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1. SCOPE

It is the purpose of this document to present design recommendations that will provide a basis for satisfactory and safe
electrical installations in transport aircraft. This document is not intended to be a complete electrical installation design
handbook. However, the requirements for safety extend so thoroughly throughout the electric systems that few areas of
the installation are untouched by the document. It is recognized that individual circumstances may alter the details of any
design. It is, therefore, important that this document not be considered mandatory but be used as a guide to good

electrical application an

d installation design.

Transport aircraft electric systems have rapidly increased in importance over a number of years until they are now used
for many functions necessary to the successful operation of the aircraft. An ever increasing number of these functions are
critical to the safety of the aircraft and its occupants. The greatly increased power available in electric systems is another

factor in aircraft safety
considered from the st
potential difficulties and
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event of conflict betw
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2.1 SAE Publications
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These considerations make it essential that aircraft electrical rlneign

hndpoint of safety and reliability. It is believed that this document will be
in solving many of the problems.

UMENTS
ns form a part of this document to the extent specified hereif. The latest is

pen the text of this document and references cited )herein, the text g
this document, however, supersedes applicable laws and regulations unle

ernational, 400 Commonwealth Drivey;Warrendale, PA 15096-0001, Tel
P4-776-4970 (outside USA), www.saeiorg.

ection, Application, and Inspectien of Electric Overcurrent Protection Devic
ctric Power, Aircraft, Charaeteristics and Utilization of
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ctrical Connectors and Wiring, Compatibility of
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sue of SAE publications

ble issue of other publications shall be the issue in effect.on the date of th¢ purchase order. In the
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3. CIRCUIT PROTECTION

3.1 Definitions, Principles, and General Recommendations

Circuit protection is broadly defined as automatic protection of a consequence limiting nature used to minimize the danger
of fire and/or smoke as well as the disturbance to the rest of the system, which may result from electrical faults or
prolonged electrical overload. With regard to faults, however, it should be remembered that no automatic protection
scheme or device can assure complete protection against fire when the device operates only after the fault has created
an arc or spark. Preventive measures for the physical protection of electric circuits, with the aim of eliminating circuit
faults, go hand in hand with automatic protective devices to provide the desired and necessary reliability and safety.

3.1.1  Circuit Protectors

Circuit protectors are d
are primarily intended t
will interrupt the fault

insulation begins to bur

3.1.2  Scope of Prote
It is desirable that all

"burning clear", a self-g
protector should be us

pvices that respond to excess current by opening the circuit, generally after
p protect electric wires rather than electric equipment. The protectorcshou
br overload current by disconnecting the affected wire from the,power

h or emit objectionable smoke. It should not be so sensitive as tocause nui

ction

circuits, including emergency circuits, be equipped.‘with an appropriate
learing characteristic of aircraft wire, is not a desirable or reliable method

some time delay. They
d be selected so that it
system before the wire
sance trips.

protective device. The
of protection. A circuit

bd at all points in a circuit where a change in glectric conductor size occlirs, unless a preceding

protector still provides adequate protection. Caution is emphasized for the cases where more than one wire is fed from a

single circuit protector.
providing adequate pn
aeronautical equipment
3.1.3

Equipment protection,

consideration. Maximum safe equipment utilization' is particularly important in emergency circuit

which may result in the
which is found to be n
protector. The wire for
protector of suitable rat

3.1.4 Dual Protection

Although both circuit g
protector), it should be]

Equipment Profection

bithough related to circuit protection, is actually a separate problem and {

inability of the aircraft:to’'maintain controlled flight). It is desirable that an
bcessary, be provided by protection incorporated in the equipment itself,
such a circuit should be properly selected to permit maximum utilization g
ng can then be\selected to protect the wire.

nd equipment protection are sometimes achieved by the use of a sing|
recognized that the characteristics of circuit protectors together with thg

The protector size required to handle the total current should not be larger than that capable of
otection for the individual wires. Since, Circuit protectors are not gerjerally "explosion-proof
', extreme care should be exercised toensure against locating protectors im vapor areas.

hould receive separate
5 (circuits the failure of
y equipment protection,
rather than by a circuit
f the equipment, and a

e device (i.e., a circuit
requirements for their

installation generally result in a Targe discrepancy between their current-time-to-trip characteristics and those that would
be required for both protection and maximum utilization of electric equipment. In particular, an attempt to achieve
automatic protection of emergency equipment by circuit protectors should be carefully reviewed to assure that no hazard
is involved. Equipment that must function in order to maintain a controlled flight should not be removed from the
immediate control of the pilot or crew. However, protection of nonemergency equipment, where maximum utilization is not
a requirement, may be acceptably accomplished by circuit protectors, provided this dual function is not allowed to conflict
with the basic requirement of affording protection to the wire associated with the equipment. Electromechanical Power
Controller/Relay devices can provide a trip-free means of sensing and controlling electrical energy. They are intended for
protection of AC and/or DC electrical systems, bus feeders, and electrical equipment. The general requirements for such
devices are defined in AS5363.
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3.2 Circuit Breakers

3.2.1 Definitions, Principles, and General Recommendations

Circuit breakers, as used here and as distinguished from fuses, are automatic circuit interrupting devices which are
capable of repeatedly performing their function to the prescribed set of conditions. Circuit breakers are generally preferred
to fuses from a convenience standpoint in that a fuse must be replaced when blown. Also, for the present aircraft types of
fuses, there is the possibility of replacement with an improper size or type.

3.2.1.1 Function of Circuit Breakers

A circuit breaker's basic function is to protect the aircraft wire. To do so it should be selected so that the thermal

characteristics of the

between the circuit breg
recommended to be us

3.2.1.2 Application o

Circuit breakers are de¢signed to match the thermal characteristics of aircraft wire. Therefore,

breakers for equipment
achieved more reliably
thermal characteristics
that otherwise occurs w
3.2.1.3 Effect of Amh
Circuit breakers are ge
temperature changes V
characteristic, as well

application of circuit br
lack of uniformity in the
other manufacturers. L
avoided unless precay
equipment. Considerati
3.2.1.4  Selection of (
In general, circuit brea
For emergency circuits

affect a safe landing),
protection. For these ¢

Bircrafi-wire—are—not—exceeded—making—due—allowance—for—differences—
aker and wire locations. Circuit breakers are designed as circuit protecti
bd as switches. Use of a circuit breaker as a switch will reduce the life-of th

Circuit Breakers

protection will generally not be satisfactory. The utilization and protection d
when the protection is built into the equipment. Su¢h )protection can be

here the equipment and the protector are at different locations in the aircra
ient Temperature on Circuit Breakers

nerally uncompensated thermal deviges influenced by ambient temperat
ill affect the circuit breaker minimum trip current as well as its trip time
bs the wide variation in trip times,’as allowed by AS58091, must be giv
bakers. Although circuit breakers are designed for compliance to a given
characteristics comparing.a-circuit breaker made by a particular manufacty
esigning to the charactetristics of a single manufacturer's circuit breake
tions are taken to guard against service replacement being made wit
bn should also be given to the effects of mutual heating of adjacent circuit b

Circuit Breakers\(See also 3.2.1.5)

ers should)be selected on the basis of the lowest rating that will not resu
(circuifs. the failure of which may result in inability of the aircraft to maint
it is~essential that the circuit breaker be of the highest rating possib
redits, it is especially necessary that the wire and breaker combination s

n ambient temperature
bn devices and are not
b circuit breaker.

he application of such
f equipment usually are
designed to match the

of the equipment being protected and will not be affected by differences in ambient temperatures

t.

Lire variations. Ambient
bt higher currents. This
en consideration in the
specification, there is a
rer with those made by
rs should generally be
h other than specified
reakers.

It in nuisance outages.
bin controlled flight and
e consistent with wire
upplying the power be

carefully engineered, taking info account short fime fransients (e.g., motor starfing, abnormally

igh current due to low

temperature operation, etc.) in order to insure maximum utilization of the vital equipment without circuit interruption.
ARP1199 and ARP4101/5 provide information on selection and arrangement of circuit breakers. Circuit breakers used on
circuits that do not have individual switches should be of a type that will permit disconnecting the circuit manually (i.e.,
toggle type or push-pull type). Conventional circuit breakers should not be used in 270 volt dc powered systems.
Electronic solid state power system controllers are recommended for such applications to minimize the possibility of
shock hazard and wire damage.

3.2.1.5 Nonemergency Circuit Breaker Selection

For nonemergency circuits it is desirable to select the circuit breaker, or other protector, on the basis of the lowest rating
consistent with reliable equipment operation. Careful engineering, or testing, or both, is recommended to demonstrate the
effectiveness of such protection under service conditions, since circuit protectors are not generally applicable as
equipment protectors.
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3.2.1.6  Location of Circuit Breakers

Control of circuit breakers whose operation could affect safety of flight should be readily accessible to the crew during
aircraft operation. Circuit breakers generally should be located so they are accessible for resetting in flight and should be
located as close to the bus as possible so that there is a minimum of unprotected wiring. There will be instances where
circuit breaker locations other than accessible in flight will result in the minimum of unprotected wiring (provided that
operation of the aircraft is not prejudiced, such locations are considered satisfactory). MIL-E-7080 may be used as a
guide for electrical equipment installation design.

3.2.1.6.1  Circuit Breaker Connection to Buses

When it is necessary to connect loads of less than 50 A to large capacity buses, the circuit protectors should not be rigidly

tied to the bus for the f

a. The characteristics
high rate of heat trg

b. The calibration of
circuit breaker.

c. A short jumper bet
have to interrupt in

3.2.2 Interrupting Ca

In selecting circuit brg
consideration with resp
definite electrical fire h
burnout of the circuit 4
breaker case. Howeve
impossible. The use of
with adequate interrupt
5000 to 10,000 A unds
less than 6 ft, Tests fon
length of wire to be uj
breakers selected be @
appreciable change in ¢

3.2.2.1  Special Circu

For circuits where voltg

llowina reasons.:
g r

of the circuit protectors are changed when they are attached directly to'a |z
nsfer from the protector to the bus.

ome circuit breakers is changed when a heavy mechanical load is applied

veen the bus and the circuit breaker will tend to limit.the short-circuit curre
high current DC systems.

bacity of Circuit Breakers

akers for various applications, it is important that the interrupting cap
ect to both current and recovery voltage. Failure of a circuit breaker to is
hzard from overheated wiring and equipment and increases the possibilit
reaker would be less hazardous'provided no flames, sparks, or molten
r, re-establishment of the circuit in flight after such an opening wou
an adequate fuse in such a‘case would have been preferable. In view of th
ng capacity should be seleeted for high capacity buses of large systems, w
r short-circuit conditiohs. ‘When anticipated, lead lengths from the bus to

bed with the breakers should be used in the precalibrated circuit. It is h
apable of clearing the maximum possible short-circuit current several tim
alibration.

it Applications

rge bus because of the

to the terminals of the

ht that the breaker may

acity be given careful
blate a fault presents a
y of electrical arcing. A
metal escape from the
I[d almost certainly be
e facts, circuit breakers
hich may be capable of
the circuit breakers are

interrupting capacityyshould be conducted with wires selected from AS50881 Table 1. The actual

ghly desirable that the
es without suffering an

ge or current may exceed normal aircraft circuit breaker ratings, special aftention should be given

to the circuit breaker selection and the application should be substantiated by test. Examples of such applications are
generator fields, variable frequency systems, and high voltage DC systems.

3.2.3  Trip-Free Circuit Breakers

A trip-free circuit breaker is one which cannot be maintained closed while a tripping condition persists (i.e., manual
overriding of the trip mechanism is impossible).

3.2.3.1 Recommendations for Trip-Free Circuit Breakers

Circuit breakers are intended to provide circuit protection. Being able to hold a circuit breaker closed against a high fault
current is not in the interest of aircraft safety. To obtain maximum equipment utilization in emergency circuits (circuits the
failure of which may result in the inability of the aircraft to maintain controlled flight and affect a safe landing), the circuit

breaker should be trip-free (nonoverride) and of the highest rating consistent with wire protection. It is recommended that
all circuit breakers be trip-free (nonoverride).
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3.2.4 Non-Trip-Free Circuit Breakers

A non-trip-free circuit breaker is one that can be maintained closed by manual override action while a tripping condition
persists.
3.24.1 Recommendations for Non-Trip-Free Circuit Breakers

There appears to be no reason for requiring non-trip-free (override) circuit breakers in the emergency circuits. Proper and
careful application of trip-free (nonoverride) circuit breakers with appropriate wire sizes can provide any degree of
equipment utilization desired. For extremely vital aircraft functions, consideration may be given to the use of parallel or

alternate circuits, using duplicate circuit breakers and possibly duplicate equipment. In the interest of aircraft safety, it is
recommended that non-trip-free (override) circuit breakers not be used.

3.2.5 Automatic Resclat Circuit Breakers

Automatic reset circuit

opening or closing. The
reduces the temperatur
above ambient.
3.2.5.1 Recommend
In general, automatic
analysis and test.

3.2.6 Remote Circuit
Remote circuit breake
sensitive element plus
operated circuit breake

voltage, possibly withot
considered in any app

opening under maximum short-circuit current.

3.2.6.1 Low Voltage
In order to avoid circuit
latch or other suitable g
latch type circuit breaks

3.26.2 Ratingand T

breakers are generally of the thermal type and have no provisions \for ma
y are, therefore, trip-free (nonoverride) in opening and are arranged to rec
e of the trip element to a value that is usually well below the tripping tempe

htions for Automatic Reset Circuit Breakers

eset circuit breakers should not be used for (circuit protection. Any use

Breakers

's comprise a solenoid operated centactor having its solenoid circuit ¢
a manual switching and trip indieating device. This latter device often
I arranged to trip whenever the:remote breaker trips. Opening of the con
t overcurrent, is an undesirable feature of this type of breaker. This undes
ication of these breakers:-In any event, the contactor should be selectg

DOperation of Remote Circuit Breakers
rrangement, which will hold it down to 0 V. Special consideration should be

rs under.low voltage conditions.

ype)of Remote Circuit Breakers

hual operation either in
0se as soon as cooling
rature but considerably

should be justified by

ontrolled by a current
consists of a manually
actor due to low circuit
rable feature should be
d on the basis of safe

interruptiondue to low voltage, remote circuit breakers used for circuit profection should employ a

given to the tripping of

Where a circuit breaker is used for the trip indicating device mentioned, it is recommended that it be of the trip-free type.
Using a non-trip-free circuit breaker allows overloading the control circuit wire when an attempt is made to reset it before
the remote breaker current sensitive element has recycled. This situation is to be avoided. In general, the circuit breaker
should be the lowest current rating available, consistent with its continuous load, so as to give the earliest possible
indication that the remote breaker has tripped. Consideration should also be given to the difference between the tripping
time of the indicating breaker and the recycling time of the current sensitive element of the remote breaker. For these
reasons, a low tripping time should be used for the indicating device.

3.2.6.3 Connections for Remote Circuit Breakers

The remote breakers presently available can be connected in any of several methods so as to provide trip-free, non-trip-

free, or automatic recycling operation. It is recommended that all remote breakers be connected so as to provide trip-free
action.
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3.2.7 Magnetic Circuit Breakers

Magnetic circuit breakers make use of a trip mechanism that functions in response to the magnetic effect rather than the
heating effect of the current carried by the thermal circuit breaker. Magnetic trip mechanisms are substantially
independent of ambient temperature and can be effective in opening a circuit in a matter of milliseconds although some
means of slowing down the action is usually incorporated. This feature tends to avoid nuisance outages due to current
surges of short duration, which may occur frequently without doing any harm. Since the trip characteristics of magnetic
circuit breakers may be affected by mounting position or vibration, the location chosen for such breakers should be
thoroughly analyzed to ensure proper operation.

3.2.7.1  Application of Magnetic Breakers

General use of magnefic—circuit-breakers—is—discouraged-since-theircharacteristics—are-less-standardized than thermal
circuit breakers. If they|are used, the same principles of application apply. Due to lack of standardization, more individual
study is generally needed for the application of the magnetic type. Because of the diverse time-cprrent characteristics of
magnetic circuit breakefs, their application and coordination with other protection should be\earefully investigated.

3.2.7.2 AC-DC Tripp|ng Characteristics of Magnetic Breakers

Magnetic breakers generally have different tripping characteristics for AC and’DC. Depending upon the degree of time
delay offered, they mgy trip upon the peak or average AC currents rathef than the rms valug. Thermal breakers, in
contrast, operate mainly on a heating principle and, therefore, their AC and BC characteristics are pssentially the same.

3.2.8 High Voltage Applications of Circuit Breakers
The selection of circuit preakers for high voltage circuit protection, requires careful evaluation and should be substantiated
by test wherever satisfactory data are lacking. As circuit breaker operating voltages increase, ¢lose attention must be
given to possible changes in operating characteristics stated:\for lower voltages. Additional possible failure modes change
in interrupting capacity gt altitude, arcing at altitude, and>personnel protection.
3.2.8.1  Selection, Ingtallation, and Testing of Hijgh:Voltage Circuit Breakers

Voltages in excess of [115/200 V applications, should utilize specially designed breakers. The [installation procedures
should be determined gnd be tested to prove, their adequacy under all anticipated operating conditions.

3.2.8.2 Safety Consiflerations for High' Voltage Circuit Breakers

Breakers used on systgms operating at voltages considered hazardous to personnel should include safety considerations
such as terminal protection andiinsulated handles or buttons.

3.2.9 Multiple-Pole Circuit Breakers

Circuit breakers in which a single actuation controls more than one pole are called multiple-pole breakers. A major
application of this type of circuit breaker is in three phase AC systems. The following are the two major types of multiple-
pole circuit breakers:

a. Trip-free

b. Companion trip

3.2.9.1  Trip-Free Multiple-Pole Circuit Breakers

A trip-free multiple-pole breaker is one in which no pole may be maintained closed while a tripping condition persists on
any pole or combination of poles.
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3.2.9.2 Companion-Trip Multiple-Pole Circuit Breakers

A companion-trip multiple-pole circuit breaker is one in which the unfaulted poles may be maintained closed while a
tripping condition persists on one pole or combination of poles; however, the faulted pole(s) is trip-free. This device is
essentially three single pole circuit breakers mechanically tied together so that when one circuit is faulted all trip
simultaneously.

3.2.9.3 Application of Multiple-Pole Circuit Breakers

Multiple-pole circuit breakers should be used where the opening of one phase may result in an unsafe condition. The

calibration of the trip-free multiple-pole circuit breakers may be affected by unsymmetrical loading. In addition, the
operating mechanisms of this type unit tend to be somewhat complex. Consideration may be given to the use of

companion-trip multipl
forces of multiple-pole ¢
units.
3.2.94 Use of Singlg
Single-pole circuit breg
tripping. The single-pol
identified.

3.3 Fuses

3.3.1  Definitions, Prin
A fuse is an overcurre
passage of overcurrent
affect to some extent
characteristic should n
equipment and system
greater aircraft safety. |

pnln circuit hreakeors if the r\nmrr\lnfn +rip free feature is not rnqllir’nd h\]/ th

ircuit breakers may be somewhat higher than single pole units thereby limi

-Pole Circuit Breakers in Multiple-Pole Circuits

kers may be used to protect multiple-pole circuits if there-gexists no requ
e units should be grouped for the convenience of the ©perating personn

ciples, and General Recommendations

nt protective device with a circuit opefing fusible member directly heated

application. Operating
ing the location of such

irement for companion
bl and their association

and destroyed by the

Being a thermal device it will be influenced by ambient temperature varigtions. These variations

the fuse minimum "blowing" eurfent as well as its "blowing" time af
bt be overlooked in applying fuses. Normally a fuse is used to provide ci
protection aspects should-ndtbe overlooked. Many times consideration o
[0 perform the circuit proteetion function, fuses should be selected to matcH

the thermal characterisiics of aircraft wire.

3.3.1.1

The inverse-time or o
electric equipment. B¢
temperature of the elec
short-circuit protection.

Overload Characteristics of Fuses

erload chataeteristics of fuses generally differ from the thermal or ove

higher currents. This
‘cuit protection, but the
f the latter can result in
, insofar as practicable,

rload characteristics of

cause fuses are seldom located or designed to respond ideally to changes in the ambient

tric equipment, they do not provide good equipment protection. Generall
If some degree of equipment protection is desired, they will be selected to

they can provide only
overprotect the electric

wire.

3.3.1.2 Selection of Fuses (See also 3.3.1.3)

In general, fuses should be selected on the basis of the lowest rating that will adequately protect the wire and not result in
nuisance outages. For emergency circuits (circuits the failure of which may result in the inability of the aircraft to maintain
controlled flight and affect a safe landing), it is essential that the fuse be of the highest rating possible consistent with wire
protection. For these circuits it is especially necessary that the wire and fuse combination supplying the power be
carefully engineered. Short time transients (e.g., motor starting, abnormally high current due to low temperature
operation, etc.) should be considered in order to ensure maximum utilization of the vital equipment without circuit
interruption.

3.3.1.3 Nonemergency Circuit Fuses

For nonemergency circuits it is desirable to select the fuse on the basis of the lowest rating consistent with reliable
equipment operation. Careful engineering and/or testing are recommended to demonstrate the effectiveness of such
protection under service conditions.
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3.3.1.4  Location of Fuses

Fuses should be located so that they are accessible for replacement in flight. They should be located as close to the bus
as possible to achieve the minimum of unprotected wiring. In providing the minimum of unprotected wiring, there will be
instances where fuses are located in areas other than accessible in flight. Such locations are considered satisfactory
provided that operation of the aircraft is not compromised.

3.3.1.5 Ventilation of Fuses

Fuses, particularly high capacity units, dissipate considerable energy, and their installation should allow for heat rejection
so that the temperature rise of the fuse(s) does not exceed that of the wire and so that the mutual heating of two or more
fuses does not adversely affect the desired tlme current curve or contlnuous ratlng of the fuse. Also, care should be taken
to ensure that the rejegted-he cqupled to the bus in the
vicinity of the fuses.

3.3.2 Application of Huses

Either fuses or circuit b
whose failure endange

reakers may be used for circuit protection except that circuit breakers are greferable on any circuit
rs safety of flight. This preference is primarily due to the-fact that resetling a circuit breaker is

believed to be safer andl quicker than changing a fuse. The hazard of replacing fuse with one of the wrong current rating

or of creating an accide
breakers also provide
wider range of ratings &
of circuit breakers rateg
transformers, etc. with

devices in series, extréme care should be used to ensure proper coordination. In addition, fu

vibration or shock; th

ntal short-circuit in an open fuse panel is increased during the stress of flight emergencies. Circuit
more positive trip indication than do fuses. However, presently availablel fuses provide a much
nd trip characteristics than are now available with.eircuit breakers. In partigular, the nonavailability
at 1 A or less has led to the general practice,of protecting equipment sugh as instruments, small
ow current fuses. When the nature of a circuiit requires mixing different types of circuit protective
es may be affected by
brefore, care should be exercised inythe selection of type and locatipn so that satisfactory

performance will result.

3.3.3 Fuse Specificafions and Designations
is MIL-F-15160. The
the various fuses. Due
ary to establish closer

The general specificajion covering nonrenewable AC and DC instrument and power fuses
specification and the Mjlitary Standard drawjrigs describe the physical and electrical properties of
to the wide tolerance [in blowing time allowed by the military specification, it may be necess
tolerances for particulaf applications.

3.3.4 Fuse Types
Fuses are generally c

ARP1199, ARP4101/5
paragraphs list some of

assified\by their physical dimensions, materials of construction, and the
and>SAE J554 provide information on selection and arrangement o
the Military Standard fuses considered applicable for commercial aircraft u

ir electrical properties.
f fuses. The following
Se.

3.3.4.1 Cartridge Type Fuses - Ferrule Connections - Glass, Plastic, or Ceramic Case Material
See MIL-F-15160/1 through /5, and NAF 1357.

3.3.4.2 Cartridge Type Fuses - Bolt On Connections - Fiber, Plastic, or Paper Sheet Case Material
See MIL-F-15160/36 through /39.

3.3.5 Fuse Materials

Fuses should be fabricated of fracture-proof material and be specially constructed to withstand aircraft vibration. They
should have firmly attached ends and a convenient means of extraction.
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3.3.6 Connections for Fuses

Fuse clips, when used, should be beryllium copper, suitably plated for environment protection. Bolted connections are
preferable to spring clips for high current applications. Loose or high resistance fuse connections cause excessive
heating with danger of nuisance circuit opening and possible arcing. Any substitute methods of attachment not
conforming to these recommendations should be thoroughly investigated and proved by test. It should be especially noted
that dirty contacts and heating of the fuse clip tend to draw the temper of the spring material and further weaken its
contact pressure. The blowing characteristics of a fuse directly bolted to a high capacity bus may be affected by heat
transfer through the bolted connection. Specification tolerances on fuse blowing characteristic are so broad that the effect
is probably negligible except for special cases where close coordination is being attempted on the basis of a particular
manufacturer's product and special tolerances.

