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BRITISH STANDARD : AEROSPACE SERIES
, " SPECIFICATION FOR ;. = .

o~

GENERAL REQUIREMENTS FOR A]RCRAFT
'ELECTRICAL EQUIPMENT AND
INDICATING INSTRUMENTS
Part 3. Characteristics of aircraft electrical systems

FOREWORD

This revision of British Standard 2G. 100: Part 3: 1960 has been prcpareci to bring the standard up to date in the light of
modern requirements for aircraft electrical systems. 1t includes information on transient voltage and system stability.
The draft is gencrally in conformity with ISO and other international agreements.

SPECIFICATION

1. GENERAL
1.1 SCOPE

This part of British Standard 2G.100 details the essential
general characteristics of systems for the gcncranon, dis-
tnbutlon and utilization of electrical power in aircraft,

The limits quoted in the standard arc based on the
following assumptions:

(I) Normal loading of the system is bclwecn 159, and
85%, of system capacity.
(2) Load balance in a.c. systems is such that under
_ steady state conditions the maximum difference in
VA loading on the three phases is not more than
5% of the total three-phase capacity.

(3) Power factor in nc. systcms s betwccn 0 8 Iag- .

and 1-0.

1.2 GENERAL REQUIREMENTS
1.2.1, Every system shall be so designed that normal

service maintenance will ensure the retention of its specified
characteristics throughout the full range of operauonal and -
cnv:ronmcntal conditions likely to be v..ncounlcred in the

aireraft in which it l5 msta][ed

1,2.2. The electrical power sourccs, Whlch may be a, c or
d.c. generators, invertors, transformer-rectifier units andfor
batteries, shall be so designed and controlled as to ensure

that the characteristics of clectrical power: the utilization

equipment terminals are in accordance v v the: require-

ments of this British Standard, and shall tx . Jinstalled and .

protected that the failure of any power source and its dis-

connection from the system docs not result in subsequent .

impaired pcrformancc of tlw remammg powcr sources.

'

Pnce 15,’- net

1.3 DETIN[TIONS

For the purposes of this British Standard the l'o]lowmg
definitions apply:’

(1) Electrical system. A cornbmallon o[‘ power sources and
utilization equipment connected lo a common mam
distribution point. ‘

NOTE. There may be more than ¢ne power source on each system
and more than one sysiem in each aircraft electrical installation.
(2) System capacity, The total nominal capacily of the
power sources under the prescribed operating and environ-
mental cenditions in the aircraft.

(3) Normal system operation. The conditions: wh:ch obtaln .
* when making those operations necessary Lo ensure that the

clectrical system performs all the - intended ‘functions
required for the completion of the, aircraft flight and no
fault occurs, These opcrat:on‘"s'"’é"ccur at any instant and any
number of times during flight preparation, take-off, air-
borne condltlons, landing and taxying. Examples of such
operations are switching of utilization equipments, cngine

- speed changes,” busbar sw:tchmg, synchromzatlon and

paralicling of electrical power sources.

(4) Abnormal system operation. The condmons which atise
due to unexpected but temporary interruption or degrada-
tion of control of the ¢lectrical system. Such conditions are

O AMos

relatively rare and occur at random. They can result from, -

for example, loss of a supply source, the failure of a control
circuit, or a powcr source short eircuit and thc subsequent
clearing by protective devices.

(SY Emergency system operarion. That condition of thc eIcc-
trical system during flight when the primary clectrical

* §oUTCE Or Sources are unable to supply sufficient or proper
. electric. power, thus requiring thc use of a lirited alter—
: natwesource orpower. R L SRR CI
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" (6) Average r.m.s, value of phase quantities. The acithmetical
sum of the individual phase r.m.s. values divided by the
. number of phases, :

.. (0) Steady state conditions, Conditions which prevail at any
;- o fixed load between zero and full rated toad during normal
.- system operation when only inherent or natural charnges
-" oceur, i.e. no fault occurs, and no deliberate change is made
" to any part of the system,

(8) Transient. The changing condition of a characterisiic
which usually goes beyond the steady state limits wid
returns to the steady state limits within a specified time
period.

A surge is a variation from the controlled steady state

‘level’ of a characteristic, resulting from the inherent
‘' regulation of the electric power supply system and
- remedial action by the regulator.

+ A spike is a high frequency oscillatory voltage of high
- amplitude resulting from the switching of inductive
..circuits. When' converted to a nori-oscillatory voltage
:. of lower amplitude by means of suitable suppression
" devices it is referred to as a suppressed spike.
. NOTE. Ia this British Standard transient overvoltages have been
" ‘converted to equivalent step function values on the basis of excess
.volt-seconds over the normal volt-second input. The general method
* of conversion is shown in Fig. 1. Transient undervoltages are
converted by a similar procedure based on the voltseconds in defect
of the normal voli-seconds input.

