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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. DEFINITION

3.1 Average va

of the phasq

3.2 Ground: Th
of the acin

3.3 Transients:

limits, returping to the steady-state limits within the specified time period.

3.3.1 Surges: A

the inherq

3.3.2 Spikes A

w

ue: The average rocot mean square (rms) value of phase quantities is the 3
b rms values divided by the number of phases.

B primary aircraft structure is the referenced ground for the negative of the
the power generation and power utilization systems.

A transient is the short term changing conditior of a characteristic beyond
surge is a variation from the controlled steady-state level of a characteris
nt regulation of the electric power supply system and remedial action by t
spike is a variation from the surge level or from the controlled steady-stats

stic which reaches its greatest amplitude in an extremely short time. It res
ency currents of complex wave form produced when loads are switched. T

nic content: The total harmonic content of a complex wave is the total rms

odulation~krequency modulation is the cyclic or random variation, or bot

instantanegus freguency about a mean frequency during steady-state electric-system
frequency modulation is normally within narrow frequency limits and occurs as a resul

a.generator rotor owing to the dynamic operation of the rotor coupling an

rithmetical sum
dc and neutral
the steady-state

ic, resulting from
e regulator.
level of a

ilts from very
[ransients so

value remaining

1, of

operation. The
[ of speed

i drive speed

Freguency modulation repetition rate: The frequency modulation repetition rate is the reciprocal of the

Frequency 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

character
high frequ
generated usually consist of a train of spikes.
3.4 Total harmg
when the fundamental component is removed.
3.5 FErequency
variations i
regulation. It isfrequently nonsinusoidal.
36
period of the modulation waveform.
37
the electric power-drive system.
38

when plotte

d against time.

Erequency drift rate: The frequency drift rate is the rate of change of frequency owing to frequency drift
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3.9 AC phase voltage: The ac voltage values stated herein shall be for any phase of those supplied to
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.

3.10 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.

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

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

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

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

3.15 Utilization lequipment: Utilization equipment will be considered ag.comprising either dn individual unit,
set, or a cpmplete system to which the electrical power is applied.

3.16 Category A" utilization equipment: Category “A” equipment are those utilization equipments whose
installation] in aircraft will be controlled so that line dropgwill be limited to 2 volts ac lipe drop or 1 volt
dc, or both. The line drop is the voltage difference between the point of voltage regulgtion and the
power inpdt terminals of the equipment. Use of thig category should be held to a minjmum, and its
use will bg subject to approval by the procuring-activity.

3.17 Category |B" utilization equipment: Category “B” equipment are those utilization equipments destined
for aircraft|{for which the line drops willbe-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 gnd is the
preferred ¢ategory.

3.18 Category IC” utilization equipment: Categery “C” equipment are those equipments which are
intermittently operated..Buring operation, voltage limits include allowance for 8 volts gc line drop or 3
volts d¢ ling drop, orlaih.

system opgrations required for aircraft operation, aircraft mission, and electric-system controlled
continuity. | THese operations occur at any given instant and any number of times durinhg 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.

3.19 Normal elgctric-$ystem operation: Normal operation of the electric-system is all the fr\FnotionaI electric-

3.20 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

3.22

3.23

3.24

3.25

4. GENERAL REQUIREMENTS

4.1

4.1.1

4.1.2

4.2

Abnormal limits: Abnormal limits accommodate the trip bands of protective equipment in the primary
power generating system.

Emerdency 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.

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.

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 pgra - paralleling

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

standard tp 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 standardg.

Power systéms: Characteristics of aircraft power at the input terminals of utilization equipment shall be
within the linits specified in section 5 under the conditions of. power utilization specified in section 6.
The electrig power system shall be so designed as to ensure that the characteristics of electric power
at the utilizgtion equipment terminals conform to the reglirements specified herein, and shall be so
installed anfd protected that the failure of any power-gsurce and its disconnection from|the system will
not result in subsequent impaired performance of the remaining power sources.

AC powell: The ac power system shall be a8-phase, 4-wire wye-connected system,|having a
nominal vpltage of 115/200 Volts and a ndminal frequency of 400 Hertz (Hz). The ngutral point of the
source of power is connected to ground{see 3. 2), and the ground is considered the|fourth
conductor

DC powel: The dc power systemi shall be a 2-wire, grounded system having a nomifal voltage of 28
volts. The|negative of the power'source is connected to ground and the ground is cansidered the
second wire.

