage and frequency, if
      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 conditions;

      (iv) If two independent sources of electrical power for particular
      equipment or systems are required, their electrical energy supply must be



      ensured by means such as duplicate electrical equipment, throwover switching,
      or multichannel or loop circuits separately routed; and

      (v) For the purpose of complying with paragraph (b)(5) of this section, the
      distribution system includes the distribution busses, their associated
      feeders, and each control and protective device.

 (c) Generating System. There must be at least one generator/alternator if
 the electrical system supplies power to load circuits essential for safe
 operation. In addition--

   (1) Each generator/alternator must be able to deliver its continuous rated
   power, or such power as is limited by its regulation system.

   (2) Generator/alternator voltage control equipment must be able to
   dependably regulate the generator/alternator output within rated limits.

   (3) Automatic means must be provided to prevent damage to any generator/
   alternator and adverse effects on the airplane electrical system due to
   reverse current. A means must also be provided to disconnect each generator/
   alternator from the battery and other generators/alternators.

   (4) There must be a means to give immediate warning to the flight crew of a
   failure of any generator/alternator.

   (5) Each generator/alternator must have an overvoltage control designed and
   installed to prevent damage to the electrical system, or to equipment
   supplied by the electrical system that could result if that generator/
   alternator were to develop an overvoltage condition.

(d) Instruments. A means must exist to indicate to appropriate flight
crewmembers the electric power system quantities essential for safe
operation.

   (1) For normal, utility, and acrobatic category airplanes with direct
   current systems, an ammeter that can be switched into each generator feeder
   may be used and, if only one generator exists, the ammeter may be in the
   battery feeder.

   (2) For commuter category airplanes, the essential electric power system 
   quantities include the voltage and current supplied by each generator.

(e) Fire resistance. Electrical equipment must be so designed and installed
that in the event of a fire in the engine compartment, during which the
surface of the firewall adjacent to the fire is heated to 2,000 deg. F for 5
minutes or to a lesser temperature substantiated by the applicant, the
equipment essential to continued safe operation and located behind the
firewall will function satisfactorily and will not create an additional fire
hazard.

(f) 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 a reverse polarity, or a reverse
phase sequence, can supply power to the airplane's electrical system. The
external power connection must be located so that its use will not result in
a hazard to the airplane or ground personnel.
  
(g) 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
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minutes, with the normal electrical power (electrical power sources excluding
the battery and any other standby electrical sources) inoperative, with
critical type fuel (from the standpoint of flameout and restart capability),
and with the airplane initially at the maximum certificated altitude. Parts
of the electrical system may remain on if--

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

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

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as amended by Amdt. 23-7, 34 FR
13096, Aug. 13, 1969; Amdt. 23-14, 38 FR 31824, Nov. 19, 1973; Amdt. 23-17,
41 FR 55465, Dec. 20, 1976; Amdt. 23-20, 42 FR 36969, July 18, 1977; Amdt.
23-34, 52 FR 1834, Jan. 15, 1987; 52 FR 34745, Sept. 14, 1987; Amdt. 23-43,
58 FR 18976, Apr. 9, 1993; Amdt. 23-49, 61 FR 5169, Feb. 9, 1996]

Sec. 23.1353   Storage battery design and installation.

(a) Each storage battery must be designed and installed as prescribed in
this section.

(b) Safe cell temperatures and pressures must be maintained during any
probable charging and discharging condition. No uncontrolled increase in cell
temperature may result when the battery is recharged (after previous complete
discharge)--

   (1) At maximum regulated voltage or power;

   (2) During a flight of maximum duration; and

   (3) Under the most adverse cooling condition likely to occur in service.

(c) Compliance with paragraph (b) of this section must be shown by tests
unless experience with similar batteries and installations has shown that
maintaining safe cell temperatures and pressures presents no problem.

(d) No explosive or toxic gases emitted by any battery in normal operation,
or as the result of any probable malfunction in the charging system or
battery installation, may accumulate in hazardous quantities within the
airplane.

(e) No corrosive fluids or gases that may escape from the battery may
damage surrounding structures or adjacent essential equipment.

(f) Each nickel cadmium battery installation capable of being used to start
an engine or auxiliary power unit must have provisions to prevent any
hazardous effect on structure or essential systems that may be caused by the
maximum amount of heat the battery can generate during a short circuit of the
battery or of its individual cells.

(g) Nickel cadmium battery installations capable of being used to start an
engine or auxiliary power unit must have--

   (1) A system to control the charging rate of the battery automatically so
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   as to prevent battery overheating;

   (2) A battery temperature sensing and over-temperature warning system with
   a means for disconnecting the battery from its charging source in the event
   of an over-temperature condition; or

   (3) A battery failure sensing and warning system with a means for
   disconnecting the battery from its charging source in the event of battery
   failure.

(h) In the event of a complete loss of the primary electrical power
generating system, the battery must be capable of providing at least 30
minutes of electrical power to those loads that are essential to continued
safe flight and landing. The 30 minute time period includes the time needed
for the pilots to recognize the loss of generated power and take appropriate
load shedding action.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964; 30 FR 258, Jan. 9, 1965, as
amended by Amdt. 23-20, 42 FR 36969, July 18, 1977; Amdt. 23-21, 43 FR 2319,
Jan. 16, 1978; Amdt. 23-49, 61 FR 5169, Feb. 9, 1996]

Sec. 23.1357   Circuit protective devices.

(a) Protective devices, such as fuses or circuit breakers, must be
installed in all electrical circuits other than--

   (1) Main circuits of starter motors used during starting only; and

   (2) Circuits in which no hazard is presented by their omission.