3.3.7 Fuse Time-Current-Characteristics

Figure 1 shows some generalized inverse time-current curves for fuses and AC and DC limiters’

3.3.71 Normal Fuse

UJ

In general, normal fuse§ are designed to do the following:

a. Carry 100 to 110% Jrated current continuously.

b. Blow at 135% of raled currentin 1 h or less.

c. Have interrupting capacities up to 10,000 A.

3.3.7.2 Slow-Blow Fiises

In general, slow-blow fyses exhibit the following characteétistics:

a. Carry 110% of rated current continuously.

b. Blow at 135% of rafed current in 2 h or less.depending on the size.
c. Blow at 300% of rated current in 6, 15,)or 30 s minimum depending on the type and time-currept characteristic.
d. Have interrupting c@pacities up\to-10,000 A.

3.4 Limiters

3.4.1 Definitions, Principles, and General Recommendations

A limiter is an overcurrent protective device whose fusible element is specifically designed with a considerably higher
temperature melting point than the usual fuse. It is usually used in distribution systems and on large utilization feeders to
provide system or short-circuit protection. Circuit breakers are preferable to limiters in emergency circuits, or any circuit
whose failure might jeopardize the safety of flight, and because of their more satisfactory inverse time-current
characteristics and ease with which they can be reclosed.

3.4.1.1 Effect of Ambient Temperatures on Limiters

Limiters are not appreciably affected by changes in ambient temperature normally encountered in aircraft. This is due to
the high melting temperatures of the fusible link used in the limiter construction.
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3.4.1.2  Wire Protection with Limiters

Limiters are not designed to match the thermal characteristics of aircraft electric wire. A limiter chosen to provide
complete wire protection will have less short time (high current) overload capacity than either a circuit breaker or a slow-
blow fuse, thereby overprotecting the wire and preventing the wire from being used to the full extent of its short time-
current capacity.

3.4.1.3 System Protection with Limiters

Limiters are designed specifically to isolate any portion of an electric power distribution system that may be drawing fault

current quickly enough to prevent voltage collapse or damage to the generating system. The difference between fuse and
limiter applications may be illustrated by two examples as follows:

a. Power leads from the bus to the engine starter are normally subjected to severe overloading for a short time only.
Proper protection of such a wire, still allowing for maximum utilization of a small light wire,"Can best be achieved by a
slow-blow fuse or ofher protector designed with a current-time characteristic conforming’elosely to that of the wire.

b. In contrast, the power leads from a main bus to a sub-bus usually carry current continuously. Moltage drop limitations
and the nature of the loads usually result in conditions in which maximum utilization of the wirg is not required. There
is, however, the need for isolating this feeder should it or the sub-bus become grounded or ghort-circuited. This can
be accomplished very well by a limiter. Under short-circuit conditions this limiter will open and relieve the main bus
and generating sysfem more quickly than a slow-blow fuse.

3.4.1.4 Application of Limiters

In summary, limiters arg useful for isolating high capacity wires whose short-circuit current might
generating system if prptection were based on maximum utilization of the wire, while slow-blow f
are best for realizing mpximum wire utilization. High capacity: limiters, in general, need not be acc
in flight. The nature of fhe faults to be cleared generally.'makes it undesirable to be able to repla

collapse or damage the
Ises or circuit breakers
essible for replacement
ce such devices during

flight, and their usual Idcation at a main bus would usually make it difficult and unsafe to attempt feplacement until power

could be removed fron the bus. Limiters should betinstalled to allow for proper heat rejection. A
transfer to a high capagity bus should be avoided;-particular care should be taken to prevent insta
limiters in such a way|that this rejected heat may cause an overheat condition to develop in
equipment to which thg limiter may attach¢/ himiter installations should be arranged in such a way
strain will not be impoged in the limiter link or case. When the nature of a circuit requires usi
limiters in a series arrangement, extreme care should be used to ensure proper protector coordina

3.4.2 Types of Limiters

Limiters are available in two-types as follows:

Ithough excessive heat
ing high rating fuses or
adjacent equipment or
that undue mechanical
g circuit breakers and
ion.

a. For 28V DC systems

b. For 200/115 V, three phase 400 Hz systems

Neither of these types is entirely suitable for 120 V DC systems and, therefore, their use in this application should be

given special consideration.

3.4.2.1  AC Limiters (Fuses)

AC limiters and their holders are covered by MIL-F-5372 (ASG), AS53731, and MS24000 and AS24001 (AC Limiters).
The specification and the Military Standard drawings describe the physical and electrical properties of the various limiters.
Due to the wide tolerance in blowing time allowed by the military specifications, it may be necessary to establish closer
tolerances for particular applications.
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3.4.2.2 DC Limiters

DC limiters and their bases are not covered by military specifications.

3.4.3

Limiter Time-Current Characteristics

Limiters in general exhibit inverse time-current characteristics somewhat similar to fuses. The similarity and differences
can readily be seen in Figure 1.

3.4.3.1  AC Limiters

AC limiters are generall

y designed to do the following:

a. Carry approximatel

b. Blow at 240% rated

c. Have interrupting ¢

3.4.3.2 DC Limiters

DC limiters are design
continuously. The sm
characteristics which i
carried continuously. A
specification does not ¢
manufacturers, or that |

3.5 Aircraft Wire and
3.5.1 Protection and
The problem of protecti

on the wire to a level
requirements see ASSH

y 200% rated current for at least 5 min.
current in some time less than 5 min.

hpacities of 4000 and 2500 A when applied at 120 and 208 V, fespectively

ed for a maximum voltage of 32 V and will generally carry from 140
bll ampere rated DC limiters will continuously carry 200% current,
dicate that the higher the current rating thessmaller the percentage of d
typical characteristic is shown by Curve(B of Figure 1. Because of
xist, it is suggested that all applications_ef the DC limiters take into accour
aboratory tests be used to determine thé suitability of the limiter application

Circuit Protector Coordination
Wire Utilization
hg electric wire involves.limiting the magnitude and duration of any current

hich does not cause) damage or degradation to the wire’s conductor or ir
0881. Well coordinated protection should be aimed at providing maxin

permitting current durations, which«cause the temperature rise to approach the design limit

utilization is, however, {

econdary todhe necessity for avoidance of hazard.

presents examples based upon wire designed for continuous operation a
1052€ (221 °F). Within other military specifications AS22759, AS81044, 4

to 200% rated current
but the larger exhibit
vercurrent that can be
he fact that a military
t the data published by

which may be imposed
sulation. For additional
hum wire utilization by

The consideration of

a maximum conductor
hd MIL-DTL-81381 one

ighed for 135 °C (275 °F), 150 °C (302 °F), 200 °C (392 °F), and 260

°C (500 °F) maximum

conductor temperature. Experience has shown that a 105 °C wire will withstand 110 °C (230 °F) for a minimum of
1 h without smoking. It will safely withstand other temperatures in excess of 105 °C for limited periods of time.
The relationship between time, temperature, and the electrical and mechanical deterioration of the insulation
(which occurs as a result of temperatures above the working level) constitutes one criterion for establishing a
protection requirement. The evolution of smoke or fumes constitutes a second and very practical operational limit,
which can be expressed as a graph of time versus temperature (Reference AIEE paper 46-145). Based on these
considerations, the following design conductor temperatures are recommended for 105 °C (221 °F) rated wire:

3.5.2 This document
temperature of
finds wires degq

a.

temperature.

(302 °F) maximum short time temperatures (approximately 0.01 s or less).

Working Temperatures: 105 °C (221 °F) maximum continuous temperature 125 °C (257 °F) maximum short time

Protection Temperatures: 125 °C (257 °F) maximum long time temperature (approximately 15.0 s or more). 150 °C
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c. Wires with working and protection temperatures higher than the limits should be adequately tested for any

applications utilizing these higher temperatures.

Circuits protected within the limits could suffer an abnormal condition leading to a conductor temperature approaching
125 °C (257 °F) and theoretically be unrelieved by the operation of the protective devices. Practically, the condition would
be discovered on the basis of other abnormalities before any significant damage to the installation could occur. In fact,
tests have shown that 105 °C (221 °F) rated wire maintained at 125 °C (257 °F) for over 400 h was still safe for a further
limited period of normal operation, and it must be recognized that a very great deal of aircraft operating time would be
required, even theoretically, in order to accumulate 400 h under just the right combination of ambient temperature, circuit
loading, etc. to produce a wire temperature approaching but not exceeding the protection design value of 125 °C (257 °F).
The limits are, therefore, considered safe, and their use provides a spread of 20 to 25 °C between working and maximum
protection values, which allows for tolerances in the operating characteristics of circuit protectors.

3.5.3 Short Time-Cquent (Time Relationships for Bundles and Single Wires)

Based on the tempera
relationship for each si
ambients, installations

relationships from a maximum under a continuous duty condition to a negligible atount for eve

experience have showi
simultaneously carryin
performance of a singl

ture limits and an assumed ambient temperature of 57.2 °C (135 °F),|a limiting current-time
ze of a single electric wire can be determined (Reference AIEE~paper 4§-145). Factors such as
in conduits, and currents in other wires in a bundle (see (9.3) may affect these current-time
short time. Tests and
h that for normal bundles and installations where only,a small percentdge (20%) of wires are
j currents and times are short, current time relationships may be safely predicted on the
e conductor in free air. For heavily loaded bundlesybundles containing large differences in wire

gages and times that
investigated (see AS50

are relatively long, the effects of an overload\on wire temperatures
B81).

3.5.4 Protector Selegtion for Wires
A comparison between
made. The ambient te
of 57.2 °C (135 °F).
current prior to the wir
wire and protector characteristics is believed sound although there is still an acute lack of compr
to establish firm numefical values. Therefore, it has been necessary to make the final protect
analysis tempered by sgervice experience. /he protector values thus selected and tabulated neces
assumptions relative toloperating conditions; etc. but they are recommended as a conservative gu
aircraft use. For any spgcific case where-individual evaluation of all the pertinent factors appears j
that higher utilizations pbtained by selecting a higher rated protector can be shown to be safe
circumstances involved. The following is a brief resume of the factors to be considered when
conducting laboratory tésts to arrive at a special wire protector combination for the wire:

the protection curves described in 3:5.2 and the current trip curves for variq
perature of the protector was conservatively assumed as 25 °C (77 °F) as
rotectors for each wire size wére selected with a view to the protector o

e
reaching its limiting temperature under that current loading. The metho%

should be adequately

us protectors has been
against a wire ambient
ning under any given
outlined for matching
hensive data on which
br selections based on
sarily depend on many
ide suitable for general
istified, it is not unlikely
for the restricted set of
making an analysis or

both smoke, electrical,

a. Maximum safe long and short time temperatures for the particular wire insulation, considering
and mechanical deterioratiorm:

b. Maximum wire ambient recognizing that this may be the working temperature of the bundle of wires in which this wire
runs.

c. Maximum altitude of operation recognizing the difference between cooling with sea level air density and altitude air
density.

d. Maximum amount of current and number of wires carrying current that are bundled with the wire being protected.
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ctor

quipment in the vicinity and heat loss due to type of protector mounting

and type specified at the ambient temperature and altitude conditions to be encountered.

3.54.1 For the Prote
a.

electric wires and e
b.
3.5.5

Opening Versus Load for Protectors

Range of ambient temperature allowing for possible temperature rise at the protector location due to I°R loss of

Current trip time characteristic of the particular protector, allowing for tolerance between different units of the rating

For the protector ratings listed or any others that may be suitably selected, it is recommended that the circuit opening
characteristics of the protector be compared with the load to be carried in order to avoid nuisance openings. This

ure and allowance for

comparison should co
manufacturing toleranc
service, the wire size s
application the smaller
3.5.6 Discussion
There is one additional
the coordinating of wire
quickly than protectors
ft (with the protectors in
of a 20 A rather than a
°F (or lower) is not unl
ambient, protectors at
rating of both the wire g

sider_anv_contamnlated combination—of amhbiant tamnaratura and nrac
H—EoRtepratea—eemoiatHoR—e—ahpieRt—temperatare—ahna 9

........ pres
bs in the protector. When it is necessary to increase the protector ratingsin
hould be correspondingly increased unless it can be shown that under"th

vire is given adequate protection by the protector with higher rating.

factor that may require consideration. For pressurized<aircraft, altitude op
and protector ratings. An electrical overload will affectwire in a 30,000 ft u
n a cabin pressurized to an altitude of 8000 ft. If thewire ambient is to ren
an 8000 ft cabin), a reduction of 20% in the circuit breaker rating should H
P5 A circuit breaker). However, if the wire ambient is not over 135 °F at seq
kely at 30,000 ft altitude. Under these circamstances (in relation to, wire
BOOO ft and approximately 80 °F ambient), Coordination would be unaffect
nd the protector would be reduced to.approximately 92% of its sea level va

order to ensure reliable
e circumstances of the

eration tends to modify
\pressurized area more
ain at 135 °F at 30,000
e considered (e.g., use
level, a reduction to 90
at 30,000 ft and 90 °F
ed although the current
ue.

For the unpressurized aircraft without a heated cabin, the\reduction in temperature at altitude will

and wire so that coord
ambient temperature W
heated but unpressuri
direction). Here the des
especially circuit break
value. For the protectd
opening characteristics
under any contemplate
the protector. AS5088
temperature, altitude ar

red cabin the protectors ‘will tend to overprotect (i.e., coordination is
igner's principle concern should be with the reduction in the ultimate trip ¢

r ratings listed, oOr,any others that may be suitably selected, it is recom
of the protector-be compared with the load to be carried in order to ay
I combinatigh-of ambient temperature and pressure, also allowing for man
defines (an "effective method for establishing wire current ratings that c
d bundle‘loading.

ffect both the protector

nation will not be changed. The- current rating will not be greatly affected since the reduction in
ill almost completely compensate for the reduction in air density up to 30,000 ft altitude. With a

ffected, but in a safe
Lirrent of the protectors,

brs for which the current rating at 30,000 ft may be reduced to approximately 75% of its sea level

mended that the circuit
oid nuisance openings
ufacturing tolerances in
bmpensate for ambient

3.6 Power System Pllotection

3.6.1

3.6.1.1

Definitions, Principles, and General Recommendations

Power Systems

The aircraft electric power system will be treated in the ensuing discussion as four separate parts: (1) The generation
system(s), (2) the distribution system, (3) the utilization system(s), and (4) the conversion system(s). Each of these plays
a role in the management of system load distribution. (See also Section 17.)

a. The generation part of the electric system includes that portion from the generators up to and including the bus
contactors. It also includes the batteries and all control and protection for these parts of the electric system. It may
also include gearboxes and the constant speed drives used in controlled frequency systems. AS8011 and AS8020
provide minimum performance requirements for AC and DC generators, respectively.
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The distribution part of the electric system performs the function of transmitting the generated power to the utilization

equipment or systems. It includes the main bus or buses, the contactors, the distribution feeders and their protective
devices as well as the several sub-buses from which the power is distributed to the loads.

The utilization part of the electric system includes all of the many electrically operated devices or systems, the load

circuits from the power using equipment to its load bus, and whatever circuit breakers, or protective devices that may

The conversion part of the electric system includes the transformers, rectifiers, converters, etc., which might

reasonably be classified in the first three groups but will be considered as a separate category. AS8023 provides
minimum performance requirements for power inverters.

Protection

b.
C.
be employed.
d.
3.6.1.2 Objectives of,

Protection, as applied t

b the electric power systems, has the following objectives:

pted supply of adequately regulated power available at the utilization systs

re and smoke of electrical origin.

intenance cost. (This factor, though important, muste considered second

a. A reliable, uninterry

in event of malfuncfion.
b. The prevention of fi
c. The reduction of m
3.6.1.3

Protection Afforded by Careful Design

Ensuring generator cirguit and bus protection, electrical integrity, and the prevention of fire an
important considerations in preventing electrical faults. No device, or protective scheme, that ope
that may have created @n arc or perhaps just a faint spark, even though promptly cleared, can ass
against fire. A large part of electrical fire protection is fault prevention. Complete fault elimination
However, designs shodld be thoroughly reviewed and\improved as necessary to make them as fa
Definite reduction in the number of faults occurring.€an be assured by careful selection of mate

proper installation and

3.6.1.3.1  Bus Locatic
Main buses should be |
the buses or exposed
desirable in accomplish

3.6.1.3.2 Bus Enclos

y adequate inspection and-maintenance in service (see MIL-STD-7080).
ns

pcated in enclosures designed to minimize the probability that loose foreig
power terminals. Inverted mounting of terminals (and equipment bearir

ing the objective.

ures

m(s) both normally and

ary to the other two.)

d smoke are the most
ates only after a failure
Lire complete protection

is, of course, unlikely.
ult-proof as practicable.
rials and equipment by

N objects will fall across
g terminals) usually is

The mounting of buses in completely insulated enclosures, if properly designed and maintained, minimizes the probability
of faults to ground, except possibly through the miscellaneous ground leads required for operation of control equipment.
Such leads may be arranged to create little hazard. Care should be exercised that proper facility for heat dissipation as
well as for inspection and maintenance shall not be compromised. Where feasible, buses between which a significant
electric potential exists should be separated by substantial, solid, dielectric barriers.

3.6.1.3.3

Bus Bar Insulation

Application of fire resistant insulation to bus bars and bus attaching parts may be used to avoid bare metal exposure to
possible short circuits and accidental contact by mechanics and inspectors, however, bus cooling must not be unduly

compromised.


https://saenorm.com/api/?name=861e67f192bf1072d87afa38517a71a4

SAE ARP4404B - 26 -

3.6.1.3.4 Exposed Terminal Insulation

Exposed terminals on power equipment should be enclosed or protected with insulating materials. Equipment located
entirely within enclosures containing only electrical equipment is not considered as exposed.

3.6.1.3.5 Power Control Equipment Insulation

Devices such as contactors, circuit protectors, reverse current relays, etc. connected directly to a power source without

intervening protection and having grounded metal cases should be mounted on insulated bases. Any ground connection
required for control (or EMI protection) should be made through jumpers routed separately from the wires at positive

potential.

3.6.1.3.6 Bus Extens

ion-Protection
e -—1otectHon

Bus extensions (includ
corresponding protectic
reliable insulating mate
and complete inspectio

3.6.1.3.7

In three phase systemd
points. Where possibili
resulting malfunction w
3.6.1.4  Automatic Pr
Inevitable faults in pow
devices to limit the ma
naturally combines with
system reliability. Such
wiring are exposed to

followed by fire, due f
connects an alternate s
alternate source will be
3.6.1.5 Coordination
A thorough analysis sh

into account the short-
generators over the ex

Interchangé of Phase Leads

ng any conductor directly attached to a bus) should be considered @s’pa
n. Such extensions should be as short as practical. Physical protection
rial (e.g., a fiber glass duct) is recommended. Such enclosure_shkould no
n or heat dissipation.

the installation should be designed to prevent cross connection of phase
[l not be hazardous or will be detected during preflight check.
ptection

br system circuits are to be expected-in spite of the best efforts of preventic
gnitude and duration of the faultxCurrents are required to reduce the haz3
and is accomplished by the same devices provided to avoid damage to g
devices limit the energy developed at the fault and the time during which
bxcessive overload and possible dangerous overheating. Thus, the likelih
b prolonged overheating ‘is reduced. For systems in which an automati
ource of power to a dead bus, sensing should be provided so that, in the
locked out and the reconnection of the normal source prevented.

of Protection
puld be made of each power system to achieve minimum fire hazard. Such

Circyit-capacity of the various buses when supplied by ground power sou
pected range of aircraft engine speeds. Protection coordination, sensitivi

rt of the bus and given
by enclosure within a
interfere with frequent

leads at all connection

ly exists that such leads could be inadvertently \interchanged, it should Ipe determined that any

n. Automatic protective
rd of fire. This function
quipment and maintain
associated control and
bod of smoke, possibly
C transfer arrangement
bvent of a bus fault, the

an analysis should take
ces, as well as aircraft
y, selectivity, operating

characteristics, and in

errupting capacity should be analyzed for all probable combinations o

voltage, altitude, and

temperature. All action to minimize fire hazard should further be conditioned by evaluation of the overheating and burning
characteristics of the equipment and material involved.

3.6.1.6  Wire Protection

All wires should be provided with some means of circuit protection. This protection should preferably be electrical in
accordance with AS50881, using circuit protectors. But if electrical protection is impractical, physical protection relying on

preventive measures such as enclosures may be adequate. The effect of enclosures on wire and bus rating should be
carefully checked.
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3.6.2 Generation System Protection

Generation system protection should protect the aircraft from hazard, and protect the generation system against damage
due to faults, without materially detracting from the ability of the system to reliably supply electric power. First
consideration should be given to the prevention of circuit faults as discussed. Generator feeders should be separated
from miscellaneous control wiring insofar as practicable, and carefully routed to minimize exposure to damage. Protection
against faults in associated control, instrument, and indicator circuits is also required to minimize fire hazards. This
protection may be provided by the use of small individual circuit breakers (preferred) or fuses.

Compare the generator or alternator ratings and limits prescribed by the manufacturer with the electrical loads which can
be imposed on the affected generator or alternator by installed equipment. When the comparison shows that the probable
total connected electrical load can exceed the output load limits of the generator(s) or alternator(s), reduce the load so
that an overload cannot—occur or 'r_\rn\lidn means \Alhnrnhy the Ir_\ilr\f or flighf crew. _can rnadily and Safe|y manage the
electrical load so that itjcan be held within the prescribed limits. (See also 6.2 and 17.6.)

3.6.2.1  Items Comm¢n to Both AC and DC Systems

3.6.2.1.1  Generator Dvervoltage Protection

Generator overvoltage protection should be provided.

3.6.2.1.2  Generator Dverheat Indication

Generator overheat ind|cation should be considered; however, its limjtations should be recognized

a. A temperature detgctor will not reliably warn of bearing failute in time to prevent physical danjage to laminations and
windings. (Bearing failure detectors, which do not rely on temperature measurement, are availgble.)

b. Itis not usually posgible to locate the overheat detector so that it will sense the most critical oviertemperature under all
conditions of operation.

3.6.2.1.3  Generator Cooling Provisions

Provisions for generatdr cooling (and gengrator drive, where applicable) should be checked at gll operation altitudes to
ensure that under the lgast favorable conditions, the generator rating is adequate.

3.6.2.2 DC Generation System Protection

required because of the varying speed of the aircraft engines and because the generator design is optimized over a
narrower range of spged’than the engine. This device prevents excessive bus current, fropn the battery or other
generators, from motoring a generator at low speeds or feeding into faults, which may develop in the generator or
generator feeders. It does not prevent the generator from feeding a fault between it and the bus; such protection requires
some method such as generator and feeder differential (balanced) current protection. Generator overheat indication
provides additional means for warning of a dangerous condition and should offer possibilities of detecting and cutting off a
fault of a slowly developing nature. Generator feeders and connections should be installed with due consideration to
physical protection. In addition, other means, such as differential protection, to prevent the generator from supplying a
feeder fault should be provided. Overvoltage protection is recommended as an automatic function. Monitoring of
generator load should usually be a crew function, except in special circumstances when the short-term generator load
capacity allows insufficient time for crew action. No simple, generally applicable automatic monitoring device is available.
Generator "reverse polarity" protection is recommended and is usually provided as a part of the reverse-current protection
device. Protection against faults in associated control, instrument, and indicator circuits may be used to minimize fire
hazards. This protection may be provided by the use of small individual circuit breakers (preferred) or fuses.

DC generator circuit piotection basically starts with some form of reverse-current protection. This type of protection is

NOTE: In DC power systems, if a solid fault is on the generator output and the shunt field is open, series field effects in
the generator may cause a hazardous buildup of voltage and current.
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3.6.2.3 AC Generation System Protection

Table 2 shows the types of protection for AC generator systems that are available. The amount of protection to be
installed must be chosen to suit the application; however, the magnitude and importance of the loads connected to AC
power systems of modern aircraft usually justify a comprehensive protective system.

Protection against faults in associated control, instrument and indicator circuits should be used to minimize fire hazards.
The protection may be provided by the use of small individual circuits breakers (preferred) or fuses.

TABLE 2 - SUGGESTED PROTECTION METHODS

—FProblem Suggested—ProtectionMethod—
Fau)ted generator Differential current
Fau]ted generator feeder Differential current
Underfrequency Underspeed switch (underfrequency switch)
lgv rfrequency Overspeed switch (overfreguency relay)
Reverse power flow Overrunning clutch
Armature stoppage Shear section (gen{ or drive)
Reversed phase sequence Phase sequence relay
Quttof-phase paralleling Auto-paralleling relay
Overlioad and/or bearing failure Overheat warning
Overload Exciter ceiling protection
Overvoltage Overvoltage relay
Undervoltage Undervoltage relay
Ovel and under excitation Diff. reactive current sensing relays
Coojing system malfunction Overheat indicator

IMay not be necessary in nonparalleled systems designed for wide frequency.
Although the table suggests the feasibility of protection against generator
overload, it is recommended in‘the interest of simplicity and reliability that
the automatic overload protection be designed only for protection against
gross overloads and that'correction of overloads tolerable for a few minutes
be| accomplished manually.