Utilization gguipment: Utilization equipment shall maintain performance specified in saction & when
using powef with characteristics which are specified in section 5 without degrading the power
characterisﬂics beyond-their limits. When use of power is required having cther characieristics or closer
tolerances fhan speeified herein, the conversion to other characteristics or closer tolenances shall be
accomplished ag-a part of the utilization equipment.

5. DETAIL REGUIREMENTS, AIRCRAFT ELECTRIC POWER SYSTEM CHARACTERISTICS

5.1
5.1.1

AC power system characteristics:

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.


https://saenorm.com/api/?name=890c82ca19b30d3d13a5b3f6924fb1d8

SAE

AS1212A

Page 4 of 30

5.1.3.1

specified in Table I.

5.1.3.2

limits specified in Table |.

5.1.33

Individual phase: The steady-state rms voltage for an individual phase shall be within the limits

Three phase: The steady-state voltage average for the three individual phases shall be within the

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.

5.1.34

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 Wave fg
Cre

Tot

irm: The voltage wave form shall be within the following limits:
st factor: 1.41 £+ 0.10 (see 7.6.7)

Al harmonic content: 5% of the fundamental (rms) when measured with a

as dlistortion of the fundamental frequency

Ind
ang

51.36 Voltage

51.361 Magn
modu
differd
modu

51362 FErequ

form 9§

51.4 Transient
be within
most sevs
spikes sh
and parag

51.4.1 Normal

listortion meter

vidual harmonic content: 4% of the fundamental (rms) when measured with a harmonic

lyzer
modulation:

tude: The modulation of voltage under conditions of steady state loading &
ation (see 5.1.5.2) shall not exceed 3.5 volts when measured as the peak
bnce between the minimum voltage reaghed and the maximum voltage red
ation envelope over a period of at least 1 second (see 3.10).

Ency characteristics: The frequency components of the voltage modulation
bhall not exceed the limits specified on Fig. 1 (see 3.11).

voltage: Transient surge voltages, when converted to their equivalent step
the limits of Fig. 2, 3 and 4 for all operations of the aircraft electric system
tre phase transient@Ehall be used in determining conformance to Fig. 2, 3,
bl be controlled such'that the stress levels shall not exceed the limits defin
raph 7.6.8.

electric-system operation: When switching loads from 10% up to 85% and

rated sy
limits 5
from 20

stem capacity, the equivalent stop function of the ac voltage transient surg
and 8.0f'Fig. 2, 3, and 4. For other normal system operations including sw
%-Uupto 170% and down to 20% of rated system capacity, the equivalent 4

the ac

nd frequency
Ho-valley
ched on the

envelope wave

functions, shall
see 7.3). The
and 4. Transient
ed by Fig. 18

down to 10% of
je shall be within
tching loads

tep function of

oltage 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.

5.1.4.1.1

Bus switching: Under conditions of bus transfer, switching or synchrenization, 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)

state

(b)

operation.

Primary power sources - The frequency shall be maintained at 400 + 20 Hz for normal steady-

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

Drift: 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

Freguency modulation: Variations of primary system frequency due to frequency modulation during

any 1m

inute period shall be within a band about the mean frequency defined by, R

5.1.6 FEreguencly transient: Frequency transients shall be within the limits of Fig. 5 forall o

aircraft el
51.6.1 Normal
rated sy
For othe
20% of
51.6.2 Abnorm
operatid
continu

51.7 Phase se

betric system.

electric-system operation: When switching loads from 10% up to 85% and
stem capacity, the frequency transient shall be within limits5 and & of Fig.
br normal system operations, including switching loads fregm 20% up to 17(
rated system capacity, the frequency transient shall bewithin limits 2 and

2l electric-system operation: Frequency transients\as a result of abnormal
ns shall be within limits 1 and 4 of Fig. 5 (see,3.20). The ASSL of limits 1
e for the duration of the flight (see 3.21).

juence: The electric distribution and utilization systems shall have a phassg

B, C corrs

5.2 DC power g

sponding to T4 - T, - T, of the powernsource. Fig. & diagrams this relation

ystem characteristics:

521 Steady-st
5.21.1 Engine
voltages

applical]

bte voltage: The steady-statewoltage shall be within the limits specified in

start: Aircraft employinghdc electric engine starters normally experience lo

fig. 19.
perations of the
down to 10% of
5 (see 3.19).

