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*1. SCOPE

This standard establishes requirementeAfor conducted electric power
characteristics on aircraft at the interface between the electric power o
gystem and the input to electric utilization equipment. '

1.1 . Purpose. The purpose of thia standard is to 1nsure
compatibility between aircraft electric systems or ground suyport electric.
systems and airborne utilization equipment.

*2, REFERENCED DOCUMENTS

* 2.1 . Issues of documents. ' The following documents of  the
issue in effect on date of invitation for bids or request for’ proposals,
form a part of this standard to the extent specified hexein.

* ;SPEGIFICATION

* MILITARY ) _
* MIL~E-6051 Electromagnetic Compatibility Reqqirehents, Systems 4
*

(Copies of specifications, standards, drawings, and publications
required by contractors in connection with specific procurement functions-
should be obtained from the procuring activity or as directed. by the -
-contracting officer.)

3.  DEFINITIONS

3.1 AC voltage. The term ac voltage refers to. the grosa,
root mean square (rms) phase to neutral value unless otherwise designated

3.2 Crest factor. The crest factor of the ac voltage
waveform is defined as the ratio of the peak to the Tms value. ’

3.3 Distortion. AC distortion 1s_the rme value of the ac
waveform exclusive of the fundamental. AC distortion includes the components
resulting from amplitude modulation as well as harmonic and non-h zrmonic
components. In a de¢ system, distortion 18 the rms of the superimgosed
alternating voltage. .

3.3.1 Distortion factor. The ec_distottion factor is the
ratio of the ac distortion to the rms value of the fundamental component.

The dc distortion factor is the ratio of the dc distortion to ‘the average»
dc voltage. . ’

3.3.2 Distortion spectrum. The. distortion spectrum quanti~'v~‘
fies ac distortion and dc distortion in terms of the amplitude of each
frequency coumponent. The distortion spectrum includes the components
regsulting from amplitude and frequency modulation as well as harmonic
and non—harmonic conponents of the ac waveform. o

1
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*. 3.4 Emergency operation. The emergency operation is that
condition of the electric system whereby a limited electric source,
independent of the main generation equipment, is used to power a selected,
reduced complement of distribution and utilization equipment.

* 3.5 Frequency. Frequency is equal to the reciprocal of the
" alternation period of the ac voltage. The unit of frequency is the number
of alternations per second of the ac voltage and 1s designated hertz (Hz).

3.5.1 Frequency drift. Frequency drift is the slow and
random variation of the controlled frequency level within steady state
limits due to such influences as environmental effects and aging.

3.5.1.1 Frequency drift rate. The frequency drift rate is the
time rate of frequency change due to frequency drift.

3.5.2 Steady state frequency deviation. Steady state
frequency deviation is defined as difference between maximum and minimum
values of 1/T, where T 1s the period of one altermation of the fundamental
of the phase voltage. The reciprocal of the interval at which 1/T values
repeat 1s defined as the frequency deviation change rate.

3.5.3 Frequency transient. The frequency transient is the
locus of values defined by the reciprocals of sequential alternation
periods of the ac voltage, in instances when the frequency departs from
the steady-state value.

3.5.4 Overfrequency and underfrequency. Overfrequency and
underfrequency are those frequencies which exceed the combined steady -
state and transient limits for normal operation and are limited by the
action of protective devices.

' 3.6 Normal operation. Normal operation is that condition
wherein the electric system 1s operating as intended in the absence of any
fault or malfunction which degrades performance below established require-
ments, It includes all system functions required by all phases of alr-
craft operation except during the electrical starting of the propulsion
engines when required. MNormal operating conditions include switching of
utilization equipment, engine speed changes, synchronizing and paralleling
of power sources, and operation from external ground power. Although
transfer operation as defined herein is a normal characteristic of most
electric systems, it is treated as a separate operating condition in this
standard because of the power interruption which 1t usually produces.

3.7 Abnormal operation. Abnormal operation is that con-
dition of the electric system wherein a malfunction or failure in the
aircraft electric system has taken place and the protective devices of
the aircraft electric system are operating to remove the malfunction or
failure from the remdinder of the system before the limits for abnormal
operation are exceeded.
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* 3.8 Ripple aﬁplitude. The ripple amplitude is the maximum
value of the difference between the average and the instantaneous values
of a pulsating unidirectional wave.

