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The ability to control circuits is achieved 
mainly by switches and relays. 

Circuit protection devices are located 
accessible for replacement or resetting, and 
as close to a power distribution point as 
possible so as to achieve the minimum of 
unprotected cable. These protection devices 
are covered in the last part of this chapter.

4.1 Switches
Essentially a switch employs two contacting 
surfaces which are insulated from each other 
and can be brought together by a movable 
connecting link. This link is called a ‘pole’ 
and if it allows one circuit to be completed 
the switch is called a ‘single-pole, single-
throw’ switch. If two circuits can be made 
(not simultaneously) by movement of the 
single pole then the switch is called a ‘single-
pole, double throw’ switch. Two poles which 
can each complete one circuit simultaneously 
is known as a ‘double-pole, single throw’ 
switch. This nomenclature can obviously be 
extended to ‘double -pole, double throw’ 
and further as fig. EL 4.1 indicates. Switches 
are also grouped by the number of positions 
they have.

‘Single-position’, ‘two-position’ and ‘three-
position’ switches are common. A ‘single- 
position’ switch is usually spring loaded 
to one position and is held at the second 

position to make a circuit. A ’two-position’ is 
set either open or closed. A ‘three-position’ 
has one ‘off’ and two ‘on’ positions and can 
also be called a ‘selector switch’.

4 Switches and Circuit Protection

Fig. EL 4.1   Various switch types, their circuit symbols
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Various common types of switches are listed 
further on.

4.1.1 Toggle (or Tumbler) Switches
These are general purpose type switches 
and are used a lot in aircraft electrical 
systems, see fig EL 4.2.

4.1.2 Ganged Switches
A line of switches which are connected 
mechanically (not electrically) and therefore 
operate simultaneously, see fig EL 4.3.

Instead of being rigidly connected as in the 
diagram a spring loaded (up) bar is pivoted 
at each end above the switches. The bar is 
pushed down to operate the switches to a 
‘system off’ (usually) position and springs 
back up when released. 

Yet another variation lets one or more 
switches stay ‘open’ whilst ensuring one or 

more switches stay ‘closed’. Fig. EL 4.4 shows 
the setup for three generators with no.1 
‘off’, and two held closed by the bar which 
is showing No 1. The bar can be rotated to 
allow various combinations.

4.1.3 Pushbuttons-Switches
Pushbuttons are used primarily for short 
duration switching. They consist of a button 
operated, spring loaded plunger carrying 
one or more contact plates which will move 
against fixed contacts to make the circuit(s). 
Certain types will carry illuminated text at 
the end for warning or indicating situations, 
see fig. EL 4.5.
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Fig. EL 4.2   Toggle switch

Fig. EL 4.3   Ganging of switches
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Fig. EL 4.4   Ganged and locked switches
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Some push-switches are both manual and 
electromagnetic in operation, see fig. EL 4.6. 
The spring loaded plunger has a solenoid 
coil around it which is connected to two 
contacts. The button is pushed in manually 
which connects the two contacts together 
and the formed circuit energises the solenoid 

coil, which then holds the plunger in, as 
well as supplying current to the load. When 
the load has completed its task or cycle the 
switch enabling the cycle will go to ‘off’ 
and also cut off current to the solenoid. The 
plunger returns to the ‘out’ position and the 
solenoid current ceases, or the pushbutton is 
manually released.

4.1.4 Rocker-Button Switches
Rocker-button switches, fig. EL 4.7, combine 
the action of both toggle and push-button 
type switches. Some types have a coloured 
cap or screen displaying illuminated text for 
warning or indicating reasons.

4.1.5 Rotary Switches
These are manually operated, and for 
certain operating requirements they offer 
an advantage over toggle switches in that 
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they are less prone to accidental operation. 
In addition, the rotary principle and positive 
engagement of contacts make these switches 
more adaptable to multi-circuit selection 
than toggle type switches. 

A typical application is the selection of 
a single voltmeter to read the voltage of 
several busbars.

In the basic form, a rotary switch consists 
of a central spindle carrying one or more 
contact plates or blades which engage with 
corresponding fixed contacts mounted on 
the switch base. The movement is usually 
spring loaded and equipped with some form 
of eccentric device to give a snap action and 
positive engagement of the contact surfaces.