% and down to
B of Fig. 5.
electric-system

and 4 may

sequence of A,
Bhip.

Fable 1.

dc system

during the starting(cyele. Equipment which is required to operate or be left switched on
during this periocd shall be s identified by the detailed specification which shall als

le power supplynvoltage levels.

5.2.2 Ripple: The cyclic peak of ripple voltage to the mean level of the dc voltage shall be

volts (seg

3.12 andhT.7).

5.2.21

Fig. 7.

0 define the

less than 2.0

the limits of

Frequezrcv characteristics: The frequency components of the ripple shall be within

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.

2.2.3.4

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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52311

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 1

0.

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).

except the

6.3 (a).
6.1 Power tvpg
herein is re
input powe
when subjg
6.2 Conversior]
shall accep
integral wit

621 ACto 28

¢s are described herein. Specified performance is required under all systg

DETAILED REQUIREMENTS, UTILIZATION OF AIRCRAFT ELECTRIC POWER

bnormal condition and the voltage supply interruption associated with bus

s The utilization equipment specification shall specify whicheofthe types g
uired. The equipment may require one or both of these types of power. N
shall be used. Equipment using both ac and dc powershall give specified
cted to simultaneous ac and dc power variations defined in section 5.

. Equipment which requires conversion of input¢gpower to power with other
t the power as defined herein for modification@nd use. Modification and u
N the utilization systems or utilization equiprient.

olts dc: Utilization equipment requiringtac input power of 500 va or more

amperes
aircraft dg

6.3 Normal ele

br less may obtain the dc power by means of integral static conversion in |
power.

ctric-system operation: During*the transient and steady-state conditions as

normal ocpe
52.3.1), uti

(@) Shallpg

ration of the primary electric=system (see 5.1.3, 5.1.4.1, 5.1.5(a), 5.1.6.1,
ization equipment:

rovide 100% performance, except when the detail specification for a given

equip

degreds of performance degradation (see 7.5). No performance of utilization equ
requirgd during\the voltage supply interruption associated with bus switching (seq
5.2.3.11) extept as defined by the detailed equipment specification.

(b)

Shall remrain safe.

ent defines speagific regions of the electric system characteristics with cori

g characteristics
conditions
switching (see

T power listed
D other types of
performance

characteristics
e shall be

and dc input of 5
eu of requiring

sociated with
2.1, and

utilization
esponding
pment is

p 5.1.4.1.1 and

()

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)
(2)
6.4

Automatically recover to 100% performance.

Remain unaffected in reliability.

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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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).

Shall re

main safe.

equipment performance.

normal operation:

(1)

May have momentary loss of function; however, this momentary loss shall not affect later

Shall, after abnormal operation of the electric system and with return of the electric system to

Recover automatically to specified performance, unless the detail specification for a given

utilization equipment permits manual reset of equipment after the abnormal electric-system

op4
(2) Ha

6.5 Emergency

ration.

electric-system operation: During the transient and steady-state Conditions

operation fr

(@)
(b)
(c)

Other electn

Shall rg

6.6

bm the emergency electric power source (see 5.1.3, 5.1.3.4,%5.1°4,5.1.5(b)
and 5.2.3), if required by the equipment detail specification, utilization eguipment:

Shall have 100% performance or the specified degraded pefformance.

Shall have specified performance with return to operation from the primary electri

main safe.

c-system operation: If the electric-system operates in regions of character

as specified
(@)
(b)

Shall n

Shall n

characteristics specified in section 5.

6.7 Voltage tran

in section 5, utilization equipment;
bt be required to perform.

bt be required to perform after return of the electric system into the regions

sients: For the purpose of testing performance of utilization equipment dufp

input voltag
appropriate
10, 17, and
all phases s

6.8 Influence or]

b transients, a voltage transient shall be considered as a rectangular pulse
oltage pergighing for its corresponding duration as defined by the limits of
18. (See para 7.6.8.) For 3-phase ac utilization equipment, the transient sh
multaneously.

eltectric system: There shall be no influence by utilization equipment on th

e negligible effect on reliability owing to the abnormal electric-system operation.

associated with
5186 521,

C power system.

istics other than

of

ing conditions of
of the

Fig. 2, 3,4, 8, 9,
all be applied to

e characteristics
limits specified

of power at
in section 5.

he inlhllf to its terminals which cause these characteristics to go hpynnd th

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

stress level limits defined by Fig. 17 and 18 and paragraph 7.6.8.

