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FOREWORD

ISO (the International Organization for Standardization} is a worldwide federation
of national stanfards institutes (ISO member bodies). The work of developing
International Standards is carried out through ISO technical committees. Every
member body interested in a subject for which a technical committee has been set
up has the right [to be represented on that committee. International organizations,
governmental angl non-governmental, in liaison with 1SO, also take part in the work.

Draft Internatiohal Standards adopted by the technical committees are circulated
to the member|] bodies for approval before their acceptance as International
Standards by thel ISO Council.

International Sftandard [SO 1540 was developed by Technical Committee
ISO/TC 20, Airdraft and space vehicles, and was circulated to the memberibodies
in July 1976.

It has been apprgved by the member bodies of the following countties :

Australia Germany Spain
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Belgium Ireland United Kingdom
Brazil ltaly U.S.A.

Canada Mexico U.SS.R.
Czechosloyakia Philippines

The member bodly of the following country expressed disapproval of the document
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France
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INTERNATIONAL STANDARD

I1SO

1540-1977 (E)

Aerospace — Characteristics of aircraft electrical systems

1 SCOHE AND FIELD OF APPLICATION

1.1 Thip International Standard specifies the character-
istics of |electrical power supplied to the terminals of air-
borne equipment and defines limits for those aspects of
utilizatign equipment which may adversely affect the
charactefistics of electrical power supplied to other
equipment.

Its purppse is to achieve compatibility between airbarne
utilizatign equipment and aircraft electrical power supplies.
Ground jupport electrical power supplies will be the subject
of a sepdrate International Standard.")

1.2 The¢ characteristics specified in this International
Standard are based on the following assumptions :

1) the system capacity is not less than 1,5 kW;

2) the normal loading on the system is between 5 %
and 8b % of the power supply system capacity;

3) the load balance in a.c. systems is such\that under
steady-state conditions the maximum difference in line
currept on any power source does not.exceed 15 % of
the rdted current of that power sourcerand

4) the power factor in a.c. systems is between 0,8 lag
and 1,0 at loads between 30'% Jand 85 % of rated !oad,
and hetween 0,5 lag and_4,0/at loads between 5 % and
30 % [of rated load.

2 DEFINITIONS

2.1 elegtrical csystem (also called simply ‘‘system’’}: A
combination“of power sources and utilization equipment
connectg¢d to a main distribution point.

2.3 main power source : A generator, AIAsuaIly driven by

one of the aircraft propulsion “engin
conversion device (not forming part
equipment) installed to provide electrig
normal operation of the aircraft.

2.4 emergency power source: A gen
conversion device{not forming part of
ment) or a battéry, installed to provide
for essential purposes during conditions g
gency in flight.

2.5, normal system operation: The ¢
obtain when the electrical system perf
intended operations during the aircraft o
and when no fault occurs. Examples o
are switching of utilization equipmen
changes, busbar switching and paralleling d

Ps, Or a power
of utilization
al power during

prator, a power
itilization equip-
electrical power
f electrical emer-

onditions which
brms the various
perational period
such operations
s, engine speed
f power sources.

2.6 abnormal system operation : The copdition that arises

due to deterioration or loss of control
frequency, the magnitude and duration o
being limited by the protection circuitd
only occurs rarely and at random.

NOTE — In the event of a limited fault oc
steady-state voltage could be anywhere within t
state limits {ASSL) since these define the limits
protective system. Such a fault is extremely rar
revealed by a check of the system voltage, possi
ments of higher accuracy than those norma
aircraft.

f voltage and/or
f the disturbance
. This condition

urring, the system
he abnormal steady-
for operation of the
t and would only be
bly requiring instru-
ly installed in the

conditions that

2.7 emergency system operation : The

NOTE — There may be more than one power source on each system
and more than one system in an aicraft electrical installation.

2.2 power system capacity : The total nominal capacity of
the power sources in a system under the prescribed
operating and environmental conditions in the aircraft, due
allowance being made for any reduction in available power
in parallel operation,

1) In preparation.

arise in flight when the main power sources are unable to

provide sufficient or proper power, thus
the limited emergency power source(s).

requiring use of

2.8 steady-state conditions : Conditions that prevail at any
fixed load when only inherent or natural changes occur, i.e.
no fault occurs and no deliberate change is made to any

part of the system.
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2.9 utilization equipment: Any individual unit or any
functional group of units to which, as a whole, electrical
power is applied.