3.6.2.4 Generator Drjve Protection

When used, generator drivesunits should be installed in such a way that the generator and drive cgmbination will meet the
requirements of this dogument relative to installation of generator systems.

The installation of protective devices and warning devices should be carefully considered. Devices considered
appropriate for one type of hydraulic-mechanical drive include: low oil pressure warning, differential (in/out) temperature
indication, drive disconnect, and a shear section in the input shaft. Careful coordination of generator and drive
characteristics is required to ensure that faults are cleared properly without damage to the drive.

3.6.3 Conversion System Protection

The nature and extent of protection required is a function of the equipment served by the conversion system (e.g., a
rectifier for a shaver outlet may require only a circuit breaker or fuse in the input circuit whereas an inverter supplying
power to flight instruments may require circuit protection in input and output circuits, failure warning, or automatic
switching device, etc.)
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3.6.3.1 Redctifiers, Transformer Rectifiers, and Transformers

Rectifiers, when used to supply an item of utilization equipment, should usually be protected by a circuit breaker or fuse
on the power input side. A rectifier used as a control element (such as a blocking rectifier in a battery charging circuit),
usually needs no protection in excess of that already provided for the wire feeding it. Inverters, transformers, and
transformer rectifiers should usually have circuit breakers or fuses of appropriate rating both in the input and output
circuits. If the output circuit is capable of passing, without hazard, a current sufficient to cause the input protector to open,
an output circuit protector may be unnecessary. Overvoltage protection of transformers-rectifiers and inverters should be

considered if they utilize voltage regulators capable of producing hazardous voltages as a result of probable malfunction.

3.6.4 Distribution System Protection

The princip'es of protec\finn hy careful Hneign listed-in-3.6-1-3-are. gnnnrally appliﬁghln, irrnepnr\fi\/

or DC).
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ystem in which it is used, power failure warning or automatic switching may

s Protection
tory means of clearing an actual main bads fault has been developed
a protected location, reducing it to the smallest practical size, and pr
bent of a fault constitute possible meth@ds for reducing fire hazards. Metho
ackup protection for reverse current relays should be considered. It would
e feedback currents from highvipertia motors that may be connected and
buses and to utilization systems should be connected to the main bus o
Is Protection

such that whenva“fault occurs on a main bus, the bus will be isolated from

me fault protection afforded the generator and its feeders. Isolation of a fa

balance of the system
the main bus should
operation or damage t

!

should, be provided by a means compatible with the overall system proted
isconnéct all phases for single phase, two phase, or three phase faul
three phase equipment connected to the bus. Feeders to distribution bug

> of type of system (AC

f the generator to loads
irectly to it, may cause
bn properly. Dependent
be desirable.

and generally applied.
pviding means for fast
ds for disconnecting all
ads, must be carefully
be further desirable to
unning at the time of a
nly through appropriate

its generator(s), and (if
and its feeders may be
Ulted main bus from the
tion. The protection for
ts to prevent improper
es should be protected

with devices of adequate rupture capacity at or near the main bus.

3.6.4.2

Distribution Bus Protection

The distribution bus should be mechanically protected from faults by proper design (see 3.6.1.3).

Feeders should be protected with circuit breakers or current limiters of adequate interrupting capacity at or near the main
bus. Special care should be exercised to assure coordination between bus feeder protection and the protective devices,
which are connected to the distribution bus.

Load circuits should be connected to the distribution bus by means of circuit breakers or fuses. When the importance of
the distribution bus or the exposure to faults of the feeder justifies, reliability of electrical service may be improved by use
of multiple feeders. Each conductor of such a multiple feeder should be connected to the bus at each end by means of a
limiter or circuit breaker chosen to provide discrimination between faulted and serviceable circuits.
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3.6.5 Utilization System Protection

As discussed earlier (3.2 and 3.3), power wires to utilization systems should be protected by means of circuit breakers or
fuses. These circuit protectors may afford some protection to the equipment but will usually be found marginal or
inadequate if smoke from overheated equipment must be prevented. Thermal protection tailored to the requirements of
the load device can usually be made effective for the latter purpose and should be provided if a probable malfunction
could result in hazard due to fire or smoke.

The electric power system output characteristics should be compatible with the load equipment. MIL-STD-704 may be
used as a guide for this purpose.

Choice of circuit protectors for three phase loads should be in accordance with 3.2.9 in order to achieve maximum
equipment re||ab|||ty and prnfnr\ﬁnn n-addition to gdnqllgfa WIS prnfnr\fir\n_

3.6.6  External Power Circuit Protection
Feeders from the extefnal power receptacle to the aircraft power system should be protected ahd isolated so that any
probable malfunction Will not adversely affect any system required for flight. The external power contactor should be
located close to the air¢raft bus so that a minimum of feeder is left connected to the\power systenf when ground power is
not being used. A megns of preventing connection of electric power of reverSed polarity or reversed phase sequence
should be considered.
4. FAIL-SAFE FEATURES IN ELECTRIC CIRCUITS

4.1 General Probabillty Consideration for Failure Analysis
The installation of elegtric equipment and wiring in aircraft Should consider a probable failure |Jor malfunction with its
attendant results on overall performance, safety of flight, and‘\takeoff or landing. For example, dua| navigation instruments
are provided because the failure of one instrument would'preclude the possibility of proper navigafion during normal flight
conditions.

4.1.1  Wiring Failures
During the service life df an aircraft it can be‘expected that wiring might fail for various reasons.
4111  Wiring Opens

Consideration should bg given to\provide systems in which an open wire will not cause loss of confrol of the aircraft.

4.1.1.2 Wiring Grounds

Because wiring to equipment could suffer grounds or, under rare conditions, shorts to other wires, the design should
prevent loss of control of the aircraft. In addition, appropriate circuit protection should be provided to reduce the hazard of
smoke, fire, etc.

4.1.1.3 Loss of Phase

On three phase systems, consideration should be given to the possible loss of one or more phases resulting in erratic
operation. Warning and protective devices should be provided if safety of flight could be jeopardized.

4.1.2 Equipment Failures

Occasional equipment failures are to be expected. Systems should be designed to minimize hazards that might result
from such failures.
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4.1.2.1 Relay Malfunction

Where relays are required, consideration should be given to the possibility of malfunction in completing the desired action
or a return to its original state. Careful design and circuit analysis should be made to ascertain effects on overall aircraft
performance.

4.1.2.2 Power System Malfunction

The electric power system can malfunction due to engine failure, generator malfunction, or a generator control system
failure. Provisions should be incorporated in the system so that malfunction of one or more generators will not cause

malfunction of other generators. In the event generator loading is excessive, provisions for monitoring should be provided
in accordance with 17.6.

4.1.3 Design ConsidJarations

Wiring and equipment may be exposed to physical abuse, foreign objects, dirt, moisture,ete., wh

connections, grounds, s

4.1.3.1 Continuous V
Continuous wiring from
minimizing the probabil
4.1.3.2 Separation o
For special considerati
connectors further redu
4.1.3.3 Critical Circu
Critical circuits such as
as having no probabili

nonoperate condition. |
between isolation or grd

4.2 Definitions, Princi

Safety and reliability sh
An inoperative or malfy
Here special design cd
necessary, in order to n

horts, or open circuits. Careful design and application will help ta-preclude
Viring

a source to a unit, or wiring properly isolated and protected at splice pointg
ty of shorting or grounding except at its terminations:

Wires

bns, the separation of wires of the same. system by location in separate h
ces the probability of shorting together!

ts

reverse pitch, fire extinguisher, etc., which complete their circuit by ground
y of false operation if both ends of the circuit are grounded or isolateq
Mlaximum protection can be achieved by providing grounding or isolating
unding point and thejequipment involved. See AS50881 for wiring of criticg

ples, and General Recommendations

ch could result in cross
these possibilities.

5, can be considered as

arnesses and separate

ing, can be considered
when normally in the
vith @ minimum of wire
| circuits.

buld be prime considerations for all the circuits and components of an aircr:

ft electrical installation.

nctioning condition is, however, more potentially hazardous in certain cirquits than it is in others.
nsideration should be given and measures taken, even at the expense ¢f adding weight where
pinimize the probabilities of failure. Basic principles for securing reliability are listed as follows:

installations, and providing maximum practical mechanical protection

a source, or sources, of maximum reliability

a.
reliable operation is desired
b.
c. Power supply from
d. Duplication of circui

ts and equipment

Careful selection of equipment allowing for the full range of environmental and operational conditions for which

Particular care in routing and installation of wire and components, segregating them where possible from other

In spite of all design precautions, however, it is impossible to absolutely assure freedom from power failure and from
shorted or open circuits. Recognizing this situation, the application of "fail-safe" principles to circuit and equipment design
may nevertheless make it possible to minimize fire hazard and avoid false operation or indication. An ideal "fail-safe"
design as applied to a control circuit would leave the actuator in a safe position for continued aircraft operation and, as
applied to an indicator, would notify the crew that the indicator had suffered a failure and was no longer reliable.
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4.2.1 Definition

A fail-safe circuit may be defined as a circuit that has characteristics such that any probable malfunction will not adversely
affect the safe operation of the aircraft or the safety of the passengers.

4.2.2 Circuit Analysis

Every circuit and system being considered for installation in an aircraft should be analyzed, by actual test where
necessary, for its effect on the aircraft operation as well as its effect on other equipment or systems. Such analysis should
include all system components.

4.2.21

Circuit Malfunctions

Evaluation of circuit fail

a. Short-circuit to grod
b. Short-circuit to adjg
c. Open circuit, espec
d.

e. Open or high resist
f.  Undesirable feedbs
4.3 Fire Detection Ci
4.3.1 Integrity of Fire

The need for accuraf
extinguishing agents is|
pilot as well as unwarr.

ires should include all probable malfunctions with particular attention to the
nd
cent leads or terminals

ally open bridge or amplifier circuits

Faulted or malfunctjoning relays, vacuum tubes, transformers, etc. particularly in bridge circuitg

bnce ground connections, especially where common to more than one syst
ck where one or more elements are comon to two or more circuits

cuits

Detector Circuits

e performance of fire -déetection circuits cannot be overemphasized.

to be made. The design of the fire detection equipment should reduce n
nted shutdown of engines, heaters, etc. from faulty fire signals. AS8028

fire detection instrumentts.

4.3.2 Selection of C

ponentsfof Fire Detector Circuits

It is recommended thafl all components of the circuit, including wire, be carefully selected for the

that the installation recgive 'due attention particularly in zones where damage is most likely to occuf.

following:

em or component

Judicious use of fire
eedless concern of the
brovides information on

utmost in reliability and

4.3.3 Shorted or Ope

n Wire Effects on Fire Detector Circuits

A shorted or open wire in the circuit should not produce a fire signal. A simple method of checking the circuit, suitable for

crew use, both on the g

round and in flight, should be provided.

4.3.4 Coordination and Interconnection of Fire Detector Circuits

The fire detection circuits should be carefully coordinated with fire protection (i.e., a number of detectors should be
installed in an area covered by a given charge of fire fighting agent). Fire detection circuits should not be so
interconnected that a failure of any component or wire will make other fire detection circuits inoperative. For example, a
circuit failure in one nacelle should not trip the circuit breaker for, or otherwise interfere with, the fire detection circuit of

another nacelle.
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4.4  Propeller Circuits

4.4.1 Interconnection of Propeller Control Circuits

Circuits to control various propeller functions, such as feathering, reversing, and pitch change within the governed range
should not be unnecessarily interconnected so that a failure of control for one function would make other functions
inoperative. See AS50881 for wiring of critical circuits. No single failure should result in the hazardous malfunctioning of
more than one propeller.

4.4.2 Failure of Propeller Control Circuits

Failure of control circuits for a particular function should not permit the propeller to attain an unselected position. For

example, failure of propelergovernedrange-conirol-should-rot-allow-the-propelierte-ge-intofeath

but should preferably h
it has been selected p
such as turboprop engi

4.5 Thermal Anti-lcin
451

The circuitry for anti-ic
would be hazardous
windshields, etc. speci
structural strength. Lo
selector switches. Over
temperature rise.

4.5.2 Symmetrical Ar

Depending on the par
regardless of individual
might require that the ¢
prevention system on h

4.6 Fire Extinguishing Control Circuits

4.6.1 Selection and H

In view of the importar
and control elements

Overheat Control in Thermal Anti-lcing and Deicing Circuits

bld either fixed pitch or fixed rpm. Conversely, the propeller should remaimi
ior to failure. Particular attention should be paid to automatic or interdep
he automatic propeller controls.

j and Deicing Circuits

ng and deicing systems should provide a means, for protecting against @
o aircraft structure or present a fire hazard,. \Where anti-icing or defi
bl consideration is necessary to prevent distortion or crazing, which affg

heat controls should have low thermal inertia so that the signal or correctio

ti-lcing and Deicing Control

ticular application, consideration may be given to maintaining a symmg
circuit or heater componentfailures. For example, failure of a section of lef]
brresponding anti-icing\fof the right wing be shut down. In addition, the fail
plicopter or propellerblades may require similar control to prevent unsymm

rotection'of Fire Extinguishing Control Components

ce of-assuring reliable operation of fire extinguisher circuits, it is recomm
be”judiciously selected for maximum reliability and that all electric con

ered or reverse position
h a feathered position if
endent control circuits,

verheat conditions that
bgging is provided for
cts visibility as well as

v heat signals should also be included. JFhis may be provided by temperature indicators and

n will not lag behind the

trical anti-icing pattern
inboard wing anti-icing
ire of an ice removal or
ptrical deicing.

ended that all switches
ponents and wires be

carefully installed so as to provide the best practicable degree of physical protection. See AS50881 for additional
requirements for electro-explosive subsystem wiring. Segregation and separate routing from other wiring is suggested
with extra precautions to be taken in zones where damage is most likely to occur. Also as a design objective, the circuits
for a fire extinguishing system should be arranged to permit the operator, possibly by means of duplicate circuitry and
control equipment, to operate the system by bypassing shorted or broken wires.

4.6.2 Circuit Connection for Fire Extinguishing Control Components

The circuitry for a fire extinguishing system should be arranged to avoid discharge of the extinguishing agent into a
"closed line" (i.e., the direction valve(s) should be operated prior to release of the agent). The circuit should also avoid
dependence on the fire detection system for actuation of the direction valves since some fires, not picked up by the
detection system, are discovered by the crew. Fire extinguishing circuits should not be so interconnected that a failure of
any component or wire will make other fire extinguishing circuits inoperative. For example, a circuit failure in one nacelle
should not trip the circuit breaker for, or otherwise interfere with, the fire extinguishing circuit of another nacelle.
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4.7

4.7.1

Fluid Shutoff Valve Circuits

Selection of Fluid Shutoff Valves

In order to provide "fail-safe" features in fluid shutoff control circuits, it is recommended that normally closed solenoid
valves for fuel and oil lines be used in all cases where automatic closure of the valve, due to a failure in the valve itself or
its electric circuit, would not create a hazardous flight condition (e.g., a solenoid valve should be used in a cabin heater
circuit but not in the fuel line to an engine). For the latter application, the valve should remain in its last selected position in
case of low voltage. In order to avoid having overheated valves under no-flow condition, continuously energized solenoid

valves should be check

4.7.2

ed for temperature rise under actual operating conditions.

Engine QOil Valve Control

Consideration should b
off prior to completion ¢
impossible to turn the fu

4.8 Other Circuits

4.8.1 Circuits Recom|

Consideration should |
circuits.

e given to the possibility of engine seizure resulting from arrangements-in
f feathering. Fuel valves, however, should close as soon as possiblein/fig
el on for an engine without also turning the oil on.

Imended for Fail-Safe Consideration

which engine oil is shut
hting a fire. It should be

e given to fail-safe characteristics for the following. circuits: See AS50881 for wiring of critical

a. Auto pilot

b. Fuel control

c. Turbo control

d. Control system bogst

e. Flight control systes including trim and.attificial feel systems
f.  Flight instruments

g. Heating, ventilating} and pressurization systems including combustion heaters
h. Fluid shutoff valve ¢ontral

i. Automatic brake coptrol

j.  Reverse thrust controls

k. Electric flare release

I.  Engine controls, especially automatic turbine engine controls
m. Landing gear control

n. Wiring to Fuel probe systems
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5. CIRCUITS FOR ESSENTIAL EQUIPMENT

5.1 Definitions and General Principles

In order to provide the most safety and reliability of operation of an aircraft electric system and its components, it is
necessary that each circuit be given design consideration commensurate with the importance of the circuit involved. The
type of power to be used, type of wire required, wire routing, wire protection, etc. are prime considerations in the design of
all circuits. They should be given special attention in circuits for essential equipment.

5.1.1 Essential Circuits

Essential circuits are defined as those necessary to accomplish the mission of the aircraft under the most adverse

environmental conditionsferwhich-the-airerafi-was-desighed-

5.1.2 Emergency Cir

Emergency circuits are
maintain controlled fligh

5.2 Dual Power Sour|
For emergency circuits,
5.2.1 Selection of Alt

The source of power
generating system. Sor

Cuits

defined as those essential circuits, the failure of which may resualt in the i
t and affect a safe landing.

Ces
alternate sources of power should be provided.
brnate Power Supplies

or emergency circuits should be of thethighest reliability. This is gener
he of the considerations in the selectiof’of an emergency power supply are

nability of the aircraft to

ally the primary power
as follows:

a. The source should|be adequate to supply the required power until a safe landing is made ynder all probable initial
conditions (e.g., a Qattery not fully charged).

b. The source shoull have sufficient capacity”to start and operate emergency systems [(e.g., starting of gyro
instruments, fuel pdmps, or inverters).

c. The source should have a means of\béing checked prior to flight and, preferably, during flight ps well. The capacity of
the supply should not be compromised by this testing.

d. The emergency supply circuitry should be arranged so that the supply will not be detrimentally affected by normal
operation of the mgin system (e.g., where a battery is used as an alternative source of power, jt cannot be relied upon
to perform this fungtioniunless means are provided to immediately warn the crew of an abnormal discharge condition
so that the battery [nay be disconnected from the main bus before the normal electrical powel] requirements seriously
discharge the battery).

5.2.1.1  Recommendation

It is recommended that, if possible, the primary generating system be designed to fulfill the requirements for the dual
emergency power sources.

5.2.2 Types of Self-Contained Emergency Power Supplies
Emergency load requirements are gradually increasing and becoming AC, rather than DC, so that a battery source may

be uneconomical for many applications. Various solid fuel, liquid fuel, and ram air turbine driven generator units are
available. These units are usually complex mechanisms and require extreme care in application.
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5.2.3 Use of Main En

gines

If the main engines are considered for the source of emergency power, consideration should be given to problems arising
from engine failures in flight.

5.3

5.3.1 Individual Circu

Electrical Isolation

it Protection for Essential Circuits

Circuits for essential equipment, including emergency circuits, should have individual circuit protection.

5.3.2

Emergency Circuit Power Sources

Emergency circuits shquld be fed from the most reliable bus of the aircraft. The reliability of this &
designing so that it can|be connected to an alternate source or sources of power and so thatit’'ca
buses by sectionalizing|means.

5.3.2.1

Special consideration should be given to ensure against the loss of more than.one group of inst
due to opening of a sir|gle circuit protector (e.g., instruments or control unjts.for one engine sho
the protector used for [the corresponding equipment of another engine). Similarly, duplicate sy

reliability, should not b
should be provided with
5.3.2.2 Secondary L

Consideration should b
can be conveniently an

5.4  Types of Circuit H

5.4.1 Protection for B
Circuit breakers shoulg
reclosed in flight. Wher
assuring ease and safg
fuse extractor if require
of the indicating type. F
indicator should be at 0

Essential Logd Grouping

operated from a common protector (i.e., duplicate fire extinguishers or fli
separate protectors).

bad Grouping

e given to grouping the controls forteads (not classified as essential or e
J quickly disconnected in the event-of critical reduction of available electric

rotection
ssential Circuits
be used for essential circuits in order to take advantage of the ease v

ty in making/a replacement during flight. Ready availability of a spare fuse
H) is verylimportant. All circuit breakers or fuses used in essential or emerg

I near-the control point.

us can be improved by
h be isolated from other

:Iluments or control units

Id not be connected to
stems used to improve
ght instrument systems

mergency) so that they
bower.

vith which they can be

b the required.rating is such that only a fuse is available, special consideration should be given to

of proper rating (and a
ency circuits should be

Remote ‘eircuit breakers should be of a type that will give an indication of a tripped condition. The

5.5

5.5.1

Sequence Operation

Sequence Operation of Relays and Switches

Where it is necessary to design essential circuits in such a way that two or more sets of contacts must operate in a given
sequence, positive interlocking means should be provided to assure the proper sequence of operation.

5.6  Special Consideration in Wire Routing

5.6.1  Wire Routing

AS50881 should be used for wiring routing requirements.
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5.7 Special Consider

571 Fire Walland F

ations in Fire Areas

ire Seal Connections

Plugs and receptacles with fireproof inserts used in engine fire walls and baffles will comply with pertinent FAA
regulations by preventing fires in one area from spreading to the adjacent area. In addition, circuits may be maintained
through the connector by using materials that do not melt under the test conditions prescribed by FAA test requirements.
These contacts may be attached to the wires by mechanical means. For additional information on fireproof and firewall
connectors and related definitions see AS50881. Conduit fittings on fire walls should either be shrouded or preferably
manufactured from steel or titanium. Die cast aluminum fittings melt in approximately 2 min during an engine fire and
allow the flames to penetrate to the adjacent zone.

5.7.2 Fire Detector C

ircuits

Use of a fireproof plug
functionally for as long
preferably employing s
fire detector wires in f
prevent abrasion of thg
walls can minimize the

5.7.3 Fairleads on Fi

Fairleads, grommets, 4
conducted for strength,

5.7.4 Dielectric Mate

Certain insulators, used because of their resistance fordamage by fire, become conductors durin

fire. Tests should be pq

electrical insulation for aircraft.

5.7.5 Electric Equipni

Electric equipment requ
5.8 Flight Instrument

5.8.1  Multipower Sou

together with a proper wire is recommended for fire detector circuits ity or
hs practical during the occurrence of a fire. Conduit, if used to protectithe w
ainless steel. Conduit, however, is not necessarily required in ordér to ma
re areas may be installed open and supported by steel clamps. Means
wire by the clamps. The use of infrared type fire detecting devices mour
bxposure of related connectors and wire to engine compartment fires.

e Walls

vibration, moisture resistance, and conformance with pertinent regulations.

ials

rformed to determine if sueh results will adversely affect the performance.

ent
ired to operate'during a fire should be fire-resistant.

rces;for Flight Instruments

jer to maintain a circuit
ire, should be fireproof,
intain a working circuit;
should be provided to
ted through engine fire

nd feed-throughs in fire walls and in the engine sections should be man{ifactured from fireproof
insulation materials. Bgcause of the many different characteristics of these materials, it is reco

nmmended that tests be

j and after exposure to
IEEE 135 lists tests for

Where duplicate flight

instruments are required, the system, including power sources, should

failure can cause the loss of both sets of instruments. (See also 5.6.)

5.8.1.1

Flight Instrument Power Indication

be such that no single

Consideration should be given to providing indication of the failure to supply satisfactory power to one or more phases of

the instruments.


https://saenorm.com/api/?name=861e67f192bf1072d87afa38517a71a4

SAE ARP4404B - 38 -

6. MULTI-ENGINE RELIABILITY

6.1  General Principles and Recommendations

The proper operation and, in many cases, the safety of modern aircraft depends on a completely reliable electric system.
Even with up to 50% of the main engines out, there should be enough electric power available to operate fire fighting
equipment, flight instruments, essential radio, emergency lighting, etc. Therefore, as long as the main engines are to be
used as a power source to drive generators, it is very important that the generators be distributed among the engines in
such a way that electric power will be available under all conditions under which level flight can be maintained after any
probable engine failure.

6.2 Power Source (G

enerators)

6.2.1

On some aircraft, elec
necessary, the engines
way, maximum electric
rpm conditions.

6.2.2 Capacity of Ge

The installed capacity @
all essential loads und
available capacity of al
conditions. In parallele]
analysis, should not ex
conditions of ground o
available in excess of ¢
lights, electric shavers,
may be disconnected 3
for disconnection of ¢

Low Engine Revolutions Per Minute Operation of Generators

ric power requirements are such that two generators are mounted’on or
normally used for taxi purposes should be considered for mounting the ¢
power is made available during ground operations that normally are perfo

nerators

f the generation system should be at least 100%,_in'excess of the amount 1
er any flight condition. As used herein, installed generation system cap
generators under the particular altitude and“cooling conditions prevailing
d generator systems, due to paralleling\tolerances, the electric load, ag

r flight operation. (See MIL-E-7016~for a method of making load analys
ssential requirements may be uséd for convenience or passenger comfor

s required by the reduced-generator capacity. Consideration should gene
bnvenience loads by manual or automatic monitoring, in order not to

capacities of the generators. (See also 14.2 for.growth capacity.)