(b) A protective device for a circuit essential to flight safety may not be
used to protect any other circuit.

(c) Each resettable circuit protective device ("trip free" device in which
the tripping mechanism cannot be overridden by the operating control) must be
designed so that--

   (1) A manual operation is required to restore service after tripping; and

   (2) If an overload or circuit fault exists, the device will open the
   circuit regardless of the position of the operating control.

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

(e) For fuses identified as replaceable in flight--

   (1) There must be one spare of each rating or 50 percent spare fuses of
   each rating, whichever is greater; and

   (2) The spare fuse(s) must be readily accessible to any required pilot.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964; 30 FR 258, Jan. 9, 1965, as
amended by Amdt. 23-20, 42 FR 36969, July 18, 1977; Amdt. 23-43, 58 FR
18976, Apr. 9, 1993]

Sec. 23.1359   Electrical system fire protection.

Owner
h) In the event of a complete loss of the primary electrical power
generating system, the battery must be capable of providing at least 30
minutes of electrical power to those loads that are essential to continued
safe flight and landing. The 30 minute time period includes the time needed
for the pilots to recognize the loss of generated power and take appropriate
load shedding action.



(a) Each component of the electrical system must meet the applicable fire
protection requirements of Secs. 23.863 and 23.1182.

(b) Electrical cables, terminals, and equipment in designated fire zones
that are used during emergency procedures must be fire-resistant.

(c) Insulation on electrical wire and electrical cable must be self-
extinguishing when tested at an angle of 60 degrees in accordance with the
applicable portions of Appendix F of this part, or other approved equivalent
methods. The average burn length must not exceed 3 inches (76 mm) and the
average flame time after removal of the flame source must not exceed 30
seconds. Drippings from the test specimen must not continue to flame for more
than an average of 3 seconds after falling.

[Amdt. 23-49, 61 FR 5169, Feb. 9, 1996]

Sec. 23.1361   Master switch arrangement.

(a) There must be a master switch arrangement to allow ready disconnection
of each electric power source from power distribution systems, except as
provided in paragraph (b) of this section. The point of disconnection must be
adjacent to the sources controlled by the switch arrangement. If separate
switches are incorporated into the master switch arrangement, a means must be
provided for the switch arrangement to be operated by one hand with a single
movement.

(b) Load circuits may be connected so that they remain energized when the
master switch is open, if the circuits are isolated, or physically shielded,
to prevent their igniting flammable fluids or vapors that might be liberated
by the leakage or rupture of any flammable fluid system; and

   (1) The circuits are required for continued operation of the engine; or

   (2) The circuits are protected by circuit protective devices with a rating
   of five amperes or less adjacent to the electric power source.

   (3) In addition, two or more circuits installed in accordance with the
   requirements of paragraph (b)(2) of this section must not be used to supply a
   load of more than five amperes.

(c) The master switch or its controls must be so installed that the switch
is easily discernible and accessible to a crewmember.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964; 30 FR 258, Jan. 9, 1965, as
amended by Amdt. 23-20, 42 FR 36969, July 18, 1977; Amdt. 23-43, 58 FR 18977,
Apr. 9, 1993; Amdt. 23-59, 61 FR 5169, Feb. 9, 1996]

Sec. 23.1365   Electric cables and equipment.

(a) Each electric connecting cable must be of adequate capacity.

(b) Any equipment that is associated with any electrical cable installation
and that would overheat in the event of circuit overload or fault must be
flame resistant. That equipment and the electrical cables must not emit
dangerous quantities of toxic fumes.

(c) Main power cables (including generator cables) in the fuselage must be
designed to allow a reasonable degree of deformation and stretching without
failure and must--



   (1) Be separated from flammable fluid lines; or

   (2) Be shrouded by means of electrically insulated flexible conduit, or
   equivalent, which is in addition to the normal cable insulation.

(d) Means of identification must be provided for electrical cables,
terminals, and connectors.

(e) Electrical cables must be installed such that the risk of mechanical
damage and/or damage cased by fluids vapors, or sources of heat, is
minimized.

(f) Where a cable cannot be protected by a circuit protection device or
other overload protection, it must not cause a fire hazard under fault
conditions.

[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as amended by Amdt. 23-14, 38 FR
31824, Nov. 19, 1973; Amdt. 23-43, 58 FR 18977, Apr. 9, 1993; Amdt. 23-49,
61 FR 5169, Feb. 9, 1996]

Sec. 23.1367   Switches.

Each switch must be--

(a) Able to carry its rated current;

(b) Constructed with enough distance or insulating material between current
carrying parts and the housing so that vibration in flight will not cause
shorting;

(c) Accessible to appropriate flight crewmembers; and

(d) Labeled as to operation and the circuit controlled.

  Lights

Sec. 23.1381   Instrument lights.

The instrument lights must--

(a) Make each instrument and control easily readable and discernible;

(b) Be installed so that their direct rays, and rays reflected from the
windshield or other surface, are shielded from the pilot's eyes; and

(c) Have enough distance or insulating material between current carrying
parts and the housing so that vibration in flight will not cause shorting.

A cabin dome light is not an instrument light.

Sec. 23.1383   Taxi and landing lights.

Each taxi and landing light must be designed and installed so that:

(a) No dangerous glare is visible to the pilots.

(b) The pilot is not seriously affected by halation.

(c) It provides enough light for night operations.



(d) It does not cause a fire hazard in any configuration.

[61 FR 5169, Feb. 9, 1996]