(9).Toral harmonic content. The total r.m.s. voltage remain-
".ing when the fundamental component of a complex wave
lS removed. .

(10) Freguency modulation, The cyclic or random variation,
or both, of frequency about a mean value during steady
" state operation of an electrical system. The modulation is
‘nurmally"within a narrow band of frequency and could
+ occur, for example, as a result of speed variations in a
. generator rotor due to drive speed regulation or oscillations
.in the rotor coupling. " - ‘

.(11) Frequency drift. The slow and random variation of the
-controlled frequency level occurring for example, as a
result of environmental effects or wear on the power drive
ystem. v ,

(12) Voltage modulation. The cyclic or random variation,
t both, of the peak value of a.c. voltage about a mean
svalue during steady state operation. 'The modulation
_envelope iz formed by the continuous curve Jjoining
uccessive peaks of the basic voltage wave, :
* (13) Ripple. The cyclic or random variation, or both, of
. voltage about a fixed d.c. voltage level during steady state
" opération of a d.c, system, - ‘

(14) Volt drap. The difference between (he voltage at the
*point of regulation and that at the power input terminals
-of the equipment. .~ -

"(15) Utilization equipment. Any Individual unit or any
unctional group of units to which, as a whole, clectric
- power is applied, Utilization equipment falls into the three
" categories listed below according to the allowance for volt
- drop which can be made in the aircraft installation. Where
“thie supply is through a generator or regulated transformer
rectifier unit (TRU), the d.c. voltage drop may be increased
y.Lvolt: © .. o

is of limited application for use only if required by the
ndividual aircraft specification.

Categorji A‘(\}'bit drdp 2 volts on a.c. or | volt on de.) .

Category B (volt drop 4 volts on a.c. or 2 volts on d.¢.)
covers the majority of aircraft electrical equipment.

Category C (volt drop 8 voltsona.c, or 3 volts on d.c.)
is for intermittently operated equipment.

(16} Trip band steady state limits. The outer limits of the
bands between the normal operating limits and the guaran-
teed trip limits within which the protective devices will
operate. These limits apply only during abnormal system
operation.

2. CONSTANT FREQUENCY ALTERNATING
CURRENT SYSTEMS

NOTE, This section states the characteristics of the electric power ar
the terminaly of the urilization equipment and alse includes in 3.6 and
Fig, &d the corresponding voltages at the point of regulation.

The characteristivs apply 1o line io neniral quentitics; fine 1o line
characteristics shall be us a result of the line to newtral characteristics
heing as specified. .

2.1 NOMINAL CHARACTERISTICS

2.1.1. The constant frequency a.c. supply system shall be
115/200 volis, 400 Hz, star connccled, three phase, four
wire. Unless otherwise specified, the neutral point of cach
source of supply shail be connccted to the aircraft structure
which may constitute the fourth wire.

2.1.2, Loads on the electrical system shall be so installed
that under steady state conditions the maximum difference
in VA loading on the three phases is not more than 5%, of
the total three-phase capacity of the system, i.e. 15% of the
rated phasc capacity.

2.2 PHASE SEQUENCE

For purposes of terminal marking, proper motor rotation,
etc. the phases shall be identified by the letters A, B and C
in such a way that the voltages in the phases so marked
atlain (heir maximum values in the order A-B-C.

2.3 STEADY STATE FREQUENCY

The steady state frequency shall remain within a 10 Hz
band during any one flight (which may extend up to 10
hours continuous operation). This band may be symmetric
or asymmetric about the preset [requency, but the fre-
quency shall not at any time exceed the limits 380 and 420
Hz, The rate of frequency variation due to drift shall not
exceed 15 Hz per minute. o

2.4 FREQUENCY MODULATION

Frequency variations due to modulation shall be such that,
during any one-minute period of steady state operation, the
maximum departure {from the average frequency does.not
exceed 4 Hz. The rate of frequency variation due to
moedulation shall not exceed 25 Hz per second.

2,5 TRANSIENT FREQUENCY

' 2.5.1. Transient changes in frequency resulting froninormal

system operations (including load switching from 10% 1o
852 and from 85 %, to 10% of system capacity) shall not
exceed 10 Hz and shall lic wholly within limits 5 and §
of Fig. 2, These requirements apply also lo emergency

" system operations (see 1.3 (5)). - ‘
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2.5,2. Transient changesin frequency resulting from normal
system operations (including load switching from 20% 1o
170% and 170% to 20% of system capacity) shall not
exceed 30 Hz and shail lie wholly within limits 3 and 4 of
Fig. 2. The rate of change of frequency during these
transients shall not exceed 250 Hz per second for any
period longer than 15 milliseconds. These requirements do
not apply to emergency system operations.