Voltage spikes: Transient voltage spikes generated by utilization equipment shall not exceed the
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6.8.2 Three-phase lpads: The phase load and power factor unbalance of three-phase utilization equipment
shall not cause the phase displacement and voltage unbalance to go beyond the limits specified in
5.1.3.3and 5.1.3.4 at the equipment terminals under the worst aircraft line drop conditions.

6.2 AC power:

6.9.1 Three-phase: For lcads rated less than 500 va, 3-phase power shall be used when practicable. For

steady-st

ate ac input demands of 500 va or more, 3-phase power shall be required.

6.9.2 Single-phase: For steady-state ac input demands less than 500 va, it is allowable for the equipment
to require single-phase power. Equipment which is inherently single-phase in power consumption
shall present, if practicable, a 3-phase demand by being internally segregated into three single-
phase loads. Single-phase power shall be used only on a line-to-neutral basis.

6.9.3 Phase log 5 =
and powdgr factor insofar as practicable. The phase volt-ampere difference between
lowest phase values, assuming balanced voltages, shall be less than the limits.sped

6.9.4 Power fagtor: Equipment utilizing ac power shall be designed to present assnear a u
as practidable for all modes of equipment operation. The fully loaded equipment sha
power fadtor on the worst phase within the limits specified on Fig. 12¢

6.9.5 Phase fai

not result

performance is required unless specified in the equipment.detail specification.

6.10 Power fail
sources may fail. Failure of one power source shall.not result in an unsafe condition.

of the one

detail spegification.

6.11 Standby ppwer: For those modes of equipment operation in which performance is ng
power is rgéquired to maintain equipment.standby readiness, the standby power requ

be kept to

6.12 Power tolgrance: Input power réguirements shall not vary by more than £10% of an
between p

include ch

production|.

6.13 Powerre

g

ure: One or more phases of the 3-phase power can fail./Loss of one or mg
in an unsafe condition. During failure of the one ormere phases, no equip

ire: For those equipments which require bgattiac and dc power, one of the

power source, no equipment performapee is required, unless specified in

a minimum.

Anges in equipment power demands as a result of engineering changes m

LUirementsdata: Power requirements data, when required, shall be to the T

7. NOTES

nse volt-amperes
the highest and
ified on Fig. 11.

hity power factor
Il present a

re phases shall
ment

e power
During the loss
he equipment

t required, but
rements should

pstablished limit

roduction units of-a\given utilization equipment. The specified tolerance linpits do not

Ade during

brmat of Fig. 20.

7.1 Reference voltage: For the measurement of input power and calibration of utilization equipment, the

following reference voltages shall be used:

(@ 115vo

Its line-to-neutral for the 115/200-volt ac system

(b) 28 volts line-to-ground for the 28-volt dc system

7.2 Reference frequency: For the measurement of input power and calibration of utilization equipment, the

reference fr

equency of 400 Hz shall be used.
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7.3 Conversion of a transient surge voltage to its equivalent step function: An equivalent step function is a
reasonable rms value of a transient surge voltage function at the peak rms voltage of the actual
transient. The equivalent step function shall be determined as described on Fig. 13, 14, and 15. Fig. 13
shows the method used to convert an overvoltage transient to its equivalent step function and Fig. 14
shows the conversion of an undervoltage transient. Figure 15 shows an example of an overvoltage
transient which exceeds the loci limits of limit 2 of Fig. 2, 3, and 4.

7.3.1

Conformance of an equivalent step function to their loci limits: Under normal and abnormal
electric-system operation, transient surge voltages are produced which may affect the performance
of utilization equipment. When the equivalent step function falls within the limits of the applicable loci
limit of Fig. 2, 3, 4, or 8, 9, and 10, the actual transient surge voltage is considered to meet the
requirements of this standard. To accomplish this, the following transient surge voltage analysis
procedure shall be used:

7.3.1.1 Transieni surge voltage analvsis procedure:

(a) Re
Fig

ord or plot the actual transient surge voltage on rectangular coordinate] pa
13, 14, and 15.