NOTE — in the interests of simplicity only values applicable to the
majority of aircraft electrical equipment are specified in this Inter-
national Standard. These are to be regarded as preferred values.

It is recognized, however, that for special applications equipment
may be required to operate over narrower, or alternatively, wider
voltage ranges. For such special applications appropriate minimum
values of steady-state voltages and step-functions of voltage must be

2.20 voltage modulation: The cyclic and/or random
variation of the peak value of a.c. voltage about a mean
value during steady-state electrical system operation caused,
for example, by voltage regulation or speed variations.
The voltage modulation envelope is formed by the conti-
nuous curve joining successive peaks of the basic voltage
wave.

221 voltage modulation frequency components: The
components at individual frequencies that together make

specified in the relev]

2.10 earth (gro
normally the ref
the negative of t

TIcation.

nd) : The primary aircraft structure is
renced earth, the neutral of the a.c. and
e d.c. in the power generation and power

utilization system§.

2.11 a.c. phase
shall be for any p

oltage : The a.c. voltages stated herein
ase of those supplied to utilization equip-

ment, a phase bejng considered the line-to-neutral (earth)
circuit at the eqyipment terminals. The voltage values are
r.m.s. values unless otherwise stated.

2.12 average r.n|.s. value : The arithmetical sum of the

individual r.m.s.
number of phases

2.13 transient :
characteristic tha

values of phase voltages divided by the

The short term changing condition of a
goes beyond the steady-state limits and

returns to the steady-state {imits within a specified time

period. For the
voltage transients

2.14 surge: A

burposes of this International Standard,
pre divided into surges and spikes.

variation from the controlled \steady-

state voltage levgl of a characteristic resulting~from the
inherent regulatign of the electrical power supply system
and remedial actign by the regulator.

2.15 spike: A v

priation from the surge level or from the

controlled steady-state voltage level” of a characteristic
resulting from thd switching of inductive loads. Such action

usually generates
high amplitude in

a train of-spikes, each of which attains
an extremely short time.

2.16 total harm¢nic_content : The total r.m.s. voltage or
current remainingwhen the fundamental companent of a

up the voltage modulation envelope

2.22 voltage ripple : The cyclic and/or random vEriation
of the d.c. voltage about a mean level during steafly-state
electrical system operation.

2.23 equivalent step-function : A mathematical flunction
that is used in this Internationall Standard to provide a
definitive basis for comparison.of actual surges recorded on
the electrical system with-the requirements stated herein.

2.24 crest factor ;. The crest factor of an a.c. voltage wave-
form is the ratio of\the peak to r.m.s. values.

NOTE — The following abbreviations are used in this Intefnational
Standard :

1) normal steady-state limits : NSSL
2)~abnormal steady-state limits : ASSL

3) emergency steady-state limits : ESSL

3 GENERAL REQUIREMENTS
3.1 Power systems

3.1.1 General

Every power system shall be designed so that norma] service
maintenance will ensure the retention of the sLecified
characteristics throughout the full range of operatignal and
environmental conditions likely to be encountered in the
aircraft in which it is installed. The electrical power|sources

shall be so designed and controlled as to ensure that the
characteristics of electrical power at the ut(lization
equipment terminals are in accordance with the

requirements of this International Standard and shll be so

complex wave-form is removed.

2.17 frequency modulation : The cyclic and/or random
variation of frequency about a mean frequency during
steady-state electrical system operation. It is normally
within a narrow band of frequency and it is often non-
sinusoidal.

2.18 frequency modulation repetition rate : The recipro-
cal of the period of the frequency modulation wave-form.

2.19 frequency drift : The slow and random variation of
the controlled frequency level within the steady-state limits.

2

installed and protected that the failure of any power source
and its disconnection from the system does not result in
subsequent impaired performance of the remaining power
sources.

3.1.2 A.C. power

The a.c. power system shall be three-phase, four-wire, star-
connected having a nominal voltage of 115/200V, a
nominal frequency of 400 Hz and a phase sequence A-B-C
{see figure 1). The neutral point of each source of power
shall normally be connected to earth (see 2.10), which shall
then be considered the fourth wire. Where an auxiliary
single-phase supply is provided, it shall meet the line-to-
neutral requirements stated herein.
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3.1.3 D.C. power

The d.c. power system shall be a two-wire system having a
nominal voltage of 28 V. The negative of each power
source shall normally be connected to earth, which shall
then be considered the second wire.

