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1. GENERAL

1.1 Scope: The standard delineates the characteristics of electric power supplied to airborne equipment at
the equipment terminals and the requirements for the utilization of such electric power by the airborne
equipment.

1.2 Purpose: The purpose of this standard is to foster compatibility between aircraft electric systems or
ground support electric systems and airborne utilization equipment to the extent of confining the
aircraft and ground support electric power characteristics within definitive limits and restricting the
requirements imposed on the power by the airborne utilization equipment.

1.3 Basis for characteristics: The characteristics and limits delineated and specified in this standard are
based on the utilization restrictions and reguirements stated in section 6 and the notes and
assumptions stated in section 7 of this standard.

2. REFERENCED DOCUMENTS
2.1 Not applicable.
3. DEFINITIONS

3.1 Average value: The average root mean square (rms) value of phase quantities is the arithmetical sum
of the phase rms values divided by the number of phases.

3.2 Ground: The primary aircraft structure is the referenced ground for the negative of the dc and neutral
of the ac in the power generation and power utilization systems.

3.3 Transients: A transient is the short term changing condition of a characteristic beyond the steady-state
limits, returning to the steady-state limits within the specified time period.

3.3.1 Surges: A surge is a variation from the controlled steady-state level of a characteristic, resulting from
the inherent regulation of the electric power supply system and remedial action by the regulator.

3.3.2 Spikes: A spike is a variation from the surge level or from the controlled steady-state level of a
characteristic which reaches its greatest amplitude in an extremely short time. It results from very
high frequency currents of complex wave form produced when loads are switched. Transients so
generated usually consist of a train of spikes.

3.4 Total harmonic content: The total harmonic content of a complex wave is the total rms value remaining
when the fundamental component is removed.

3.5 Frequency medulation: Frequency modulation is the cyclic or random variation, or both, of
instantaneous frequency about a mean frequency during steady-state electric-system operation. The
frequency modulation is normally within narrow frequency limits and cccurs as a result of speed
variations in a generator rotor owing to the dynamic operation of the rotor coupling and drive speed
regulation. It is frequently nonsinusoidal.

3.6 FEreguency modulation repetition rate: The frequency modulation repetition rate is the reciprocal of the
period of the modulation waveform.

3.7 FErequency drift: Frequency drift is the slow and random variation of the controlled frequency level
within the steady-state limits occurring, for example, as a result of environmental effects and wear on
the electric power-drive system.

3.8 FErequency drift rate: The frequency drift rate is the rate of change of frequency owing to frequency drift
when plotted against time.
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3.9 AC phase voltage: The ac voltage values stated herein shall be for any phase of those supplied to

3.10

3N

3.12

3.13

3.14

3.15

3.16

317

3.18

3.19

3.20

utilization equipment, a phase being considered the line-to-neutral circuit at the equipment terminals.
All ac voltage values are rms values, unless otherwise stated herein.

Voltage modulation: Voltage modulation is the cyclic variation or random variation, or both, about the
mean level of the ac peak voltage during steady-state electric-system operation such as caused by
voltage regulation and speed variations. The modulation envelope is formed by a continuous curve
connecting the successive peaks of the basic voltage wave.

Voltage modulation frequency characteristics: The frequency characteristic of voltage modulation is
defined as the component frequencies which make up the modulation envelope wave form.

Ripple: Ripple is the cyclic variation of voltage about the mean level of the dc voltage during steady-
state dc electric-system operation.

Unsafe condition: An unsafe condition is any condition within an aircraft that jeopardizes the safety of
the aircraft or the personnel aboard.

Aircraft operational peried: The operational period of an aircraft is defined as the time interval
between the start of preparation for flight and post flight engine shutdown with consequent
deactivation of the aircraft electric system.

Utilization equipment: Utilization equipment will be considered as comprising either an individual unit,
set, or a complete system to which the electrical power is applied.

Category “A” utilization eguipment: Category “A” equipment are those utilization equipments whose
installation in aircraft will be controlled so that line drops will be limited to 2 volts ac line drop or 1 volt
dc, or both. The line drop is the voltage difference between the point of voltage regulation and the
power input terminals of the equipment. Use of this category should be held to a minimum, and its
use will be subject to approval by the procuring activity.

