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Aircraft Magneto Systems A magneto is a combination of a low voltage alternating current generator and a high voltage coil and distributor. The magneto serves the same ignition purposes on aircraft as the battery/alternator and the high voltage coil and distributor serves on a car. An aircraft magneto is driven mechanically by the engine and it changes mechanical energy into electrical energy. Operating on the principle of electromagnetic induction, it generates its own primary current and therefore needs no outside source of electrical power such as a battery or generator/alternator. The magneto generates its own low voltage current to energize the ignition coil, which is inside the magneto. The magneto’s ignition coil transforms (by electromagnetic induction) the low voltage current to high voltage current. The distributor in the magneto picks up the high voltage current from the coil and delivers it through the coil to the spark plugs at the proper time to ignite the fuel-air mixture in the engine combustion chamber. The delivery of current to each spark plug is timed according to the firing order of the engine. A sound working knowledge and understanding of the fundamental principles of magnetism, electricity and electromagnetic induction are necessary in order to properly understand the operation of the magneto. Stated in simple form, a current of electricity is a movement of electrons; this electricity is in a conductor (usually wire made of copper) in the form of electrons, and that the electricity which is in the wire may be forced to move by magnetism, when this is properly applied. This method of making electrons move by magnetism is known as ‘Electromagnetic Induction’ and was discovered by Michael Faraday in 1831. Faraday’s experiments showed that when a closed loop of copper wire cuts across a magnetic field at right angles, or when a magnetic field cuts across a closed loop of wire at right angles, an electromotive force or pressure (ELF) called voltage is generated in the wire. This voltage forces the electrons in the wire to move, and when the electrons move we have a current of electricity. This wire must be a closed loop in order hat the electrons may return to their source, if not, an ELF will be generated, but no current will flow because the circuit is open and electricity will NOT flow in an open circuit. It must be understood that these electrons are not consumed. They are moved and returned to their source. The electrons may be used indefinitely without loss. A simple generator which has all that is necessary to generate a current of electricity includes: ‚ a magnetic field ‚ a closed loop of copper wire ‚ movement of the closed loop at right angles across the magnetic field Direct current (DC) flows only in one direction, whereas alternating current (AC) flows in one direction, stops, then alters it direction, flowing in the opposite direction. This happens because the direction of flow of induced current in a conductor depends on the direction in which the conductor cuts across the magnetic field. When the loop of wire cuts up through the magnetic field, the current flows in one direction, and when it cuts down through the magnetic field, the current flows in the opposite direction. A rotating magnet type magneto operates on the principle of electromagnetic induction, in this type, the coil windings are wound about an iron core and remain stationary, while



the magnetic lines of force, or flux lines as they are sometimes called, cut across the stationary windings.



To understand how magnetos work, we must first learn a little about induced voltage. If you had a means of measuring small amounts of current, you take a length of wire and attach it to both terminals on the meter. By passing a magnet by the wire, you'd find the meter detects a current going through the wire. You also would find that the faster you pass the magnet, the higher the output is. Conversely, if you pass a current through a wire, it will set up a magnetic field (the principle at work in those electromagnets seen in junkyards, etc) these concepts are the basis for magnetos, generators and alternators. Two principal electrical circuits are used inside a magneto: the primary and the secondary. The primary circuit is used to create a useful voltage and the secondary takes that voltage, multiplies it and sends it on to the spark plug leads.



In the primary circuit, a rotating magnet, driven by engine power induces a current into a set of windings called the primary windings. They are, typically, 180 to 200 wraps of copper wire insulated by an enamel coating. As this magnet rotates past a given point, the levels of magnetic influence vary, causing the levels of magnetic field surrounding the windings to increase and decrease rapidly. This sets up a current within the primary windings that also makes the primary windings magnetic. But the voltage isn't up to where we want it yet. As when own like poles of magnets repel one another, something of a standoff exists between the magnetic field created inside the windings and the magnetic field that initially started the current flowing. Each 'pushes' the opposite direction. At a certain point, this opposing force builds to a maximum value the manufacturer has determined during the design of the magneto. When this magnetic disagreement reaches its highest level, a switch ( the breaker points) opens, causing the current in the primary windings to stop and its magnetic field to collapse suddenly. Imagine letting go of the rope during a tug-of-war contest. A very rapid change in magnetic influence occurs across the primary winding's wires in an incredibly short amount of time boosting voltage output to high levels. Remember that the rate at which the magnetism changes across a wire is what determines how much current will be produced. Wrapped around the primary windings are thousands of wraps of a very fine wire laid in to take advantage of the magnetic field generated by the primary winding voltage. These primary and secondary windings are in one assembly called the coil. Because there is so much wire exposed to the powerful magnetic field created by the primary windings, a much highervoltage current is generated and sent down the line, where it crosses a set of heavy contacts (the distributor) and then passes through the ignition harness to each spark plug. Because of the nature of a rotating magnet, a magneto produces its electricity in pulses of extremely short duration, which means we have to connect our circuit to the correct spark plug at the same time the short-duration, high-voltage impulse leaves the secondary windings. To do this, the breaker points must be timed properly to take advantage of the magnet position in relation to primary windings (this is called the 'E gap'). In addition, the distributor switch must be properly aligned with the correct spark plug lead, so the flow coming from the secondary windings will go to the proper spark plug. The breaker points are timed to the rotating magnet by means of a cam, which allows them to remain closed until the precise moment they can be opened to interrupt the current going through the primary windings. Because electricity is flowing through the points when they open, arcing will occur, which will damage the points in short order if



not prevented. To do this, a capacitor is placed in parallel with the points. Since the capacitor has an initially higher resistance than the low-resistance points, no electricity flows into it. However, when the points begin opening and resistance between the points increase, the electricity selects the easier path through the capacitor. Just as the capacitor is filled, the electrical movement into it stops, but the points are now too far apart for arcing to occur. Also mechanically linked to the engine and breaker point cam is the distributor. Nothing more than a rotating switch with electricity coming in the center, the distributor is designed to have a closed circuit to a different spark plug each time the breaker points open. To produce even a minimal amount of spark from a magneto, a sufficient amount of rotational movement is necessary to get the magnet inside the magneto to produce enough usable current. Since the cranking speed of an airplane starter is not enough to do the trick, manufacturers have added features to both delay (retard) the timing, to prevent "kickback" due to ignition of the mixture before the piston reaches top dead center, and to make the magneto put out some sort of spark at low rotational speeds. As these features are used only for starting, aircraft engines may have one or both magnetos equipped with them. The most common of these is an impulse coupling, which uses a spring and flyweight design to hold the magneto back a bit during starting and then "kick" it at a higher speed to provide the necessary speed for spark. Impulse couplings produce the distinctive "clank clank" sound you hear if you pull your propeller through by hand. Not only does the impulse coupling "snap" the magneto to produce a greater voltage, it also retards the timing during start. When the engine starts, the flyweights pull outwards and enable normal operation.
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