3.2 Utilization equipment

3.2.1 Utilization equipment shall maintain the specified
performance when supplied with power having the ranges

ISO

3) no individual
fundamental voltage;

harmonic exceeds

1540-1977 (E)

4% of the

4) the divergence of corresponding ordinates from

those of the equivalent sine wave

does not exceed

(15,6 + 5,6 cos26) % of the measured r.m.s. voltage,
where Vp sin 6 is the equation of the equivalent sine

wave.

415 Voltage modulation

of chardcteristics detailed herein and shall not degrade the
power g¢haracteristics beyond their limits. When use is
required of power having other characteristics or closer
tolerances than are specified herein, the conversion to other
charactefristics or closer tolerances shall be accomplished as
a part of the utilization equipment.

3.2.2 Tlhe individual specification for the utilization
equipmgnt shall state the degrees of degradation of per-
formande, if any, permitted in specific regions of normal,
abnormal and emergency system operations.

4 CONSTANT FREQUENCY A.C. POWER SYSTEM
CHARACTERISTICS

NOTE -} The characteristics below apply to the power at the
utilizatioh equipment terminals unless otherwise stated.

The vollage characteristics apply to line-to-neutral quantities;
line-to-line characteristics should be as a result of the line-to-neutral
values be}ng as shown.

All a.c. vpltage values are r.m.s. values unless otherwijse stated.

Transien
values.

surge r.m.s. voltages are derived from the recorded peak

4.1 Stgady-state characteristics

4,11 VWoltage

The individual phase voltages and average of the three
phase vpltages shall béwithin the limits specified in table 3.

4.1.2 Rhase displacement

The digplacement between the corresponding zero points
on the I/)ave-form shall be within the limits 118 and 122°.

The modulation—of phace—vaoltaaaLlinal
+H FROatHS P ge—

of frequency modulation) shall not“ex

maximum and minimum peak Veltages

iding the effects
eed 3,6V when

reached on the

measured as the peak-to-valley differelce between the

modulation envelope over a period’of at |

st 1s. Frequency

components of the modulation envelope Wave-form shall be

within the limits shown in'figure 2.

4.1.6 Frequency

The frequency of’main power supplies shiall be maintained
within the notmal limits 380 Hz and 42( Hz, or abnormal

limits 370 Hz and 430 Hz, and that of
supplies.within 360 Hz and 440 Hz.

NQTES

1*1t is acknowledged that many system
frequency limits held to much closer tolerance
they should be stated in the relevant specificatig

2 Where use of the emergency system is req
below 360 Hz, the voltage shall be so control
exceed the value given by f/3 where f is the frg
example at 300 Hz, the voltage shall not exceed

4.1.7 Frequency drift

Variation of the controlled frequency du
exceed £ 5 Hz and the rate of frequeng
exceed 15 Hz/min.

4.1.8 Frequency modulation

Freguency variations due to modulation
the departure from the average frequen
limits defined in figure 3.

bmergency power

have steady-state
5. When these apply
ns.

Lired at frequencies
ed that it does not
quency in hertz; for
100 V.

e to drift shall not
y drift shall not

shall be such that
by lies within the

4.2 Transient characteristics (see also anmex B)

4.1.3 Voltage unbalance

The maximum difference between individual phase voltages
shall not exceed 3 V in normal operation, and 4 V in emer-
gency operation.

4.1.4 Voltage wave-form (see also annex A)

The voltage wave-form shall be such that all the following
criteria are satisfied :

1) the crest factor lies between 1,31 and 1,51;

2) the r.m.s. value of the total harmonic content does
not exceed 5% of the fundamental r.m.s. voltage;

4.2.1 Voltage

4211 GENERAL

Surge voltages, when converted to their equivalent step-
functions (see 8.1), shall be within the limits of figure 4
for all operations of the aircraft system. The most severe
phase transient shall be used in determining conformity
with this requirement.