Category “B" utilization equipment: Category “B” equipment are those utilization equipments destined
for aircraft for which the line drops will be less than 4 volts ac or 2 volts dc, or both. When a detail
equipment specification does not designate a category, the equipment will be considered a category
“B” equipment. This category will include the majority of aircraft electric equipments and is the
preferred category.

Category “C” utilization equipment: Category “C” equipment are those equipments which are
intermittently operated. During operation, voltage limits include allowance for 8 volts ac line drop or 3
volts d¢ line drop, or both.

Normal electric-system operaticn: Normal operation of the electric-system is all the functional electric-
system operations required for aircraft operation, aircraft mission, and electric-system controlled
continuity. These operations occur at any given instant and any number of times during ground
operation, flight preparation, takeoff, airborne conditions, landing, and anchoring. Examples of such
operations are switching of utilization equipment loads, engine speed changes, bus switching and
synchronization, and paralleling of electric power sources. Switching of utilization equipment loads is
a type of system operation which occurs the greatest number of times.

Abnormal electric-system operation: Abnormal operation of the electric-system is the unexpected loss
of control of the electric system. The initiating action of the abnormal operation is uncontrolled and the
exact moment of its occurrence is not anticipated. However, recovery from this operation is a
controlled action. This operation occurs, perhaps, once during a flight as a result of damage, or it may
never occur during the life of an aircraft. An example of an abnormal operation is the faulting of
electric power to the structure of an aircraft and its subsequent clearing by fault protective devices.
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3.21 Abnormal limits: Abnormal limits accommodate the trip bands of protective equipment in the primary
power generating system.

3.22 Emergency electric-system operation: Emergency operation is defined as that condition of the
electric-system during flight when the primary electric-system becomes unable to supply sufficient or
proper electric power, thus requiring the use of a limited independent source(s) of emergency power
for essential utilization equipments.

3.23 Primary power system: The primary power system is the electric system whose generators are driven
by the aircraft propulsion engines. Power conversion systems (not part of utilization systems)
powered by the primary generators are part of the primary power system.

3.24 Power-system capacity: The power-system capacity is considered to be the capacity of the power
sources rated under the prescribed operating and environmental conditions in the aircraft.

(a) For parallel systems, this is the sum of the individual power source ratings with a paralleling
factor applied.

(b) For nonparallel systems, this is the individual power source rating.
3.25 Eauivalent step function: An equivalent step function is a mathematical function which is used in this

standard to evaluate actual surges found to exist in power systems (see 7.3) and to provide a
definitive basis for comparison of those surges with the requirements of this standard.

4. GENERAL REQUIREMENTS

4.1 Power systems: Characteristics of aircraft power at the input terminals of utilization equipment shall be
within the limits specified in section 5 under the conditions of power utilization specified in section 6.
The electric power system shall be so designed as to ensure that the characteristics of electric power
at the utilization equipment terminals conform to the requirements specified herein, and shall be so
installed and protected that the failure of any power source and its disconnection from the system will
not result in subsequent impaired performance of the remaining power sources.

4.1.1 AC power: The ac power system shall be a 3-phase, 4-wire wye-connected system, having a
nominal voltage of 115/200 Volts and a nominal frequency of 400 Hertz (Hz). The neutral point of the
source of power is connected to ground (see 3. 2), and the ground is considered the fourth
conductor.

4.1.2 DC power: The dc power system shall be a 2-wire, grounded system having a nominal voltage of 28
volts. The negative of the power source is connected to ground and the ground is considered the
second wire.

4.2 Utilization equipment: Utilization equipment shall maintain performance specified in section 6 when
using power with characteristics which are specified in section 5 without degrading the power
characteristics beyond their limits. When use of power is required having other characteristics or closer
tolerances than specified herein, the conversion to other characteristics or closer tolerances shall be
accomplished as a part of the utilization equipment.

