SPARK IGNITION

Definition: The term spark ignition is used to describe the system with which the air-fuel mixture inside the combustion chamber of an internal combustion engine is ignited by a spark. 

Function: The spark ignition system has two basic functions: it must control the spark and timing of the spark plug firing to match varying engine requirements, and it must increase battery voltage to a point where it will overcome the resistance offered by the spark plug gap and fire the plug. 

Requirements: (1) Provide a good spark between the electrodes of the plugs at the correct timing. (2) Function efficiently over the entire range of engine speed. (3) Effective, light and reliable in service. (4) Compact and easy to maintain. (5) High voltage induced should not affect the other systems
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History: During early engine development in the 19th century, many types of ignition systems were tried. One method was to use torch holes. At the proper time in the cycle when ignition was desired, a small hole in the side of the combustion chamber would be opened, exposing the air-fuel mixture to a continuous external flame. The flame would pass through the hole and ignite the gas mixture in the cylinder. This is somewhat like the method used to ignite the main chamber in a modern divided-chamber engines. Another early method was a small ignition copper or brass rod protruding through the wall of the combustion chamber into the cylinder. The rod was heated by a continuous flame outside the cylinder. Heat conduction kept the end of the rod inside the chamber hot, and this hot surface ignited the air-fuel. Naturally this was very inefficient as no ignition timing control existed with this type of system. Glow plug ignition used with model airplane engines is a modern variation of this method. Electric ignition was a major breakthrough which gave early engine development the spark it needed to create manageable cycle operation. Some early systems gave a semi-continuous spark but the single spark per cycle evolved as the standard method. Soon, 6 volts became the common voltage, with batteries supplying the needed energy. Transformer-type coils were used to convert low battery voltage to the high potential needed to create the discharge across the spark plug electrodes. DC battery charging appeared in 1912 and voltage regulators in 1930. In the mids 1950, the standard voltage of automobile electrical systems was changed to 12 volts because of the larger energy needs for starter motors, the ignition, lights, etc. Early in the 1960s, DC generators were replaced with AC alternators that allowed better charging at low speeds. During the electronic revolution of the 1980s and 1990s, many forms of electronic ignition systems appeared on the market.
Ignition Timing: Ignition timing is the measurement, in degrees of crankshaft rotation, of the point at which the spark plugs fire in each of the cylinders. It is measured in degrees before or after Top Dead Center (TDC) of the compression stroke. The spark plug must fire a little before the piston reaches TDC. Studies show that ideal is to have spark 10˚ to 30˚ before TDC. If the ignition is set too far advanced (bTDC), the ignition and expansion of 
the fuel in the cylinder will occur too soon and tend to force the piston down while it is still traveling up. This causes engine ping. If the ignition spark is set too far retarded (aTDC), the piston will have already passed TDC and started on its way down when the fuel is ignited. This will cause the piston to be forced down for only a portion of its travel. This will result in poor engine performance and lack of power. The timing of the spark is critical to get maximum power capability from an engine. As speed increases it becomes obvious that we must start the spark earlier. A typical timing curve shows the changes required in ignition timing as the engine RPM changes. Ignition timing on many of today's vehicles is controlled by the engine control computer.

Spark Ignition System: Spark ignition system uses an electrical field induced in a magneto or coil. The field builds to many thousands of volts and then is collapsed via a timed circuit. Applied potential is generally, 25,000–40,000 volts, with a maximum current on the order of 200 amps lasting about 10 nsec. The resulting surge of current travels along a wire and terminates at the spark plug inside the combustion chamber. An electrical spark occurs as the charge tries to jump the precision gap at the tip of the spark plug. This occurs anywhere from 10( to 30( before TDC, depending on the geometry of the combustion chamber and the immediate operating conditions of the engine. This gives a peak temperature on the order of 60,000 K. Overall spark discharge lasts about 0.001 sec, with an average temperature of about 6000 K.At that moment a precisely metered mixture of fuel and air has been delivered to the combustion chamber. A stoichiometric mixture of hydrocarbon fuel requires about 0.2 mJ of energy to ignite self-sustaining combustion. This varies to as much as 3 mJ for non-stoichiometric mixtures. The discharge of a spark plug delivers 30 to 50 mJ of energy, most of which, however, is lost by heat transfer and only a fraction of this energy is transmitted to the gas mixture. The spark ignition system must provide sufficient voltage across the spark plug electrodes to set up the discharge and supply sufficient energy to the discharge to ignite the combustible mixture adjacent to the plug electrodes under all operating conditions. It must create this spark at the appropriate time during the compression stroke. usually  spark timing is set to give maximum brake torque (MBT) for the specific operating condition, though the maximum torque may be constrained by emission control or knock control requirements. For a given engine design, this optimum spark timing varies as engine speed, inlet manifold pressure, and mixture composition vary. Thus, in most applications, and especially the automotive applications, the system must have means for automatically changing the spark timing as engine speed and load vary. With an equivalence ratio best suited for ignition and with homogeneous mixture distribution, spark energies of order of 1 mJ and durations of a few microseconds would suffice to initiate the combustion process. In practice, circumstances are less ideal. The air, fuel, and recycled exhaust are not uniformly distributed between cylinders; the mixture of air, fuel, recycled exhaust, and residual gas within each cylinder is not homogeneous. Also, the pressure, temperature, and density of the mixture between the spark plug electrodes at the time the spark is needed affect the voltage required to produce a spark. These vary significantly over the load and speed range of an engine. The spark energy and duration, therefore, has to be sufficient to initiate combustion under the most unfavorable conditions expected in the vicinity of the spark plug over the complete engine operating range. Usually if the spark energy exceeds 50 mJ and the duration is longer than 0.5 ms reliable ignition is obtained. Ignition systems commonly used to provide the spark are: battery ignition systems where the high voltage is obtained with an ignition coil (coil ignition systems); battery systems where the spark energy is stored in a capacitor and transferred as a high-voltage pulse to the spark plug by means of special transformer (capacitive-discharge ignition systems); and magneto ignition systems where the magneto(a rotating magnet or armature(generates the current used to produce a high-voltage pulse.