Ler as shown on

(b) Determine the peak dc voltage or the peak rms (V,/ 4}, ) ac voltagedof the adtual transient

Suf

(c) Defermine the time (T,) to reach the peak voltage from item)(a).

(d) Defermine the equivalent duration (Tp) of the peak veftage from item (a) as e

13,

(e) Log
the

(0 From the applicable stepfunction curve determine the maximum allowable du

equ

(g) Fro

ge voltage from item (a).

14, and 15.

ate the applicable step function curve on Fig: 2, 3, 4, or 8, 9, and 10. To a
following considerations must be made:

AC or dc system,
A, B, or C equipment category,

Type of operation causing-the transient surge voltage such as fault condi

valent step fungtion voltage which is a voltage equal to the voltage determ

m the timg-obtained in item (f) subtract T4». T4 was determined under iten

(hy At
sta

ansignt which meets the following two conditions qualifies to the requirem
dard:

plained on Fig.

ccomplish this

tion (limits 1 and

4), bus switching (limits 2 and 3), and normal equipment switching (limitg 5 and 6).

ation of the
ined in item (b).

h (C).

ents of this

(1) Item (g) results in positive time, and

(2) The time determined under item (d) is less than the time determined under item (g).

7.4 Line drop compensation: Upon specific approval from the procuring activity, the categories “A” and "B”
utilization equipment may incorporate means to compensate for line drop. It is preferred that the
means consist of taps brought out to the input power connection for selection at time of installation.

7.5

Equipment detail specification checklist: The equipment detail specification may use the checkoff list

illustrated on Fig. 16 to specify considerations applicable to this standard. The notes detail the
qualifying aspects for each item.
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7.6

7.6.1

7.6.2

7.6.3

7.6.4

7.6.5

7.6.6

7.6.7

Assumptions:

Smallest primary electric system: The smallest primary electric system is 1,500 va ac, 50 amps dc.

Electric-system balance: Balance in the electric-system is within 15% i.e., phases are loaded so that

the maximum va differential between phases is not more than 15% of 1/3 the 3-phase va capacity.

Generating-system characteristics: No generating-system characteristic is considered unless it is
usual and normal for the generating system to be tied to the bus at the time the characteristic

becomes

evident.

Electric-system characteristics: Characteristics covered in this standard are based on the electric
power source being:

@ ACo

(b) DCg

(1)
(c) Inver
(d) Trans
(e) Batte
) ACg

(1) v

O

Compone
the systen

Normal lo
capacity.

dc generdiors driven bDy.

Lonstant speed turbines (speed control on air or gas turbine)
larrow range, variable speed transmissions (turboprops, eté.)
Enerators driven by:

\Vide range, variable speed transmissions (piston-engines).
ers

former-rectifiers

fies

enerators driven by:

\Vide range variable speed prime mover (Turbo Jet Engine, etc.) and utilizi
hanger in the power8ystem.

ts of the power system are to meet the requirements of their detail specifi
N is to providethe characteristics specified in this standard.

bding: Normal loading of an electric system is between 15% and 85% of th

Constant speed drives (speed control in hydraulic or mechanical torqle ¢onpvertor)

g a frequency

cations, and

e power-system

System power factor: System power factor is a minimum of 80% lagging.

Crest factor: The crest factor limits specified in this standard assume that the crest factor limits at the
terminals of electric power sources do not exceed 1.41 + 0.05 and are degraded to 1.41 + 0.10 by
the character of the loads.

7.6.8 Transient spike voltage conditions:

7.6.8.1 Source impedance: Where the values for the source impedance for transient spike voltages are nct
defined by the detailed specification or other reference specification, it shall be 50 ochms maximum

for signi

ficant frequency components of the transient.
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7.6.8.2 Load impedance: Where the value for the load impedance into which the utilization equipment
generates transients is not defined by the detailed specification or other reference specification, it
shall be 50 ochms minimum for significant frequency components of the transient.
Paragraphs 7.6.8.1 and 7.6.8.2 do not apply to impedances at power frequencies.
7.6.8.3 Figures 17 and 18 are not intended to represent actual spikes, but rather to define stress levels for

purpose of design and/or test.