In addition to surge voltages the switching of equipments
will produce spike voltages. The test to demonstrate the
ability of equipment to withstand spike voltages is specified
in annex B.
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4,212 NORMAL SYSTEM OPERATION

4.2.1.21 Limits 5 and 6 of figure 4 apply when switching
loads from 5% up to 85% and down to 5% of power
system capacity. Limits 3 and 4 apply switching loads
from 10% up to 170 % and down to 10 %, this condition
representing switching loads that include motor loads.

4.2.1.2.2 Under conditions of busbar switching or transfer
an interruption of the a.c. supply is likely to occur. The
exact duration of-the—interruption—wit—be—defined—in—the

5.1.2 Phase displacement
As4.1.2.

5.1.3 Voltage unbalance
As4.1.3.

5.1.4 Voltage wave-form

As4.1.4.

individual system specification, but may be between 0
and 200 ms durihg which the voltage may be any value
between zero andl the applicable steady-state limits. Upon
completion of [the interruption, the equivalent step-
function of the voltage transient shall be within limits 3 and
4 of figure 4.

4213 ABNORMAL SYSTEM OPERATION

Limits 1 and 2 of|figure 4 apply.
4.2.2 Frequency

4221 GENERAL

Frequency transipnts shall be within the limits of figure 5
for all operations|of the aircraft system.

4222 NORMAL SYSTEM OPERATION

Limits 5 and 6 of figure 5 apply when switching loads from
5% up to 85 % apd down to 5 % of power system capacity.
limits 3 and 4 apply when switching loads from 10 % up_to
170% and down to 10 %, this condition representing
switching loads which include motor loads.

4223 ABNORMAL SYSTEM OPERATAQN

Limits 1 and 2 of|figure 5 apply.

5 VARIABLE FREQUENCY A.C.’POWER SYSTEM
CHARACTERISTICS (INCLUDING ROTORCRAFT
APPLICATIONS

NOTE — The characteristics below apply to the power at the
utilization equipmgnt~terminals of a variable frequency system
having a generator|input speed ratio of 1:1,5. Where the speed

5.1.5 Vo/tage modulation
As 4.1.5.

5.1.6 Frequency

The frequency of the power supplies shall be majintained
within the limits 320 Hz and 480-Hz.

5.2 Transient characteristics {see also annex B)
5.2.1 Voltage

5.2.1.1 GeNERAL

Surge voltages, when converted to their equivalent step-
functions-(see 8.1), shall be within the limits of [figure 6
for allhoperations of the aircraft system. The most severe
phase transient shall be used in determining corfformity
with this requirement.

In addition to surge volitages the switching of eqliipment
will produce spike voltages. The test do demonstrate the
ability of equipment to withstand spike voltages is gpecified
in annex B.

5.2.1.2 NORMAL SYSTEM OPERATION

5.2.1.2.1 Limits 5 and 6 of figure 6 apply when syitching
loads from 5% up to 85 % and down to 5% of power
system capacity. Limits 3 and 4 apply when switchipg loads
from 10% up to 170 % and down to 10 %, this cgndition
representing switching loads that include motof loads.

5.2.1.2.2 Under conditions of busbar switching of transfer
an interruption of the a.c. supply is likely to ocgur. The

exact duration of interruption will be defined in the

is significantly different, suitably modified values of character-
istics must be specified in the relevant aircraft system/equipment
specification.

The voltage characteristics apply to line-to-neutral quantities; line-
to-line characteristics should be as a result of the line-to-neutral
values being as shown.

All a.c. voltage values are r.m.s values unless otherwise stated.

Transient surge r.m.s. voltages are derived from the recorded peak
values.

5.1 Steady-state characteristics

5.1.1 Voltage
As 4.1.1.

individual system specification, but may be between 0 and
200 ms during which 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 3
and 4 of figure 6.

52.1.3 ABNORMAL SYSTEM OPERATION

Limits 1 and 2 of figure 6 apply.

5.2.2 Frequency

Changes in frequency shall be such that the rate of change
of frequency does not exceed 65 Hz/s.
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6 D.C.POWER SYSTEM CHARACTERISTICS

NOTE — The characteristics below apply to the power at the
utilization equipment terminals.

All d.c. voltage values are mean values unless otherwise stated.

6.1 Steady-state characteristics

6.1.1 Voltage

The voltage shall be within the limits shown in table 4.

1SO 1540-1977 (E)

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 3 and 4 of figure 8.