6.3 Separate Routing
For general requireme
6.3.1

Instrument wires shoul

of Wiring

ts see AS50881.

Instrument Wirg¢ Routing

] b@ 'so routed that any probable damage to any wire bundle will not affed

e engine. When this is
xtra generators. In this
rmed under low engine

equired for operation of
ity means the actual
Huring the various flight

indicated by the load

ceed 85%' of the continuous or short time capacity of the generation sysfem under the specified

is.) The electric power
items such as reading

water heaters, etc. In the event that one or more generators are lost, passenger comfort items

rally be given to means
exceed the short time

t the operation of more

than one group of instruments. A fire in any single wire bundle should not affect the operation of instruments for more
than one engine or set of flight instruments. Separate routing should be considered for the wire bundles from each engine
all the way to the instrument panel. (See also 5.6.)

6.3.2 Generator Feeder and Control Wiring

In multiple generator installations, generator wiring should be installed in accordance with AS50881 to minimize the
probability of damage, which would render more than one generator inoperative. (See also 5.6.)

'The 85% allows for imperfect paralleling as well as generator feeder losses. A higher value is permissible if it can

be justified.
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7. CONNECTORS AND OTHER TERMINATIONS

7.1

General Recommendation

Connectors and terminals in aircraft require special attention to assure a safe and satisfactory installation. Every
possibility of short-circuits due to misinstallation, poor maintenance, and service life should be eliminated in the design.

7.2 Studs and Insulators

Recommendations concerning studs also apply to other feed-through conductors.

7.2.1  Current Carryin

g Stud Resistance

Due to heat loss arisinj; from wire-to-lug and lug-to-stud voltage drop, the resistance per unit leng
ter than that of the wire. The stud should not be hotter than the wire, (See 3

stud should not be gre
7.2.2 Size of Studs

In designing the stud f
compared to copper. A
of the wire compensate
strength.

7.2.3  Support for Stu

The main stud support
that a loosening of the
contact pressure on the

7.2.4  Support of Wire

Unless some other pos
loosening the connectid
tighten the clamping n
studs, posts, etc. are fo
7.2.5 Feed-Through

Feed-through insulator
should not be able to

pr a feed-through connection, attention should be given te~the higher res

d for the difference of resistivity of the metals. Consideration should also

o]

in the feed-through insulation should beihdependent of the attachment of
nsulation support of the stud will in no Way affect the electric contact efficie
wire lugs should not in any way be affected by the loosening of the stud in

at Studs

itive locking action is provided, the lug or wire should be supported nex
n with a side pull on.the wire. Alternately, dress the position of the lugs so

und in ARP1928{(See also 9.5.2.)
nsulator and Stud Design

design ‘should be such as to prevent a loose insulator from failing to prg
move~ffom between the stud and the structure thus allowing the two to

th of a current carrying
Iso 9.5.1.)

stivity of brass, etc. as

suggested method of determining the size is to use a cdrrent density in the stud equivalent to that

pe given to mechanical

the lugs to the stud, so
hcy. In other words, the
the insulator.

to the stud to prevent
that any movement will

It. Torque recommendations for attaching electrical wiring devices to terminal boards or blocks,

vide circuit isolation. It
come into contact. The

assembly should be so

designed that it is impossible to inadvertently misassemble the parts so that faults will result. Also,

it is desirable to provide means to prevent the feed-through stud from turning while tightening the connection.

7.3

7.3.1  General

Electrical Connectors

The number and complexity of wiring systems has resulted in increased utilization of electrical connectors in modern
aircraft. The proper choice and application of connectors is a significant part of the design of any new aircraft wiring
system.
7.3.2 Design Objective

Connectors should be selected and installed in a manner, which provides the maximum degree of safety and reliability to

the aircraft and its occupants. It must be recognized that achievement of this goal can be more readily accomplished if the
use of connectors is kept to a minimum consistent with efficient manufacturing and maintenance.
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7.3.3 Selection

The connector used for each application should be selected only after a careful determination of the electrical and
environmental requirements. Size, weight, tooling, logistic and maintenance support, and compatibility with
standardization programs should be considered. For ease of assembly and maintenance, connectors using crimped
contacts are generally chosen for all applications except those requiring an hermetic seal. ARP1308 may be used as a
selection guide for commercial applications and MIL-STD-1353 for military applications. Connectors not listed in these
selection guides may also be used when the application dictates.

For additional information and guidelines on cylindrical and rectangular connectors and accessories with components
manufactured from composite materials, consult AIR4567. Composite connectors are intended to replace aluminum shell
connectors and be capable of meeting their established performance parameters. MIL-C-29600, MIL-C-38999 and MIL-C-
85049 are current mili aVi Qpnr‘ifinafinne that offer (‘nmpncifn connectors and accessories. Qther connector types and

accessories are availaljle under commercial manufacturer’s part numbers.

7.3.4 Connector Typés

7.3.4.1 Environmental Classes

Environment resistant

thermal and mechanic@l shock, corrosive elements, etc. Fire wall class connectors incorporatin

must, in addition, be g
continue to function wi
pressure seal for maint
the termination of indi
conductive finishes, an
visibility are a problem
mating operation. The
induce connector failur
moisture problem) loca
7.3.4.2 Rectangular
Rectangular connectors
a single mated pair. Th
large power types. Cou
flanges together. Large
lock the connectors. R
hardware for couplings

7.3.4.3 Module Bloch

{

connectors are used in applications where they will grobably be subjed

ble to prevent the penetration of fire through the aircraft fire wall conne
hout failure for a specified period of time when+exposed to fire. Hermeti
pining pressurized areas. When EMI/RFI protection is required, special att

d EMC grounding fingers are available for this purpose. On installations W

"scoop proof" connectors can be used“to avoid pin damage caused by
Ise of nonenvironmental connectors-is' limited to areas where exposure tg
, can be positively avoided. Guidance for selecting connector types for SW
ons is provided by AIR1557.

Connectors

are typically used imapplications where a very large number of circuits mu
by are available with a great variety of contacts, which can include a mix o
pling is accomplished by various means. Smaller types are secured with s
r ones havélintegral guide pins that assure correct alignment, or jacksc
ack and (panel connectors use integral or rack mounted pins for align

S

ted to fluids, vibration,
g these same features
ctor opening and must
C connectors provide a
ention must be given to

idual and overall shields. Backshell adapters designed for shield termipation, connectors with

here limited space and
mishandling during the
elements, which might
AMP (severe wind and

st be accommodated in
f standard, coaxial, and
crews, which hold their
ws that both align and

o
ent and box mounting

These junctions accept crimped contacts similar to those on connectors. Some utilize internal bussing to provide a variety
of circuit arrangements. They are useful where a number of wires must be connected for power or signal distribution.
When used as grounding modules, they save space and reduce hardware installation on the aircraft. Standardized
modules are available with wire end grommet seals for environmental applications and are track mounted. Function
module blocks are used to provide an easily wired package for environment resistant mounting of small resistors, diodes,
filters, and suppression networks. In-line terminal junctions are sometimes used in lieu of a connector when only a few
wires are terminated and when the ability to disconnect the wires is desired. The in-line terminal junction is environment
resistant. The terminal junction splice is small and may be tied to the surface of a wire bundle. AIR1329 provides detailed
information on module/wire sealing compatibility, proper matching of wire, module, and contact insertion/removal tools.
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7.3.5 Voltage and Current Rating

Connectors should be selected, which are rated for continuous operation under the maximum combination of ambient
temperature and circuit current load. Hermetic connectors and connectors used in circuit applications involving high
inrush currents must be derated. It is good engineering practice to conduct preliminary testing in any situation where the
connector is to operate with most or all of its contacts at maximum rated current load. When wiring is operating with a
high conductor temperature near its rated temperature, connector contact sizes should be chosen, which are suitably
rated for the circuit load. This may require an increase in wire size also. Voltage derating is required when connectors are
used at high altitude in nonpressurized areas. Derating of the connectors should be covered in the purchase
specifications.

7.3.6 Spare Contacts

In order to accommoddg
along the outer part of
spares on connectors
connectors with more f{
are unlikely to have a
contacts. Unwired cont

date should not be used to wire the connector. New contacts should be used.

7.3.7 Redundancy

Wires that perform the
critical to flight safety,
system failure warning.

warning circuits to the ¢xtent practicable. These steps will consjderably reduce an aircraft's susce

might result from conng
7.3.8 Adjacent Locat
It should not be possib
are different in shell siz
such means are imprag
other. Reliance on marl
guidelines see AS5088
7.3.9 Sealing

Connectors should be

te future wiring additions, spare contacts are normally provided. Locating
he connector facilitates future access. A good practice is to provide @ min
with 25 or less contacts, 4 spares on connectors with 26 to 100: cont
han 100 contacts). Spare contacts are not normally provided on-receptacl
ilded wiring. Connectors should have all available contact cavities filled
hcts should be provided with a plastic grommet sealing plug. Spare conta

same function in redundant systems should be ‘routed through separate g
It is also good practice to route a system's indication wiring in separate co
ctor failures.

ons

e to incorrectly mate adjacent connectors. In order to avoid this, adjacent
re, coupling means, jnsert arrangement, pin or socket contacts or keying
tical, wires should pe‘routed and clamped such that incorrectly matched g

ings or color stripesare not recommended as they are likely to deteriorate
(B

f astype that exclude moisture entry through the use of peripheral and inte

compressed when the

these unwired contacts
mum of 10% spares (2
acts, and 6 spares on
es for components that
with wired or unwired
Cts removed at a future

onnectors. On systems

5ystem operation wiring should be routed through separate connectors flom the wiring used for

hnectors from its failure
ptibility to incidents that

connector pairs, which
should be used. When
airs cannot reach each
with age. For additional

rfacial seals, which are

céonnector is mated. Moisture entry through the rear of the connector

should be avoided by

correctly matching the wire outside diameter with the connector rear grommet's sealing range. It Is recommended that no
more than one wire be terminated in any crimp style contact. The use of heat shrinkable tubing to build up the wire
diameter and the application of potting to the wire entry area are additional means of providing a rear seal. The use of
shrink tubing in this application can create maintenance difficulties and is generally not recommended. Step stripping wire
insulation to a smaller diameter to provide compatibility with the rear grommet is not recommended. These extra means
have inherent penalties and should only be considered where other means cannot be used. Unwired spare contacts
should have a correctly sized plastic plug installed. AIR1329 provides detailed information on connector/wire sealing
compatibility, proper matching of connectors, wire, and contact insert/removal tools.

7.3.10 Drainage

Connectors should be installed in a manner, which assures that moisture and fluids will drain out of and not into the
connector. Wiring should be routed so that moisture accumulated on the bundle will drain away from connectors. When
connectors must be mounted in a vertical position, as through a shelf or floor, the connectors should be potted or
environmentally sealed. In this situation it is better to have the receptacle faced downward so that it will be less
susceptible to collecting moisture when unmated. AIR1350 provides detailed guidelines for receptacle mounting.
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7.3.11 Wire Support

A rear accessory backshell, which compresses the connector rear grommet when tightened, should be used on
connectors that are not located inside of enclosures. Connectors having very small size wiring, or are subject to frequent
maintenance activity, or located in high vibration areas should be provided with a strain relief type backshell. The wire
bundle should be protected from mechanical damage with suitable cushion material where it is secured by the clamp.
Connectors that are potted or have molded rear adapters do not normally use a separate strain relief accessory. Strain
relief clamps should not impart tension on wires between the clamp and contact.

7.3.12 Slack

Sufficient wire length should be provided at connectors to assure a proper drip loop and no strain on terminations exist
after a Comp|ete rep|aC ment of the cannector and.its contacts aor 2 reterminations of contacts-

7.3.13 Identification

Reference identificatiop shall be provided for each connector. The identification shall’remain|legible throughout the
expected life of the aircfaft.

PUBLICATIONS: AIR1329, AIR1350, AIR1402, AIR1557, and ARP1308 are available frpm SAE International,
400 Commonwealth Drive, Warrendale, PA 15096-0001.

7.3.14 Installation
For installation guidelings for circular and rectangular connectors see-AS50881.
7.4 Feed-Through Bylkhead Wire Protection

7.4.1 Feed-Through Bushings for Wire Bundles

Consideration should He given to means of protecting wire bundles, which pass through bulkhelads, frames, and other
similar structure. Feed-through bushings of hard dielectric material, affording a minimum of 1/16 in mechanical separation
between wire bundles|and any metal edges;. are satisfactory. The use of NAS557 split plastjc grommets (nylon) is
recommended in lieu ¢f rubber grommets,as they eliminate the unsatisfactory features of rubper grommets and are
resistant to fluids usually encountered inlaircraft.

7.4.2 Wire Clamps

MS21919 cushion type|clamps are considered to be satisfactory if a minimum 1/8 in air separation} is maintained from the
metal structure. Suppofts. should be positively secured against rotation. Anti-chafe provisions should be in accordance
with AS50881.

8. GROUNDING AND BONDING
8.1 General and Definitions

One of the most commonly overlooked factors in good aircraft electrical design is proper grounding and bonding of
equipment. Such oversights lead to poor and unsafe operation of the equipment and to radio noise. MIL-STD-464,
ARP1870, and ARP4043 provide information on bonding and grounding.

8.1.1 Bonding (Definition)

"Bonding" is a general term applied to the process of electrically connecting two or more conducting objects. In aircraft,
the purpose of bonding (except as applied to individual connections in the wiring and grounding system) is to provide
conducting paths for frequencies ranging from DC to beyond UHF. This is accomplished by suitably low, nonvarying
impedance connections joining parts to the aircraft structure. Another purpose of bonding is to ensure the safe passage of
current caused by lightning or static electricity to aircraft structure.
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8.1.2  Grounding (Definition)

The term "grounding" is usually applied to a particular form of bonding that is the process of electrically connecting
conducting objects to basic metal structure for the purpose of safely completing either a normal or fault circuit at power
frequency. (An additional requirement on the ground connection is that impedance must be essentially constant, that is, it

must not introduce noise.) Several bonds may be involved in completing a ground.
8.2 Grounding

8.2.1  Current Return Paths

Ground return circuits should have a current ratlng adequate for satisfactory operatlon of the

equipment connected
should be met. The de

ign of the ground return C|rcu|t for a deV|ce should be given just as mug
leads. Special care shquld be exercised to eliminate the possibility of maintenance personnehnot
leads because of the |erroneous understanding that the device is grounded by meansyof its

numbered insulated wine leads instead of bare grounding jumpers may aid in this respect:yin gener
devices are used the unit should have a ground terminal, even though internally grounded. This
connections. Direct me¢hanical connection to magnesium structure should not be used for ground
8.2.1.1  Current Retufn Paths for Internally Grounded Equipment

Internally grounded eqliipment should be avoided if possible and carefully installed when used.
removed from the strdcture and equipment attachment points to_.ensure adequate current c
grounding path to primary structure. In particular, internally grounded devices utilized in fuel and
be carefully examined |for adequacy of the grounding path. Omission of a grounding jumper,
surfaces, faulted equipinent, or cross connection of the powergand/or ground leads should not res|
heating of any part exposed to flammable mixtures. The effects of transient conditions sh
determining freedom frgm this hazard.

8.2.1.2  Grounding fof Fault Protection

All metallic conduit ang junction boxes should, be grounded to structure with a resistance of 1/
proper operation of the
8.2.1.3

Common Grqund Connections

The use of common grpund connections for more than one circuit or function should be avoided
shown that the malfung
circuit will not result in @ hazardous condition. The effect of the interconnection of the circuits wher
considered. Bonds to thermally or vibration isolated structure require special consideration to avq

electric and electronic
\.S50881 and Section 9
N attention as the other
replacing ground return
mounting. The use of
al, where heavy current
will permit ground lead
return.

The finishes should be
brrying capacity of the
similar systems should
failure to clean mating
it in sparking or undue
buld be considered in

10 Q or less to assure

circuit protectors in‘the event of shorts inside of the conduit or junction boxgs. (See also 8.3.4.)

except where it can be

tions/which might be caused by a loose or improperly made connection, affecting more than one

ungrounded should be
id single ground return

to primary structure.
8.2.1.4  Grounds for Sensitive Circuits
Special consideration should be given to grounds for sensitive circuits. For example:

a.
signal circuit.

Grounding of a signal circuit through a power current lead introduces power current return lead voltage drop into the

b. Separately grounding two components of a transducer system may introduce ground plane voltage variations into the

system.
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8.3 Bonding

The following bonding requirements should be considered from a safety standpoint:

8.3.1 Equipment Bon

ding

Low impedance paths to aircraft structure are required for radio and radar equipment to provide radio frequency return
circuits and for most electric equipment to facilitate radio noise reduction.

8.3.2

Metallic Surface Bonding

Homogeneous ground or counterpoise should be provided for radio antenna systems. All large external metallic surfaces

ae—nacallece_doore—ate—charld -bhave achanicealhr caoctira alactric connA

ions to basic structure.

such as wing, empenng

A resistance to structur
8.3.3 Parts to be Bon

All isolated conducting
3 in, which are subjecte
a mechanically secure
and dry.

8.3.4  Electric Shock

Electric shock to perso
and metallic conduits o
that the electric potent
conditions. The current
no sparking, fusion, or
metal contacts are mair

8.3.5 Lightning Disch

m
HoOCCTTC o, OOUTo Tt oottt av e Crarmoat y - o oo T oo otc—ooTmmT

)
e of less than 1 Q is desirable and in no instance should the resistance bé

ded

barts inside and outside the aircraft having an area greater than'3 in> and
d to appreciable electrostatic charging due to precipitation 1o fluid or to aif
electrical connection to the aircraft structure having a résistance of less th

Prevention Bonding

nnel should be prevented by providing a lew resistance path of 1/10 Q or
[ equipment containing circuits of 50 V orabove. The allowable ground reg

ariable.

A linear dimension over
in motion, should have
an 1/2 MQ when clean

less between structure
istance should be such

al of the conduit or equipment housing does not reach a dangerous vallie under probable fault

carrying capacity of all elements of.the ground circuit should be such that {
dangerous heating will occur. Métallic supports usually will provide adequ
tained.

arge Systems for Antenna

Antenna lightning disc
devices to prevent lig
produce sparking, dam

arge systems should be installed on external antenna lead-ins togethe
tning voltages, and currents from being passed into the interior of the 3
ge radio equipment, or result in fire or smoke from excessive heat. The u

nder the fault condition
ate bonding if metal-to-

with suitable isolating
ircraft where they may
5e of discharge devices

without isolating devic¢s such as Capacitors is usually not effective. Discharge gaps and isolating means should be

designed to permit n
connected as close as

a. A lightning discha

rmal operation of the radio equipment. A suitable system might cons
ossible to the antenna lead-in point:

st of the following, all

e-gap between antenna and

electrically at transmitter voltages.

voltage output of the radio transmitter.

connected in series with the lead to the transmitter

8.3.6  Static Discharge Devices

ction and still not fail

A 1 MQ resistor, connected between antenna and ground, of suitable voltage rating and impedance to withstand full

An 0.0015 pF capacitor having a suitable radio frequency voltage and current rating for full transmitter output

Static grounding provisions should be made for the discharge of accumulated static electricity by automatically bringing
the aircraft to ground potential on landing. Fuel nozzle grounding should be in accordance with ARP1870.
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8.3.7 Lightning Protection Bonding

Special bonding should be applied (except on antenna systems) to achieve a lightning protection system such that a
lightning discharge current may be carried between any two extremities of the aircraft without risk of damaging flight
controls or of producing voltages within the aircraft that are in excess of 500 V. The design of this bonding should be
based on a current surge crest of 100,000 A at 10 ps and dropping to 50,000 A at 20 ps.

8.3.7.1  Control Surface Lightning Protection Bonding

To accomplish the above, control surfaces and flaps should have at least one 6500 circular mil area copper jumper
across each hinge. In any case, not less than two 6500 circular mil jumpers should be used on each control surface. The
installation location of these Jumpers should be carefully chosen to provide a Iow |mpedance shunt for lightning current
across the hinge to the vent burning of hinges
resulting in possible losp

of control on the surface that receives a I|ghtn|ng strlke

8.3.7.2  Control Cablg¢ Lightning Protection Bonding
To prevent damage to
from each control surfa

possible. Metal pulleys

the control system or injury to flight personnel due to lightning*strike, ca
Ce should be protected by one or more bonding jumpers logated as close {
pre considered a satisfactory ground for control cables.

bles and levers coming
b the control surface as

9. WIRE SELECTION|AND ROUTING

9.1 General

The selection of the prg
the wire. Improper wire
unsafe.

AS50881 covers aspe
commercial programs.
and should be used as
and list of approved wir|

9.2 Wire Type Select

SAE AS4372 and SAH
listed in AS50881.

In the repair and modi
aircraft should first be 1

per type and size of wire for any aircraft circuit is as important as selecting
selection either as to type, size, or poot wire routing can make an otherwi

tts of wire selection for military-aerospace vehicles and is normally use

the proper protector for
e good electric system

H as a guide for many

his document is maintained.en a current basis through coordinated indusfry and military activities

a reference. Detail data is“included for current ratings, altitude derating,
e types.

on

AS4373 afe-recommended for the evaluation and proposed selection of

ication”of existing aircraft, when replacement wire is required, the maint

corona considerations,

wire constructions not

bnance manual for that

eviewed to determine if the original aircraft manufacturer (OAM) has apprgved any substitution. If

not, then OAM must be

contacted for an acceptable replacement.

The following factors are of particular importance in the selection of types of electric wire with regard to the avoidance of

hazards. The tests in th

9.21

e following are suggested for use when comparing types of wire.

Abrasion Resistance of Wire Insulation

Aircraft wire may be subjected to three different types of abrasion as follows:

a.

A longitudinal rubbing or scraping during installation or maintenance operations.

b. A cross or circular rubbing due to vibration of wires in contact with each other or with supports and enclosures.

C.

A beating effect due to vibration against supports and enclosures.
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In determining the adequacy of wire insulation for aircraft use, tests should be made to determine the ability of the wire
insulation to withstand all three types of abrasion. Different insulation constructions may show a marked difference in their
susceptibility to the different types of damage. Resistance to cross or circular rubbing should be emphasized as being of
the most importance in installed wire. The more commonly applied abrasion tests are only for longitudinal rubbing or
scraping.

NOTE: Exposure to liquids, vapors, or combinations thereof may seriously affect the abrasion resistance of the insulation

and should not

9.211
chafing.

9.2.2 Effects of Fluid

be overlooked.

s on\\ire lnsulation

If wire with low abrasion resistant insulation is used, special installation methods should be employed to prevent

Fluids that come in cor]

by causing deterioration of the insulating materials. The military wire specifications specify. tests wi

the wire may come in

made at the most adlverse temperature encountered in the application. Particular® attentio

"nonflammable" hydrau
design of standard air
removers, etc., which
Insulation that has deg
breaker is reset. Judicid

9.2.3 Effects of Aging

Since electric wire may

is necessary to give spgcial consideration to the aging characteristics in selection of the wire.

9.24 Heat Resistang

Resistance to heat is 9
Wire ratings are based
temperature. Where wi
high current loadings o
and life under the wors
prolonged to be of va
determining whether sr
can be evaluated using

9.2.5 Flame Resistar

tact with electric wiring may create a hazardous condition either by increa
contact with other liquids, similar tests should be conducted. Tests for flu
lic fluids and special types of fuels, as the effects of such fluids have not
Craft wire. The aircraft may also be subjected to low ¢H Tleaning fluids
may contact the aircraft wiring. Sanitary fluids dripping on wire bundl
raded, which causes a circuit breaker to trip, may_cause a fire in the wet
us wire routing can eliminate such problems.

on Wire Insulation

be installed in areas in the aircraft where inspection is infrequent over extg

e of Wire Insulation

f primary importance in the-selection of wire for aircraft use as it is the ba
on either a maximum €ontinuous conductor temperature or a maximum co
e may be required(to operate at higher temperatures, due either to high a

sing the flammability or
h various fluids. Where
d resistance should be
h should be given to
been considered in the

anti-icing fluids, paint
bs should be avoided.
bundle when the circuit

nded periods of time, it

sic factor in wire rating.
htinuous wire insulation
mbient temperatures or

a combination of thé two, selection should be made on the basis of tests f

ceof Wire Insulation

r satisfactory operation

conditions, which may be anticipated. Test of wire under simulated operating conditions must be
ue in deterfiining the wire life, but shorter tests at elevated temperatures may be of value in
noke, fumes, or other rapid deterioration will result. Thermal characteristigs of the wire insulation
test méthods in ASTM D 3032. AS4851 is also a good reference for thermal aging.