2.5.3. Transient changes in frequency resulting from ab-
normal system operations shall not exceed 60 Hz and shall
lie wholly within limits 1 and 2 of Fig. 2. The rate of change
of frequency during these transients shall not exceed 500 Hz
per second for any period longer than 15 milliseconds.
These requirements do not apply to emergency system
operations.

2.6 STEADY STATE VOLTAGE

Under steady state conditions including load unbalance as
detailed in 2.1.2 and when the overall system power factor
lies between 0-8 lag and 1-0:

(1) the voltages at the terminals of utilization equipment
shall be wilhin the limits shown in Table 1:

(2) the spread between individual phase voltages shall
not exceed 3 volts;

(3) the displacement between phasc voltages shall be
within the limits 116 and 124 degrees.

27 YVOLTAGE MODULATION

2.7.1. The modulation of phase voltage shall not exceed
3.5 volts measured as the peak to valley difference between
the max ,num peak voltage reached and the minimum peak
voltage reached on th modulation envelope during any
one second period of sicady operation.

2.1.2, Thefrequency components of Lthe voltage modulation
envelope waveform shall be within the limits specified in
Fig. 3. :

2G. 100 : Part 3, Janvary, 1968

28 TRANSIENT VOLTAGES
(see also Appendix A)

2.8.1. During normal system operation (including load
switching from 10% to 85% and from 85% to 102 of
system capacity) voltage surges, when converted to their
equivalent step functions (see 1.3 (8)) shall lic within
limits 5 and 6 of Figs. 4a, 4b or 4c as appropriate.
These requirements apply also to emergency system
operations (sce 1.3 (5)).

2.8.2. The cquivalent step functions of voltage surges
resulting from normal system operations (including load
switching from 20% to 170% and from 170% to 209 of
system capacity) shall be within limits 3 and 4 of Figs.
4a, 4b or 4c as appropriate, These requirements do not
apply to emergency system operations.

2.8.3. The cquivalent step functions of voltage surges
resulting from abnormal system operations shaill be within
limits 1 and 2 of Figs. 4a, 4b or 4c as appropriate. These
requirements do not apply to emergency system operations.
NOTE. When busbars feeding motor loads are transferred from one

generator 1o another, voltages not cxceeding twice normal phase
voltage may result for periods of up to 5 milliseconds.

- 2.9 VOLTAGE WAVLEFORM
(see Appendix B)

Under steady state conditions the voltage wave form shall
be such that:
(1) the r.m.s. value of the total harmonic content does
not excecd 83 of the fundamental r.m.s. voltage;
(2) no individual harmonic exceeds 5% of the funda-
mental voltage; ‘ ‘
(3) the waveform is within the envelope given by
Vp (005 + sine 0} where Vp sinc 6 is the equation
for the fundamental.

210 EMERGENCY POWER SUPPLIES

2.10.1. Under steady state conditions when operating from
an emergency power source, the frequency shall lie within

TR
e R g

TABLE 1
Equipment Individual phase limits Average of 3 phase Hmits
category .
Normal Trip hand Emergency Normal Trip band Emcrgency
outer limits " puter limits I
v v v v v v
A 110-118 104-124 106-122 111-5-116-5 105-5-122:5 108-120
B 108-118 102-124 104-122 109-5-116-5 103-5-122-5 - 106-120
C 104-118 98-124 100-122 105-5-116-5 99:5-122.5 102-120
NOTE. Corresponding voltazes ot the point of regulation are as follows:
Individuat phase limils Average of 3 phase limits -
Normal Trip band Emergency Normal Trip band " Emergency
outer Hmlls outer limits
v v v v v v
112-118 . 106-124 . 108-122 ‘ 113-5—1716-5 ] . 107;5—122-5 /110-120
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the limits 360 and 440 Hz. Over this range the vellage

shall comply with the emergency limits shown in Table 1.
 Below 360 Hz the ratic frequency/voltage shall not fall

below 3-4,

2.10.2. The spread bctwcen individual phase voltages shall

.not exceed 4 volts,

3. YARIABLE FREQUENCY ALTERNATING
CURRENT SYSTEMS

NOTE; This section states the characteristics of the elecirie power
at the terminals of the utilization equipment, and also includes in
3.4 and Fig. 4d the corresponding voliages at the poinr of regulation.