4.1.6 Micro-Switches
Micro-switches are a special category of 
switch and are one of the most extensively 
applied electrical devices in aircraft, 

performing a wide range of operations to 
ensure safe control of a variety of systems 
and components. The term ‘micro-switch’ 
designates a switching device in which 
the differential travel between ‘make’ and 
‘break’ of the operating mechanism is of 
the order of a few thousandths of an inch. 
Magnification and snap action of contact 
mechanism movements are derived from a 

Fig. EL 4.7   Rocker-button switch
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pre-tensioned mechanically biased spring., 
see fig. EL 4.8.

4.1.7 Rheostats
These are controlling devices containing 
a resistance, the magnitude of which can 
be varied, thereby adjusting the current 
(constant voltage) in the circuit in which it is 
connected. A typical example of this method 
of control is the one adopted for varying the 
intensity of instrument panel and certain 
cockpit lighting. Rheostats normally adjust 
circuit resistance without opening the circuit, 
although in some cases, they are constructed 
to serve as a combined on-off switch and 
variable resistor.

4.1.8 Time Switches
Certain consumer services are required to 
operate on a pre-determined controlled time 
sequence basis. As this involves the switching 
on and off of various components or sections 
of circuit, switches automatically operated 
by timing mechanisms are necessary. The 
principal of time switch operation varies, 
but in general it is based on the one in 
which a contact assembly is actuated by a 
cam, driven at constant speed by a speed-
controlled electric motor. In some specialised 
consumer services, switches which operate 
on a thermal principle are used. In these the 
contact assembly is operated by the distortion 
of a thermal element when the latter has 
been carrying a designed current for a pre-
determined period.

The diagram of a motor driven time switch 
unit is shown in fig. EL 4.9. It is designed to 

actuate relays which, in turn, control the 
supply of alternating current to the heating 
elements of a power unit de-icing system. 
Signals to the relays are given in repeated 
time cycles which can be of short or long 
duration corresponding respectively to 
‘fast’ and ‘slow’ selections made on the 
appropriate system control switch.

4.1.9 Pressure Switches
In many of the aircraft systems in which 
pressure measurement is involved, it is 
necessary that a warning is given of either 
high or low pressures which might constitute 
hazardous operating conditions. In some 
systems also, the frequency of operation 
may be such that the use of a pressure 
measuring instrument is not justified since 
it is only necessary for some indication that 

Fig. EL 4.9   Time switch (older type)
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an operating pressure has been attained 
for the period during which the system is 
in operation. To meet this requirement, 
pressure switches are installed and are 
connected to warning lights located on the 
cockpit panels.

A typical switch, as shown in fig. EL 4.10, 
consists of a metal diaphragm bolted 
between the flanges of the two sections of 
the switch body. A chamber is formed on 
one side of the diaphragm and is open to 
the pressure source. On the other side of the 
diaphragm a push rod, working through a 
sealed guide, bears against contacts fitted in 
a terminal block, connected to the warning 
or indicator light assembly. The contacts may 
be arranged to ‘make’ on either decreasing 
or increasing pressure, and their gap settings 
may be pre-adjusted in accordance with the 
pressures at which warning is required.

Pressure switches may also be applied to 
systems requiring that warning is given 
of changes in pressure with respect to a 
certain datum pressure; in other words, as 
a differential pressure warning device. The 
construction and operation are basically 
the same as the standard type, with the 
exception that the diaphragm is subjected to 
a pressure on each side.

4.1.10 Thermal Switches
Thermal switches are applied to systems 
in which a visual warning of excessive 
temperature conditions is required. They 
are also used where automatic temperature 
control and automatic operation of 
protection devices are required.

Examples of such applications are 
overheating of a generator, control of 
valves in a thermal de-icing system and the 
automatic operation of fire extinguishers.

A common type employs a strip of two 
different metals clamped or riveted together. 
The metals are chosen (usually invar and 
steel, invar is an alloy of nickel and steel) to 
have very different coefficients of expansion 
so that the metal strip will bend with rise 
in temperature. As it bends it moves two 
contacts together to make a circuit and 
activate the warning light or relay. The strip 
straightens, when temps drop, and opens 
the contacts. A different type is shown in 
fig. EL 4.11. The heat-sensitive element is an 
alloy steel barrel containing a spring bow 
assembly of low coefficient of expansion. 
Each limb of the bow carries a silver-
rhodium contact connected by fire-resistant 
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Fig. EL 4.10   Pressure switch
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cable to a terminal block located within a 
steel case.