6.2.1.3 ABNORMAL SYSTEM OPERATION
Limits 1 and 2 of figure 8 apply.
NOTE — Figure 8 represents transient surges on d.c. systems

powered by wide speed range d.c. generators or by T.R.U.s
{tr -rectifier-unit supplied from a variable frequency

NOTES

1 Aircraft employing d.c. electric engine starters normally
experience low d.c. system voltages during the starting cycle; equip-
ment tha{ is required to operate or be left switched on during this
cycle shotld be so identified in the individual specification which
should alsp define the appropriate voltage ievels.

2 Equiprhent operated from a battery system with an integral
battery charger may be subjected to voltages in excess of the values
in table 4. Appropriate voltage levels should be specified in the
individuallequipment specification.

6.1.2 Moltage ripple

With nolbattery connected, ripple on the d.c. supply shall
be such |that the maximum departure from the mean d.c.
level is less than 2 V, when measured in accordance with
the requjrements in 8.2.

The r.mls. values of individual cyclic components of the
ripple shiall not exceed the values shown in figure 7.

6.2 Transient characteristics

6.2.1 Mo/tage

6.2.1.1 [GENERAL

Surge vpltages, when converted.-to—their equivalent step
functior}s, shall be within the\limits of figure 8 for all
operatidns of the aircraft system. The most severe transient
shall be|used in determining/conformity with this require-
ment.

In addition to sufge ‘voltages the switching of equipment
will prdduce spike”voltages. The test to demonstrate the
ability gf equipment to withstand spike voltages is specified
in annex B

a.c. system. Where the power source is a T/R.lU. supplied from a
constant frequency a.c. system, reduced transient surges will result
as indicated in figure 9.

7 UTILIZATION EQUIPMENT

NOTE — This clause details/limits for those agpects of utilization
equipment which may_adversely affect the| characteristics of
electrical power supplied to other equipment.

7.1 Powerrequirements

The specification for the utilization equipment shall state
which of the types of power listed herein if required. Unless
the use of both a.c. and d.c. power will provide a significant
advantage in reliability, cost or waeight, utilization
equipment should obtain power exclusivel]y from one type
of supply. Equipment using both a.c. and d.c. input power
shall give specified performance whgn subjected to
simultaneous variations of a.c. and d.c. power within the
limits shown in clauses 4 or 5, and 6. The loss of either
power supply shall not result in an unsafe pondition.

7.2 Conversion

Equipment which requires power with characteristics
differing from those of the main supply| shall accept the
power as defined herein and convert it byl means of devices
integral with or ancillary to the utilizatijon equipment or
system.

7.3 Performance

The equipment shall give its specified pprformance when
supplied with the appropriate power hayjing the ranges of
characteristics specified in clauses 3, 4, 5|and 6, unless the

6.2.1.2 NORMAL SYSTEM OPERATION

6.2.1.2.1 Limits 5 and 6 of figure 8 apply when switching
loads from 5% up to 85% and down to 5% of power
system capacity. Limits 3 and 4 apply when switching
loads from 10% up to 170% and down to 10 %, this
condition representing switching loads that include motor
loads.

6.2.1.2.2 Under conditions of busbar switching or
transfer, an interruption of the d.c. supply is likely to
occur. The exact duration of the interruption will be
defined in the individual system specification, but may be
between 0 and 200 ms during which the voltage may be

dividua—equipmentspecification permits degradation in
specific regions of system operation. Any malfunction that
results from the interruption of the input power for any
period up to 0,2 s shall be declared. The equipment shall
be capable of withstanding the abnormal steady-state limits
of voltage (see tables 3 and 4) without damage, and shall
automatically return to normal operation when the system
returns to normal steady-state limits (NSSL).

Failure of one phase of the supply or of the equipment
supplied from three-phase power shall not result in an
unsafe condition. The individual specification shall define
the characteristics constituting an unsafe condition.

The equipment shall withstand the transient voltage test
specified in annex B.
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7.4 Influence on electrical systems

In order to limit influence by utilization equipment which
would tend to cause the characteristics of power at the

input terminals

to go beyond the limits specified in

clauses 4, 5 and 6 :

1) where the
it shall be s

harmonic content does

line current in a.c. equipment exceeds 5 A
uch that the r.m.s. value of the total
not exceed 10% of the

fundamental r.m.s. current, unless otherwise agreed with

8 EXPLANATORY NOTES

8.1 Voltage transients

The several voltage transient curves given in this
International Standard are not intended to represent actual
surges; they are the envelopes of the step-functions for all
likely surges from which voitage levels for purposes of
design and/or test can be taken.

the aircraft sy

tem-desianer:
~ r

2) for equipment in which the toad is pulsed, the rate

and magnitud

e of current variation shall be minimized

and shall be agreed with the aircraft system designer;

3) equipment shall preferably be so designed that it

does not feed
(for example,

back direct current to the supply system
half-wave rectification of a phase supply).