5. DETAIL REQUIREMENTS, AIRCRAFT ELECTRIC POWER SYSTEM CHARACTERISTICS

5.1 AC power system characteristics:

5.1.1 Line-to-neutral: Characteristics of line-to-neutral power shall be as specified herein.

5.1.2 Line-to-line: Characteristics of line-to-line power shall be as a result of line-to-neutral characteristics
being as specified.

5.1.3 Steady-state voltage: The steady-state phase voltage shall be within the limits specified in Table |.
These limits are applicable during operation over the steady-state frequency ranges (see 5.1.5).

Modes of electric-system operation and utilization equipment categories shown in Table | and
subsequent are defined in section 3.
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51.3.1 Individual phase: The steady-state rms voltage for an individual phase shall be within the limits
specified in Table I.

5.1.3.2 Three phase: The steady-state voltage average for the three individual phases shall be within the
limits specified in Table |.

5.1.3.3 Phase displacement: The displacement between any adjacent phases shall be within the limits of
120 deg +2 degrees. This angle shall be the relative displacement between the zero voltage points
on the wave forms of the three phases.

5.1.3.4 Unbalance: For normal electric system operation the maximum spread in phase voltages shall not
exceed 3 volts between the phase with the highest voltage and the phase with the lowest voltage
for all aircraft operations. This spread shall not exceed 4 volts when the source of power is the
emergency power source.

51.3.5 Woave form: The voltage wave form shall be within the following limits:
(a) Crest factor: 1.41 +0.10 (see 7.6.7)

(b) Total harmonic content: 5% of the fundamental (rms) when measured with a distortion meter
as distortion of the fundamental frequency

(¢) Individual harmonic content: 4% of the fundamental (rms) when measured with a harmonic
analyzer

5.1.3.6 Voltage modulation:

51.361 Magnitude: The modulation of voltage under conditions of steady state loading and frequency
modulation (see 5.1.5.2) shall not exceed 3.5 volts when measured as the peak-to-valley
difference between the minimum voltage reached and the maximum voltage reached on the
modulation envelope over a period of at least 1 second (see 3.10).

51.3.6.2 Erequency characteristics: The frequency components of the voltage modulation envelope wave
form shall not exceed the limits specified on Fig. 1 (see 3.11).

5.1.4 Transient voltage: Transient surge voltages, when converted to their equivalent step functions, shall
be within the limits of Fig. 2, 3 and 4 for all operations of the aircraft electric system (see 7.3). The
most severe phase transient shall be used in determining conformance to Fig. 2, 3, and 4. Transient
spikes shall be controlled such that the stress levels shall not exceed the limits defined by Fig. 18
and paragraph 7.6.8.

51.41 Normal electric-system operation: When switching loads from 10% up to 85% and down to 10% of
rated system capacity, the equivalent stop function of the ac voltage transient surge shall be within
limits 5 and 6 of Fig. 2, 3, and 4. For other normal system operations including switching loads
from 20% up to 170% and down to 20% of rated system capacity, the equivalent step function of
the ac voltage transient surge shall be within limits 2 and 3 of Fig. 2, 3, and 4 (see 3.19). This latter
inrush condition exists when the load or group of loads being switched includes motor loads.

5.1.41.1 Bus switching: Under conditions of bus transfer, switching or synchronization, the interruption of
the ac supply shall not exceed 50 milliseconds, during which time the voltage may be any value
between zero and the applicable steady state limits. Upon completion of the interruption the
equivalent step function of the voltage transient shall be within limits 2 and 3 of Fig. 2, 3 and 4.

5.1.4.2 Abnormal electric-system operation: The equivalent step functions of the ac voltage transients
which result from abnormal electric-system operation shall be within limits 1 and 4 of Fig. 2, 3 and
4 (see 3.20). The abnormal steady-state limits (ASSL) of limits 1 and 4 may continue for the
duration of the flight (see 3.21).
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5.1.5 Steady-state frequency: The ac power system frequency shall be as follows:

(a) Primary power sources - The frequency shall be maintained at 400 £ 20 Hz for normal steady-
state operation.