3.9 Starting operation. The electric starting operation is
that condition of the aircraft electric system, which oceurs during the
electric starting of the propulsion engines of certain aircraft. This
condition results in power characteristics that exceed the limits for
normal operation, due to the aircraft high electri¢ starting load.

3.10 Steady state. A steady state condition of the :
characteristics is one in which the characteristic shows only negligible
change throughout an arbitrarily long period of time.

3.11 Transfer operation. The transfer operation is that
condition of the electric system which takes place when a transfer is
taking place between power sources, including transfers from or to
extexrnal power sources.

3.12 ~ Utilization equipment. Utilization equipment is that
which receives power from the electric power aystem.

* 3.12.1 Utilization equipment terminals. Utilization equipment
terminals are the terminals through which the electric power system is
connected to the utilization equipment. Power interconmections within the
utilization equipment or equipment system are excluded.

3.13 Voltage phase difference.  The voltage phase difference
is the difference in electrical degrees between the fundamental components
of any two phase voltages taken at consecutive zero or dc level crossings
of their instantaneous values traced in the negative to positive direction.

3.14 Voltage unbalance. Voltage unbalance is' defined as
the maximum difference among phase voltage magnitudes at the utilization
equipment terminals.

3.15 ‘ Overvoltage and undervoltage. Overvoltage and under—
voltage are those voltages which exceed the combined steady state and
transient limits for normal operation and are limited by the action of
protective devices.

4, GENERAL REQUIREMENTS

4.1 Alrcraft electric power system requirements.

* 4,1,1 Alrcraft electric power system performance. The air-
craft electric power system shall provide the electric power characteristics
as specified in this standard at the utilization equipment terminals during
all operations of the power system including operations from externally
supplied power sources but excluding periods of electrical starting of
the propulsion engines.
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4.2 Alrcraft utilization equipment requirements.
4,2, 1. Normal operation. When supplied electric power

characteristics as stated herein for normal operation, each utilization
- equipmént shall provide the full. performance required by its specification.

4,2,2 ‘ Abnormal or trensfer‘operation. When supplied electric
power characteristics.as stated herein for abnormal or transfer operation,
each utilization equipment:

‘ : a. shall be permitted a degradation or loss of
”function ‘unless required . otherwise by its apecification, and

. b. shall not produce a damaging or unsafe condition,
and : o : »
c. ehall automatically recover full speclified performance

“when the electric power characteristics are restored to the normal operation .
limits ‘herein.

o &4, 2 3. C Starting operation or emergency operation. When the
,detail specification for the utilization equipment requires operation during
starting operation or emergency operation, then the utilization equipment
shall provide the.full performance required by. its detail specification
when supplied electric power characteristics as stated herein for starting
operation -0F emergency operation.

,4.2.4 . Partial power failure. The failure of one or more
. phases of ac power or the loss of power to any input terminals of equip-
" - ment which' require ac and de power shall not result in an unsafe condition.

. o 4 2.5 “AC phase power utilization. Loads greater than 0.5

" KVA utilizing ac power shall be configured to utilize 3-phase steady state
balanced power within the limits of Figure 1. Single phase power shall be
ﬂused only on a line~-to-neutral basis. -

Co* 4.3 . . External power source requirement. The external
* “‘electric power source shall provide the electrical power characteristics as
specified in this standard at the power input connections of the aircraft
‘électric utilization equipment during all operations from external power with
. the steady state voltage drop between the alrcraft external power receptacle
and the aireraft utilization equipment terminals as follows:

(1) AC feeder voltage drop of 0 to 5 volts.
{2) DC feeder voltage drop of 0 to 2 volts.
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5.  DETATL REQUIREMENTS ° B

5.1 - Transf:r performance characteristics. Under ccnditions,
of bus or pover mource transfers, voltage shall be between zero volts and '

normal electric aystem operation characteristics for no 1onger than 50
nilliseconds.

5.2 AC power characteristies. -
5.2.1 Type system: AC ﬁower characteristics are thoee of a

single~-phase or three-phase wye-comnected neutral or ground return system
having a nominal voltage of 115/200 volts and a nominal frequency of .