Departures from this requirement shall be agreed with
the aircraft sygtem designer.

7.5 A.C. power

7.5.1 Three-phase

For loads rated

at 500 VA or more, three-phase power

shall be used, ynless otherwise agreed with the aircraft

system designer.

7.5.2 Single-phase

For loads rated
shall normally bq

at less than 500 VA, single-phase power
used. Equipment consuming more than

500 VA, which ig inherently single-phase in power require-

ment, shall prese
being internally
Single-phase load
and neutral.

nt, if practicable, a three-phase demand by
segregated into three single-phase loads.
k shall normally be connected between line

7.5.3 Phase load| balance

Three-phase equ
amperes as far as
difference betwe
agreed with the a

pment shall #4equire equal phase volt-
is practicable=Where there is a significant
bn the phase loadings, the limits shall be
rcraft.system designer.

754 Power factor

The spike voltage wave-torm given In annex is not
intended to represent actual spikes but is the invelope
within which all likely spikes may be assumed to be
enclosed for the purposes of design and test.

8.2 Voltage ripple

The voltage ripple appearing on the supply shall be
measured using a calibrated wide-band oscilloscope
(10 MHz minimum) at@ sweep time of 2,5 ms. An] oscillo-
gram shall be made,/The peak ripple voltages shall not
exceed the mean d.c. voltage by more than 2 V for either
polarity.

8.3 Equivalent step-functions of transient surges

An‘equivalent step-function is a reasonable r.m.s. equivalent
of a transient voltage surge. The curves indicate the time
duration for which the peak voltage of an actupl surge
should be applied to give the same effect as the whole
surge. A typical example of conversion of a transignt surge
to its equivalent step-function is shown in figure 11

8.4 Steady-state voltage limits

Tables 3 and 4 define the normal, abnormal and enfergency
values of voltage to which utilization equipment| will be
exposed during steady-state operation.

These voltage limits take into account the following factors :

1) the control limits of busbar voltage under halanced
load conditions;

2) the effect on busbar voltage of unbalanced system

Under steady-state conditions, the power factor of a.c.
eguipment shall be as near unity as is practicable; the full
load power factor on the worst phase shall not be less than
that shown in figure 10.

7.6 Standby (warm-up) power

For those modes of equipment operation in which
performance is not required but power is needed to
maintain the equipment at readiness, the power require-
ments should be kept to a minimum.

load;

3) an allowance for the voltage drop in the utilization
equipment supply cables.

NOTE — For three-phase equipment with unbalanced loads see
also 7.5.3.

The abnormal steady-state limits take into account the
extreme limits of under- and over-voltage protection devices
(see also the note in 2.6).

The build-up of these tolerances is given in tables 1 and 2.


https://standardsiso.com/api/?name=b1ebfce8502c2b8356cf7c90eb5597ec

TABLE 1 — Derivation of a.c. voltage limits

ISO 1540-1977 (E)

TABLE 2 — Derivation of d.c. voltage limits

Main system Emergency Main system Emergency
A.C. equipment system D.C. equipment system
\% Y \% \%

P busb P b

ower source busbar 112 to 118 108 to 122 ower source busbar 26 10 29 20 10 29
voltage voltage
Volt drop -4,+0 -4,+0 Volt drop -2,+0 -2,+0
Normal steady-state Normal steady-state
(imityHNSEH) 10810118 = FmitsHNSSL) 241029 -
UV gnd O-V trip band 10+ 14 B U-V and O-V trip band ey B
limits limits
Abngrmal steady-state Abnormal steady-state
limits (ASSL) 98 to 132 - limits (ASSL) 211032 -
Emergency steady-state Emergency steady-state
limitq (ESSL) 104 10 122 limits (ESSL) 181029

TABLE 3 — Steady-state a.c. voitage limits

115 V Phase voltage

(line to neutral)