In the event of a fire or sufficient rise in 
temperature at the switch location the barrel 
will expand and remove the compressive 
force from the bow assembly, permitting the 
contacts to close the circuit to its relevant 
warning light. When the temperature drops, 
the barrel contracts, thus compressing the 
bow assembly and re-opening the contacts.

4.1.11 Proximity Switches 
These switches are used in several types 
of aircraft as part of circuits required to 
give warning of whether or not passenger 
entrance doors, freight doors, etc. are fully 
closed and locked. Since they have no 
moving parts they offer certain advantages 
over micro switches which are also applied 
to such warning circuits.

A typical switch, as shown in fig. EL 4.12, 
consists of two main components, one of 
which is an hermetically sealed permanent 

magnet actuator, and the other a switch unit 
containing two reeds, each having rhodium-
plated contacts connected to the warning 
circuit. The two components are mounted in 
such a manner that when they contact each 
other, the field from the permanent magnet 
closes the reeds and contacts together, 
to complete a circuit to the ‘door closed’ 
indicator.

4.1.12 Inertia Switch
An inertia switch is a switch that operates 
automatically when subject to a sudden 
acceleration or deceleration. The inertia 
switch can be used to switch off the aircraft 
electrical system if the aircraft (and the 
switch) is subjected to high longitudinal or 
lateral decelerations that can occur during 
a crash. It will not react to a high normal 
deceleration that will be imposed during 
a heavy landing. The Inertia switch is also 
used to trigger the Emergency Transmitter 
Locator (ELT).

Fig. EL 4.11   Thermal switch
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4.1.13 “Press-to-Test”
This is a facility whereby bulb filaments may  
be checked by pressing the lens cap in. A  
‘press-to-test’ switch (press button) may also  
be used for checking circuits for correct 
operation, e.g. Alternator output and stall 
warning electrical circuits.

4.1.14 Relays
Relays, fig. EL 4.13, are electromagnetic 
switching devices by means of which one 
electrical circuit can be indirectly controlled 
by a change in the same or another 
electrical circuit. 

Various types of relay are in use, their 
construction, operation, power ratings, etc., 
being governed by their applications, which  
are also varied and numerous. In its basic 
form, a relay may be considered as being 
made up of two principal elements, one 
for operating the relay mechanism, and 
the other for controlling the changes. 
The sensing and operating element is an 
electromagnetic coil and armature, and the 
controlling element is one or more pairs 
of contacts.

As in the case of switches, relays are also 
designated by their ‘pole’ and ‘throw’ 
arrangements and these can range from 
the simple ‘single-pole, single throw’ type 
to complex multiple contact assemblies, 
controlling a variety of circuits and operated 
by the one relay.

4.1.15 Solenoids
Solenoids (sometimes called contactors) 
provide a short linear movement that may 
be used to close or open switch contacts, 
e.g. a starter solenoid or valves,  
see fig. EL 4.14.

Current through the coil will create a 
magnetic field, like a bar magnet, that 
will magnetise the movable soft iron core 
to have an opposite polarity to the coil 
field and, because unlike poles attract, the 
core will be pulled inside the coil against 
the spring force, as shown in fig. EL 4.15. 
The mechanical linkage can be attached 
to contacts which close when the coil is 
energised e.g. starter motor ON. When Fig. EL 4.13   Relay
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the coil is de-energised the magnetic field 
collapses and the spring opens the contacts.

In many applications the relay (or solenoid) 
is energised directly from the aircraft supply, 
while in others it may be energised by 
signals from an automatic device such as 
an amplifier in a cabin temperature-control 
system, or a fire detector unit. When the 
relay coil is energised, a magnetic field is 
set up and at a pre-determined voltage level 
(called the ‘pull-in voltage’) the armature 
is attracted to a pole piece against spring 
restraint, and actuates the contact assembly, 
this in turn either completing or interrupting 
the circuit being controlled. When the relay 
coil circuit is de-energised the spring returns 
the armature and contact assembly to the 
inoperative condition. The voltage at which 
the spring leaves the pole piece is known as 
the ‘drop-out voltage’.