7.7 Ripple voltage measurement: The ripple voltage shall be measured with a peak reading vacuum tube
voltmeter in series with a 4.0-microfarad capacitor. The higher of the two values measured when the
voltmeter is successively connected for each of two polarities shall be considered the ripple voltage.

7.8 Contributind Tactors that establish the steady-state voltage [Imis. 1ables | and 11 delingate the normal,
abnormal, ahd emergency voltages which utilization equipment will be exposed toduing steady-state

operation. Tlhe voltage limits are determined by taking intoc account the generating-sysfem bus voltage
range; which includes regulation, generator symmetry, and load balance; andvoltage Hdrops to the
utilization equipment. {(Also, the limits are influenced by the abnormal voltage’protectign devices and
the trip leve| variation of these devices over environmental extremes).
7.8.1 Contributing factors to the AC voltage limits: The steady-state ag.voltage limits shown in Table | are
based on|the factors shown in the following example:

LIMITS
Primary Emergency
FACTORS System System
Generating system voltage at 112-118V  108-124V
point of regulation
Line drop - cat. "B\l 40 +0V -4 +0V
equipment
Cat. "B” Altik equip., normal 108 -118 V
steady-state limits (NSSL)
Uil and O-V trip bands 60+60
Fand—% S o LLENT X1 | PTRTT=Y Sl e l
SsUAL | LT, C\.Iul'd., CARTTTTTITAAT
steady-state limits (ASSL) 102 -124V
Cat. “B” util. equip., emergency 104 -124V

steady-state limits (ESSL)
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7.8.2 Contributing factors to the dc voltage limits: The steady-state dc voltage limits shown in Table Il are
based on the factors shown in the following example:

LIMITS
FACTORS
Primary Emergency
System System
Generating system voltage at 26.0- 28.5V 18.0- 30.0V
point of regulation
-2.0 - +0V
Emergency source voltage
Line drop - cat. “B” util. -2. 0 +0V
equipment
Cat. “B” util. equip., normal 24.0-28.5V
steady-state limits (NSSL)
U-V and O-V trip bands -1.5+1.5v
Cat. “B” util. equip., abnormal 22.5-30.0v
steady-state limits (ASSL)
Cat. “B” util. equip. emergency 16. 0-30.0V

steady-state limits (ESSL)

7.9 Higher thah reference voltages: Where it is desired to.generate and to use power of H

than the standard voltages defined herein, these higher voltages should be chosen a
400 volts ag or nominal 112/224, or 140/280 volts'dc.

igher voltages
E nominal 230/

7.10 Helicoptel applications: In helicopter applications special problems may exist with frl

modulatign, frequency transients and haimonic distortion. The airframe manufacturg
consulteq on design problems of utilization equipment.

bguency
er should be

PREPARED BY

704 AD HOC SUBCOMMITTEE OF SAE COMMITTEE A-2,
AEROSPACE ELECTRICAL AND ELECTRONIC EQUIPMENT
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TABLE |

STEADY-STATE AC VOLTAGE LIMITS UNDER DIFFERENT
MODES OF ELECTRIC SYSTEM OPERATION

AVERAGE OF THE
INDIVIDUAL PHASE THREE INDIVIDUAL PHASES
EQUIP.
CATEGORY | NORMAL | ABNORMAL | EMERGENCY | NORMAL | ABNORMAL |[EMERGENCY
(NSSL) (ASSL) (ESSL) (ASSL) (ESSL) (ESSL)
A 110 - 118 104 - 124 106 - 124 [ 111.5 -116.5[1055-122.5| 108 -122.5
B 108 - 118 102 - 124 104 - 124 [109.5-116.5[1035- 12228 | 106 -122.5
C 104 - 118 98 - 124 100- 124 |1055-1165| 995-1229 | 102-122.5
TABLE Il
STEADY-STATE DC VOLTAGE LIMITSWNDER DIFFERENT
MODES OF ELECTRIC SYSTEM OPERATION
EQUIP. NORMAL ABNORMAL EMEREENCY
CATEGORY (NSSL) (ASSL) (ESSL)
A 25-285 235-30 17} 30
B 24 -28.5 22530 16| 30