Part 25, "Airworthiness Standards: Transport Category Airplanes”, paragraph 25.1359 (d) requires that insulation on wires
installed in any area of the fuselage be "self-extinguishing" when tested in accordance with Appendix F of Part 25. The
test is performed with the wire at a 60° angle. AS22759, AS81044, and MIL-DTL-81381 all have flammability
requirements based upon the 60° angle for the wire position. ASTM F 777 is also a wire insulation flammability test
procedure which uses the 60° angle for the wire. These test procedures are more definitive than those in Part 25. The
flammability test in ASTM D 3032, Section 18, uses a vertical wire position. In addition to the usual requirements in the
flammability test procedures, consideration should be given to insulation constructions which minimize short-circuits
between adjacent wires when the wires are subjected to overheating, but not otherwise damaged by fire.

9.3  Wire Size Selection

Wire size selection shall be determined in accordance with AS50881.
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9.3.1 Current Carryin

g Capacity of Copper Wires

Continuous current carrying capacity may also be limited by a low current protector being utilized for particular design
conditions. For short time ratings of copper wire, refer to curves of Figure 2. The current rating curves of Figure 2 are
based on a maximum conductor temperature of 125 °C for time intervals of less than 0.04 s, and of 105 °C for time
intervals of more than 9.0 s. This maximum temperature is graduated from 125 °C to 105 °C between the 0.04 s and
9.0 s. The method followed is based on AIEE Paper 46-145, and the protection limits for both long and short times are
selected to be approximately 25 °C higher than the working temperatures noted. The 25 °C spread between working and
protection temperatures is intended to minimize the protector coordination problem as covered in Section 3.

9.3.2  Aluminum Wire

Selection

For short time ratings
wire except that it is for
9.3.3 Protective Devi
The protective devices
same current-time curyv|
protective device rathe

rating to avoid any nuis
lamp starting, etc. and

protective device, as we¢ll as differences between protector and wire ambients not covered by AS5

A circuit analysis and,
multiple circuits on a
continued safe aircraft

modes of failure, malfuctions, probability of multiple failures; \and undetected failures.

9.3.4 Voltage Drop in

Wire size will frequently
operating voltage of the
drop, a larger wire tha
protection when wire si
shown in AS50881 Tak
battery to the bus shoJ
the battery is being disc
voltage drop in the loac
AS1212 can be used as

aluminumwire see Fiaure 3 Fiaure 3 was develoned in the same manne.
T Lig

100 °C (212 °F) rated wire temperature.

ces for Wires

bs as the wire. For this reason, the allowable current under-some condition
than by the heating of the wire. Care should be takend4o select a protecti
ance tripping. Particular attention should be given to.dnrush and surge cur
allowance should be made for the most adverse tolerances on the ¢

if appropriate, a risk analysis and testing(should be performed to dete
Single circuit protector, especially with .essential circuits, and to detern]
pperation in the event of a failure of that'particular circuit. Method chosen s

Wires

be selected for voltage drep considerations rather than for current carryin
equipment should be provided under all required conditions. To protect ag
n required for the @pplication current requirements may be used. To affg
zes are selected(for voltage drop reasons, lower rating protection than ing
le 1, may be.used. The voltage drop in the main power wires from the g
Id not exceed-2 percent of the regulated voltage, when the generator is G
harged at the 5 minute rate. The tabulation shown in Table 3 defines the n
circuits_between the bus and the utilization equipment ground. MIL-STD-
a guide for required voltage levels for operation of aircraft electrical equipr

r as Figure 2 for copper

should be as described in AS50881 Table 1. In most cases, jprotective de¢vices do not follow the

s may be limited by the
/e device of the correct
rents for motor starting,
Lirrent-time cure of the
D881 Table 1.

rmine the suitability of
ine the impact on the
hould evaluate possible

g capacity. Satisfactory
ainst excessive voltage
rd a greater degree of
icated for the wire size
bneration source or the
arrying rated current or
aximum recommended
704 and SAE Standard
nent.

TABLE 3 - ALLOWABLE VOLTAGE DROFP BETWEEN BUS AND UTILTZATION EQUIPMENT GROUND
Nominal System Allowable Voltage Allowable Voltage
Voltage Drop-Continuous Operation Drop-Intermittent Operation
12 0.5 1
28 1 2
115 4 8
200 7 14
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9.3.4.1 Resistance

The resistance of the current return path through the aircraft structure is usually considered to be negligible. However, this
is based upon the assumption that adequately bonded, electrically conductive structure or a special electric current return
path has been provided that is capable of carrying the required electrical current with a negligible voltage drop. A
resistance measurement of .005 ohms from the ground point of the generator or battery to the ground terminal of any
electrical device may be considered satisfactory.

9.3.4.2 Voltage Drop Calculations

When calculating voltage drop, the wire run length, including the length of the ground return wire should be multiplied by
the circuit current times the resistance per unit of length of the wire, as stated in the wire specification. Note that most wire

specifications express
estimated or measured
ambient temperatures
adjustment must be ma
as follows:

The estimated conduct
conductor. This tempen
use the maximum con
expected to be loaded

9.3.5 Mechanical Str

he resistance per unit of |nngfh at o rafaerence fnmpnrghlrn of 20 nngrnn
conductor temperature significantly exceeds 20 Degrees C, such as\in

pr in fully loaded power feed wires, the resistance per unit length (R2) s
de to take into account the increased resistance resulting from the\higher

R1 @20DegC  _
R2 @ Est Cond Temp

(234.5 + 20 Deg C)
(234.5 + Est Cond Temp)

(R1 @ 20 Deg C) (234:5 % Est Cond Te mp)

R2 @ Est Cond Temp = (234.5 +.90 Deg O)

or temperature is the result of ambient temperature plus current-related
ature is best to arrived at through testing: In the absence of such tests, it
inuous temperature rating of the wire.for this purpose, particularly in inst
t or nearly 100% of its rated current.

bngth of Wires

If it is desirable to us¢ wire sizes smaller than listed in Tables 3 and 4, particular attention

mechanical strength an
than 19 strands shoul
should be given to the

strength. Care should b
the conductivity of the v

d installation handling-of these wires, i.e., vibration, flexing, and terminatig
l not be used upless a means for increasing mechanical strengths is [
iIse of copper covered steel wire or the use of high strength alloys in small
e exercised if:ehoosing copper covered steel conductors in low frequency
ire may be.as low as 85% of the same size copper wire. For additional gui

Centigrade. When the
areas having elevated
nould be adjusted. The
conductor temperature

temperature rise in the
is quite conservative to
bnces when the wire is

hould be given to the
n. Wire containing less
rovided. Consideration
gage wires to increase
and DC applications as
jance on minimum wire

size see AS50881.

9.4 Wire Routing

Routing for wire bundles should conform to AS50881.

9.4.1 Clearance Provisions Between Electric Wires and Other Units

Wire routing with respect to various other items may create a hazard either in the possibility of fire or the interruption of an
essential service. Consideration should be given to the use of ducts or wireways to facilitate protection, accessibility, and
inspection for large wire bundles or groups of bundles. Wire bundles or wires should be so routed and supported, tied, or
guarded so that they will not be damaged by vibration or the various hazards likely to be encountered during installation,
operation, and maintenance. Individual wires or small bundles are particularly vulnerable.

9.4.1.1  Proximity of Magnesium Alloys to Wires

Wire bundles or wires should be so supported or guarded so that there is no possibility of contact between magnesium
alloy sheets or sections, and wires capable of supplying sufficient power to a short-circuit arc to cause ignition of the
magnesium. Broken wires or loose terminal connections should be taken into account in determining the required
precautions.
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9.4.1.2  Proximity of Flammable Fluids to Wires

Wire bundles or wires should be so supported or guarded in accordance with AS50881 so that there is no possibility of
contact between any wire and any metallic line carrying a flammable fluid. Broken wires or loose terminal connections
should be taken into account in determining the required precautions.

a. Protection should also be considered for tanks or containers where a nearby wire or wire terminal is capable of
supplying an arc, which might burn through the container.

b. Ample clearances are desirable between flammable fluid lines and wire terminals to prevent short-circuits by tools
during maintenance operations on either the electric system or the adjacent installations. Consideration should be
given to conditions that may exist due to the necessity for removing guards from electrical terminals during
maintenance operations-

c. Oxygen lines and cpntainers should be given the same consideration as flammable fluid dines and containers.
9.4.1.3 Proximity of Miscellaneous Lines and Containers to Wires

Arcing of an electric wife terminal to a line or tank may cause damage, which wilkresult in loss pf an essential service.
Precautions similar to those outlined for flammable fluids are advisable in such ¢ases.

9.4.1.4  Proximity of Control Cables to Electric Wires

Mechanical interferenc¢g with the operation of controls can be caused,by contact with wire bundles. Such routing shall be
avoided. Short-circuits fo ground through control cables may causg(damage either by arcing or by|overheating the cables
with heavy currents. Stitable supports or guards should be provided in accordance with AS50881 for both the electric
wires and the control gables. Consideration should be given o the sagging of control cables and the handling of loose
electric wires during mgintenance and replacement.

9.4.1.5 Proximity of Nonmetallic Materials to Wires
Supports, fairleads, guards, and other nonmetallic-objects, which support electric wires, should bg made of materials that
will not smoke, burn, or{otherwise fail at a temperature lower than that at which the wire will be sinfilarly affected. Charring
or flow of materials used for supports is particularly objectionable as it may result in the support fajling in its purpose, with
resulting wire damage.

9.4.2 Wires in Conddit

Metallic conduits should be grounded to structure with a resistance of 1/10 Q or less to assure proper operation of the
circuit protectors in thel event of shorts inside the conduit. Conduit installation, when required, should be in accordance
with AS50881.

9.4.3 Shielded Cable Routing

Special care should be given to the routing of electric cables or wires that have braided shielding exteriors. Damaged
metal braid caused by chafing has frayed strands that may puncture the insulation of wires routed in the same bundle and
cause short or intermittent short-circuits. One solution to this problem is to add a dielectric covering, which protects the
shield.

9.4.4 Voltage Sensitive Circuit Routing

Voltage sensitive circuits such as control circuits for autopilot, remote compass, turboregulators, thermocouple, flares,
explosive detonators, fire detectors, etc. should be routed in such a way that they will not pick up spurious signals from
other circuits. These spurious signals may be due to induced voltages or leakage current or differences in ground
potential throughout the aircraft. In voltage sensitive circuits, the number of connections in the wiring should be kept to a
minimum. For additional requirements for sensitive circuits see AS50881.
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9.4.5 Ignition Ground

Leads Routing

Consideration should be given to routing ignition ground leads so that any probable damage to a wire bundle will not
affect the operation of more than one engine.

9.4.6

Essential Engine Circuits Routing

Essential engine circuits should be so routed that any probable damage to a bundle will not affect the operation of more

than one engine.

9.4.6.1 Protection of

Wires routed through arfi 3 pFe ata 3
rcuit involved. Propeller feathering, combustible fluid shutoff valve, and*firg

the importance of the c
be protected in such a
fire that can be anticip
additional 10 min. Elec
another engine's fire z
Release 259 for testing
9.4.7 Drip Loops in V)
Wires or groups of wir|
However, where wires

sealed or adequate sla
the box or electric unit.

9.4.8 Size of Bundle
Wire bundle size should
9.5 Wire Splices and

9.5.1 Installation and
Preinsulated permanen
wires. The use of disg
relative motion betwee
insulated with an apprq
two or more splices exi

Wires Routed Through Fire Zone Areas

vay that circuit integrity will be maintained for at least 5 min under the wors
ated in the area. Fire detector wires should be protected for 5 minand,
ric wires routed through the fire zone or zones of one engine, but’connec
bne should be protected and installed to withstand a fire foryat least 15
requirements.)

ire Bundles

bs should enter a junction box or piece of equipment in an upward direg
must be routed downwards to a junction box or unit of electric equipme
Ck should be provided to form a trap or drip\oop to prevent liquid from runr
FFor additional requirements for connector'drainage see AS50881.

be held to a maximum of 2 in.\in diameter where practicable.
Terminals
Support of Wire Splices

t splices installed in accordance with AS50881 are considered a satisfacto
pnnect splices should be held to a minimum. Splices should be suppor
n segments’/of the spliced wire is minimized. All splices shall be of the ins
priate’,material applied in a method that will prevent the insulation from K
5t inlthe same bundle they should be staggered to prevent excessive bund

er commensurate with
detector wiring should
t probable conditions of
f at all possible, for an
ed to equipment within
min. (See CAA Safety

tion where practicable.
ht, the entry should be
ing down the wires into

'y means of connecting
ed in such a way that
bulated type or shall be
eing dislodged. Where
e diameter buildup. For

guidelines using tin plated’erimp style lugs and splices on nickel coated wire, see AIR1263.

9.5.2 Wire Terminals

Selection of wire terminals shall take into consideration the following and the requirements of AS50881:

a. Current rating

b. Wire size (gage) and insulation diameter
c. Conductor material compatibility

d. Stud size

e. Insulation material compatibility

f.  Application environment
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Preinsulated crimp type ring tongue terminals are preferred. The strength, size, and supporting means of studs and
binding posts, as well as the wire size, should be considered when determining the number of terminals to be attached to
any one post. In no case, however, should the number of terminals on any one stud or binding post exceed four. (See
also 7.2.4.) When an unshielded twisted cable is connected to a terminal strip, carry the twist of the cable as close to the
wire terminals as required to route to individual connection points. On bundles having multiple breakouts to terminal
strips, keep wires of the same separation category in the same breakout or as an option, in adjacent breakouts.

9.5.3 Terminal Strips

Wires are usually joined at terminal strips. Use a terminal strip fitted with barriers to prevent the terminals on adjacent
studs from contacting each other. Studs must be anchored against rotation. When more terminals are to be connected
together than allowed on one stud, a small metal busbar should be mounted across adjacent studs. Current is to be
carried by the terminal—contact surfaces and not hy the stud itself. Mount terminal erilr_\c in-such a manner that loose
metallic objects cannof fall across terminals or studs. In some cases, protective covers are, insfalled over the terminal
block to prevent accideptal shorting.

9.6 Coaxial Cable

9.6.1 Connectors for|Coaxial Cables

In applying connectors
dielectric, or outer brai
from entering the coax
which might be causeq
connectors prior to ma

to coaxial cables, special attention should be given t6 avoid damage to th
H while cutting, soldering, or crimping. Means should be provided to excl
al cable or connectors to prevent electric leakage-due either to the moisf
by the moisture. Suitable solvents may be used to clean the mating fag
ing. Excess solvent may be forced into the“connector and cable if shop

e center conductor, the
ude liquids or moisture
ure or to the corrosion,
es of the coaxial cable
ir is used to dry them.

Some coaxial cable agsemblies may suffer increased voltage standing wave ratio (VSWR) Iosjaes if this occurs. Such
intruded solvent may flemain in the cable for long periods_and cause subsequent corrosion gnd increased electrical
losses. Vertical runs of poaxial cables should not be supported by the connectors.
9.6.2 Bend Radius fgr Coaxial Cable

ial cable, the minimum
specification.

In order to minimize thie effects of cold flow of certain types of dielectric materials used in coax
bend radius should be as large as possible but.not less than that recommended by the detail cable
9.6.2.1 Elevated Temperatures on Coaxial Cable
The possibilities of temperatures over160 °F (71 °C) due to engines, heaters, or skin temperaturg should be considered
in coaxial cable installations. If polyethylene dielectric is used, it will soften at temperatures abové 160 °F. Consideration

should be given to using tetrafiouroethylene (TFE) dielectric. Softening temperature of the jacket material should also be
considered where coax|al cablés must be routed through high temperature areas.

10. ALUMINUM WIRE AND CONNECTIONS
10.1 General

The use of aluminum wire and terminals in the design of aircraft electric systems necessitates special inspection and
manufacturing procedures. A suitable and detailed process specification is required to assure manufacturing
conformance to engineering requirements. Such a process specification should establish adequate control of the phases
of inspection and fabrication listed in 10.2 and 10.3. For additional requirements for aluminum wires, terminals and wire
junctions see AS50881.
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10.2 Wire Inspection

10.2.1 Wire Properties

10.2.1.1

Physical Properties

Each lot of aluminum alloy wire used in aircraft electrical systems shall have been tested to assure conformance to the
requirements for physical properties, particularly circular-mil-area, of the applicable material specification.

10.2.1.2 Chemical Composition

The wire supplier shall furnish test reports with each lot of wire, which indicates the chemical composition of that lot.

10.2.1.3 Insulation

Each length of alumin

insulation flaws or danpage. Testing of the wire should include bending to the configuration reg

assure the insulation w
10.2.2 Wire and Lug A

To insure proper lug-t
specification.

10.2.2.1
Nicked or broken strang
Installation of

10.2.2.2

Installation procedures

Wire Prepargti

Um wire used in aircraft electrical systems shall have had theinsulatig
[l withstand the bending without cracking or splitting.
ssembly Inspection

D-wire connections, it is necessary to establish inspection requirements

on
s are not permitted. Wire should be tefminated within 8 h after insulation re
Lugs

have been prepared by the nanufacturers of aluminum lugs, which shoul

Special attention shoul

high resistence at juncfions that may ultimately. lead to failure of the junction. Examples of such
installations of terminals and washers, improper torsion (“torquing”) of nuts, failure to use oxide
the connector barrels ahd under the space’ between the tongue and mounting pad and inadequate
Aluminum terminal lug @ttachment tosbolted connections should be periodically checked to assure

level is maintained in

i be given to aluminum wire and cable installation to guard against condit

der to avoidthe loosening effects of thermal cycling and material cold flo

n visually checked for
uired for installation to

by a suitable process

moval.

d be carefully followed.
ons that could result in
conditions are improper
nhibiting compounds in
terminal contact areas.
that the required torque
v. Established crimping

tool application pressufes must. be strictly followed. Periodic tool inspections are required. In agdition, inspection shall

perform periodic pull tests and millivolt drop tests to test overall tools, material, and workmanship.

10.2.2.3

Identification jof Aluminum Lugs

Means should be provided to positively identify aluminum lugs to differentiate them from copper lugs.

10.2.2.4 Identification

of Aluminum Wire

Means should be provided to positively identify aluminum wire to differentiate it from copper wire.

10.3 Stud Connections

10.3.1 Use of Washers

Large outside diameter suitably plated steel washers with adequate thickness to distribute the clamping load should be

used.
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10.3.2 Dissimilar Materials in Contact

Manufacturers of terminal lugs and splices have published data and instruction sheets on terminating aluminum cable to
minimize corrosion effects and electrolytic action. Recommendations by these suppliers should be followed precisely in
the use of their products.

10.3.3 Use of Joint Compound

A joint compound may be used to lower the contact resistance for a given contact pressure. Use of such compounds
should not be made in a crimp joint unless so recommended by the lug or splice manufacturer.

10.4 Installation Requi

rements (See also Section 9)

10.4.1 Routing and Su
Aluminum wire should

such a manner that the
equipment and device
aluminum wire in the vi
10.4.2 Recommended

The use of aluminum w
terminal connections.

11. WIRE AND CABLE|
11.1 General

The proper identificatio
operation, safety to ma

11.2 Type of Circuit
11.2.1 High Voltage C

Consideration should b

pporting

not be routed through areas of excessive vibration. The wire should/be clamped and supported in

Fe is no relative motion between the wire and the terminal or clamp. In the
5 subject to frequent servicing or replacement (e.g., batterigs) it is ady|
Cinity of the item and use a copper wire to complete the circuit-to the item.
Gages

ire in gages smaller than No. 8 is not recommended due to the lack of me

IDENTIFICATION

n of electric wires and cables @sto circuits and voltages involved is necess
htenance personnel, and ease of maintenance.

rcuits

b given to, the-hazard to personnel of exposed terminals at potentials highe

guards should be provigled as appropriate.

11.2.2 Types of Curre

nt Identification

case of shock mounted
sable to terminate the

chanical strength at the

ary to provide safety of

than 50 V. Placards or

Distinctive markings on wires to identify DC and various types of AC circuits may also be desirable in some cases.
However, such a marking system would be primarily for convenience and should not interfere with any high voltage

warning marking.

11.3

Individual Wire and Cable Identification

Should conform to the requirements of AS50881.

12. MAINTENANCE OF ELECTRIC EQUIPMENT (SEE ALSO SECTION 15)

12.1 General

In the interest of initial and continued safe operation of electric equipment in aircraft, all electric components should be
installed so that they are easily accessible for proper inspection and maintenance. Also all electric equipment for use in
aircraft should be designed so that it will require no maintenance or adjustment for at least 2000 h total operating time.
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12.2 Design for Accessibility
12.2.1 Circuit Protector Accessibility

Circuit protectors in circuits that are essential to the maintenance of flight should be of the indicating type and should be
located so that they may be reset in flight. Other circuit protectors may be located where they are not accessible in flight.
However, they should be located for ease of maintenance on the ground. Remote controlled circuit breakers may be used
in emergency, essential, or nonessential circuits. Circuit protectors should be installed so that any protector may be

inspected and replaced

without disturbing any of the other protectors or connections thereto.

12.2.2 Relay Accessibility

should be mounted in

All relays should be re
areas that are free from

12.2.3 Connector Acc

All connectors should

necessary to install cor
coupling type. Access

readily accessible for m
12.2.3.1 Use and Typ
The use of connecto
components of electri
avoiding potential dam
can accommodate wire
damage. Connectors of
it may cause confusion

12.3 Equipment Identi

12.3.1 Types and Location of Placards

It is recommended that
identification could con
placards should not be
easily readable with or
single legend or placa
same.

essibility

holes with easily removable covers should be provided_for inspection of

CE| equipment. The use of rack and panel type connectors should be con

dibhaccessibleforinsnaction-orranlacement Nonhermeticalbhrsaalad-ralay
ey H+E—+oHSP HOH-OHepraceeit—rvyoReHeHEaTyY-S5eahea+eray

explosive vapors or suitably designed and tested for explosion-proofness:

be installed so that they are readily accessible for inspection* and troulhleshooting. When it is

nectors in high vibration or inaccessible areas, they should be a safety w
aintenance such as those installed behind sound-proofing or cabin lining.
bs of Connectors

should be kept to a minimum consistént with quick disconnect re
ge to wire bundles during equipment temoval and installation. High densi
sizes 22 and smaller, require extra-care in assembly, installation, and
hardware supplied with safety wite’holes should not be used when safety

upon installation in the aircraft-and subsequent aircraft inspection.

ication

electric equipment such as relays, motors, etc. be identified as to their fu
5ist of suitable-placards indicating the system or function of each piece of
mounted\directly on the equipment but on the mounting brackets in such

re type or positive lock
connectors that are not

quirements for various
sidered as a means of
ly arrangements, which
aintenance to preclude
viring is not required as

nction or system. Such
blectric equipment. The
a position that they are

Without the equipment in place. Within a junction box, the same purpose may be served by using a

rd_properly mounted and showing diagrammatically all equipment with

proper identification for

12.3.1.1

Wire Bundles and Connector Identification

In cases where it is necessary to have separate wire bundles serve identical connectors, which are installed in close
proximity to each other, the wire bundles or plugs and the mating receptacle should be properly identified and have
different keying to avoid cross connections in accordance with AS50881, or be so supported that it is impossible to cross
connect them (see 7.3.10).

12.3.2 Circuit Breaker Rating Identification

Consideration should be given to identifying, in the aircraft, the circuit breaker rating required for each position to facilitate
replacement.
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13. OPERATION AND

13.1 General

INSPECTION OF ELECTRIC EQUIPMENT

When planning the installation of any piece of equipment in an aircraft, first consideration should be given to proper
functioning. The functioning of the whole system as well as each component should be considered. (See also Section 15.)

13.2 Installation Desig

13.2.1 Functional Test

n for Operation and Inspection

and Operation Check

Functional test procedures should be carefully prepared for all systems as installed in the aircraft. These procedures

anv nrahlamac vanth thoa tnotallatinn Aacian Ar Ny Arearo 1n aanmaatiny A

should be so written that

revealed during the fun

13.2.1.1  Wiring Diagre
Wiring diagrams shoulg
facilitate functional test
order to facilitate functig

13.2.2 Visual Inspectiq

The installation of all
intervals. Inspectors sh
requires frequent inspe
otherwise inaccessible

13.2.3 Operation Che

All emergency or stan
desirable to provide a 1
equipment. The inspec
with the overhaul time
equipment when it is ng

13.2.4 Functional Che

It is often necessary 1
accumulation of dampr

COrty PTrooTrCImio v it e HRStanatoh e oo artTy - CrToro T oMo TuoTr—Or

ctional check. The functional check should prove that the system is satisfag
ms for Maintenance

be prepared to cover every circuit in the aircraft. It is desirablg-to prepare
ng and maintenance. Where practicable, the internal wiring-of equipment 5
nal checking.

n
equipment should be so planned that visual inspection may be easily
ould not be required to remove excessive fiumbers of screws to gain ag
ction. Also, it should not be necessary to.xemove equipment to inspect oth
breas. (See also 15.3.1.)
k of Standby or Emergency Equipment
dby equipment in an airgraft should have functional tests performed at
eady means to accomplish-this check. The means provided should not im
ion or functional check periods should be clearly stated in the aircraft mai
eded, but in many cases will actually increase the life of the units.

ck and Exefeise of Rotating Equipment in Stores

O exercise equipment in storage at regular intervals (usually 6 months
ess.in“windings, etc. as well as to prevent grease in bearings from dryin

n the equipment will be
fory for flight.

schematic diagrams to
hould also be shown in

performed at frequent
cess to equipment that
br equipment located in

regular intervals. It is
bair the reliability of the
htenance manual along

5. This check and (exercise of components should not only ensure propér operation of standby

to 1 year) to prevent
j and becoming rough.