(b) Emergency power sources - The voltage shall be maintained within the limits of Table | at
frequencies between 360 to 440 Hz. Below 360 Hz the frequency/voltage (F/V) ratio shall not
fall below 2.9.

5.1.5.1 Durift: The range of variation of the controlled frequency level within the steady-state frequency
limits owing to drift shall be not more than 10 Hz for any one period of steady-state primary
electric-system operation (see 3.7). Frequency variation owing to drift shall not occur at a rate
greater than 15 Hz per minute (see 3.8).

5.1.5.2 Ereguency modulation: Variations of primary system frequency due to frequency modulation during
any 1 minute period shall be within a band about the mean frequency defined by Fig. 19.

5.1.6 FEreguency transient: Frequency transients shall be within the limits of Fig. 5 for all operations of the
aircraft electric system.

5.1.6.1 Normal electric-system operation: When switching loads from 10% up to 85% and down to 10% of
rated system capacity, the frequency transient shall be within limits 5 and 6 of Fig. 5 (see 3.19).
For other normal system operations, including switching loads from 20% up to 170% and down to
20% of rated system capacity, the frequency transient shall be within limits 2 and 3 of Fig. 5.

5.1.6.2 Abnormal electric-system operation: Frequency transients as a result of abnormal electric-system
operations shall be within limits 1 and 4 of Fig. 5 (see 3.20). The ASSL of limits 1 and 4 may
continue for the duration of the flight (see 3.21).

5.1.7 Phase sequence: The electric distribution and utilization systems shall have a phase sequence of A,
B, C corresponding to T, - T» - T3 of the power source. Fig. & diagrams this relationship.

5.2 DC power system characteristics:

521 Steady-state voltage: The steady-state voltage shall be within the limits specified in Table II.

5.2.1.1 Engine start: Aircraft employing dc electric engine starters normally experience low dc system
voltages during the starting cycle. Equipment which is required to operate or be left switched on
during this period shall be so identified by the detailed specification which shall also define the
applicable power supply voltage levels.

5.2.2 Ripple: The cyclic peak of ripple voltage to the mean level of the dc voltage shall be less than 2.0
volts (see 3.12and 7.7).

5.2.2.1 Ereguency characteristics: The frequency components of the ripple shall be within the limits of
Fig. 7.

5.2.3 Transient voltage: Transient surge voltages, when converted to their equivalent step functions, shall
be within the limits of Fig. 8, 9, and 10 for all operations of the aircraft electric system. Transient
spikes shall be controlled such that the stress levels shall not exceed the limits defined by Fig. 17
and paragraph 7.6.8.

5.2.3.1 Normal electric-system operation: For normal system operations including switching loads from
20% up to 170% and down to 20% of rated system capacity, the equivalent step function of the dc
voltage transient surge shall be within limits 2 and 3 of Fig. 8 9, and 10. This inrush condition
exists when the load or group of loads being switched includes motor loads.
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5.2.3.1.1 Bus switching: Under conditions of bus transfer, switching and synchronization, the interruption
of the dc supply shall not exceed 50 milliseconds, during which time the voltage may be any
value between zero and the applicable steady state limits. Upon completion of the interruption,
the equivalent stop function of the dc voltage transient shall be within limits 2 and 3 of Fig. 8, @
and 10.

5.2.3.2 Abnormal electric-system operation: The equivalent step functions of the dc voltage transients
which result from abnormal electric system operation shall be within limits 1 and 4 of Fig. 8 9 and
10 (see 3.20). The abnormal steady state limits (ASSL) of limits 1 and 4 may continue for the
duration of the flight (see 3.21).

6. DETAILED REQUIREMENTS, UTILIZATION OF AIRCRAFT ELECTRIC POWER

The utilization equipment shall function as specified when utilizing electric power having characteristics
whose ranges are described herein. Specified performance is required under all system conditions
except the abnormal condition and the voltage supply interruption associated with bus switching (see
8.3 (a)).