¢

-

FIGURE 1 — Diagram of phase sequence and line designations

tndividual phase Average of the three individual phases
Normal Abnormal Emergency Normal Abnormal Emergency
{NSSL) {ASSL) (ESSL) {NSSL) (ASSL) (ESSL)
A \% \" \" \"
108 to 118 98 to 132 104 10122 109,5 to 116,5 100 to 130 106 o 120
TABLE 4 — Steady-state d.c. voltage limits
Normal Abnormat Emergency
(NSSL) (ASSL) (ESSL)
\Y \% \
24 to 29 211032 18 to 29
A

200 V Line voltage

{line to line)
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FIGURE 2 — R.M.S. voltage of components of voitage modulation envelope
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FIGURE 3 — Characteristics of a.c. frequency modulation
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FIGURE 4 — Envelopes for step-functions for a.c:-suirges (constant frequency systems)
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NOTE — Frequency transients occurring in the region below 1 ms are insignificant and therefore are not defined.

During busbar transfer the power supply may be interrupted (see 4.2.1.2.2 for details).

FIGURE 5 — Envelopes of frequency transients on a.c. supplies
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FIGURE 6 — Envelopes for step-functions for a.c. surges (variable frequency systems)
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FIGURE 8 — Envelopes for step-functions for d.c. surges
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FIGURE 9 — Envelopes for step-functions for d.c. surges where d.c. power source is a TRU fed
from a constant frequency a.c. supply
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N

+— | Trace of
| transient
A

e e e —_ | — 4 )*.;:7/_____

NSSL

Voltage (V)

Time (s) o

Trace offtransient. For d.c. surges, this is the actual-voltage trace; for a.c. surges, it is the envelope formed by foining successive
peaks on the voltage trace.

Voltage jcale. For d.c. transients this is the.actual voltage; for a.c. transients it is the actual peak value divided by 1,414.

Conversipn. This is based on excess voltiseconds over the normal volt-second input for overvoltage surges,|and on the volt-
seconds |n defect of the normal volt'se¢ond input for undervoltage surges.

V = Thelmaximum departure imvolts from the normal steady-state limits (NSSL).
T = The|period of time during which the voltage is outside the NSSL.

A = The|area in volt-seconds of that part of the trace which lies outside the NSSL.

A
T, 27( the duration of the step-function at the maximum voltage).

FIGURE 11 — Conversion of a transient voltage surge to its equivalent step-function
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ANNEX A

VOLTAGE WAVE-FORM MEASUREMENTS

A.1 As guidance for design and test purposes, the follow-
ing load is suggested as being to a large extent representa-
tive of the mixed loading in aircraft.

Where C is the

supply power to Ipads 1), 2) and 3) together.

NOTES

1

1) A balanced three-phase 0,8 lagging power factor load
of 0,6 C kW,

2) A three-phjase full wave bridge rectifier connected
through a delta-star transformer and feeding a resistive
load consuming 0,1 C kW with a smoothing choke in

P
series having an inductance of 03 X-—E H.
3) A three-phase full wave bridge rectifier connected

through a delta-star transformer and feeding a resistive
load consuming 0,05 C kW with a smoothing capacitor

oy
in parallel havihg a capacitance of 1,3 ><$uF.

p {rectifier odtput vol'tage)2

- (this is 1 when line voltage ratio
73 000

of delta-star transformeris 1 : 1).

400 Hz input Nﬁ

16

2 Inductances used as part of the test loads must be designed so

that the flux density is below the saturation level.

A.2 The circuit shown in figure 12 will give a direct

of corresponding ordinates from those of a sine/w

i i f very small divergences

ave. The

basic principle is to take a sample of the supply wave-form
and compare it with a pure sine wave, which’is eqyal to its
fundamental, the two being held synchrohous and ip phase.

The sine wave is obtained through alow pass filter from the

supply under test. A phase-adjuster (a synchro can
precedes the filter and provides infinite adjustment
angle between its output voltage and the supply

be used)
bf phase
oltages.

One line of the sample voltage is made common with one

line of the sinusoidallwoltage and the two free
connected to an oscilloscope, and to an harmonic
that is tuned.t6. the power supply frequen
differences in.phase angle and amplitude between

ines are
lanalyser
y. The
the two

fundamentals ‘are tuned out to register a zero regding on

the analyser. The voltages that then appear
oscilloscope show the divergence of the supply w
from sinusoidal value at all ordinates. By means of

on the
ve-form
switch,

a_given percentage of the peak value of the sine wave can be
displayed and this provides a reference for measyring the

amplitude of the divergence.