Complete procedures ffecommending checking times and methods should be prepared by the @lesign engineers or be
supplied by equipment vendors. Careful attention to this phase of installation design will ensure better and safer operation
of equipment when it is put into service.

14. PROVISIONS FOR ADDITIONAL ELECTRIC EQUIPMENT
14.1 General

When considering a new electric system installation for any aircraft, adequate growth space should be included in initial
designs to provide for the changes and additions to power requirements and equipment, which occur during subsequent
design. Insufficient space provision may result in overcrowded, inefficient installations, or costly rework of parts. No firm
rule can be established that will cover all possible expansion in the electric system on different models of aircraft. Each
installation should be carefully analyzed with due attention to its particular requirements. Provisions for expansion
suggested herein are design objectives and must be flexible due to conditions peculiar to individual aircraft models. It is
generally good policy to leave the final design of all central power and circuit panels until the entire system is sufficiently
developed so that required changes are minimized.


https://saenorm.com/api/?name=861e67f192bf1072d87afa38517a71a4

SAE ARP4404B - 58 -

14.2 Power Requirements Expansion Provisions

14.2.1 Selection of Generators

In order to stay within the load requirements indicated in 6.2, design experience has shown that generators should be
selected so that the total load, including passenger comfort items, as shown by the preliminary design load analysis, will
not exceed 60% of the installed generating capacity (all generators operating).

14.3 Circuit Breaker and Fuse Panels

14.3.1 Provisions for Adding Circuit Breakers and Fuses

Since new circuits are gentirualiy-beingadded-to-an-aireratt-electrie-syster—all-ciredit-breakerang fuse panels should be
designed to provide approximately 25% spare space for circuit expansions and additions during| the final design stage.
The possible increase ip the spare fuses provided should also be considered.
14.4 Switch Panels
14.4.1 Provisions for Adding Switches

Expansion provisions for additional switches may be as low as 15%. Multiple pole switches and rfelays can be utilized to
furnish added contacts for existing switches if necessary.

14.5 Relay Boxes
14.5.1 Provisions for Adding Relays

An allowance of 25% ekpansion space on central relay panels should be provided. On panels containing only one or two
relays no expansion space provisions need be made.

14.6 Wiring and Termihation Expansion
14.6.1 Provisions for Added Wiring

To provide for added ¢r revised circuits, it is desirable that connectors, conduits, feed-through| bushings, wire routing
passageways, junction|boxes, and other wire installation provisions should allow 25% spare spgce for additions during

design and field modifidations.

14.6.2 Terminal Strip 4nd T€rminal Junction Expansion

Centrally located areag for terminal strips or terminal junctions should contain space for approjimately 25% additional
terminations.

15. EQUIPMENT SELECTION AND INSTALLATION
15.1 General

Safe and reliable operation should be the main consideration when selecting or designing the installation for essential
electric equipment in aircraft. Weight is also a factor of prime importance. However, a lightweight unit that renders
unreliable service may be a hazard to safe operation. At the designer's discretion, weight may be given greater
consideration in the selection and installation of secondary electric equipment. Careful consideration should be given to
the design of electric circuits and equipment to avoid complication to the extent that maintenance and operation problems
will outweigh the advantages gained.
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15.2 Selection Considerations

15.2.1 Check-Off List for Equipment

In the selection of electric equipment for aircraft, consideration should be given to the operation of the completed system
as well as the individual units. It is suggested that designers make use of a check-off list in the evaluation of, or when
writing specifications for any given piece of equipment. This check-off list should cover all of the pertinent points including
ground and in flight operation. (See Appendix B for a suggested check-off list.)

15.2.2 Environmental Conditions

Reference may be made to MIL-STD-810 for a guide on environmental tests. However, actual environmental conditions
for each application shguid-be-censidered-to-ensure-adequacy-of-design-

15.2.3 Test Data Subdtantiation for Equipment Selection

ufacturers should be required to furnish actual test data to substantiate th

| conditions of the application for their equipment before suchyequipment
be exercised to assure that testing is of sufficient duration to approxim

plerated life tests, if used, impose sufficiently severe conditions.

b ratings claimed under
is accepted for use in
bte long time operating

Electric equipment mar
all of the environmentd
aircraft. Caution should
conditions and that acc

15.2.4 Control of Elecfromagnetic Interference

ments are incorporated
ng the electromagnetic
F line wire (see MIL-C-

Consideration should given to ensure that electromagnetic emission and susceptibility require
into the design of equjpments and subsystems. MIL-STD-464 will~provide a basis for evaluati
characteristic of the aifcraft and subsystems. Consideration should be given to the use of filte
85485).

15.2.5 Insulation Testjon Equipment

Suitable means should|be considered and provided\when necessary for testing insulation on equi
should include a ready means for ungrounding windings or isolating low voltage capacitors, diodes
of making insulation tegts. AIEE Aircraft Electrical Equipment Insulation Test Code No. 803 shoul

pment. Such provisions
, etc. to provide means
I be used as a guide to

assure that test voltagep are sufficiently highyto provide adequate indication of insulation condition.

15.2.6 Vibration and Shock Resistance of Equipment

Vibration and shock resistant «characteristics of electric equipment should be considered whe
Equipment manufacturgrs should be required to provide test data to substantiate the use of

vibration or shock areas, of:thé equipment should be suitably shock mounted when installed in such areas. MIL-STD-810
and AIR1557 may be used as a guide for suitable shock and vibration requirements. In addition, ¢onsideration should be
given to design of equipment, which will be in the vicinity of turbine engines or in the area of turbine exhaust, where
acoustic noise levels may be as high as 160 dB from 50 to 10,000 cps, or to low frequency, high amplitude vibration in
helicopters. Actual application conditions should be considered to assure adequacy of design.

n making a selection.
eir equipment in high

15.2.7 Materials Used in Equipment

All materials used in electric equipment should be flame resistant and should be entirely suitable for the purpose
intended. They should be of a corrosion resistant nature or should be suitably treated to prevent corrosion. Extreme care
should be exercised to ensure that insulation material does not shrink or flow during cyclic excursions of temperature,
causing loose electric joints inside of or at the attaching point to electric equipment. Optimum designs do not depend on
the dimensional stability of insulating material to maintain the integrity of electric circuits. Loose insulators are
objectionable and should be avoided. Attention should be given to the effect of fluid or other material to which the
equipment may come in contact. Special attention should be given to the possible effect of nonflammable hydraulic fluids
where used. In addition, the materials used should not emit noxious or toxic fumes during normal or abnormal operation.
Magnesium should not be used for current carrying requirements in electric equipment.


https://saenorm.com/api/?name=861e67f192bf1072d87afa38517a71a4

SAE

ARP4404B

-60 -

15.2.7.1

Insulation Materials in Equipment

Insulating materials should be selected for the best combination of characteristics in the following categories:

a. Arc resistance (noncarbon tracking)
b. Dielectric strength

c. Flame resistance

d. Mechanical strength

e. Heat distortion temperature

f. Impact strength

g. Resistance to fluidg, etc.

h. Smoke emission

15.2.8 Finishes for Eqlipment

All material (both insig
extreme usage intende
used in any piece of eq
which it was designed 1

15.2.9 Dissimilar Mate

Unless suitably protected, brass, copper, or steel should not be allowed in intimate contact with di

magnesium, aluminum,
low moisture absorptio
finish on the surface
required to furnish dra
equipment. MIL-STD-8

15.2.10 Wire Terminals

All wire terminals in or ¢n eleCtric equipment should be firmly held together with two nuts, or suitab

should be secured in a

i
\/Iings or other suitable data to establish the nature and usage of all materia

j for the unit involved. The airframe manufacturer should carefully review a
uipment before that equipment is adapted«Any usage or location in the ai
equires evaluation of the equipment priorto its relocation.

rials in Equipment

or their alloys. Caution should also be exercised where nonmetallic mater
h characteristics. Metals in“contact with nhonmetallic materials should hay
contact or the metalVitself should be corrosion resistant. Equipment m

9 may be used as a guide to determine metal-to-metal compatibility.

and Binding/Posts on Equipment

positive manner to equipment in such a way that no insulation material is

physical pressure betw

e and outside of equipment) should be suitably finished to prevent cofrosion under the most

| materials and finishes
craft other than that for

Ssimilar metals such as
als are used, to ensure
e a corrosion resistant
Anufacturers should be
s used in each piece of

e locking provisions, or
involved in maintaining

een’ the various current carrying members of an electrical connection. Te

rminal studs or binding

posts should be of a size that is entirely adequate for the current requirements of the equipment and should have
sufficient mechanical strength to withstand the torque required to attaching the cable to the equipment. All terminals on
equipment should have barriers and covers provided by equipment manufacturers. Current transformers are a particularly
bad hazard to personnel under open secondary conditions.

15.2.11 Lock Washers for Terminals on Equipment

Where locknuts are used to insure binding and locking of electrical terminals they should be of the all metal type. In
addition, a spring lock washer of suitable thickness may be installed under the nut to ensure good contact pressure. A
plain washer should be used between the spring washer and the terminal to prevent galling. A plain nut with a spring lock
washer and a plain washer may be used to provide binding and contact pressure.
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15.3 Equipment Selection

15.3.1 Batteries

Aircraft batteries may be used for many functions; e.g., ground power, emergency power, improving DC bus stability, fault
clearing, etc. Most small private aircraft use lead-acid type batteries. Most commercial and military aircraft use nickel
cadmium type batteries, however, other types are becoming available. The battery best suited for a particular application
will depend on the relative importance of several characteristics such as weight, cost, volume, service or shelf life,

discharge rate, mainten
15.3.1.1
The lead-acid battery i
of other types. The bat
specific energy. State o

15.3.1.2 Nickel-Cadm

A rugged battery capal

discharge capacity as §

battery temperatures a
sustain. There is no a

years and may be longe¢

15.3.1.3 Silver-Zinc B

Silver-zinc batteries ar
highest discharge rate
charging voltages can
cannot be determined
Shelf life up to three ye

15.3.1.4 Electrolytes
The lead-acid battery u

is active in the electro
and the silver-zinc batt

an ion carrier rather than as a participant in the electrochemical reaction. Special precautions ar

both types of electrolyt
which type of battery i
gases during charging.

ance, charging rate, etc.

Lead-Acid Batteries

charge can be checked and the service life is approximately two years:
um Batteries

le of high rate discharge, the nickel-cadmium battery will previde approxim

lead-acid battery of equal weight and volume. High erd-charging voltagg
d gassing. High discharge rates are sustained at a\higher voltage than
urate and convenient method of determining the.state of charge. Service
r. However, higher basic cost should be taken inte~account.

htteries

b lighter and smaller than either lead<acid or nickel-cadmium batteries o
s available from these units at a highisustained voltage until the battery is
cause excessive temperature and-gassing and may cause permanent da
hccurately by any simple meahs: Service life is limited to approximately n
brs has been attained but highbasic cost should be taken into account.

themical reaction. A caustic potassium-hydroxide electrolyte is used in b
bries. Specific-gravity does not vary in the charge-discharge cycle becaus

p dueto.their corrosive effects on aircraft structure. The nature of protecti
5 used? Charging rooms and cabinets must be well ventilated due to thg

15.3.1.5 New Battery Development

]

nt performance battery
nce. It has a moderate

ately the same low rate
S can cause excessive
a lead-acid battery will
life is estimated at five

f the same rating. The
nearly exhausted. High
mage. State of charge
ne to fourteen months.

ilizes sulfuric acid solution as the electrolyte. Specific gravity varies with state of charge because it

bth the nickel-cadmium
the electrolyte acts as
necessary in handling
e coatings depends on
evolution of explosive

In addition to an ongoing development of existing major secondary battery systems, there are several new systems that
are available now, or are in development. For new design applications silver-cadmium, nickel-hydrogen, and lithium

battery systems should

be included in the design review.

15.3.2 Relay and Switch Selection

Relays and switches for aircraft use should be selected with extreme caution. The contact ratings should be adequate for
the load conditions (continuous current carrying, lamp make, resistive break, and inductive break) and duty cycle for the
applicable voltages both at sea level and the operational altitude required for the specific aircraft application.
Consideration should be given to the variation in the electrical power characteristics using MIL-STD-704 as a guide.
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15.3.2.1 Operating Conditions for Relays and Switches

Relays and switches should be checked to be sure that all contacts are made properly under all conditions of operation,
including vibration equivalent to that in the area of the aircraft in which the switch or relay is to be installed.

15.3.2.2 Load Considerations
When relays or switches are to be used in applications where current or voltage is substantially lower than rated

conditions, additional testing (e.g., intermediate current testing) should be performed to assure reliable operation. When
contacts are rated for both low and high level load, care should be exercised to assure that contacts exposed to high level

loads are not subsequently used for low level applications unless testing has been performed to establish this capability.

15.3.2.3

Platinum, rhodium, and
these films are quite te
low. Special considera
those switching 10% or|

15.3.2.4 Coil Characts

Relay coil characteristi
relays. Lower pull-in a
control circuits are exce
to a minimum consister

15.3.2.5

Control design where f
high continuous rating d

15.3.2.6 Creepage Di

Care should be used
between terminals on a

15.3.3 Switch Selectio

f

Insulating Filprs-en-Relay-and-Switch-Centasts

to some extent gold coated contacts can form insulating films on theirsurfg
acious and cannot be penetrated with the normal contact pressure, particy
on should be given to relays and switches that are normally gpén for Io
less than the rated current to assure contact material and atmosphere com

ristics for Relays

s should be at least equal to those required by military standard drawi
nd dropout voltages may be desirable under many conditions. Sensitive
ptions. The number of different types of relays, or switches used on a giver
t with design requirements and weight econonty.

Inching Control by Relays or Switches

equent inching or direct reversing-is involved will require selection of a re
n the contacts to allow for rapid:repeated make and break of high inrush cy

stance

n the selection of(electric components to ensure that terminal spacing
given component are adequate for voltages involved. (See Appendix C for

N

In all circuits where a s

connected load current

witchsmalfunction can be hazardous, use a switch specifically designed fo

ces. In some instances
larly when currents are
ng periods of time and
patibility.

ngs for similar types of
relays used in special
aircraft should be held

lay or switch with extra
rrent.

hnd creepage distance
creepage distances.)

aircraft service. These
continuously carry the

switches are of ruggeT construction and have sufficient contact capacity to break, make and

15.3.3.1 Electromechanical Switches

These switches have electrical contacts and are provided with various types of switch actuators, i.e. toggle, plunger,
push-button, knob, rocker, etc. The snap-action contact design is generally preferred to obtain rapid opening and closing
of contacts irrespective of the speed of the switch actuator, thereby minimizing contact arcing. When contacts are rated
for both high and low level loads, contacts exposed to high level loads should not be subsequently used for low level
applications unless testing has been performed to establish this capability.

15.3.3.2 Proximity Switches

Proximity switches are usually solid state devices which detect the presence of a predetermined target without physical
contact.
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15.3.3.3 Switching Device Ratings

15.3.3.3.1 Electromec

hanical Switches

Switches specifically designed for aircraft service usually have current ratings for lamp loads, inductive loads, and motor
loads established under both sea level and altitude conditions.

15.3.3.3.1.1

Low Energy Loads

Switches rated for use at 28 V dc or more and at 1.0 amp or more, generally have silver contacts. In general, silver
contacts should not be used to control devices which have either a voltage less than 8 volts or a continuous current less
than 0.5 amps unless the switch is specifically rated for use with low energy loads. Table 4 provides general guidelines for

selecting contact mater
15.3.3.3.1.1.1 Logic L

Typical logic load devi
suitable method of ratin

15.3.3.3.1.1.2 Low Lsg

Typical low level load ¢
suitable method of ratin

ToororoT

oads (TTL)

ces have a voltage of 0.5 volts to 28 volts and a continuous cutrent of
g switches for use on logic load devices is specified in ANSI/EtA*5200000.

vel Loads

evices have a voltage of less than 0.5 volts and a continuous current of |
g switches for use on logic load devices is specified in ANSI/EIA 5200000.

TABLE 4 - SELECTION OF CONTACT MATERIAL

Supply}Voltage
(Volts)
silver
30
gold or silver
8
gold or bifurcated gold silver
1
bifurcated
gold
0001 0.01 05 100

less than 0.5 amps. A

bss than 0.5 p amps. A

NOTE:

Current {Amperes)

If sulfide, moisture or any form of contamination is present, a sealed switch should be used. The degree of

sealing required (environmental or hermetic) is dependent upon the environment in which the switch is

intended

to be operated.

contact, sticking and material transfer.

contacts.

If particle contamination in any form is likely to reach the contacts, bifurcated contacts should be used.

Low voltage - high current loads are difficult to predict and may result in a combined tendency of non-

High voltage - high current applications may require the use of Silver Cadmium Oxide Alloy or Silver Nickel


https://saenorm.com/api/?name=861e67f192bf1072d87afa38517a71a4

SAE ARP4404B - 64 -

15.3.3.3.2 Proximity Switches

Standard proximity switch designs are usually rated at 0.5 amps or less.

15.3.3.3.3 Relays

Relays are used as a switching device where a weight reduction can be achieved or to simplify electrical controls. It
should be remembered that the relay is an electrically operated switch, and therefore subject to dropout under low system
voltage conditions. Concerning contact ratings, the discussion of switch ratings in paragraph 15.3.3.1 is generally

applicable to relays.

15.3.3.4 Environmental Factors

15.3.3.4.1 Shock and |Vibration
15.3.3.4.1.1 Electrompchanical Switches

Electromechanical switches are most susceptible to shock and vibration in the planethat is parallel to contact motion
because the switch cdntacts may momentarily separate. For switches used on-~aircraft, 50G Ialf-sine shock or 10G
vibration are typical performance values. ANSI/EIA 5200000 specifies that contact separilions greater than 10
microseconds are failufes. Repeated contact separations during high levels\of vibration may cafse excessive electrical
degradation of the confacts when the contacts make and break the circuitton each separation gaused by the shock or
vibration. These separations can also cause false signals to be registered by electronic data prqcessors without proper
buffering.

15.3.3.4.1.2 Proximity| Switches
Although proximity swifches do not have moving parts, thereliability of the internal electronic parfs of the switch may be
reduced. Reliability and mean-time-between-failure (MTBF) calculations should reflect the applicgtion environment. Note
that the mounting of both the proximity sensor and its-target must be rigid enough to withstand shock or vibration to avoid
creating false signals.
15.3.3.4.2 EMI/RFI

15.3.3.4.2.1 EMI/RFI Busceptibility
Electromechanical swifches are usually not susceptible to RFI/EMI. Proximity switches are susceptible to an EMI/RFI
environment and must pe evaluated in the application. Twisting lead wires, metal shield braids, leyel wire routing, as well

as the design of the prgximity’switch can minimize susceptibility.

15.3.3.4.2.2 EMI/RFI Generation

The arcing of electromechanical switch contacts generate short duration RFI/EMI when controlling highly inductive
electrical loads. Twisting lead wires, metal shield braids and lead wire routing can reduce or eliminate generation
problems when dealing with arcing loads. Proximity sensors generally use a relatively low energy electromagnetic field to
sense the target. Adequate spacing is required to prevent interference between adjacent proximity sensors or other
devices susceptible to RFI/EMI.

15.3.3.4.3 Temperature
15.3.3.4.3.1 Electromechanical Switches

Electromechanical switches can withstand wide temperature ranges and rapid gradient shifts without damage or
operating point shifts. Most aerospace switches operate between -55 °C and 85 °C with designs available from -185 °C to
260 °C or more. Higher temperatures require more exotic materials, which can increase costs and limit switch life. It
should be noted that o-ring seals and elastomeric boot seals tend to stiffen in extreme cold, which can increase operating
forces and reduce release forces or stop the switch from releasing.
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15.3.3.4.3.2 Proximity Switches

Proximity sensors are normally designed for environments from -55 °C to 125 °C. During temperature excursions, the
operating and release points may shift from 5% to 10%. Reliability of the proximity sensor will typically be the highest at
room temperature. The reliability and MTBF estimates should be reduced for use under high temperatures or high thermal

gradients.

15.3.3.4.4 Sealing

NOTE: The materials used for sealing (o-rings, potting materials, etc.) should be compatible with any aircraft fluids to
which the switch may be exposed.

15.3.3.4.4.1 Electrom
Electromechanical swi
CC/ATM/SEC). Resilie
designed specifically f
as follows:

15.3.3.4.4.1.1 Conta

Use a sealed switch wh
15.3.3.4.41.2 Low Ern

Use a higher level of g
tend to be more suscep

15.3.3.4.4.2 Proximity

Proximity switches for 3
and lead wire exits. T
environment. The plast
operating point to shift.

15.3.4 Switch Installat

Hazardous errors in sw
two position toggle swit
the switch controls mg
direction as the desireqg

ches range in sealing from unsealed to hermetically sealed (leakKrate
t sealing, (leak rate of less than 1 x 10°® CC/ATM/SEC) is the most cor
r use in aircraft. The factors to determine the level of sealing for_an electr
inating Environment

en the switch will be exposed to dirty environmenti.in‘storage, assembly or

ergy Loads

paling when the switch will not have ansarcing load to self clean the cont
tible to contamination.

Switches

erospace applications typically have a metal face and potting material surr
he potting material should”be compatible with the fluids the switch wil
¢ sensing face of preximity switches may be subject to absorption of wate
on

itch operation may be avoided by logical and consistent installation. For ¢

ches¢so that the “on” position is reached by an upward or forward movem
veable aircraft elements, such as landing gear or flaps, the toggle shdg

of less than 1 x 10
hmon seal for switches
bmechanical switch are

bperation.

hcts. Low energy loads

bunding any electronics
be exposed to in the
r which may cause the

xample, mount “on-off’
ent of the toggle. When
uld move in the same

motion. Inadvertent operation of switches can be avoided by using lever:

lock type toggles or by

mounting suitable guards or bezels over the switches.

15.3.5 Relays
15.3.5.1

15.3.5.1.1

Relay Description

Relay Definition

A relay is an electrically controlled device that opens and closes electrical contacts to effect the operation of other devices
in the same or another electrical circuit. The relay converts electrical energy into mechanical energy through various
means and through mechanical linkages actuates electrical conductors (contacts) that control electrical circuits.
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15.3.5.1.2 Types of Relay Connections

Relays are manufactured with various connective means. The most common are soldered leads, threaded terminals,
connectors and plug-in devices. Installation procedures vary by the type of connection and must be followed to assure

proper operation of the

15.3.5.2 Relay Repair

relay.

Relays are complicated electromechanical assemblies and should only be repaired in certified facilities.

15.3.5.3 Relay Selection

15.3.5.3.1

Contact ratings, as de
only. Consult appropri
MIL-R-5757, MIL-R-61(

15.3.5.3.2 Relay Caoll

Operating a relay at le
written manufacturer ag

15.3.5.4 Relay Installg

During installation and
electrical connections.
procedures is strongly
seal (used for insulatio

Relay Ratings

ribed on the relay enclosure, describe the make, carry and break capabil

ty for resistive currents

te specification to determine the de-rating to use for other types of’current loads. (MIL-R-39016,

6, etc.)
/oltage

ss than nominal coil voltage may compromise its performance and is neg
proval.

tion and Maintenance

maintenance work, care must be takenlto ensure proper placement of
The use of properly calibrated torque wrenches following the m
recommended. This is especially important with hermetically sealed rela
h of the electrically live components) is especially vulnerable to catastrop

over torquing of nuts on stud type fasteners. When replacing relays in A.C. applications, it is esss

phase sequencing. For|
The proximity of certai
manufacturer’s recomnj

any application involving plug-in relays, proper engagement of their retairj
n magnetically operated.relays may cause them to have an impact on eg
endations or precautions exactly.

15.3.6 Rotating Equipment Selection

Rotating equipment sh
which it will be expect

ver to be done without

nardware, especially at

as the glass-to-metal
ic failure as a result of
ntial to maintain proper
ing mechanism is vital.
ch other. Observe any

a\?\rufacturer’s installation

uld have a‘sufficient overload rating to provide for the most severe conditions of operation under

to perform. Voltages such as those supplied from a ground power sourc

in motor selection. Built-in thermal protection or overheat indication means should be considerg
motors should be of such €onstruction or so installed that smoke and fumes incident to motor fa
confined in the motor itgelf or at least will not contaminate inhabited compartments.