) The characteristics apply to line to neuiral quantities; fine to line
characteristics shall be as a result of the line to nentral characteristics
bemg ays specified.

31 NOMI.NAL CHARACTERISTICS

) 3.1 1. The variable frequency a.c. supply system shall be
-, 115/200 volts, star connected, three phase, four wire. Unless
. otherwisc speciﬁed, the neutral point of each source of
supply.shall be connected to the aircraft structure which
- may consutute the fourth wire.
" 3.1.2. Loads on the electrical system shall be so installed
. that under steady state conditions the maximum difference
- in VA loading on the three phases is not more than 5%
. of the total three-phase capacity of the system, i.e., 15%
.oof the rated phase capacity.

3.2 PHASE SEQUENCE

." ' For purposes of terminal marking, proper motor rotation,

.- etc,, the phases shall be identified by the letters A, B and
" » Cin such a way that the voltages in the phases S0 marked
attmn thelr maxnmum values in the order A-B-C

3.3 FREQUENCY CHARACTERISTICS

) ,The maximum frequency shali not excead 1000 Hz. Since
"ground testing of the aircraft equipment will be done at a
. nominal 400 Hz the frequency range shall include this value
~and, preferably, the minimum frequency should not be
‘lower than 320 Hz. -

3.4 STEADY STATE YOLTAGE

B Under steady state conditions including load unbalance
as ‘detailed in 3.1.2 and when the overall system power
:.-factor lics between 0-8 lag and 1-0:

: (l) the voltages at the terminals of utilization equipment
.. shall be within the limits shown in Table 1 (see 2.6 (1));
(2) the spread between individual phase voltages shall
. . . not exceed 3 volts in normal system operation and
.. 4volts in emergency system operation;
7 '(3) the "displacement between phase voltages shall be
. wilhin lhe limits 116 and 124 degrees.

'3.5 ' VOLTAGE MODULATION

3 5.1. The modulation of phase voltage shall not exceed
* 3-5 volts measured as the peak to valley difference between
. the maximum peak voltage reached and the minimum peak
- voltage reached on the modulation envelope during any
. one second period of steady state operation.

. 3.5.2, Thefrequency components of the voltage modulation
i envelope. waveform shall bc within the limits specified in
: Flg 3 :

Mraly i,

‘4

3.6 TRANSIENT VOLTAGES
(sce also Appendix A)

3.6.1, During normal system cperation (including load
switching from 10% to 85% and from 85Y; to 103 of
system capacity), and when the frequency lies bctwcc.n
380 Hz and 420 Hz, voltage surges, when converted to th.?lr
equivalent step functions (see 1.3 (8)) shall lie within limits
5 and 6 of Figs. 4a, 46 or 4c as appropriate. Al any higher
frequency (), the departures [rom nominal voltage shown
in limit 5 should be multiplied by the factor f/400. These
requircments apply also to emergency system operations.

3.6.2. The equivalent step functions of voltage surges
resulting fron1 normal system operations (including load
switching from 20%/ 1o 170%; and 170%; to 20% of sysiem
capacity) when the frequency lies between 380 Hz and 420
Hz shall be within the limits 3 and 4 of Figs. 4a, 4b or 4c as
appropriate. At any higher {requency (f) the departures
from the nominal voltage shown in limit 3 should be multi-
plied by the factor f7400. These requirements do not apply
to emcrgency system operztions.

3.6.3, The equivalent step functions of the vollage surges
resulting from abnormal system operations when the
frequency lics between 380 Hz and 420 Hz shall be within
limits 1 and 2 of Figs. 4a, 4b or 4c as appropriate. At any
higher frequency (f) the departures from nominal voltage
shown in limit 1 should be multiplied by the [actor f/400.
These requirements do not apply to emergency system
operations.

NOTE. When busbars feeding motor loads are wransferred [rom

onc gencralor to another, voltages not exceeding twice normal phase
voltage may result for periods of up o 5 milliseconds.

3.7 VOLTAGE WAVEFORM
(Sce Appendix B)

Under steady state conditions the voltage wavelorm shall
be such that: :

(1) the r.m.s. value of the total harmonic content does not
exceed 89 of the fundamental r.m.s. voltnge;

(2) no individual harmonic excceds 5/ of the funda-
mental voltage;

(3) the waveform is within the cnvetope given by
Vp (£ 0-05 4 sine 0) where #p sine 0 is the equatron
for the fundamental,

4. DIRECT CURRENT SUPPLIES

NOTE:! This section states the characteristics of the eleciric power
ar the terminals of the wtilizatlen equipment, and also includes in
4.2 and Fig. 5d the corresponding voltages at the point of regular .