6.1 Power types: The utilization equipment specification shall specify which of the types of power listed
herein is required. The equipment may require one or both of these types of power. No other types of
input power shall be used. Equipment using both ac and dc power shall give specified performance
when subjected to simultaneous ac and dc power variations defined in section 5.

6.2 Conversion: Equipment which requires conversion of input power to power with other characteristics
shall accept the power as defined herein for modification and use. Modification and use shall be
integral with the utilization systems or utilization equipment.

6.2.1 AC to 28 volts dc: Utilization equipment requiring ac input power of 500 va or more and dc input of 5
amperes or less may obtain the dc power by means of integral static conversion in lieu of requiring
aircraft dc power.

6.3 Normal electric-system operation: During the transient and steady-state conditions associated with
normal operation of the primary electric-system (see 5.1.3, 5.1.4.1, 5.1.5(a), 5.1.6.1, 5.2.1, and
5.2.3.1), utilization equipment:

(&) Shall provide 100% performance, except when the detail specification for a given utilization
equipment defines specific regions of the electric system characteristics with corresponding
degrees of performance degradation (see 7.5). No performance of utilization equipment is
required during the voltage supply interruption associated with bus switching (see 5.1.4.1.1 and
5.2.3.1.1) except as defined by the detailed equipment specification.

(b) Shall remain safe.

(c) Shall, when degraded performance has been permitted for given regions of given characteristics,
after operation in such regions with return to other regicons of normal electric-system operation:

(1) Automatically recover to 100% performance.
(2) Remain unaffected in reliability.
6.4 Abnormal electric-system operation: During the transient and steady state conditions associated with

abnormal operation of the electric-system (see 5.1.3, 5142, 5162, 521, and 5.2.3.2) utilization
equipment:
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(a) Shall have no performance requirements, unless the detail specification for a given utilization
equipment requires specific degrees of performance to be maintained within specific regions of the
electric-system characteristics (see 7.5).

(b) Shall remain safe.

(¢) May have momentary loss of function; however, this momentary loss shall not affect later
equipment performance.

(d) Shall, after abnormal operation of the electric system and with return of the electric system to
normal operation:

(1) Recover automatically to specified performance, unless the detail specification for a given
utilization equipment permits manual reset of equipment after the abnormal electric-system
operation.

(2) Have negligible effect on reliability owing to the abnormal electric-system operation.
6.5 Emergency electric-system operation: During the transient and steady-state conditions associated with

operation from the emergency electric power source (see 5.1.3, 5.1.3.4, 5.1.4,5.1.5(b), 5.1.6, 5.2.1,
and 5.2.3), if required by the equipment detail specification, utilization equipment:

(a) Shall have 100% performance or the specified degraded performance.
(b) Shall remain safe.
(c) Shall have specified performance with return to operation from the primary electric power system.

6.6 Other electric-system operation: If the electric-system operates in regions of characteristics other than
as specified in section 5, utilization equipment:

(a) Shall not be required to perform.

(b) Shall not be required to perform after return of the electric system into the regions of
characteristics specified in section 5.

6.7 Voltage transients: For the purpose of testing performance of utilization equipment during conditions of
input voltage transients, a voltage transient shall be considered as a rectangular pulse of the
appropriate voltage persisting for its corresponding duration as defined by the limits of Fig. 2, 3, 4, 8, 9,
10, 17, and 18. (See para 7.6.8.) For 3-phase ac utilization equipment, the transient shall be applied to
all phases simultanecusly.

6.8 Influence on electric system: There shall be no influence by utilization equipment on the characteristics
of power at the input to its terminals which cause these characteristics to go beyond the limits specified
in section 5.

6.8.1 Self-modulation: The modulation induced by varying loads within utilization equipment shall not, at
the terminals of the utilization equipment cause voltage modulation, ripple, or transients to go
beyond the specified limits. This self-modulation is caused by variations in the current required by
the equipment, in turn causing a varying voltage drop in the wiring of the power circuit to the
equipment and a varying load on the power supply system.

6.8.1.1 Voltage spikes: Transient voltage spikes generated by utilization equipment shall not exceed the
stress level limits defined by Fig. 17 and 18 and paragraph 7.6.8.
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