B should be considered
d. Whenever practical,
lure or overheat will be

15.3.6.1

Heat Dissipation Provisions of Rotating Equipment

Adequate heat dissipation provisions should be considered in the selection and installation of all rotating equipment. The
problem becomes particularly acute of altitudes above 30,000 ft.

15.3.6.2 Open Ventilated Equipment

Open ventilated machines should be so installed or protected that dirt and foreign material cannot pass into the machines.
Avoid location under fluid lines and containers or in areas subject to seepage, liquids, or gases. The equipment enclosure
should provide the maximum practicable protection against entrance of liquids and should be drained to ensure against
accumulation of liquid within the machine. In the case of pressure ventilated machinery, the device should be designed to
operate satisfactorily under the condition of maximum normal liquid content of the cooling medium. (Example: effects of
rain in ram air cooled machines.)
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15.3.7 Transformer Selection

Transformer should be entirely suitable for the purpose intended and in addition should be of such a design that under
overheat or complete failure conditions they will not emit more than a thin wisp of smoke. (Consideration should also be
given to smoke hazards and possible shock to personnel for open circuit conditions of current transformers.)
Transformers should not be filled with compounds that emit heavy smoke and fumes when overheated unless such
transformers are suitably sealed or are provided with thermal protection to ensure that they will not burst open or smoke
under direct short-circuit conditions.

15.3.8 Resistor and Rheostat Selection

Factors of safety on other items of electric equipment such as resistors, rheostats, etc. should be commensurate with the

importance of the circ

lts—in—which-thev—are—installed—Resistance—units—shouldnot-be—installe

in close proximity to

flammable materials wh
be installed in areas, W
ignition temperature of
should be given to the

switch failures, etc. Co
shorting, opening, etc.)

15.3.8.1 Resistor Con

Consideration should
normally be rated at fy

voltage. Installed in the
shunt.

J
ere the heat due to their normal or any abnormal operation may be a haza
hich may be surrounded by flammable mixtures, they must operate~at'a
the mixture under all conditions of airflow, air pressure, and ambient tem
bffect on resistor temperature of short-circuits, bearing failures (when used
nsideration should also be given to the effect of resistor failureyon the equ

hections

d. When resistors must
temperature below the
perature. Consideration
for motor starting), limit
ipment or system (e.g.,

e given to installing all resistors, rheostats, andsshunts in the ground refurn leads. This type of
installation will result im fewer burned out units in case of inadvertent shorts because the load| units in the circuit will

Il system voltage whereas the resistor unitsiused for control will not no
ground return lead there is a possibility of getting full system voltage on

15.4 Installation of Eqliipment

15.4.1 Clearance Proy

isions in Equipment Installations

All items of electric eqliipment should be so installed that inspection and maintenance may be §

that is commensurate
functioning of which is

be completely and eas
resistors, etc. on a plat
of quickly removable ¢
installation design of

components and betwe]

with the importance™of the units or equipment involved. That is, all

ally stand full system
e resistor, rheostat, or

erformed with an ease
equipment, the proper

necessary for safe flight, should have space and installation priority so that
ly inspected and maintained. It is frequently practical to mount electric eq
orm and use-the box as a cover. Such an installation may be accessible f|
bntrol packs should be considered for system control. Care should be us
electrici.components to ensure adequate terminal spacing and creep
en individual terminals on any given component. (See Appendix C for prop

Adequate clearance fo
consideration. Require

I eable attachment to equipment as well as for the cooling, where nece

p
may be used as a guide for electrical equipment installation design.

15.4.2 Equipment Manufacturers' Recommendations on Installation

these installations may
ipment such as relays,
om five sides. The use
d in the selection and
ge distance between
r creepage distances.)
sary, should be given

0 permit movement of vibration isolated equipment. MIL-E-7080

Equipment manufacturers' recommendations should be considered in the installation design of all equipment. When
installation orientation in the aircraft is other than that recommended by the manufacturer, the affect on equipment
warrantee should be investigated as well as proper operation, safety, and life of the equipment.

15.4.3 Duplicate Equipment Installation

Where duplicate essential systems are installed they should be so arranged and connected that a failure or malfunction of
any component in one system cannot impair the ability of the remaining system or systems to perform the required
function. In general, such systems should have separate power connections and sources, separate grounds, physical
separation of wiring, and physical separation of components.
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15.4.4 Mechanical Shock Prevention and Moisture Proofing of Equipment

All electric equipment should be so installed that a minimum of exposure to outside influences, such as moisture and
mechanical shock, will result. Where such protection cannot be afforded consistent with inspection and maintenance
requirements, the equipment should be of such design that it is self-protecting. Wherever feasible, equipment should be
so installed that moisture due to condensation or any other source will drain out.

Consideration should be given to the possibility of water freezing inside of equipment and, thus, preventing operation of
moving parts. Hermetically-sealed units are exceptions.

15.4.4.1 Wire Attachments to Equipment

To prevent moisture, dit; S —gonsideration should be
given to mounting elec{ric equipment so that wires enter the units in an upward direction. Considgeration should be given
to the use of environmgnt resistant connectors.

15.4.5 Vapor and Dust Areas
15.4.5.1 Flammable Vjapor Areas

A flammable vapor areg is defined as any area in the aircraft where flammable fluids or vapors may collect due to leaky
lines in the area of seg¢page from some other area. Such areas should.be. ventilated under all ¢onditions of operation.
Equipment should not pe located in a flammable vapor area unless it is suitably tested for explgsion proofness and, in
addition, emergency equipment should be operable after an explosion within the equipment. All ¢quipment located near
filler necks, vent outlets, or dump chutes or in areas subject to the,collection of gasoline fumes or gther explosive mixtures
on the ground or in the pir should also be suitably tested for explosion proofness.

15.4.5.2 Corrosive Vapor Areas

Proper finishes for protg¢ction should be applied to structure, frames, or equipment located in areaq where corrosive fumes
may be present.

15.4.5.3 Dust Areas

All equipment located ih excessive dustlareas, such as floor areas, should be so constructed that accumulations of dust
will not become a hazatd, nor interfere \with proper operation.

15.4.6 Smoke Hazard

o

Insofar as practicable, pll_électric equipment located in the inhabited areas of the aircraft, or in ventilation ducts leading
thereto, should be des|gned and installed so that a burned out or overheated unit will liberate the minimum amount of
smoke and toxic fumes to such areas.

15.4.7 Grounding of Electric Equipment

During the installation design of any unit of electric equipment care should be taken to ensure that proper grounds to
structure are provided. The requirements of 8.2 should be observed to assure safe and reliable installations under normal
and fault conditions.

15.4.8 Ventilation of Electric Equipment
Cumulative heating effects of a number of items in any one enclosure may require special ventilating provisions to ensure

safe ambient temperatures for equipment and wiring. Where cumulative heating effects cannot be adequately analyzed,
tests of actual equipment under typical operating conditions are recommended.
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15.5 Turbine Engine Starter

The availability of an electric storage battery on an aircraft makes electric starting of small gas turbines economically and
logistically feasible. The definition of a small gas turbine would be up to 1500 HP output rating. This turbine output rating
includes the auxiliary power unit (APU) as an integral part of the power systems on many commercial and military aircraft.
The electric starter may be combined with an electric generator to save space and weight. This combination introduces a
possible reduction in the electrical systems reliability. When selecting an electric starting system, the following checklist
should be followed:

15.5.1 Battery Capacity

Battery capacity must be capable of providing starting power for the requisite number of starts, with sufficient reserve for a
safe emergency capabifity-

15.5.2 Cable Capacity

Cable resistance constjtutes a power loss resulting in a reduced motor voltage and redlced m¢tor speed. Short cable
runs will reduce weightjand power loss.

15.5.3 System Sizing

The battery, cable, and|motor sizing should be such that a "hot-start" or ovettemperature stress is|limited or avoided. The
detrimental effect of anladverse environment must be a factor in the system sizing.

15.5.4 Air Restart Capability

An air restart capability] should overcome the adverse effect.@f altitude. Air restarts are usually limited to under 30,000 ft
altitude.

16. CORROSION PRENVENTION IN ELECTRICAL EQUIPMENT
16.1 General
Corrosion in electrical ¢quipment and conhéctions is one of the largest contributors to failures and malfunction (such as
open circuits, short-cirquits, etc.). Carefll consideration should be given to each electrical installation to assure adequate
corrosion prevention.

16.2 Condensation

16.2.1 Drain Hole Sizds afid-Locations

No definite recommendations as to proper drainage for each unit or piece of electric equipment can be made. The type of
equipment, the mounting method, the location in the aircraft, the duty cycle, etc. all should be considered when
determining the drainage requirements. In general, a 1/8 in diameter or preferably larger hole located at each low point in
conduit and nonenvironment resistant connectors is considered adequate where drainage is required. Junction boxes that
are located in wheel wells or other areas where they may be subject to splash may require a 3/8 in diameter drain hole.
Drain holes of less than 1/4 in in diameter in junction boxes in such areas should be avoided because of their tendency to
clog with dirt, etc.

16.3 Corrosion Inhibiting Compounds
16.3.1 Inhibitor Application

It is recommended that corrosion inhibiting compounds (fluids or pastes) not be used in electric connectors and switch
housings.
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16.4 Installation for Drainage
16.4.1 Equipment in Splash Areas

All electric equipment installed in locations subject to splash, drip, or seepage should be so mounted that water cannot
pass into the equipment through the wire connection or other openings. In all cases where the wire bundle cannot
approach the equipment in an upward direction, the entry should be sealed or drip loops provided. If the nature of the
equipment or installation is such that water is likely to get inside, adequate drainage in a location shielded from splash or
drip should be provided.

16.5 Battery Electrolyte

TtoT e

16.5.1 Surfaces Adjac

Surfaces within 12 in of aircraft batteries and surfaces further removed, which are subject to(electfolyte spillage, spray, or
fumes should be provided with corrosion protection to ensure against damage to such equipment.

16.5.2 Equipment Adjacent to Batteries

Equipment, which may|be harmed by battery electrolyte, should not be located where it will confact electrolyte spillage,
spray, or fumes.

16.5.3 Battery Venting
Battery fumes and gasg¢s emitted by normal or abnormal operation{ which may form an explosive|mixture or contaminate
crew or passenger compartments, should be dispersed by adequate ventilation. Venting systems joften use ram pressure
to flush fresh air through the battery case or enclosure to a safe overboard discharge point. The vienting system pressure

differential should always be positive and remain between: recommended minimum and maximum values. Line runs
should not permit battefy overflow fluids or condensation«e’be trapped and prevent free airflow.

16.5.3.1 Battery Sump Jars
A battery sump jar instgllation may be incorporated in the venting system to dispose of battery electrolyte overflow. The
sump jar should be of gdequate design and the proper neutralizing agent used. At no point in aircrpft operation should the
direction of airflow revefse through the venting sump jar system.

16.6 Potted and Envirpnment Resisting Connectors (See Section 7 and AS50881)

16.6.1 Types of Conngctors

Special connectors resistant to moisture and condensation, (such as Class "E" environment resisting connectors per MIL-
DTL-5015) and potted connectors, should be installed wherever such protection is required by environmental conditions.

16.6.2 Potted Connectors

Connectors specifically designed for potting compounds must be potted to provide environment resistance. An 0-ring or
sealed gasket should be included to seal the interface area of the mated connector. A plastic potting mold, which remains
on the connector after the potting compounds has cured, should also be considered. To facilitate circuit changes, spare
wires may be installed to all unused contacts prior to filling the connector with potting compound.

16.6.2.1 Precautions with Potting Compounds

Many types of potting compounds, both commercial and per military specifications, are available and offer various
characteristics for different applications. Careful consideration of the characteristics desired should be made to ensure the
use of the proper compound. Preparation and storage of potting materials should receive special attention. Careful
inspection and handling during all stages of the connector fabrication until the potting compound has fully cured is
recommended. Potting compounds selected should not revert to liquid or become gummy or sticky due to high humidity.
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16.6.3 Environment-Resisting Connectors

To ensure proper performance, mated connectors should have compatible, corrosion resistant finishes. All unused wire

exit holes in sealing grommets must be filled to prevent the entrance of liquids.

17. SYSTEM LOAD DISTRIBUTION (SEE ALSO SECTIONS 200 AND 300 OF AIEE REPORT
DOCUMENT)

17.1 General

750 AND 3.6 OF THIS

The power distribution part of the electric system performs the function of transmitting the generated power to the using
equipment or systems. It includes the main bus or buses, the contactors, the distribution feeders and their protective

devices, as well as the g

devices, to determine that the new total electrical load (previous maximumgoad plus added loa
rated limits of the exist|ng wires, wire bundles or protective devices. Where necessary, add or rg
the correct rating. (Seefalso 6.2.2 and 14.2.)

17.2 Parallel System Gentral Bus (See also Section 340 of AIEE Report 750)

17.2.1 Shock Load Provisions

In order to provide for ghock loads in a system having unit’loads equal to or greater than the rate
single generating sourge, a parallel system should betused. The shock load provisions are morg
parallel system. Specigl consideration must be given'to loads, which may have to be operated
system is not paralleled or when certain generators’are isolated from the main system. It should b
shock loading will affect the entire distribution\system to some degree; therefore, special loads re
power may be more safisfactorily served when connected to isolated or specially regulated power
for recommended genefating capacity.)

17.2.2 Load Transfer Provisions for-Parallel Systems

Load transfer provisions under engine or generator failure conditions are usually not required in a

such failures reduce the available power below full load requirements, it is necessary to mon
nonessential loads off the-ines.

electrical power supply
roperly charged during
i analysis reflecting the

5 and circuit protective
i) does not exceed the
place with units having

H short tie capacity of a

or less automatic in a
when the main electric
e noted, also, that large
uiring disturbance free
feeders. (See Section 6

parallel system. Where
itor and remove some

17.2.3 Protection Provisions

System protection and the application of circuit protective devices should be in accordance with Section 3.

17.2.3.1 Physical Protection for Bus Installation

The electrically unprotected bus or buses should be kept as small as practical and the principles of 3.6.1.3 should be

followed.
17.3 Parallel System Divided Bus
17.3.1 Shock Load Provisions

Shock load provisions for this item are the same as for 18.2.1.
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17.3.2 Load Transfer Provisions

In a divided bus system some method should be provided to isolate a faulted section and provisions made to transfer the
necessary loads to an operating section of bus. This may be done by automatic transfer relays, tie breakers, switches, or

by multiconductors with
17.3.3 System Protect

System protection shou

current limiters in each end of each conductor.
ion

Id be the same as required for 17.2.3.

17.4 Nonparallel Systems (See also Section 340 of AIEE Report 750)

Atatione far Nannaeall L Syvctame

17.4.1 Single Load Li

In the nonparallel systq
and the starting dema
conditions of generator
the generator.

17.4.2 Load Switching
In a nonparallel system
a power source loss w
ensure that it is imposs
17.4.3 System Protect
System protection for n
17.5 Load Transfer Pr
The power to emergen
reliability. If transfer sy
given to provide mecha

be used if their adequa

17.6 Load Reducing o

o
OO TTo TOT TN O ParanCroy StCrTro

m no single load can be larger than the rated capacity of the generator t
nd of the load should not exceed the short time overload rating*of th
loading the starting shock of an oncoming load should not exceedythe shor

either automatic or manual, load or power source_switching devices shou
th a minimum of power interruption. Interlocksshould be provided, partict
ble to accidentally parallel connect power sources even for an instant durin
on

bnparalleled systems should be the Same as indicated in 17.2.3.

pvisions for Emergency Loads

cy loads should be supplied through a minimum number of devices in o
stems are required, it is. preferable that they be automatically operated.
nically independent switching devices if at all practicable. Manually operate

Ly can be shown ‘and increased reliability results.

" Monitoring

Because overall aircrafi
to essential flight equi
necessary to resort to

reliability dictates that the rating and number of generators be sufficient {
ment;‘even in the event of loss of one or more of the generators (see
me form of load monitoring of the less essential loads.

b which it is connected,
e generator. Under all
| time overload rating of

d be used to overcome
larly in AC systems, to
g switching.

der to attain maximum
onsideration should be
d transfer systems may

0 supply electric power
CAR 4B), it is usually

17.6.1 Automatic Monitoring

Automatic monitoring of nonessential loads should be considered when the existing loads could overload the remaining
generators or affect the flow of power to the essential loads before crew monitoring could be initiated.

17.6.1.1 Advantages

a.

Provides immediate reduction of load to preserve integrity of generation system

b. Relieves crew members of additional burden during emergency

c. Permits closer toler

ance between system load and generation capacity

d. Re-establishes loads after system is restored


https://saenorm.com/api/?name=861e67f192bf1072d87afa38517a71a4

SAE

ARP4404B

-73-

17.6.1.2 Disadvantages

a.

b.

Introduces additional circuitry, resulting in additional possibility of malfunction

might jeopardize the system in the event of a second malfunction

17.6.2 Manual Monitoring

Reduces services unnecessarily when system load is light and monitoring might not be necessary

Might require manual overrides for such loads that could be maintained under light loading conditions, but which

Manual monitoring by the crew of nonessential loads can be conS|dered when the total Ioadlng would not be greater than

o caorld-earncfor-apnprayxdmatabh L 5 min aftar ch-calactivia maoanitarinaaio:

the remaining generato
17.6.2.1 Advantages

a. Permits operation g

b. Simplifies circuitry By eliminating interlocks

17.6.2.2 Disadvantaggs

a. Requires installatio

b. Requires crew eva
duties such as engi

c. Requires resetting

17.7 Acceptable Mean

H H AAL
S-cotha Oy TOT apP PO Tty O T I ot WHHER-SEeteEtive ooy —vwWo

f essential equipment and desired services when system loadingds light

n of a reliable warning system to indicate failure,efyone or more generators

uation and decision for proper monitoring at.a time when the crew might b
he failure, etc.

bfter re-establishment of system
s of Controlling or Monitoring the Electrical Load

hploying automatic load -transfer, the use of placards is recommended to
e combination(s) of leads that may be connected to each power source.

the ammeter is in_the battery lead, and the regulator system limits the ma
btor can delivery~a voltmeter can be installed on the system bus. As long
bxcept for.short intermittent loads such as operating the gear and flaps) an
the generator or alternator will not be overloaded.

re-the-ammeter is in the generator or alternator lead, and the regulator sy

hatthe generator or alternator can deliver, the ammeter reading can be i

Id become necessary.

e preoccupied by other

inform the pilot and/or

ximum current that the
as the ammeter never
H the voltmeter remains

stem does not limit the
edlined at 100% of the

generator or alternator reading. If the ammeter reading is never allowed to exceed the red line, except for short
intermittent loads, the generator or alternator will not be overloaded.

Where the use of placards or monitoring devices is not practical or desired, and where assurance is needed that the

battery in a typical small aircraft generator/battery source will be charged in flight, the total continuous connected
electrical load should be held to approximately 80 percent of the total generator rated output capacity. (When more
than one generator is used in parallel, the total rated output is the combined output of the installed generators.)
Consider the total electrical load of devices that a pilot or crew member would normally be expected to use as the
probable continuous load. The use of placards or other load-monitoring devices or methods notwithstanding, the
probable continuous load must not exceed the output capacity of the generator(s).

a. On systems not en
crew members of th

b. Installations where
generator or altern
reads “discharge” (
at “system voltage”

c. Ininstallations whe
maximum current t

d.

e.

When two or more generators are operated in parallel and the total connected system load can exceed the rated

output of one generator, provide means for quickly coping with the sudden overloads which can be caused by
generator or engine failure. Employ a quick load reduction system or procedure whereby the total load can be
reduced to a quantity which is within the rated capacity of the remaining operable generator or generators.


https://saenorm.com/api/?name=861e67f192bf1072d87afa38517a71a4

SAE ARP4404B - 74 -

18. ELECTRIC SYSTEM TESTS (SEE ALSO MIL-M-25500 [USAF])
18.1 General

Electric systems in aircraft are being required to accomplish continually increasing numbers of tasks. Increasing size and
complication of power supplies and interconnection or interreliance of many circuits are such that only by supplementing
careful analysis and good design with suitable testing is it possible to avoid hazards and design a well integrated system.

18.1.1 Electric System Mock-Up

In a mock-up system particular attention should be given to having all critical wiring equivalent in resistance and
reactance to that to be used in the aircraft. It is recommended that, where practicable, actual aircraft wire sizes and
lengths be used for the—resk-up—Fhe—simulated—ground—return—should—-have—a—resistance—eqyivalent to the airplane
structure, and for AC gystems a ground plane should be provided with the critical wires installgd in the same relative
position to the ground glane as in the actual aircraft.

18.1.2 Extent of Testing

Tests should be incluged, which take into account operating conditions such as. normal, trarjsient, and emergency.
Probable abnormal cqgnditions typified by faults, component failures, malfunctioning of equipment, and improper
procedure should also e investigated by test.

18.1.3 Environmental Conditions for Tests

Component tests should include operation under representative;and extreme environmental cgnditions. The need for
system testing under adverse environmental conditions should bg carefully considered.

18.1.4 Confirmation off Mock-Up Tests

When system tests arg made on a mock-up, the negessity for additional tests on the aircraft to ¢gonfirm or complete the
test program should bg judged from a careful analysis based on the thoroughness and accuracy with which the system
and the various operating conditions are duplicated’in the mock-up testing.

18.2 Power and Distripution System
18.2.1 Test Conditiong for Power and\Distribution Systems

A mock-up used for tgsting the\electric system should be powered by the same make, type,|rating, and quantity of
generators used in the pircraft. \WWhen multiple generator systems are involved, at least two separgte generator test drives
should be used. Such drivés-should be capable of the speed ranges encountered in flight and on| the ground and should
be capable of reactin$ to all conditions of generator loading, including overload and fault cpnditions, in a manner
comparable to that of the actual aircraft drive. Test drives should be capable of accelerating as rapidly as the actual drives
under aircraft conditions.

18.2.1.1 Generator Drives

Where the aircraft system has constant speed or other intermediate drives interposed between the generators and the
prime movers, these drives should be included in the mock-up and should be driven from power sources having as nearly
as practical the characteristic of the power sources as installed in the aircraft. Where the generators are driven by an
auxiliary prime mover, it will usually be desirable to use this drive for the mock-up testing.
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18.2.1.2 Control, Distribution, and Load Equipment

Each generator should be provided with its associated controls. Main power distribution panel design details should be
mocked up accurately. Actual load equipment, particularly high current rotating machinery, should be used wherever
practical. Faults should be simulated by the use of impedance banks, switches, relays, etc. Adequate instrumentation
should be provided to record all pertinent voltage and current variations and to monitor the operation of protective

devices.

18.2.1.3 Tests Using Breadboard Type Equipment

It will sometimes be necessary to make system tests with some of the components in breadboard form. When this is
done, check tests should be made with the actual equipment to determine that the changes in packaging and connections

have not altered the ch

18.2.1.4 Batteries

When a battery is used
be used in the system
number of the tests bot

18.2.2 Type of Tests f

The following tests are

18.2.2.1 Voltage Test
a. Regulation at regul
b. Transient limits ang
c. Phase unbalance 4
d. Wave form and har|
e. Amplitude modulati
f.  Drift during warm-u

racteristics of the eyefnm_

as part of an electric power system, the same type and rating battéery to be
tests whenever the system characteristics may be affected it"is usual
n with and without the battery.

br Power and Distribution Systems

ypical of those that should be made to determine‘that the system is satisfa
htion point, buses, and loads
stability

hd displacement

Mmonic content

DN, ripple

P

18.2.2.2 Frequency Tests

a.

Regulation

used in-service should
y desirable to make a

Ctory:

b. Transient limits and stability

c. Modulation

18.2.2.3 Capacity Tests

a.

b.

System capacity including all generating system components, buses, and distribution circuits
Overload capacity and the effect of overloads due to frequency or voltage variations

Fault and fault clearing capacity including interrupting capacity of circuit opening devices
Minimum load operation

Checking load schedules including phase load balance
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18.2.2.4 Parallel Operation Tests

a.

Load division (real and reactive) and paralleling factor

b. Synchronizing including mismatches due to improper operation

18.2.2.5 Control Tests

a.

b.

g.
18.2.2.6 Protection Tsg

a.

Range of adjustment of variable control

Continuity of service to loads during start-up, shutdown, paralleling, switching, component failures, engine failures,

auxiliary power tran

sfer, and ground power transfer

Operation by crew
Special operating p

Checks for correct
contacts, consisten

Effects of ground f3

Effectiveness of all

Overvoltage and ur
Overfrequency, ung
Over and underexc
Faults on generato

Reverse current or

ncluding misuse and improper procedure
rocedures including use of the emergency system and procedure in ¢ase o

operation of novel circuits and switching devices, correct/positive seq
operation of timing devices, and absence of unwanted feedback circuits

ults and open circuits in the control system including-Open or faulted sectio
mechanical and electrical interlocking

sts

dervoltage

erfrequency, overspeed, and underspeed

tation including ceiling excitation and loss of excitation

s, generator feedersgand buses

power

Phase sequence and phase faildre where required

Overload, overcurrént, afid thermal protection including interrupting capacity, effect of openin

three phase circuits

, andeffect of recycling where such is possible

electrical fire

uencing of relays and

ns of the supply

g one or two phases of

Miscellaneous cont

rol faults and special protective features

Coordination of all protective devices and extent of nuisance tripping

Fail-safe operation of protective features including ability to withstand voltages or currents resulting from faults or
failures without loss or excessive impairment of the protection intended

Check that the operation of protective devices is not impaired or unintentionally over-ridden by any operation of the

control system
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18.2.2.7 Load Tests

caused by load

tive or capacitive loads

a. Switching and cycling
b. Automatic transfer
c. Voltage modulation
d.

and effects of induc
e.