Magneto Ignition Systems: The simplest form of spark ignition is that using a magneto. With this type of ignition system, a magneto supplies the ignition voltage for the spark discharge independent of a battery or generator. The engine spins a magnet inside a coil, and also operates a contact breaker, interrupting the current and causing the voltage to be increased sufficiently to jump a small gap. The spark plugs are connected directly to the magneto output. Magnetos are not used in modern cars, but because they generate their own electricity they are often found on piston aircraft engines and small four-stroke and two-stroke engines such as, lawnmowers, chainsaws, etc.

Battery Operated Ignition: With the universal adaptation of electrical starting for automobiles, and the simultaneous availability of a substantial battery to provide a constant source of electricity, magneto systems were abandoned for systems which interrupted current at battery voltage. The first reliable battery operated ignition was developed by Delco. Most automobiles use a 12-volt electrical system, including a 12-volt battery. This low voltage is multiplied many times by the coil that supplies the very high potential delivered to the spark plug. The gap distance between electrodes on a modern spark plug is about 0.7 to 1.7 mm. Smaller gaps are acceptable if there is a rich-fuel mixture or if the pressure is high (i.e., high inlet pressure by turbocharging or a high compression ratio). Normal steady-state temperature of spark plug electrode between firings should be about 650( to 700(C. A temperature above 950(C risks the possibility of causing surface ignition and a temperature below 350(C tends to promote surface fouling over extended time. For older engines with worn piston rings that burn an excess of oil, hotter plugs are recommended to avoid fouling. The temperature of a spark plug is controlled by the heat-loss path manufactured into the plug. Hotter plugs have a greater heat conduction resistance than do colder plugs. For a hot plug, an insulator with a long conical nose is used; for a cold plug, a short-nosed insulator is used. The length of the heat conductive path from the insulator nose to the shell is changed in this way to vary and control the temperature of the exposed part of the insulator. High-performance engines naturally generate more heat, so they need colder plugs. If the spark plug gets too hot, it could ignite the fuel before the spark fires; so it is important to stick with the right type of plug for better performance. 

Engine Management System (Ems)
During the 1980s, electronic ignition systems were developed alongside other improvements such as fuel injection systems. After a while it became logical to combine the functions of fuel control and ignition into one electronic system known as an engine management system, EMS. In this, electronics control the fuel delivery, ignition timing and firing order. Primary sensors on the system are engine angle (crank or top dead center position), airflow into the engine and throttle demand position. The circuitry determines which cylinder needs fuel and how much, opens the requisite injector to deliver it, then causes a spark at the right moment to burn it. Early EMS systems used analogue computer circuit designs to accomplish this, but as embedded systems became fast enough to keep up with the changing inputs at high revolutions, digital systems started to appear. Some designs using EMS retain the original coil, distributor and spark plugs found on cars throughout history. Other systems dispense with the distributor and coil and use special spark plugs in which each contain its own coil. This means high voltages are not routed all over the engine, they are created at the point at which they are needed. Such designs offer potentially much greater reliability than conventional arrangements. 

Transistorized Coil Ignition (TCI) Systems: In automotive applications, the need for much reduced ignition system maintenance, extended spark plug life, improved ignition of lean and dilute mixtures, and increased reliability and life has led to the use of coil ignition systems called transistorized coil ignition (TCI) or high-energy electronic-ignition systems. The higher output voltage is required as spark plugs are set to wider gaps (1~1.2 mm) to extend the ability to ignite the fuel mixture over a wider range of engine operation. 

Capacitive-Discharge Ignition (Cdi) Systems: Capacitive discharge ignition (CDI) systems were developed to overcome the limitations of conventional systems at high rpm. A capacitor, rather than an ignition coil, is used to store the ignition energy. CDI systems are more complex and expensive than conventional inductive discharge systems because a high voltage power supply is required to charge the capacitor. CDI is a type of automotive electronic ignition system which is widely used in motorcycles, lawn mowers, chain saws, small engines and  in some cars. 

Distributorless Ignition Systems: Distributorless ignition enables the long maintenance interval. The engine control unit (ECU) controls the spark timing. Systems like these have some advantages: 

There is no distributor, which is an item that eventually wears out. More precise control of the spark timing, which can improve efficiency and increase the overall power of an engine. 

Alternative Ignition Approaches: A large number of methods for initiating combustion in SI engines, with electrical discharges, have been proposed and examined. These include different designs of spark plug, use of more than one plug, use of higher power, higher energy, or longer-duration discharges, and ignition systems that initiate the main combustion process with a high-temperature reacting jet(plasma-jet and flame-jet ignition systems. All these concepts extend the engine’s lean stable operating limit, relative to equivalent conventional engines, by several air/fuel ratios. These alternative ignition systems have the goal of extending the engine stability limit (and/or of reducing the cyclic combustion variability near the stability limit), usually by achieving a faster initial burning rate than can be obtained with conventional systems. One performance penalty associated with all these flame-jet ignition concepts is the additional heat losses to the prechamber wall due to increased surface area and flow velocities.[image: image2.png]Typical Advance Curve
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