Fig. EL 4.14   Solenoid switch
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4.1.16 Polarized Armature Relays
In certain specialised applications, the value 
of control circuit currents and voltages may 
be only a few milliamps and millivolts, and 
therefore relays of exceptional sensitivity are 
required. This requirement cannot always 
be met by relays which employ spring-
controlled armatures, for although loading 
may be decreased to permit operation at a 
lower ‘pull-in’ voltage, effective control of 
the contacts is decreased and there is a risk 
of contact flutter. A practical solution to this 
problem resulted in a relay in which the 
attraction and repulsion effects of magnetic 
forces are substituted for the conventional 
spring-control of the armature and 
contact assembly.

The armature is a permanent magnet and 
is pivoted between two sets of pole faces 

formed by a frame of high permeability 
material, usually µ-metal. (µ-metal is an 
alloy, consisting mainly of nickel and 
iron, which has extremely high magnetic 
permeability at low field strengths). See fig. 

EL 4.16. It is lightly biased to one side to 
bring the contact assembly into the static 
condition as in (a). The centre limb of the 
frame carries a low inductance low current 
winding which exerts a small magnetising 
force on the frame when it is energised from 
a suitable source of direct current. With the 
armature in the static condition, the frame 
pole faces acquire, by induction from the 
armature, the polarities shown, and the 
resulting forces of magnetic attraction retain 
the armature firmly in position.

When a DC voltage is applied to the coil 
the frame becomes, in effect, the core of 

Fig. EL 4.16   Polarized armature relay
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an electromagnet. The flux established in 
the core opposes and exceeds the flux due 
to the permanent magnet armature, and 
the frame pole-faces acquire the polarities 
shown in (b). As the armature poles and 
frame pole-faces are now of like polarity, 
the armature is driven to the position shown 
in (c) by the forces of repulsion. In this 
position it will be noted that poles and pole-
faces are now of unlike polarity, and strong 
forces of attraction hold the armature and 
contact assembly in the operating position.

The flux derived from the coil and the 
armature act in the same direction to give 
a flux distribution as shown in (c). When 
the coil circuit supply is interrupted, the 
permanent magnet flux remains, but the 
force due to it is weaker then the armature 
bias force and so the armature and contacts 

are returned to the static condition.

4.2 Circuit Protection Devices
In the event of a short circuit, an overload 
or other fault condition occurring in the 
circuit formed by cables and components 
of an electrical system, it is possible for 
extensive damage and failure to result. 
For example, if the excessive current flow 
caused by a short circuit at some section of 
a cable is left unchecked, the heat generated 
in the cable will continue to increase until 
something gives way. It is essential therefore 
to provide devices in the network of the 
power distribution to systems, and having 
the common task of protecting their circuits, 
cables and components.

The devices normally employed are fuses, 
circuit breakers and current limiters. In some 
cases, there may be unprotected circuits, e.g. 
the main starter circuit.

4.2.1 Fuses
A fuse is a thermal device designed 
primarily to protect the cables and 
components of a circuit against the flow of 
short-circuit and overload currents. In its 
basic form, a fuse consists of a low melting 
point fusible element or link, enclosed in 
a glass or ceramic casing which not only 
protects the element, but also localises any 
flash which may occur when ‘fusing’. The 
element is joined to end caps on the casing, 
the caps in turn, providing the connection of 
the element with the circuit it is designed to 
protect, see fig. EL 4.17.

Under short-circuit or overload current 
conditions, heating occurs, but before 
this can affect the circuit cables or other 
elements, the fusible element, which has a 
much lower current-carrying capacity, melts 
and interrupts the circuit. The materials 
most commonly used for the elements are 
tin, lead, alloy of tin and bismuth, silver or 
copper in either the pure or alloyed state.

The construction and current ratings of fuses 
vary, to permit a suitable choice for specific 
electrical installations and proper protection 
of individual circuits. Fuses are, in general, 
selected on the basis of the lowest rating 
consistent with reliable system operation, 
thermal characteristics of cables, and without 
‘nuisance tripping’. The rating is given in 
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amperes, and indicates how much current it 
will carry before rupturing.