400 Hz. The only alternate standard is a nominal 230/400 volts when .
specifically authorized. The voltage magnitude limits for the 115/200
volts standard shall apply proportionally to the 230/400 volts standard.
The power characteristics specified herein can take place on each phase -
independent of other phases unless otherwiae specified.

5.2.2 Phase sequence. The phase sequence shall be ArB—C
corresponding to aircraft wire designations, see Figure 2.

5,2.3 . AC normal operation characteristics. o

5.2.3.1 " AC steady state characteristics. _The ac’ ateady atate .
characteristics shall be in accordance with Table 1. T

5.2.3.2 . AC transient characteristica.

5.2.3.2.1 AC voltage transients. The ac voltage transients shall
be within the limits of. Figure 5. .

5.2.3.2.2 AC frequency transient.

5.2.3.2.2.1 ‘Transient limits. The ac frequency transienta shall
be within the limits of Figure 6. :

5.2.4 AC abnormal operation characteristice.

5.2.4.1 AC overvoltage and undervoltage. The ac-overvoltage
and undervoltage values shall be within the limits of Figure: ?.-

5. 2 4.2 AC overfrequency and underfrequency. ‘The ac over—
frequency and underfreqnency values shall be within the limits of Figure 8.

5.2.5 Ac emergency operation. All aircraft electric power
characteristice in ac emergency operation shall be the same as for normal
operation except for steady state voltage and steady state frequency.
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5.2.5.1 . AC emergency steady state voltage. The ac steady state
voltage in the emergency operation shall be within 104 to 122 volts.
5. 2 5.2 - - AC emergency steady state frequency. The ac steady
state frequency in the emergency operation shall be within 360 to 440 hertz._
. S 3 , DC pawer characteriatics. - .
5.3.1 Type system., DC power characteristics are those of a

direct current two-wire or ground return system having a nominal.voltage. .
of 28 volts. The only alternative standard is a nominal 270 volts when
‘specifically authorized. : .

5.3.2 A DC normalvopefation cﬁaracteristics. The de normai
operation characteristics shall be in accordance with Table II.

5.3.3 DC abnormal operation characteristics.

5.3.3.1 28 volts system. The dc overvoltage and undervoltage
values for the 28 volts (nominal) dc system shall be within the limits of
Figure 12,

5.3.3.2 270 volts system. The dc overvoltage and undervoltage
values for the 270 volts (mominal) dc system shall be within the limits of
Figure 13.

5.3.4 DC emergency or steady atate voltage.

5.3.4.1 28 volts (nominal) dc system. The dc éteady staﬁe
voltage in the emergency operation shall be within 16.0 to 29.0 volts.

5.3.4.2 270 volts (nominal) dc system. The dc steady state ‘
voltage in the emergency operation shall be within 240 to 290 volts.

5.3.5 DC electrie starting operation. The de voltage in
electric starting operation shall be within 12.0 to 29.0 volts.

6. NOTES
The material in this section is not a mandatory part of this standard.

v 6.1 Supersession data. This issue of MIL~-STD-704D super-—

sedes all previous issues of MIL-STD-704 for new designs. Previous issues
of MIL~-STD~704 remain in effect to cover the procurement of previously
‘designed equipment. Copies of previous issues shall be retained as needed,
and will no longer be stocked by the government.
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6.2 Intérnational standardization agreement. Certain
proviesions of this standard are subject to intermational standardization
agreements: NATO STANAG 3456 and ASCC Air Standard 12/10. When chaunge
notice, revision or cancellation of this standard is proposed that will
affect or violate the international agreement’ concerned, the preparing
activity will take appropriate reconciliation action through international
standardization channels, including departmental offices, if required.

6.3 Changes from the previous issue. The margins of this
revision. are marked with an asterisk to indicate where changes (additions, .
modifications, corrections, deletions) from the previoue revision were
made. This was done as a convenience.only and the Government assumes no
liability whatsoever for any inaccuracies in these notations. Bidders and
contractors are cautioned to evaluate the requirements of thig document
based on the entire content irrespective of the marginal notations and
relationship to the. last previous revision .

Custodians: S : ' Preparing activity:

Army - AV » Navy - AS

Navy - AS o (Project No. nISC~0392)
Alr Force - 11 ) )

Reviewer activitiea:..
Navy - YD, EC; SH
Army - CR, ER, MI, TE

User activities:
Navy - MC
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Table I.