Yi
T O
Harmonic
analyser

10 %

Low
pass
filter

Phase-adjuster

Common

L To oscilloscope

L [ ]

Adjust amplitude

Switch positions :

@ gives ordinate deviation on Y1 and example of supply waveform on Yo

@ gives 10 % of fundamental wave-form

FIGURE 12 — Diagram of input circuit to oscilloscope
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ANNEX B

TRANSIENT VOLTAGE CHECK TESTS

The following are the recommended type tests to check
whether the transient voltage requirements have been met.
Owing to the impracticability of testing equipment by
applying a large number of different voltage levels at
varying durations, tests at one surge value and one spike

1540-1977 (E)

2) d.c. equipment (general) — 8 V for 50 ms;

3) d.c. equipment (for use on TRU supplies fed from a

constant frequency supply) — 13 V for

50 ms.

value shpll be made as indicated below. Tests B.1 shall be
applied [to all electrical or electronic equipment and test
B.2 shal| be applied, in addition, to any equipment contain-
ing a semi-conductor or other voltage sensitive device.
During [these tests the voltage appearing across critical
compongnts shall be monitored to verify that these
components are not electrically overstressed during the
application of the transient. Tests shall be conducted at
laboratofy normal ambient conditions unless otherwise
stated in the individual equipment specification.

B.1 TESTS FOR EFFECTS OF IMPORTED VOLTAGE
SURGES$

B.1.1 Qvervoltage surges

B.1.1.1 [With the equipment operating from a supply
within pormal steady-state limits, the voltage, measured
at the equipment power input terminals, shall belircreased
as follows : '

1) alc. equipment (constant frequency systems) —
180 Y r.m.s. for 100 ms;

2) alc. equipment (variable- frequency systems} —
210 ¥ r.m.s. for 100 ms;

3) dlc. equipment (genéral) — 80 V for 100 ms;

4) dlc. equipment&{for use on TRU supplies fed from
a constant frequency supply) — 45 V for 100 ms.

B.1.1.2 | Thé voltage surges so imposed shall not cause any
malfunctioning of the equipment and shall not result in
unsafe voltages being applied to any COmponent within the
equipment.

B.1.2 Undervoltage surges

B.1.2.1 With the equipment operating from a supply
within normal steady-state limits, the voitage, measured
at the equipment power input terminals, shall be reduced
as follows :

1) a.c. equipment — 58 V r.m.s. for 50 ms;

‘generating the spike may be used if the w

malfunctioning of the equipment and ‘shall not result in

B.1.2.2 The voltage surges so imposed s]:al.l not cause any

unsafe voltages being applied to any’com
equipment.

B.2 VOLTAGE SPIKE TEST

B.2.1 Purpose of thetest

onent within the

ment to wijthstand the effec_té of voltage

spikes that may

This test is intended to determine the Lbility of equip-

arrive at4heequipment on its power le
d.c. Thexmain adverse effects to be anticip:

a) » Permanent damage : transistor bu

breakdown.

b} Susceptibility : degradation, or
formance, of equipment.

B.2.2 Test arrangement — Circuit

generator shown is adequate. However,

s, either a.c. or
ted are :

rnout, insulation

Changes. in  per:

her methods of

A typical test circuit is shown in figui 13. The spike
t

with figure 14,
B.2.3 Test procedure
B.2.3.1 The transient wave shape shall bd

equipment under test disconnected and S,

Adjustment is made with a variable 0 to 3
The polarity of the transient is rever|
terminals 1 and 2 {see figure 13).

e-form complies

H

verified with the
open.

50 V d.c. supply.
ted by reversing

voltage(s), apply

With the equipment operating at its design

of positive and

negative spikes described in figure 14. The positive and
negative spikes should be developed and monitored in a
manner similar to that given in figure 13. Apply 50
transients of each polarity within a period of 1 min. Repeat
the test for each operating mode or function of the
equipment.

B.2.3.2 The voltage spikes so imposed shall not cause any
malfunctioning of the equipment and shall not result in
unsafe voltages being applied to any component within the
equipment.
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