For emergency circuits, i.e. circuits the 
failure of which may result in the inability 

of an aircraft to maintain controlled flight 
and effect a safe landing, fuses are of the 
highest rating possible consistent with cable 
protection. 

Fuses are also influenced by ambient 
temperature variations. These can affect 
to some extend the minimum ‘blowing’ 
current, as well as ‘blowing’ time at higher 
currents. The heavy duty or rupturing 
capacity fuse is designed for installation at 
main power distribution points. It consists 
of a ceramic barrel with sand because of the 
high temperatures involved.

4.2.2 Current Limiters
Current limiters are designed to limit the 
current to some pre-determined ampere 
value. They are also thermal devices, but 
unlike ordinary fuses they have a high 
melting point, so that their time/current 
characteristics permit them to carry a 
considerable overload current before 
rupturing, see fig. EL 4.18.

Fig. EL 4.17   Symbols and fusetypes
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Fig. EL 4.18   A typical current limiter (an airfuse)
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This makes it very easy for the pilot to see 
the tripped CB among numerous other CBs.

Pressing the re-set button will reset either 
circuit breaker if the fault has been cleared. 
CBs for essential services should be reset 
once only, if there are no clearly associated 
conditions of smoke or fumes. CBs for non-
essential and domestic services that are in 
passenger areas, should not be reset.

Their application is confined to the 
protection of heavy-duty power distribution 
circuits. A typical current limiter incorporates 
a fusible element, which is in effect a single 
strip of tinned copper, drilled and shaped at 
each end to form lug type connections, with 
the central portion ‘waisted’ to the required 
width to form the fusing area. The central 
portion is enclosed by a rectangular ceramic 
housing, one side of which is furnished with 
an inspection window which, depending on 
the type, may be of glass or mica.

4.2.3 Circuit Breakers 
Circuit breakers or CBs, unlike fuses or 
current limiters, isolate faulted circuits 
and equipment by means of a mechanical 
trip device actuated by the heating of a 
bimetallic element through which the 
current passes to a switch unit, see fig. EL 

4.19.

They are a combined fuse and switch 
device. Circuit breakers are used for the 
protection of cables and components 
and can be restored after clearance of a 
fault. In this way, they avoid some of the 
replacement problems associated with fuses 
and current limiters.

In general, they consist of a bi-metallic 
thermal element, a contact type switch unit 
and a mechanical latching mechanism. A 
push-pull button is also provided for manual 
resetting after thermal tripping has occurred, 
and for manual tripping when it is required 
to switch off the supply to the circuit of a 
system. The button may have a white band 
that is exposed when the CB trips. 

Fig. EL 4.19   Circuit breakers, tripped and reset
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Trip-Free/Nontrip-Free Circuit Breakers
Circuit breakers are classified as being ‘trip 
free’ or ‘nontrip free’.

A trip-free circuit breaker is a circuit breaker 
that will trip (open) even if the operating 
mechanism (ON-OFF switch) is held in the 
ON position.

A nontrip-free circuit breaker can be reset 
and/or held ON even if an overload or 
excessive heat condition is present. In 
other words, a nontrip-free circuit breaker 
can be bypassed by holding the operating 
mechanism ON. This is clearly dangerous.

Trip-free circuit breakers are used on circuits 
that cannot tolerate overloads and on non-
emergency circuits. Examples of these are 
precision or current sensitive circuits, non-
emergency lighting circuits, and nonessential 
equipment circuits.

Nontrip-free circuit breakers are used for 
circuits that are essential for operations. 
Examples of these circuits are emergency 
lighting, required control circuits, and 
essential equipment circuits.

Circuit breakers are the most common 
overload protection devices used in aircraft 
and the most commonly used type is the 
push and pull type

4.2.4 Reverse Current Circuit Breakers
These circuit breakers are designed to 
protect power supply systems and associated 
circuits against fault currents reversing 
against the normal current direction of flow 
of a magnitude greater than those at which 
cut-outs normally operate. They are designed 
to remain in a ‘locked-out’ condition to 
ensure complete isolation of a circuit until a 
fault has been cleared.

4.2.5 Magnetic Circuit Breakers
A magnetic circuit breaker is a quick 
tripping response protective system.