C 23528.5 21.5-30 15130



https://saenorm.com/api/?name=890c82ca19b30d3d13a5b3f6924fb1d8

Page 14 of 30

AS1212A

SAE

adojoaud uolIB[NPOI 98BI0A OV JO SoiIs1IeloeIRy) Aouenboid I FUNDIA

(zH) xoN3ND3IYL

002 oot 0°0L 0°L
-
,A HINT T i T T ; 0°0
THITER ] , I g T SEEREER :
i SR 1 I SHTREE 7
La = — w, ! it : m M :
Wi B : v 1 L] B Pe . t -
n T it + i y TR ¢0
i3 ] i NN T il IR iy ] KR
R TR R EREEE SRR ; ENRERN 1 IIERERN
IHIILERE VIR EREER RN IR H JAEE TNRE RN
T I L RRRE T 1 T Tl -
,_ e e & 70
T i i 1
) ;
1
i 9°0

870

1 8L°0 D°002
81°0 N"0L 0L

7N N°53
i , 8271 | pUoL
- _ , svo | £t ¥l

A8}

9°L

WA
Il -5
) I =+ g&: .0:
1y ST IEE] i 0D >
I e ety i INIEER 8°L
T AT T [EEIRH L
| HITRT BIEEEN ! 3 v
15T I BEER T AR NN NN NN W Il T
| ! gt A 1 ! 1 iy
$0101 K Wbn{. I 14 b WL TEN ) QQN

(sumaA) sjusuodwoy odo[dAU] UOLR|NPOK WNWLXe)


https://saenorm.com/api/?name=890c82ca19b30d3d13a5b3f6924fb1d8

Page 15 of 30

AS1212A

SAE

juowrdinby vy Axo3eje) a0 SWI] 10071
uorjoung deig o8ej[0A OV 93ang judIsuel], g HUNDIL

(saNnoD@s) TWIX

ol S Z L G rAd L So°* 4o°
T} m i
I 0 B A T
S3TWET 231elg :
Apeoaqs LouslSasug-ISSH|
S4TWTT 93e3S 3
Apesqs Teurouqv-TISSY|
S3TWE] 93e3§ :
Apeogs TeuwLION-TISSN|
K G T
08
00!
02t
ol
o9l
e oglL
nE TH e
R B O R o Y o o B L =
| @pans THVITOAMIAO ISTHIATS THI IO | L 0oz
SNOTIONNJ dEIS INITTVAINLE 40 SADOT i ; :
TR P I T ) S ey e R U I O P B A TR Y 1]

-V

SIL'IOA D

(x1NO SLNﬂISNVHL)jzyaA


https://saenorm.com/api/?name=890c82ca19b30d3d13a5b3f6924fb1d8

Page 16 of 30

yuouwrdinbg g £103918) I04 SIIWIT 1007
uorjouny dagg 98.)0A OV 98ing Jusisuel], ¢ HUNDIJ

(saN00dS) TWIL
o z L e z* ‘ 10* Sroog

AS1212A

ﬁl )
A
|
|
1
i
=
15
| IS
g
T

SAE

SaTmYT 93e3s T [ Sanoo@sTIII
L U ave 31aans wanod aHI ‘uaa

Lpesis LousSisug—1SSH

ERERER R NI O AEo IR 0
i NS SIS R F T Tim:." ’
» A BEERAA RN , : Py : ;
_ : S N Y YERCHRE KR FIR NN S S B LB SR T 90T Rk ,
W 0§ OL dn VO oz
[ ot 1l .

S2TWT] ©3els AR T IR

Apeegs Tewriouqy-ISSY|}|i !} 07
S3TWY] 93e3S L

vLpears TeUION—ISSN| || i:

A R T .rml_.,mm m 09

BARE TR R IR 8D

EERBEEE ol i,

LI TR U0 DA LI N N N ST

ST s
B ;
—— | {COL} ¢

o
©
-

(XTNO SINSLSNVUEL)

o
N
-~

0 4 " H*NNHW” 5 '
3ty N bl
SRR NN ERE NI
TR IR oyl
SEE R IS
;o I Bl HIERREE i RN
_ S RN I SR B N RTINS P doied :
:.._nm PSS .M. ,q...l i ' i w.. e faenp -...”: - ....,.“ da ...4 . " ,"h. " i [ R ) - — - ow-.
A ' o . i iy 1 A gl i
IHERNEE RN IR B R R ORI
[HIEE SRR N A IR T PR AL O
T T 1Ty @ouns EHVITIOANTAO ISIUEATS GHI &0, 00z
b L e b R R M |1+ |SNOLIONAZ JEIS INWIVAINDE JO SNOOT| | .
b d fegick sl I A N R N NI T P A A N O X T __;m,_..