18.2.3 Secondary Ele

Secondary electric poy
forms of power (e.g., ir
main system). Such syj
be made with the secq
effects on the second
switching, and load sw
system, and its effect s

18.3 Tests of Other El
18.3.1 Systems to be

There are some electri
complete system testin
drawings only. The co
multiplied when devices
from various interconne

18.3.2 Systems Using

Electric systems often
result of interconnectio
voltage or frequency ar
and effect of voltage o
angle from causes such

tric Power Systems and Supplies

er systems are frequently connected to the principle electric powér sys
verters to supply AC with a DC main system and transformer réctifiers to
tems should be thoroughly tested using applicable tests from 78:2.2. In ge
ndary system supplied from the principle system in the manner to be u
hry system of main system voltage and frequency tolerances, faults, p
tching should be checked. The secondary electric power system constitu
hould be monitored throughout the testing.

betric Systems

[ested

c systems in aircraft, which, due to_their complexity and the importance of
g. Experience indicates that such-systems cannot be satisfactorily analy:
mplications and difficulties of-analysis in circuits using numbers of relay|
ctions can often be found only by test.
More Than One Power Source

hre supplied power from more than one source either to supply different fg
n of various“systems or subsystems. Such systems should be checked

d interruption or failure of any of the sources. Where the power is of the s3

as'staf-delta transformers and phase-adapters may also cause difficulties

Compatibility with power supply including effect of starting or inrush currents, generator effect of rotating machines,

Feedback effects due to coupling between phases of polyphase loads during faults and with open supply phases

tem to supply different
supply DC with an AC
heral, such tests should
sed in the aircraft. The
pwer interruptions, bus
tes a load on the main

their functions, deserve
red from diagrams and
5 may be considerably

such as magnetic, transistot; or tube amplifiers are used. The effect of fegdback circuits resulting

rms of power or as the
for the effects of low
me type, the possibility

r frequency differences between unparalleled buses should be investigatéd. Difference in phase

in some systems.

19. EMERGENCY CONTROLS AND PROCEDURES

19.1 Controls for Emergency Operation

Various emergency situations require the operation of the electric system controls as part of the procedural or corrective
action. The controls should be readily accessible, and insofar as practicable, the crew member primarily responsible for
taking action should be able to reach them without leaving his seat. For electric systems, the responsible crew member
will usually be the flight engineer, where a separate flight engineer's station is provided, and the copilot, where no
separate flight engineer's station is provided.
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19.1.1 Emergency Ele

ctrical Controls

Electrical controls needed for emergency operation may include the following:

rgizing all except emergency circuits for an emergency landing.

Controls for emergency procedures such as isolation of smoke or fire sources.

f oliaraot

Controls for de-energizing all power circuits including generators and batteries for a "ditching" or "crash" landing.

Controls for disconnecting electric power sources in case of overheat, mechanical failure, or engine fire.

circuits.

a. Controls for de-ene
b.
c.
d.
e. Controls for transfe
f.  Controls for reducir

19.1.2 Electric System

r 1 o of oo - for Bwhial-alrarit ool C TP
U STICUTUIT UT PUWCT SUOTUT S TUT TS STTIAaT G UTtS U STTC T TIOTT OT AarteTTTat

Control Panel

The list of 19.1.1 indicates that almost all of the principle electric system controlsthay be neede

various circumstances.
controls can be integra
in the various types of g
19.1.2.1 Arrangement
Various systems are u

diagram. The method 3
particularly for emergen

19.1.2.2 Special Cons

Controls used for each
manner that will facilitg
manner that will contr
malfunction or imprope
accidentally operated (
assure that the genera
avoided wherever poss

19.2 Smoke or Fire fro

Accordingly, careful consideration should be given to the design of the el
ed into an electric system control panel, which will bé.simple to use both i
mergencies.

of Controls

sed for the arrangement of controls, such as grouping by generators or
dopted should be reviewed carefully fépits suitability and ease of use by g
cy procedures.

iderations for Emergency Controls

type of emergency should’be grouped and placed in a permanently atta
te rapid and correct.action. Gang bars and mechanical interlocking mea
bute significantly _to ‘correct operation without introducing hazard of poy
- operation. It may be desirable to physically protect some controls to ens
e.g., where emiergency power is supplied from a main generator, provisi

ble, ands.ifnecessary, precautions should be taken against their inadverter

m_Undetermined Electrical Origin

g electrical load in case of loss of power source, cooling ability, or other’reasons.

i for emergency use in
pctric system so that its
h normal operation and

arrangement on a flow
perating personnel and

ched check-off list in a
s should be used in a
ver loss as a result of
ire that they will not be
bns should be taken to

tor will not\be de-energized inadvertently). Procedures that are irrevocable in flight should be

t use.

Overheated electric components and wiring may be sources of smoke and fire in spite of the protection provided. When
such instances occur, it is necessary that power be removed from the offending circuit with a minimum of delay.
Procedures to accomplish this objective may follow various sequences but consideration should be given to this problem
in the design stages of the electric power control and distribution system in order to obtain the most satisfactory solution.
IEEE 816 is a guide for determining smoke generation in wire insulation.

19.2.1 Order of Procedure

It is urgent that the cause of smoke or fire be eliminated as rapidly as possible. In some cases, the cause of smoke or fire
may readily be isolated to a single circuit or small group of circuits, which can be disconnected quickly. In general,
however, the installation complications are such that the source is not easily discernible. The preferable procedure under
these conditions where circuit breakers did not trip, is to disconnect all but the most essential circuits. Various circuits can
then be reconnected individually or in small groups allowing time to watch for the reappearance of smoke or fire so that
the offending circuit can be isolated.
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19.2.2 Grouping and Accessibility of Controls

Controls, which must be operated to isolate and disconnect an electrical smoke or fire sou

rce, should be readily

accessible to the responsible crew member. The number of controls, which must be operated, should be kept small to
permit rapid action. Master controls may be provided for groups of circuits or the individual controls of circuits to be

disconnected as a group should be mounted and marked in a manner to clearly define the group.

Where master controls

are used for disconnection, sufficient additional controls should be kept quickly accessible for isolation and reconnection

of all essential circuits.

19.2.3 Smoke or Fire Source in the Emergency Systems

Consideration should be given to the pOSS|b|I|ty of a smoke or fire source in the emergency cwcmts or other circuits not

dlsconnected by the f|r

esult in loss of the function.

component should not

20. AUXILIARY POWER PLANTS

20.1 Drives for Auxiliafy Generators
Auxiliary generators, wiich can provide electric power during an emergency, are usually smaller th
and may be driven by ¢ther means. Efficiency is less important in this case, and weight must be
cost of efficiency. Possible means for.driving auxiliary generators are as follows:

made in the design for

bt an early stage of the

it system mock-up. The

another, the transfer or
be such as to minimize
pssential circuit. Where

, [the failure of a single

an the main generators
kept down, even at the

a. Separate reciprocafing engine

b. Ram air turbine

c. Gas turbine

d. Monopropellant drive

e. Turbine driven by engine bleed air

f.  Hydraulic motor supplied by pump on main engine

20.1.1 Reciprocating Engine

A reciprocating engine-generator set may be used during ground operations and as a standby for the main generators
during landing and takeoff. If the unit is operated at altitudes of more than a few thousand feet, the output will drop off in
the absence of supercharging. The relatively high fuel consumption, as compared to that of the main propulsion engines,

usually makes continuous in flight operation of such units uneconomical from the standpoint of fuel

weight.
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20.1.2 Ram Air Turbine

Air turbine units may use ram pressure to drive auxiliary generators. These units are comparatively light and may be put
into operation by a valve, which diverts a portion of the air from a jet engine intake duct, or they may be swung out into the
airstream by manual means when needed. A disadvantage of the latter type is that it causes considerable drag at a time

when aerodynamic conditions are apt to be critical.

20.1.3 Gas Turbine

A gas turbine auxiliary power plant is usually lighter than the reciprocating type, but the fuel consumption is higher, the life
expectancy is shorter, and operation at high altitudes introduces more severe problems than it does with a reciprocating

engine.

20.1.4 Monopropellant Engines

Monopropellant engines are solid or liquid fuel or a mixture of chemicals and do not depend pn air for a part of the
combustible mixture. Such devices are independent of altitude. They are adapted to miSsile applications where the air

supply may be limited, and, in general, to brief periods of operation.

20.1.5 Engine Bleed Air Turbine

An engine bleed air turbogenerator may be used as an emergency source if.ithe primary electric ppwer system is not also

driven by bleed air. Sugh a system is ineffective if motive power is lost.
20.1.6 Hydraulic Motof
A pump on the main ehgine may supply hydraulic fluid unde?pressure to a hydraulic motor ger

Such a unit would be i;[Jeffective after failure of the main engine unless it were designed to have
windmilling speed of a furbine engine.

erator emergency unit.
adequate output at the

PREPARED BY SAE SUBCOMMITTEE AE-8A, SYSTEMS INSTALLATION OF
COMMITTEE AE-8, AEROSPACE ELECTRICAL/ELECTRONIC DISTRIBUTION SYSTEMS
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AA

APPENDIX A - DEFINITIONS

BASIC STRUCTURE

Basic structure shall be considered as the major part of the aircraft structure wherein the fabrication has produced an
electrically continuous unit, characterized by large current capacity and negligible resistance. This is commonly referred to

as "ground".

A2 BONDING

Bonding is a general term applied to the process of electrically connecting two or more conducting objects.

A3

CABLE, ELECTRIC

An electric cable cons
covering, or two or mof
or more insulated cor
Identification Guides fo
A4 CIRCUIT BREA
Circuit breakers are a
should the prescribed s
A5 CIRCUIT BREA
A companion-trip multi
tripping condition persis
A6 CIRCUIT BREA
A non-trip-free circuit b
persists.
A7 CIRCUIT BREA
A trip-free circuit breaks
of the trip mechanism is

A8 CIRCUIT BREA

sts of two or more individually insulated conductors, solid or stranded{ ¢
e individually insulated conductors twisted or molded together withoutd co
ductors with a metallic covering or sheath. (See Cataloging Handbo
Supply Cataloging.)

KERS

et of conditions exist.
KER, COMPANION-TRIP MULTIPLE-POLE

ple-pole circuit breaker is one in which«the unfaulted poles may be ma
ts on one pole or combination of polesithowever, the faulted pole(s) are trig

KER, NON-TRIP-FREE

reaker is one that can be/maintained closed by manual override action w

KER, TRIP-FREE

br is one that‘cannot be maintained closed while a tripping condition exists
impossible).

KER{TRIP-FREE MULTIPLE-POLE

A trip-free multiple-pol¢

ontained in a common
mmon covering, or one
bk H6-1, Federal Item

itomatic circuit interrupting devices, which are capable of repeatedly pgrforming their function

ntained closed while a
-free.

hile a tripping condition

(i.e., manual overriding

circuit breaker is one in which no pole may be maintained closed while a

ripping condition exists

on any pole or combina

A9

tion of poles.

CIRCUIT PROTECTION

Circuit protection is automatic protection of a consequence limiting nature used to minimize the danger of fire and/or
smoke as well as the disturbance to the rest of the system, which may result from electrical faults or prolonged electrical
overloads.

A.10 CIRCUITS, EMERGENCY

Emergency circuits are those essential circuits, the failure of which may result in the inability of the aircraft to maintain
controlled flight and effect a safe landing.
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A1 CIRCUITS, ESSENTIAL

Essential circuits are those necessary to accomplish the mission of the aircraft under the most adverse environmental
conditions for which the aircraft was designed.

A12  CIRCUIT, FAIL-SAFE

A fail-safe circuit is one that has characteristics such that any probable malfunction will not adversely affect the safe
operation of the aircraft or the safety of the passengers.

A.13 CURRENT RETURN PATH

The current return path-is—thatpart-ef-apower-ciretit-to-an-eleetrie-devicebetweenthe-deviee—and basic structure. This
may include wires, ong or more bonds, intervening structure, and part of basic structure to a poipt forming the "ground"
regulating point.

A.14  *DUSTPROOF
Dustproof means so copstructed or protected that the accumulation of dust will not/interfere with itg successful operation.
A.15  *DUST-TIGHT
Dust-tight means so copstructed that dust will not enter the enclosing case:

A.16 ELECTRIC

Electric means containing, producing, arising from, actuated by, or carrying electricity or designed to carry electricity and
capable of doing so.

A.16.1 Examples
Electric eel, energy, mator, vehicle, wave.
A17 2ELECTRICAL
Electrical means related to, pertaining-10, or associated with electricity, but not having its propertieg or characteristics.
A7 A Examples

Electrical engineer, harjJdbook, insulator, rating, school, unit.

A.18 EMERGENCY CIRCUITS
See definition A.10.
A.19 ENCLOSED (INCLOSED)

Enclosed means surrounded by a case that will prevent accidental contact of a person with internal parts carrying electric
current.

Definitions reproduced from "American Standard Definitions of Electrical Terms" published by the American
Institute of Electrical Engineers (ASA C42-1941)
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A.20

perforated covers.

ventilation or both.

A.21

2ENCLOSED, SEMI

’ENCLOSED, TOTALLY

Semienclosed means having the ventilating openings in the frame protected with wire screen, expanded metal, or

Semienclosed means having a solid enclosure except for a slot for an operating handle or small openings for

Totally enclosed means so enclosed as to prevent circulation of air between the inside and the outside of the case, but
not necessarily sufficiently to be termed airtight.

A.22
See definition A.11.

A.23 “EXPLOSION-

Explosion-proof appara
emission of flame.

A.24  FAIL-SAFE CIF

See definition A.12.

A.25 FIBER OPTICS

In accordance with ASH

A.26 °FIREPROOF
Fireproof material mea
purpose for which it is
fireproof means that th
likely to occur in such z
A27 °FIRE-RESIST

When applied to sheet
well as aluminum allo

ESSENTIAL CIhCUITS

PROOF APPARATUS

tus is apparatus capable of withstanding an internal<explosion of a sp

CUIT

CABLE

0881.

hs a material that will ‘\withstand heat at least as well as steel in dimensi
to be used. When _applied to material and parts used to confine fires in
b material or part.will perform this function under the most severe conditi
bnes. For additional definition regarding connectors see AS50881.

ANT

or.structural members, fire-resistant material means a material that will wi

ecified mixture without

pns appropriate for the
designated fire zones,
bns of fire and duration

hstand heat at least as
For additional definition

in/dimensions _appropriate for the purpose for which it is to be used. §

regarding connectors see AS50881.

A.28

FIRE-RESISTANT ELECTRIC EQUIPMENT

(See CAM 4.626-1.) Fire-resistant when applied to electric equipment and components means that such equipment and
components, as installed in the aircraft, should withstand a 2000 °F oxidizing flame impinging on their surfaces for at least
5 min without adverse effect on their circuit function.

A29 FIREWALL

In accordance with AS50881.

*Definitions reproduced from Civil Air Regulations 4B.1
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A30 FIREZONE

In accordance with AS50881.

Flameproof apparatus is apparatus so treated that it will not maintain a flame or will not be injured readily when subjected

A.31  ’FLAMEPROOF APPARATUS
to flame.
A.32 FLAME-RESISTANT

Flame-resistant material means a material that will not support combustion to the point of propagating, beyond safe limits,

thaolanitiop-correo

a flame after removal o

A.33  *FLAMMABLE

Flammable pertains to those fluids or gases that will ignite readily or explode.

A.34 FLAMMABLE \
See definition A.49.
A.35 >FLASH-RESIS

Flash-resistant materia

A.36 *FUME-RESIS]

Fume-resistant means
A.37 FUSE

A fuse is an overcurre
passage of overcurrent
A.38 2GASPROOF

Gasproof means so cq
conditions of pressure.

H Haon
e aroTTSOUTroes

APOR AREA

TANT

means material that will not burn violently when ignited.

[ANT

50 constructed that it will not be injured readily by the specific fumes.

Nt protective device with a circuit opening fusible member directly heateq

nstructed-er protected that the specified gas will not enter the enclosin

and destroyed by the

j case under specified

Gastight means so constructed that the specified gas will not enter the enclosing case under specified conditions of

A.39 2GASTIGHT
pressure.
A.40 GROUND

(As a noun) See definiti

A.41  GROUNDING

on A.1. (Also refer to definition A.13.)

Grounding in aircraft practice is a particular form of bonding that is usually applied to the process of electrically connecting
conducting objects to basic metal structure for the purpose of safely completing either a normal or fault circuit at power

frequency.
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A.42  HERMETICALLY SEALED

(Reference MIL-E-5272A.) A hermetically sealed enclosure is one the walls of which are glass, glazed ceramic, or metal,
and the closure of which is a fused joint of the appropriate material, which so seals the enclosure that it shall not breathe

under any combination

A43

of environmental conditions.

INFLAMMABLE

Not to be used. See definition A.33 for preferred term.

A44 LIMITER

ant nratactia daosviion ocaofucibla aloamant ic cnanifinally dAacianad

A limiter is an overcur
temperature melting po

A.45 OPEN WIRING
See definition A.55.
A.46 PROBABLE M/

(See footnotes to CAM
or failure, which is co
applications. This defir
detected during norma
with the degree of haza
A47 *PROOF (USE
Apparatus is designatg
operation is not comprg

A48 PROTECTED |

In accordance with ASH
A49 ’RESISTANT (

Apparatus is designate]
not be injured readily w

]

2\ o AL
T PToOC Tty C— O T vICC W TTOoTTooSToTC—C1C

nt than the usual fuse.

ALFUNCTION

4.606-1 and 4b.622-1.) A probable malfunction is.any single electrical or
nsidered probable on the basis of past service experience with similar
ition should be extended to multiple malfunetions when: 1) the first m3
operation of the system, including periodicichecks established at interva
rd involved or, 2) the first malfunction would inevitably lead to other malfunc
D AS A SUFFIX)

d as splashproof, dustproof, etc. when so constructed, protected, or tre
mised when subjected to the.specified material or condition.

1IARNESS
0881.
USED AS A\SUFFIX)

d as moisture-resistant, fume-resistant etc. when so constructed, protectd
hen'subjected to the specified material or condition.

R a considerably higher

mechanical malfunction
components in aircraft
Ifunction would not be
s, which are consistent
tions.

hted that its successful

d, or treated that it will

A.50
See definition A.39.
A51 2SUBMERSIBL

SEALED, HERMETICALLY

E (IMMERSIBLE)

Submersible means so constructed that it will operate successfully when submerged in water under specified conditions

of pressure and time.

A52  °TIGHT (USED

AS A SUFFIX)

Apparatus is designated as watertight, dust-tight, etc. when so constructed that the enclosing case will exclude the

specified material.
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A.53  VAPOR AREA, FLAMMABLE

A flammable vapor area is any area in the aircraft where flammable fluids and vapors may collect due to leaky lines or
fittings in the area or to seepage from some other area.

A.54 VAPOR SAFE
The use of this term has been eliminated from this document.
A55 2VAPORTIGHT

Vaportight means so enclosed that vapor will not enter the enclosure.

A56 2VENTILATED
Provided with a means o permit circulation of the air sufficiently to remove an excess of heat; fumgs, or vapors.
A57 *WATERTIGHT

Provided with an encloging case that will exclude water applied in the form of a‘hose stream for a dpecified time.

A58 WIRE, ELECTRIC

An electric wire is a sihgle metallic conductor of solid, stranded, ortinsel construction, designed to carry current in an
electric circuit. (See Cajaloging Handbook H6-1, Federal Item Identification Guides for Supply Cataloging.)

A59  WIRING, OPEN

Open wiring is any secjion of an electric wire or cable bundle that is not enclosed in conduit, troughs, wireways, junction
boxes, or similar enclogures.

A.60 WIRING, PROTECTED

Protected wiring is any section of an electric wire or bundle that employs an outer jacket for rhechanical or electrical
protection.
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B.1

B.1
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B.1

B.1

B.1

B.1

B.1

B.1

B.1

B.1

B.1.

A

2

.10

1

12

A3

14

15

.16

A7

18

19

B.1.20

APPENDIX B - EVALUATION CHECK-OFF LIST FOR ELECTRIC EQUIPMENT

All electric equipment that is specified for use on an aircraft should be checked for the following, where
applicable:

Is the rating adequate for the service intended, including any anticipated misuse?
Is the design simple and compatible?

Will it stand the vibration, mechanical shock, and acoustical noise in the particular area of the aircraft in which it
is to be installed?

Is it fail-safe or will it be wired so that the circuit is fail-safe?

Will it functi0||1 satisfactorily when subjected to the combined environmental conditions(€xpected to be
encountered during its service life?

Will its servicg life be satisfactory under conditions of operation that are to be éncountergd?
Is it to be insfalled in a flammable vapor area? Is it explosion-proof or hermetically sealed?
Are lubrication provisions satisfactory for all operational and envirenmental conditions?
Is it adequatgly sealed against the entrance of foreign objects-suich as metal filings, stray nuts, washers, etc.?
Are electricallterminations adequate for the current and weltage involved? Are proper bafriers provided against
short circuits fand are they properly guarded where highivoltage (above 50 V) is involved|? Are all terminals

properly identified?

Are all contagts rated adequately and has adequate creepage distance been provided fgr the design voltage?
Do all contacts make properly?

Does workmanship appear good and is it readily duplicated?

Do all parts fit well together and are they rigidly assembled? Will parts distort or cause ppssible malfunction
during operatfion or environmental change?

Does it empl@y lacquers,warnishes, silicones, plastics, or solvents that may evaporate of boil off and leave
inadequate insulation*or-contaminate contacts?

in water and thus
ak signals?

Are all insulating materials nonhygroscopic in nature and resistant to lubricating or hydraulic fluids normally
encountered?

Is its radio noise level satisfactory under conditions simulating actual operation, that is, with all rotating parts in
operation plus all intermittent contacts working under their intended load conditions?

Are overvoltage, undervoltage, and frequency limits satisfactory for the use intended?

Are starting current inrush and decay transient characteristics compatible with the electric system as well as the
individual system involved?

What is the effect of wave shape distortion or power factor changes?
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B.1.21 Will it overheat under the most severe conditions that will reasonably be encountered?

B.1.22 Is an overtemperature warning device or thermal cut-out provided? Is the device connected so that it will work
properly under all required conditions of operation or failure of the equipment?

B.1.23 Is there a personnel, fire, smoke, or toxic hazard under failed, short, or open circuit conditions?

B.1.24  Are test or operational data available, or will they be available before usage, demonstrating that the unit will
meet operational requirements?

B.1.25 What is the service experience of the unit, the materials, and the methods used?

B.1.26  Can the windirgs-be-easity-checkedfor-insulation-breakdewn?

B.1.27  Are any insulpting materials included in the electrical connections such that shrinkage ‘orf flow would cause a
reduction in gressure on the electrical joint? Are all possible electrical connections;:both finternal and external,
made in a popitive manner so as not to depend on spring pressure or random.contact oflconducting parts?

B.1.28  Are finishes, poth internal and external, adequate to prevent corrosion under design envlronmental conditions
and still maintain required electrical contacts?

B.1.29  Has adequatg care been exercised to ensure compatibility of dissimilar metals?

B.1.30 Can it be eagily inspected internally or is it hermetically sealed?

B.1.31  Can it be easjly adjusted, serviced, and overhauled if réquired?

B.1.32  Are special tqols or test equipment required for adjustment, inspection, service, and ovefhaul? If so, are they
available?

B.1.33  Are the namg plate data complete and satisfactory?

B.1.34 Is the weightfand volume compatible with its use in aircraft?

B.1.35 Does it requite specific attitude_rhounting? Is this acceptable for normal operation of the pircraft?

B.1.36  Is its audio ngise level Jow enough and satisfactory for the location in which it is to be us¢d?

B.1.37 Is space for ipstalldtion, connection access, servicing, and ventilation completely defined and acceptable?

B.1.38  Are the vendorsidrawings and part numbers satisfactory for proper identification and setvicing or replacement?

B.1.39  Will individual units of a system be interchangeable without disturbing the adjustment of other units in the
system or the operation of the system?

B.1.40  Are there any special limitations on the unit or system that would not permit proper function under all conditions
of operation?

B.1.41 Are channels of separate power sources and other redundant systems physically separated so that wires from

multiple channels are not connected or grounded within a single device (systems separation)?
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