AC Normal Operation Steadg State Characteristics (See 5.2.3.1)

Characteristics

Limits

Voltage

Voltage unbalance

Voltage phase differénée

~ Waveform distortion factor
Waveform distortion apéctrum
Crest factor -

DC coqponent

.Frequeucy

Frequency deviation

Frequency drift rate

108.0 to 118.0 volts
3 volts maximum

116° to 124°

.05 maximum

AFigufe 3

1.31 to 1.51

40.10 to ~0.10 volts
393 to 407 hertz
Figure 4

15 hertz per minute
maximum
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Table II.

»

DC Normal Operation Characteristics gSee 5.3.2)

Characteristics | "~ . Limits
28 volts (nominal) 270 volts (nominal)

DC system DC system
Steady state vt;ltage 22,0 to 29.0 volts ‘| 250 to 286 ;rolts
Distortion factor 0,035 maximtm N 0.008 maximum
Distortion spectrum - "Figure 9 ; : | Figu?e 9 _
Ripple amplitude LS volts maxtmum 6.0 volts gxax:ljnum
Voltage transient | figure 10 : Is‘igﬁre 11

e
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Total 3~phase Load (KVA)

30

28

24

20

16

12

3-PHASE UNBALANCE
LOAD (KVA) | ~ (VA)
——

0.5 100
1.0 200
4.0 390
7.0 500
12,0 650
20.0 825
24,0 900
27.0 950
30.0 1000

Utilization Equipment (See 4.2.5)

10

///;/
//
—/
200 400 600 800 1000
Maximum Unbalaunce (VA)
Figure 1. Unbalance Limits for 3-Phase
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FUNDAMENTAL COMPONENT ~
OF PHASE VOLTAGE .

VOLTAGE.
PHASE DIFFERENGE

Figure 2. Phasor Diagram Showing Required Phaee Sequence
Relationship (See 5.2.2) .
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Figure 5. Eunvelope of AC Voltage Tranaient
l!ll.;lnI!j(lsrrlif.l.?ﬁ.!ll)nl . IRSNRN
NEA . L AL 4. L
* NOTE: Limits shown do not apply to vfif[ltaga spikes
- having a duration of less than 50 microseconds.
These are -controlled by MIL-E-6051.
180 eiul st
. 4-4.

160
w N Maxiaon Lintt
4 H
=
g

140
*
[
g
b}
S
o 120
é Return to Steady
'§ State Limits i

]

By

100

HH
Minimum Limit
1 -
80
60
0 .02 04 .06 08" .10 .12

Time from Onset of Transient, Seconds
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Frequency, Hertz

430

. 425 -

420

410

400

390

380

375

370

MIL~STD~704D
30 September 1980

. Maximum Limit

407

Hertz

Minimum Limit

393
" Hertz .

T T T 7T T T T T T

2 3 4 5 6 7 -8 9 10 - 12

. Time from Onset of Tramsient, Seconds

¥igure 6. FEnvelope of AC Frequency Transient
(See 5.2.3.2.2.1)

15 .
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Frequency, Hertz

500 -

490
480
470
460
450
440
430
420
410
400
390

380

YSEREID 1080

—d

Overfrequency Limit

)

425 Hertz

——d

Unﬂerfrequeﬁcy Limit

370 - , . 315Hertz

0

g
j  pa— T | — T T T
0 1 2 3 4 5 6 7 8 -9 10

Time from Onset of Overfrequency or Underfrequency, Seconds

Figure 8. Limits for AC Overfrequency or
Underfrequency (See 5.2.4.2)
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Time from Onset of Transient, Seconds

19

1
ifgure 10. Envelope of Voltage Transient
for 28 Volts (Nominal)DC System
50 (See Table II) -4
TTHITYTITTITTI I I iR R e vvrrTrerntes s 1]
OTE: Limits shown do not apply to voltage spikes 1
having a duration of less than 50 microseconds. -
Thegse are controlled by MIL-E-6051. -+
- Maximonm Linft -
40
2
30
:20 H t
Minimum Limit
10 -
v .05 .10 .15
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These are controlled by MIL-E—GOSI.
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