_3061& SITTOA D=V


https://saenorm.com/api/?name=890c82ca19b30d3d13a5b3f6924fb1d8

Page 17 of 30

AS1212A

SAE

muowdinby D A108918) 104 SITWIT 10071
uorjoung deig 98BI[0A DV 98ing jusisuell ‘¥ AUNDIL

(saNoODTS) TEL
oL [ 2 1 [N z° L’ To z0* 10°* Sroog

RO DU O
H 0§ OXL dN ¥0Jd QEIJNVYUAINI &g

‘¥TISNVEL snd HNTHAC ||

(N

) !
‘ [
|

i
I
B
|
i

R N
S2TWT] @3S
Apesqls AdusFaswyg-I1SSH

SITWEY 93238

. N (RN .
Apesasg TewIouqy-1SSVy| 1 RN R 0 N ] S B 1 Y T RN | O%
S4TWTT @23els aAEIEN C L
Apeeqs TeUION-TSSN o T m . :%. o
N e R R N ESRER N ; w
_ IERE
L _
1
{

(@) (@]
o (o0
VL) _2_/761& SITOA D=V

|
iiEi
L

i
o
(a4
Al

ot

o9t

ogl

R
4 IDYNS FHVIIOATTAO ISHTIFATIS FTHI JO

SNOIIONAJA JEIS INFTTVAIADE A0 SADOT
T T I T e ey e T M R

0ooe¢

(XINO SINIISN


https://saenorm.com/api/?name=890c82ca19b30d3d13a5b3f6924fb1d8

Page 18 of 30

AS1212A

SAE

spwry Aouonbaig jusisuel] ¢ FYNOIJ

(SGN0D3S) 3WIL

A r 1) o) 10° SO0 200"

100°

0 SINIISNYYL AONIR

QINI43Q LON Tuy umouuxmzwfmz¢;pzwuHmszHwaHoum¢.g.
T4’

PR
e

. o

(o]0,

oce

ore

os¢

108¢

¥

s
t

edad

£

¥

+-Fos ale

oot

b

o ML ¢ Zhi DR
Lk

HONY € “2S34N91d 33S - T1SS3 GNV “ISSY  “ISSN

SANOO3ISITUN 05 OL dN H03 A3idNYYEILINI 38

lovy

ocy

SdQ ~ ADN3ND3IYL

L109%

oser

AV X1dd0S 83MOd 3HL ‘HISSNYYL sng INNG

0

ERe

00S



https://saenorm.com/api/?name=890c82ca19b30d3d13a5b3f6924fb1d8

SAE AS1212A Page 19 of 30

BENERATOR UTILIZATION
EQUIPMENT
A
8
G
N
o
lls.'>E V\?OLJFSAGE TV\ 1 PHASE SEQUENCE: A-B-C
PHA 200 VOLTS
(LINE TO NEUTRAL) N LINE VOLTAGE
4 (LINE TO LINE)
A N
FIGURE 6. Diagram of Phase Sequence and Line Designations
2.0
1.0 :
0.8 - \\
0.6 - \ ,/ A
>
fon A\
-]
o
4
- 0.2
-
x
w
3
S 0.1
§o.oa \\
x 0.06 \
(&}
g
W o.04
: \
'é' 0.02 - \
s
il COORDINATES
z 0.0l = o \
, .0.008 -
i 0.01 0.90 \
¥ 0.006 0.025 | 0.90 \
[«]
s ) 0.06 0.32 \
o 0.004 0.25 0.32 \
< 1.7 1.00
6.5 1.00 \
0.002 150.00 0.0015 \
0.001 I )

0.01 .02 .04 .06 .08 0.1 2 4 .6 .8 LO 2 4 6 8 10 20 40 60 80 100 200
; FREQUENCY (KHz)

FIGURE 7. Frequency Characteristics of Ripple in 28 Volt DC Electric Systems
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