41 NOMINAL CHAIL-’\CTERISTICS'

The direct current supply system shall be two wire, nominal
28 volts. Unless otherwise specified, the negative terminal
of each source of supply shall be connected to the aircralt
structure which may constitute the second wire.

4.2 STEADY STATE YOLTAGE

Und:_:r_ sleady state conditions the voltages at the terminals
of utilization equipment shall be within the limits shown in
Table 2.

e —
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TABLE 2
Equipment Normal Trip band i Emergency
category puter limits I
Ly v i v
A | 2529 | 235305 | 174
B | 2429 22.5-30-5 | 16-29
C \ 2323 | 215-305 \L 15-29
i
I |

NOTE. The correcponding voltages at the point of regulation are:
Normal Trip band Emergency
2610 29 24.5 10 30.5 18 to 29

4.3 TRANSIENT VOLTAGES
(Sce alse Appendix A)

4.3.1. During normal system opcrations (including load
switching from 10% to 859, and from 85% to 10% of
system capacity) voltage surges, when converted to their
equivalent step functions (1.3 (8)) shall lie within limits
5 and 6 of Figs. 5a, 5b or Sc as appropriate.

4.3.2. The equivalent step functions of voltage surges
resulting from normal system operations (including load
switching from 20% to 170% and from 170%; to 20% of
system capacity) shall be within limits 3 and 4 of Figs. 5a,
5b or Sc as appropriate.

4.3.3. The cquivalent step functions of voltage surges
resulting from abnormal system operations shall be within
limits 1 and 2 of Figs. 5a, 5b or 5¢ as appropriate.

4.3.4. Under all conditions of operation (including load
switching) voltage spikes, suppressed or otherwise, shall
not result in peak voltages in excess of —250 volis nor
in rise times of less than 0-1 millisecond,

NOTE. Rise time is the intcrvnl between 1034 and 90% of the
maximum vollage,

4.4 RIPPLE

4.4.1. With no battery connected, ripple on the d.c. supply
shall be such that under steady state conditions the
maximum departure from the average d.c. level is less than
2 volts.

4.4.2. Frequency components of the tipple shall be within
the limits shown in Fig. 6.

5, UTILIZATION EQUIPMENT
NOTE. This Section details limits for those aspects of wiifization

equipment which may adversely affect the characieristics of electric’

power stpplled to other equipmenis.

5.1 POWER REQUIREMENTS

5,1.1. The specification for the utilization equiprhent shall
state the type(s) of electric power to be used and, subject to

2G. 100 : Part 3," January, 1968

the relevant requirements of this Section, the equipment
shall give its specified performance when supptied with the
appropriate power having the ranges of characteristics
specified in Sections 2, 3 or 4 of this British Standard.

5.1.2, The individual specification shall also state the
degrees of degradation of performance permitted in specific
regions of normal and abnormal system operation.

5.1.3. Utilization equipment should preferably be designed
to requirc only one type of supply. Where additional
supplies, or supplies having characteristics differing from
those of the main supply, are required in an cquipment,
they shall be provided by devices within, or ancillary
to, the utilization equipment.

52 PHASE POWER

Unless otherwise stated in the individual specification:

(1) a.c. equipment consuming 500VA or more shall be
designed for a three-phase supply;

(2) three phase equipment shall require equal phase voit-
amperes as {ar as is practicable; in no case shall the
phasc volt-ampere difference between the phases
with the highest and lowest loadings, assuming
‘balanced voltages, exceed the limits shown in Fig. 7.

53 POWER FACTOR

Under steady state conditions, the power factor of a.c.
equipment 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 Fig. 8.

5.4 INFLUENCE ON ELECTRICAL SUPPLY SYSTEM
. iwee Appendix A)

5.4.1, There shall be no influence exerted by the utilizaticn
equipment on the characteristics of power at the input to
its terminals which would cause these characteristics to
go beyond the limits specified in Sections 2, 3 or 4.

5.4.2, A.c. cquipment shall be designed so that in normal
operation it does not feed back direct current to the supply
system (¢.g. half-wave rectification of a phase supply).
5.4.3. The design of electric and electronic eguipments
together with the characteristics of the aircraft circuit in

. which they are to be used shall be such that:

(1) they are not adversely affected by any transient which
may occur on the distribution system;

(2) operation, including switching, does not adversely
affect other equipments in the aircralt.

5.4.4. Variations in volt drop (see 1.3 (14)) induced by
variations in load within utilization equipment shall not,
at the terminals of the equipment, cause voltage modula-
tion, ripple or transients to go beyond the limits specified
in Sections 2, 3 or 4. o :
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